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Abstract: Despite legal and safety issues, skin-lightening cosmetic products—including hazardous
mercury-containing cosmetics—are in increasing demand in Indonesia. Perceptions of beauty may
result in desires to have lighter skin tones, regardless of the safety of these cosmetics, which block
the production of melanin and thus lighten skin tone. This study investigated Hg exposure of
students using skin-lightening cosmetics and assessed the health issues. A total of 105 female
students were given a questionnaire regarding their use of cosmetics; a further 43 students formed
a non-cosmetic-user control group. Their scalp hair and cosmetic products were analyzed by
particle-induced X-ray emission (PIXE) spectroscopy. The geometric-mean hair Hg concentration
for the cosmetics-using students was 6.7 µg g−1—three times that of the control group (2.3 µg g−1).
Of twenty-seven cosmetic samples were analyzed, twenty had Hg concentrations of 0.12–7834.4 µg g−1

(mean 554.6 µg g−1), and seven had no detectable Hg. The hair Hg concentrations exhibited
a statistically significant correlation with cosmetic Hg concentration. The health assessments
indicated only rigidity & ataxia and irregular eye movement were prevalent in the cosmetic-using
students with less than 7% occurrences.
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1. Introduction

Skin-lightening cosmetics are commonly used by women who perceive lighter skin as a beauty
enhancement—regardless of the ingredients of the cosmetics. In Asia, the sale of such products has
increased annually by up to 20% from 1997–2003. In Thailand, their sales contributed more than 60%
of the country’s annual USD100 million facial skincare market [1]. As a populous country, Indonesia is
a promising market for such products because of the increasing demand and cosmetic trends [2].
There are, however, legal requirements and safety concerns. Toxic ingredients, such as mercury have
been identified in cosmetic products [3–6]. The Indonesian National Agency of Drug and Food Control
works to overcome this problem as cosmetics containing various toxic ingredients spread widely in the
market [7,8].
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In cosmetic products, Hg commonly occurs as inorganic salts such as mercurous chloride (calomel),
mercuric chloride and mercuric oxide. In cosmetic creams, such Hg compounds block the production
of melanin, which produces color in hair and skin [9]. Other chemical compounds may be as effective
as Hg salts, but manufacturers prefer the salts because they are relatively inexpensive [10]. The skin
absorbs inorganic Hg from cosmetic creams through transepidermal [11] and transappendageal
routes, with the latter involving transfer via sebaceous glands, sweat glands and hair follicles [12],
through which Hg ultimately accumulates in the scalp hair.

Prolonged exposure to Hg through repeated cosmetics applications may lead to the impairment of
brain, nervous and renal systems [13]. Mercury affects the human body by disrupting immune functions
and microtubule formation, altering cell membrane integrity, disturbing or restraining enzyme systems,
shifting the balance of intracellular calcium and membrane potentials and constraining protein and
DNA synthesis [14]. The primary adverse effect of inorganic Hg exposure is kidney damage [13,14],
including renal tubular necrosis and/or autoimmune glomerulonephritis.

Mercury intoxication often presents as nonspecific symptoms [15], with similar health effects
to those of other chronic conditions. Clinical presentations are highly dependent on dose, duration
and the form of exposure [4,16]. With chronic exposure, the initial presentation involves light tremor
in extremities that eventually propagates to the entire limb [15]; with three classic chronic symptoms
being tremor, gingivitis and erethism (a constellation of neuropsychiatric symptoms including insomnia,
shyness, memory loss, emotional instability, depression, anorexia, vasomotor disturbance, uncontrolled
perspiration and blushing) [4].

Most cosmetics users are female; Hg exposure is of particular concern for women of reproductive
age because Hg is a known teratogenic agent that can cross the placenta wall [17]. However, many
women in their twenties use cosmetics as part of their daily routine, and most lack knowledge on
cosmetic ingredients or Hg toxicity [18]. Hazardous skin-lightening products are therefore widely
used with limited awareness of their potential health effects. This study investigated Hg exposure
of female students who use skin-lightening cosmetic products and their health problems related to
Hg intoxication.

Investigations of health problems associated with Hg intoxication due to topical cosmetic
creams has focused previously on allergic contact dermatitis, nephropathy and the impairment of
the liver, cardiovascular and reproductive systems. Only few investigations associated inorganic
mercury intoxication with neurological symptoms due to low passage through the blood–brain
barrier. In attempts to determine potential neurotoxicity, some experimental studies with animals
have shown that inorganic mercury crosses the placenta barrier and can accumulate in the brain [19]
with cerebral dysfunction being observed [20–22]. The student cohort was therefore checked for
neurological symptoms. Moreover, inorganic Hg exposure from cosmetics occurs over prolonged time
intervals, so cosmetic products and their users should be monitored for Hg exposure as part of public
health surveillance.

