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ABSTRACT

In this study, Skin-lightening creams commonly sold in Mbarara municipality were analyzed
for chemical parameters (pH, thermal stability and fatty substance content), total hydroquinone,
Lead, Mercury, and Arsenic contents. Total heavy metal content was determined by atomic
absorption spectrophotometry. The levels of hydroguinone were determined using High
Performance liquid chromatography (HPLC). All the creams showed detectable mean levels of
mercury, ranging from 0.07+0.01ppm to 0.33£0.01ppm. Only 26.31% of the creams showed
detectable levels of lead and 15.79% creams recorded detectable levels of arsenic. The mean
levels of hydroquinone ranged from 0.54+0.02% to 4.47+0.02%. All the creams passed the
thermal stability and fatty substance content tests. However, all the creams had very low pH
values below the recommended 4.5- 8.5 pH ranges by Uganda National Bureau of Standards
(UNBS). The levels of mercury, arsenic and lead in the samples were less than the UNBS,
European Union and US Food and Drug Administration’s acceptable limits. Only 84.2% of the
cream samples analyzed contained hydroquinone levels higher than the recommended WHO
limit of 2%. The use of such creams may lead to serious health hazards. While the low
concentrations of heavy metals detected in the cream samples analyzed do not pose any
potential risk to consumers, repeated application of these creams may cause a cumulative effect
over prolonged exposure. The low pH values may cause skin irritations. Therefore, the
community needs to be sensitized on the implications of using skin lightening creams and
UNBS should conduct periodic analysis to ascertain the levels of hydroquinone, heavy metals,
and chemical requirements of skin lightening creams sold in Uganda as well as encourage
manufacturers to state the exact bleaching agents in their creams.

Key words: Heavy metals, Chemical requirements, Hydroquinone, Atomic Absorption
Spectrophotometry, High performance liquid chromatography.
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1.0 INTRODUCTION

In our societies, there seems to be a serious pressure on some men and women to fit into
dominant beauty stereotypes. We are living in a society based on a fallacious belief that a fairer
and lighter skin is associated with beauty and wealth. A dark skin is regarded as a marker of
toiling in the sun whereas lighter skin signifies affluence [1]. In Uganda, one can't ignore the
sight of some light-skinned women with dark feet, and elbows on the streets of urban towns.
These are simply a representative of a section of population that has chosen to indulge in skin
lightening using different skin lightening products. The different bleaching products that they
apply contain a number of different bleaching agents which may be harmful and therefore exert
significant effects on their health. Examples of chemicals in these products may include
steroids, hydroquinone, Kojic acid, dipalmitate, Azleic acid, Arbutin, Bearberry, Vitamin C,
Magnesium ascorbyl phosphate, Calcium ascorbate, L-ascorbic acid, mercury, lead and arsenic
[2].

Previously, some of these chemicals like the heavy metals were used as ingredients of
cosmetics. For example, thimerosal (mercury) and lead acetate were in the past added as
preservatives in progressive hair dye while red cinnabar (mercuric sulfide) was used in a
number of tattoo pigments [3]. This ultimately increased the levels of the constituent heavy
metals in the cosmetics and pigments to which they were added [3]. The presence of these
metals in cosmetics beyond permissible limits has since been banned in many countries[4,5].
The Uganda National Bureau of standards has tried to crack down on lightening cosmetics, but
this effort has not been successful. The trend is actually going up as homemade cosmetic and
dermatological products have become easily accessible.

The production of these skin-bleaching products is also on the rise and in high demand across
the world [6]. Noticeable illegal application of these cosmetic products in many developing
countries despite the health hazards associated with their use, has been reported [7]. There are
also reports on the possible deliberate addition of these toxic chemicals, such as mercury,
arsenic and lead containing compounds in the different cosmetics for skin whitening purposes,
although some reports indicate that their presence is considered unavoidable as product
impurities of manufacturing processes [8,9].

Unfortunately, acute and chronic exposure to these skin lightening products could result into a
multiplicity of side effects in humans [10,11]. Chronic use of mercury-containing skin
bleaching products has been reported to result in the accumulation of mercury in the body after
absorption through the skin; especially in the kidney where it mainly accumulates in the tubular
region, giving rise to the occurrence of severe reactions [12]. Long term chronic exposure to
arsenic can lead to multisystem failure and various cancers [13] while the chronic exposure to
lead is reported to have effects on brain, leading to convulsions and sometimes coma [14]. An
enormous number of articles have since 1996, been published on the effects including
carcinogenicity and leukomelanoderma of hydroquinone, benzene and related molecules
[10,11,15,16]. These underlying effects of hydroquinone necessitated that its use in cosmetics
be banned in the Netherlands since January 2001 [16] even though it had for decades been used
as a skin lightening agent.