2. Materials and Methods

2.1. Cosmetic and Hair Samples Collection

The study involved 148 female students from two universities in Makassar, of whom 105 were
skin-lightening cosmetic users and 43 were a control group of non-users. The control group students
were from the same two universities, in the same age range and of the same dietary range. The students
were interviewed and given a questionnaire regarding their socio-demography, dietary habits,
cosmetic brand names, duration and frequency of cosmetic use and cosmetics consumption per
month. The students used 27 brands of skin-lightening cosmetic products that were used exclusively
on facial skin. All participants voluntarily provided scalp hair samples for analysis. The study was
approved by the local government of Makassar District and the ethical committee of the author’s
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institution. Before sampling began, the students were provided with an explanation to ensure they
understood the purpose of the study, and consent forms were signed.

2.2. Analytical Procedure

Skin-lightening cosmetic product samples (Figure 1) were obtained from the students.
Small amounts of cosmetic cream were placed in a compact powder case and delivered to the
laboratory for analysis. The cream was mixed with acetone, a 1000 ppm indium solution was added
and the mixture was vortex-homogenized. Droplets were placed on a thin backing film (4 µm Prolene)
and evaporated to dryness.

Hair samples comprised scalp hair cut into four ~3 cm sections from root to tip. To remove organic
materials, the hair samples were cleaned with Milli-Q water in an ultrasonic bath for 5 min, then with
acetone for 5 min, before further washing with Milli-Q water. Finally, samples from eight strands of
hair per student were attached in parallel to a sample holder and dried at room temperature.

Mercury concentrations in cosmetics and hair samples were determined by particle-induced X-ray
emission (PIXE) spectroscopy at the Cyclotron Research Center, Iwate Medical University, Takizawa city,
Japan, with a 2.9 MeV proton beam collimated to 6-mm-diameter, the sample set at an angle of 35◦ to
the beam axis, and with characteristic X-ray detection by a Si (Li) detector.
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2.3. Health Assessment

Health assessments were performed after the Hg contents of hair samples had been determined.
The 64 students whose scalp hair contained >5 ppm Hg were invited to be tested for Hg intoxication
symptoms, and 15 students agreed to the tests. The control-group students with hair Hg contents at
the alert level (1–5 ppm) were invited to take the same test, and 17 students agreed, but 2 of them were
excluded because of their 38 ◦C body temperature. Ten neurological symptoms [23] were checked by
a physician following protocols for the environmental and health assessment of Hg suggested by the
United Nations Industrial Development Organization [24]: (a) bluish discoloration of gums; (b) rigidity
and ataxia (walking or standing); (c) alternating movements or dysdiadochokinesia; (d) irregular eye
movements or nystagmus; (e) reduced field of vision; (f) knee-jerk and biceps reflexes; (g) Babinski
and labial reflex; (h) salivation and dysarthria; (i) sensory examination; and (j) tremor of tongue,
eyelids, finger to nose, pouring and posture holding. Values of 1 or 0 were assigned for positively and
negatively observed symptoms, respectively. However, the physician was not informed the level of Hg
concentration in the cosmetics as well as in the students’ scalp hair in order to keep the objectivity of
the assessment.

2.4. Statistical Analysis

Statistical analysis of Hg concentrations in the hair samples was undertaken using SPSS software,
version 16. Correlations between hair Hg concentration and skin-lightening cosmetics usage were
determined by Pearson correlation analysis, with a p < 0.05 being considered significant.
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3. Results

The demographic characteristics of the students who used lightening cosmetics are presented
in Table 1. All user- and control-group students were female, 19–25 years of age and attending
Hasanuddin University and the Indonesian Muslim University. Student income was defined as
expenditure per month. Based on the 71 USD monthly allowance of a scholarship provided
by the Indonesian government for a bachelor-program student, student monthly incomes were
classified as ‘high’ (>71 USD) or ‘low’ (<71 USD). The students’ cosmetics usage (duration,
frequency and consumption) is reported in Table 1. A minimum duration of five months
of cosmetics use was considered adequate for measurement of Hg concentration in scalp hair.
Most students (66%) applied cosmetics to their faces one to three times per day, although the
frequency of application did not necessarily correlate with the volume of cosmetics applied.
Therefore, the students’ cosmetics consumption was based on the weight of cosmetic cream per
container used. Cosmetics consumption was classified into three groups, namely low (0–10 g/month),
moderate (11–20 g/month), high (21–30 g/month) with an even distribution of students across the groups.

Table 1. Demographic characteristic of the students.

Characteristics Student (n = 105) Control Group (n = 43)

Age (year)
Mean 21.5 21.3
Median 21 21
Minimum 19 19
Maximum 25 25

Duration (month)
Mean 26 –
Median 24 –
Minimum 5 –
Maximum 60 –

Frequency of use
Once per day 19 (18.1%) –
1–3 time per day 66 (62.9%) –
More than 3 times per day 20 (19.0%) –

Cosmetic consumption –
Low (0–10 g/month) 30 (29%) –
Moderate (11–20 g/month) 43 (41%) –
High (21–30 g/month) 32 (30%)

Income
Low income (<71 USD/mo) 58 (55%) 29 (67%)
High income (≥71 USD/mo) 47 (45%) 14 (33%)

3.1. Hair Mercury Concentration in the Scalp Hair of the Students

Mercury concentrations in the scalp hair of cosmetics-using students were in the range of
0.5–475.9 µg g−1 (geometric mean 6.7 µg g−1), whereas the mean concentration in the control group
was significantly lower at 2.3 µg g−1 (Table 2; t-test p < 0.000), confirming Hg exposure in the students
who used skin-lightening cosmetics.

The Human Biomonitoring Commission (HBMC) of the German Federal Environmental
Agency [25] has released threshold limits for Hg (Table 3). Based on the HBMC classification,
our results indicate that 60% of cosmetics-using students had ‘high’ levels of Hg in scalp hair, with 30%
being at the ‘alert’ level. None of the control–group students had high Hg levels, with most 93% being
at the alert level.
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Table 2. Mercury concentration in the scalp hair.

Group

Mercury Concentration (µg g−1)

Mean Geometric
Mean Median Range

(Min–Max)

Student (n = 105) 27 6.7 5.9 0.5–475.9
Control group (n = 43) 2.5 2.3 2.4 0.0–4.7

3.2. Mercury Concentration in Skin-Lightening Cosmetics

The 27 samples of the skin-lightening cosmetics used by the students were analyzed for Hg
content (Table 4). The cosmetics originated in Indonesia, France, the USA, Japan, India, Taiwan
and Germany, 18 of which were registered by the Food and Drug Administration of Indonesia and
9 were unregistered. Seven samples contained no detectable Hg and 20 contained 0.12–78 µg Hg g−1.
Ten registered cosmetics contained less Hg than the unregistered cosmetics. The Indonesian National
Agency of Drug and Food Control (in Bahasa: BPOM) has released a concentration limit of 1 µg g−1 for
Hg in cosmetics [26].

Table 3. Threshold limit by human bio monitoring commission of the German Federal
Environment Agency.

HBM Level Students (n = 105) Control Group (n = 43)

Normal (<1 µg g−1) 9 (10%) 3 (7%)
Alert (1–5 µg g−1) 32 (30%) 40 (93%)
High (>5 µg g−1) 63 (60%) –

3.3. Student Health Issues

Fifteen students from each of the user and control groups were clinically examined for neurological
effects and five symptoms were detected. In the user group, the detected symptom were tremor with
recorded for 5 students, and 3 other students had a reduced field of vision, 2 students with slow
knee-jerk and bicep reflexes, while 1 students with irregular eye movements, and 1 student unbalanced
rigidity and ataxia. In the control group, three students were diagnosed with tremor and reduced
field of vision with 3 students, and another three with slow knee-jerk and bicep reflexes. No cases of
irregular eye movement, unbalanced rigidity or ataxia were found in this group.

4. Discussion

4.1. Correlation between Hg in Hair and Cosmetics

Students exposed to Hg in cosmetics had hair Hg concentrations of up to high levels. The significant
positive correlation (r = 0.85; p < 0.000) between Hg exposure and concentration in cosmetics is
demonstrated in Figure 2. Students who used low-Hg skin-lightening cosmetics were potentially
exposed to low Hg concentrations, and those with higher scalp-hair Hg concentrations were likely to
have used cosmetics with higher Hg contents. Hair Hg concentrations in the control group were lower
than those of students who used skin-lightening cosmetic products. An earlier study of Hg in human
hair and cosmetic products yielded similar results [27].