Notably, despite the various reported health side effects of these heavy metals and
hydroquinone, the data regarding their levels in skin lightening creams sold on the Ugandan
market is lacking, even though it is obvious that several of such products are seemingly
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circulating in the market. More still, the information regarding the chemical characteristics of
these creams is insufficient. This may indicate a deficit in the processes of formulation
characterization. Stability testing of the cosmetic products ensures that the product meets the
intended physical, chemical and microbiological quality standards as well as functionality and
aesthetics when stored under appropriate conditions.

Uganda National Bureau of Standards recommends a maximum level of 2% hydroquinone
content, 2.0 ppm of mercury and arsenic, and 20 ppm of lead. The United States Food and Drug
Administration (US FDA) allows a maximum of two percent of hydroquinone and 1ug/g of
mercury, a maximum level of 10 ppm for lead, and not more than 3 ppm of arsenic in skin care
products. The Kenya Bureau of Standards banned some hydroquinone containing skin
lightening creams because of fears of cancer risk [17]. Uganda National Bureau Standards
recommends that all creams, lotions and gels for skin care should comply with the following
chemical requirements: all creams must pass the thermal stability test, lie in a pH range of 3.5-
8.5 and also possess a total fatty substance content of 5% by mass [5]. However, the results
from periodic evaluation of these chemical requirements have not been reported anywhere.
Therefore, there was a need to verify the quality and efficacy of these creams by subjecting
them to tests for each of the specified chemical requirements.

This study was therefore intended to assess the thermal stability, pH, fatty substance content,
total hydroquinone, and inorganic mercury, lead and arsenic contents in the commonly sold
skin lightening creams in Mbarara municipality.

2.0 MATERIALS AND METHODS
2.1 Materials

All reagents used were of analytical grade. These included Nitric acid (65 % v/v, Sigma-
Aldrich, Germany), Hydrochloric acid (30 % v/v, Sigma-Aldrich, Germany), nitric acid (65 %
vlv, Sigma-Aldrich, Germany), potassium permanganate solution (95 % w/v, Merck,
Germany), petroleum B.P, mercury(ll) chloride, methyl orange indicator solution, deionised
water, methanol (99.80% v/v, Shanghai Bojing chemical, China), sodium sulphate (99% vl/v,
Shanghai Bojing chemical, China), nitric acid-perchloric acid solution (1+1)-made by mixing
100 mL of perchloric acid (70 % v/v, Merck, Germany) into 100 mL of nitric acid, tin(ll)
chloride solution (10% v/v, Shanghai Bojing chemical, China), nitrogen gas (100 mL min?) to
expel any mercury from the solution, 5N sodium hydroxide solution (99.8 % v/v, Merck,
Germany).

2.2 Sample Collection

A purposive sampling technique was employed. The main retail shops dealing in skin
lightening creams around Mbarara municipality were selected. Questionnaire was designed and
this was derived from UNBS’ list of 50 prohibited skin lightening creams in Uganda. The
questionnaire was hand delivered to the respondents after securing their consent. Using the
results from the questionnaires, the most commonly purchased skin lightening creams were
identified.

The most commonly sold creams were purchased and kept in dry cool cupboard but within
their respective containers prior to analysis.
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2.3 Instrumentation

Atomic absorption spectrophotometer (AAS) shimadzu 6300 model was used for quantitative
determination of mercury and arsenic (Burner atomizer: Changeable laminar, 10 cm; optional
5cm N20O; Autosampler with autodiluter and sample pretreatment for flame and graphite
furnace; hybrid-vapour generator; Format: 1 channel, double beam, rotating beam combiner;
Monochromator; Wavelength range: 185-900 nm; Resolution: 0.2-2.0 nm). Atomic absorption
spectrophotometer (AAS) Agilent 280 FS 280Z model with specifications (Optics: True double
optical design: Graphite Tube Atomizer : Monochromator; eight lamps; deuterium background
corrector covering wavelength range 185-425 nm and correcting up to 2.5 background
absorbance and 2 ms response; Automatic gas control gas flow within 30 ms for rapid
regulation and stabilization of selected gas flow; a Typical performance (240/240FS/280FS
AA) of >0.9 and Absorbance with precision of < 0.5% RSD) was used for quantitative
determination of lead. High Performance liquid chromatograph with specifications (Oven
model: CT0O20AC, Detector model: SPD- M20A, Communication gas model: CBM-20A,
Degasser: DGU-20A5R, Pump: LC-20ABXR) was used for quantitative determination of
hydroquinone; pH meter (Mettler Toledo type model S220) equipped with a glass electrode
(reference no. 51340331) was used for pH measurements; thermostatically controlled
Memmert oven (model number: DIN- 2880) was used for assessing the thermal stability. Ohaus
weighing balance (EX 124) with a readability of 0.0001mg was used for the measurements;
Hot plate - Capable of attaining a surface temperature of 250°C, 50-ml thick-walled volumetric
flask made of Pyrex (150 mm total height, 13 mm inlet diameter), Volumetric flasks: 10, 100,
and 1,000 mL, Measuring pipettes: 0.2, 0.5, 1.5, and 10 mL.

2.4 Sample preparation and digestion
2.4.1 Wet digestion for mercury analysis

Skin lightening creams were wet digested with a 4:1 mixture of nitric acid (65%) and perchloric
acid (70%) on a hot plate in fuming hood near to dryness according to the method by
Ayenimon, et al.,[18] by slowly increasing the temperature for 3 hours. The procedure was
repeated through addition of the mixture of acid by slow and continuous heating until the
evolution of white fumes (marking the end of the digestion process) and near to dryness [19].
The solutions were allowed to cool, filtered into a calibrated flask (100 mL), and diluted up to
the mark with distilled water.

2.4.2 Sample preparation and Digestion for Lead and arsenic analysis

To a known weight of cream (between 0.205 — 3.03 g) in a porcelain crucible was added
concentrated nitric acid (7 mL) followed by distilled water (2.0 mL). The resultant mixture was
placed into a 50 mL decomposition pressure tube. The pressure vessel was closed and a
pressure between 15 Nm?- 20 Nm? applied. The digestion took 2 hours and then the resultant
was transferred to a 20 mL volumetric flask and made to the mark with distilled water [4].

2.4.3 Sample preparation and digestion for hydroquinone analysis

Each cream (1.2 g) was weighed accurately into a beaker followed by the mobile phase (25
mL) and then mixed until homogenous. The resultant solution was transferred into a 50 mL
volumetric flask. The solution was vortexed for 2 minutes. The flask was placed in a water bath
maintained at 60°C for 15 minutes, and then cooled to room temperature. The mobile phase
was added to the volume and mixed. The clear solution was filtered through a 0.45um
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membrane filter (roll filter paper manufacturer for lab analytical—model type: disc filter) into
the flask and then diluted to the mark using a mobile phase [4].

2.5 Methods
2.5.1 Determination of hydroquinone levels

For each cream (1.2 g) was weighed accurately using an Ohaus weighing balance into a beaker
followed by 25 mL of a mobile phase and then mixed until homogenous. The resultant solution
was transferred into a 50 mL volumetric flask. The solution was vortexed for 2 minutes. The
flask was placed in a water bath maintained at 60°C for 15 minutes, and then cooled to room
temperature. The mobile phase was added to the volume and mixed. The clear solution was
filtered through a 0.45 um membrane filter (roll filter paper manufacturer for lab analytical—
model type: disc filter) and HPLC was conducted within about 24 hours [4].

Determination of the concentration of hydroquinone was carried out by a chromatographic
method using a high-Performance liquid chromatograph (HPLC). Standard solutions of
hydroquinone with concentrations of 0, 2, 4, 6, 8, and 10 ppm, were injected to obtain a
calibration curve. The sample (20 pL) was injected into the sample loop and the flow rate of
the mobile phase adjusted to 1.0 mL min-tand the detector set to a wavelength of 295 nm. The
resulting chromatogram was a plot of absorbance as a function of elution time. The
concentration of hydroquinone in the sample was obtained by the expression;

Area of sample [4]
Area of standard XConcentration of standard )