Skin absorption of Hg is controlled by dose, means of application (vehicle), polarity, solubility,
pH and frequency of application [28–31]. The grouping of students according to how much (weight)
cosmetic cream was used per month indicates that, with prolonged application, the Hg content
of the cosmetics is the predominant factor that determines Hg exposure, rather than how much is
used. Figure 3 indicates usage (low, moderate or high), plotted as in Figure 2 on a logarithmic scale,
indicating that students at all levels of usage are distributed over all levels of HBMC classifications.
This indicates no significant correlation between cosmetics consumption and scalp-hair Hg content.
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Other factors may affect Hg uptake, such as dietary habits, with most students consuming many
types of marine fish, which are often contaminated by methylmercury that also accumulates in scalp
hair. Endogenous factors may also be involved, such as anatomic variation in skin properties, age,
skin health, oxidation and reduction of mercury in the skin [32]. This study relied on limited hair
sample as a biomonitoring sample. For thorough examination, it is important to continue this exposure
assessment using other biomonitoring samples such as blood and urine.

Table 4. Mercury content of skin-lightening cosmetics.

No. Skin-Lightening
Cosmetic Products Original Country Registered Hg Concentration

1 R1 Japan Registered 0.12
2 R2 Indonesia Registered 0.35
3 R3 French Registered 0.68
4 R4 India Registered 0.84
5 R5 French Registered 1.27
6 R6 United States Registered 2.36
7 R7 United States Registered 3.74
8 R8 Taiwan Registered 72.25
9 R9 Indonesia Registered 1895
10 R10 Taiwan Registered 0.25
11 R11 Indonesia Registered * ND
12 R12 Indonesia Registered 0.43
13 R13 Indonesia Registered * ND
14 R14 Indonesia Registered * ND
15 R15 Indonesia Registered * ND
16 R16 Germany Registered * ND
17 R17 Indonesia Registered * ND
18 R18 Taiwan Registered * ND
19 UR1 Unknown Unregistered 3.41
20 UR2 Unknown Unregistered 162
21 UR3 Indonesia Unregistered 257.58
22 UR4 Unknown Unregistered 342.59
23 UR5 Unknown Unregistered 675.56
24 UR6 Unknown Unregistered 1501.43
25 UR7 Unknown Unregistered 1986.58
26 UR8 Unknown Unregistered 5112
27 UR9 Taiwan Unregistered 7834.4

* ND = not detected.
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4.2. Student Health Issues

Neurological symptoms suffered by the students cannot be associated with inorganic Hg toxicity
from the cosmetics because the students in the control group showed a similar amount of such
symptoms. The health assessment recorded 9 of the 15 user-group students who were tested displaying
symptoms: two students with three symptoms, two students with two symptoms and four students
with one symptom. Whereas, in the control group, there were three students with one symptom,
two students with two symptoms. Only irregular eye movement, and unbalanced rigidity & ataxia can
be considered prevalent within the cosmetic-using students (<seven percent occurrences) because not
any single student in the control group were suffered by those symptoms.

However, potential health issues remain as inorganic Hg in cosmetics may also enter the body
through inhalation [33] and ingestion [12], as in the case of inhalation in gold smelting where,
after working for at least five years, tremors were detected in up to 85% of cases [16].

The topical application of Hg compounds in cosmetics may result in Hg being accumulated
in the kidneys [34], with a case of nephrotic syndrome reported for a 34-year-old woman who used
skin-lightening cosmetic products containing 30,000 ppm Hg; her condition improved gradually
after she stopping using the cosmetics [35]. Mercury in skin-lightening cosmetics may also cause
skin defects such as rashes, discoloration and scarring, as well as loss of resistance to bacterial and
fungal infections [1,12,13,36]. Mercury toxicity may also cause miscarriage, spontaneous abortion,
stillbirth and low birth weight. Neonates exposed to Hg in utero have displayed neural tube defects,
craniofacial malformations, delayed growth and other effects [37]. The mechanisms of Hg effects on
the placenta and brain remain unexplained, although inorganic Hg does seem to cross placental and
brain barriers [22,38], causing neurological disturbances [21].

Skin-lightening cosmetics are used mainly by females of reproductive age, so the awareness of
possible hazardous effects on the fetus and newborns should be promoted and the quality of marketed
cosmetics tightly controlled.

5. Conclusions

This study highlights the occurrence of Hg in skin-lightening cosmetics and the accumulation of Hg
in the human body through their application. Mercury occurs at high concentrations in such cosmetics
and at high or alert levels in scalp hair of users with only two prevalent symptoms, namely irregular
eye movement and unbalanced rigidity & ataxia. Students are therefore advised to change cosmetics
and to monitor their health. The local government should collaborate with the Indonesian National
Agency of Drug and Food Control to extend interventions by controlling the online marketing of
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cosmetic products containing hazardous ingredients. Further studies with larger samples are required
for the assessment of the effects of Hg during pregnancy and its impact on developing babies.
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