2.5.2 Determination of mercury levels

Determination of the level of mercury in all the digests was carried out by flameless atomic
absorption spectrophotometry. In this method, the sample solution (5 mL) was introduced into
the reaction vessel using a micropipette, stoppered tightly and tin (I1) chloride (0.5 mL of 10%
(w/v)) in HCI (2.0 mL of 1 M) added from a dispenser for the reduction reaction. During this
time, air circulated through the four—way stop-cock to allow the mercury vapour to come to
equilibrium and the acidic gases produced by the reaction also swept into the sodium hydroxide
solution. After 30 seconds the four-way stop-cock automatically rotated through 90 degrees
and the mercury vapour was swept into the absorption cell and the absorption measured at
253.7 nm. The aeration was then discontinued after the recorder pen had settled back to within
a few chart divisions of the original baseline. Transient atomic absorption peak was obtained

[4].
2.5.3 Determination of lead, and arsenic

The standard solutions for lead and arsenic were aspirated into the Air-acetylene flame in
ascending order of concentration 0, 2, 4, 6, 8, and 10 ppm. The absorbance reading was taken
for each concentration using AAS. All the measurements were run in triplicate for the samples
and standard solutions. Deuterium lamp was used for background correction. A calibration
curve of concentration of lead and arsenic in standard solution against the corresponding values
of absorbance were obtained.

The sample solutions were aspirated into the flame and the absorbance was read from the AAS.
The value was noted and used to read the corresponding value of concentration from the curve

[4].
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2.5.4 Assessment of the thermal stability of creams

Each cream (50 g) was scooped and placed effectively in a sealed glass tube or vial. The tube
was then placed in a thermostatically controlled oven at 37°C for 48 hours, and made sure that
the sample was securely sealed [4].

2.5.5 Determination of the pH of the creams

To determine whether the cream was oil- in- water emulsion or water- in-oil emulsion, each of
the creams (0.523 g) was placed on spot tile and sprinkled with a mixed indicator of oil orange
and methylene blue. After 15 minutes, the predominant colour indicated whether the
continuous phase was oil or water.

The pH meter was dipped in pH 7.0 disodium hydrogen phosphate buffer solution (50 mL).
The meter was then rinsed with deionised water before being dipped into a pH 4.0 potassium
hydrogen phthalate buffer solution (50 mL). The procedure was repeated using a pH of 9.0
disodium tetra borate buffer solution.

For oil- in- water emulsion: The cream (5.0 g) was weighed into a 100 mL beaker. 45 mL of
water were added and the cream dispersed in it. The pH of the suspension at 25°C was
determined using a pH meter.

For water-in- oil emulsion: The cream (10.0 g) was weighed. Rectified spirit (90 mL) that
was previously adjusted from pH 6.5 to 7.0 was added. The mixture was warmed to 45 °C and
stirred thoroughly for 15 minutes. The alcoholic layer was filtered through a filter paper and
pH measured at 25°C using a pH meter [4].

2.5.6 Determination of the total Fatty substance content of the creams

For each cream, 2.0 g were accurately weighed into a conical flask. Dilute hydrochloric acid
(12 M; 25 mL) was added, a reflux condenser fitted into the flask and the contents boiled until
the solution was perfectly clear. The contents of the flask were poured into a 300 mL separation
funnel and allowed to cool to 20°C. The conical flask was rinsed with petroleum ether (50 mL)
in portions of 10 mL. After each rinsing, the contents were poured into the separation funnel
and shaken to leave the layers separate. The aqueous layer was separated and shaken with 50
mL of ether twice. All the ether extracts were combined and washed with water until they were
free of the acid. Ether extracts were filtered through a filter paper containing sodium sulphate
into a conical flask which had been previously dried at temperature of 60°C and then weighed.
The sodium sulphate on the filter was washed with ether and the washings combined with the
filtrate. Ether and the dry material remaining in the flask were then distilled off at a temperature
of 60°C to a constant mass [4].
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3.0 RESULTS AND DISCUSSION

A total of 19 different skin lightening creams were identified and considered in this study. The
study population comprised of 15 respondents, who were shop attendants. The social

demographics of the study population is as indicated in table 1 below.

Table 1: Social Demographic Characteristics (n = 15)

AIPE

Www.ajpojournals.org

Variable Number Percentage
Age Below 20 years 1 6.67
21-30 2 13.3
31-40 7 46.67
above 40 years 5 33.33
Gender Male 2 13.33
Female 13 86.67
Marital
status Single 7 46.67
Married 8 53.33
Educational 33.33
qualification High school 5
Degree/Diploma/Certificate 7 46.67
PG 0 0
None 3 20

3.1 Hydroquinone levels in skin lightening creams

The mean levels of hydroquinone in the creams ranged from 0.4+£0.02% to 4.47+0.02%. The
results are summarized in the fig.1 below.
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Fig. 1: Variation of hydroquinone amount in different cream types.

From Fig.1, the results of this study showed that all the 19 samples analyzed contain hydroquinone.
Beauti recorded the highest mean level of hydroguinone of 4.47+0.02% while Bioclaire recorded
the lowest mean level of hydroquinone of 0.54+0.02%. Only 15.8% of the analysed creams
recorded levels below 2% hydroquinone which is the threshold limit recommended by UNBS and
US FDA. These creams were Bioclaire, Sivoclair and Carotene. The rest of the creams analysed
contained more than 2% hydroquinone which is above the threshold limit.

The results obtained compared well with a previous study conducted by Odumoso and Ekwe [20].
In their study on the creams obtained from the open market in Plateau state, Nigeria, all the ten
sampled cosmetic creams that were subjected to chromatographic test for identification and
quantification of hydroquinone, gave positive results. Seven creams had hydroquinone levels
below two percent (2%), two creams had levels between 2 to 5% and only one had the levels above
5% [20].

High levels of hydrogquinone pose a potential hydroquinone related health risk to the public.
Carcinogenesis, hyper pigmentation with associated yellow deposits in the dermis (exogenous
ochronosis) and vitiligo, have been reported as a possible long-term effect of continuous
application of creams containing hydroquinone [21]. Hydroquinone exerts its lightening effect
on the skin through melanocytotoxicity and inhibition of melanogenesis. As a result of its
inhibition to tyrosinase activity, hydrogquinone has a toxicity that is specific for melanocytes [22].
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It inhibits DNA and RNA synthesis and alters melanosome formation [22, 23]. Hydroquinone
competes with tyrosine as a substrate for tyrosinase, especially in the presence of L-dopa [24]. The
inhibition of melanogenesis, exposes the skin to direct ultra violet radiations which increases the
risk of carcinogenesis.

Therefore, with the risks associated with long-term and continuous topical application of
hydroquinone containing creams, it is not worthy ignoring it. At least 84 % of the creams analysed
in this study, pose a likelihood of serious health threat to the population applying them.

3.2 Heavy metal content in skin lightening creams

The levels of mercury, arsenic and lead in the different skin lightening creams were analysed. The
results are summarized in fig. 2 below.
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Fig. 2: Variation of heavy metal content in different cream type
3.2.1 Levels of mercury in skin lightening creams

The samples had the mean levels of mercury ranging from 0.07£0.01 to 0.33+0.02 ppm as shown
in fig.2. The mercury levels are below the 2.0 ppm permissible limit recommended by Uganda
National Bureau of Standards (UNBS) and the 1.0 ppm limit recommended by United States Food
and Drug Authority (US FDA). Carotene recorded the highest mean level of 0.33£0.02 ppm while
Cocoderm and Bioclaire recorded the lowest mean level of mercury at 0.07+0.01 ppm. Mercury’s
presence in all the creams, points to the possibility of intentional addition of metal containing
compounds or its ions into the creams during the formulation process as an active bleaching agent.
It could be present in the skin lightening creams in form of ammoniated mercury, mercury iodide,
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mercurous chloride, mercurous oxide, or mercuric chloride [25]. Mercury inhibits melanogenesis
in the epidermal melanocytes by inactivating the mercaptan enzymes, thereby inactivating
tyrosinase enzyme, an important catalyst involved in melanin production [26,27].

The results of this study are in agreement with those of a similar study by Ramakant, Poornima,
and Sapna conducted on creams for heavy metals in cosmetics sold in India. Out of the 32 samples
analyzed in their study, 44% of the samples showed detectable mercury levels, with concentrations
ranging from 0.10 ppm to 1.97 ppm [28]. Relatedly, Al-Saleh and Al-Doush [7] reported that the
mean mercury concentration in the creams obtained from Saudi Arabian market, with origins of
Asia and Middle East was 3.76ug/g. The mercury concentration in the creams, ranged from 0 to
5.65 ng, with most creams having levels excessively higher than the US FDA permissible limit
and therefore capable of exerting mercury-related health side effects.

The toxic and health related effects of mercury are diverse [12]. However, the information
regarding its effects arising from exposure to mercury containing skin creams particularly in the
vast majority of African states has been inadequate [12, 29]. In a report published by Marzulli and
Brown [31], it was indicated that the use of skin lightening creams containing inorganic mercury
salts could result in substantial absorption and ultimate accumulation of mercury in the body
tissues of those exposed to the metal. The bioaccumulation of the metal in the tissues of users
could be attributed to the fact that the metal is readily absorbed through the fatty tissues of the skin
and via the nostrils during inhalation [30]. Therefore, repeated application of these skin lightening
creams, even at levels below the threshold limit, could possibly result into a cumulative effect of
prolonged low-level mercury exposure. Among the various cumulative effects of mercury
exposure, include nephritic syndrome [32]. In justification of Mercury- nephron interaction,
Kahatano et al., (1998) conducted a study which reported that even some women who were not
active in artisanal gold mining could have up to 0.1 mg mercury per liter of urine [33]. It was
therefore concluded that the mercury in the urine could have been derived from mercury containing
bleaching soaps and creams that they had been applying [33]. In addition, Kuhnert, Kuhnert, &
Ehrard [34] reported about the possibility of mercury being transferred from the mother to the fetus
during pregnancy, which could result into foetal/ embryonic abnormalities.

Therefore, even though it can be concluded that there may be no potential mercury related health
risk from the use of the skin lightening creams obtained from Mbarara Municipality Market, the
repeated application of these creams may cause a cumulative effect over prolonged exposure.

3.2.2 Levels of lead in skin lightening creams

Maxiclaire recorded the highest mean levels of lead as shown in fig.2. Of the 19 samples analysed,
five samples had detectable amount of lead levels. These creams re: - Maxiclaire (8.59+0.01 ppm),
Superclair (6.12+0.01 ppm), Beauti (5.18+0.01 ppm), Cocoderm (3.38+0.02 ppm), Carolight
(3.15£0.01 ppm). The rest of the creams had no detectable levels of lead. All the samples with
detectable concentration of lead had their levels below the 20ppm limit recommended by Uganda
Bureau of Standards (UNBS) and the 10.0 ppm limit recommended by the United States Food and
Drug Administration (US FDA). On the other hand, The International Cooperation on Cosmetics
Regulation and regions such as Canada and the European Union set a limit of 10 ppm for lead as

24


http://www.ajpo.org/

European Journal of physical Sciences A J P@

Vol.4, Issue 1, pp 15-34, 2021 WWWw.ajpojournals.org

an impurity in cosmetics based on considerations of a reasonably achievable level, scientific risk
assessment, good manufacturing practices, technical feasibility, and appropriate analytical
methods [35]. Although the lead levels of all the creams analysed were below the threshold limit,
current studies suggest that lead may have no identifiable safe exposure level, with even the lowest
levels having shown to affect the foetus and central nervous system in the children [36,37].

A related analysis which was conducted by Ramakant, et al. [28] to assess heavy metal levels in
cosmetics sold in India, showed no detectable levels of lead in lip-balm and anti-ageing creams.
In another related study conducted by Iwegbue et al.(2015) on lead levels in lightening creams in
Nigeria[38], lead levels were found to lie within a concentration range of 0.5ppm to 4.5 ppm.
These levels were however more than those found in moisturizing creams analyzed within the
same study.

The presence of lead in some cosmetics and the health-related side effects, have thus compelled
regulatory bodies across the globe to ban its usage in cosmetics/ creams. The European Union
(EV) law for cosmetics has since 1979 banned the usage of lead and lead containing compounds
in cosmetics [39]. However, over the years, it has been noted that although the presence of lead
could as a result of deliberate additions, the trace amount of lead present in creams may rather be
as a result of unavoidable conditions even under good manufacturing practices [39].

3.2.3 Levels of arsenic in skin lightening creams

Only three of the analysed creams recorded detectable levels of arsenic. These were: Beauti
(1.3940.01 ppm), carolight (0.94+0.01 ppm) and pure white (0.54+0.01 ppm). Beauti recorded the
highest levels of arsenic. The other 16 creams showed no detectable levels of the metal. The
levels of arsenic in creams that showed detectable concentrations were less than 2.0 ppm and 3.0
ppm, the threshold limits recommended by UNBS and US FDA respectively.

The results are in agreement with a related study conducted by Algadami, et al. [40] in which they
assessed the levels of arsenic in thirty four skin whitening creams. In this study, they found that
the arsenic concentrations in the creams ranged from as low as 0.34 ppm to 14.76 ppm, with most
of them having levels exceedingly higher than US/FDA’s permissible limit.

There are no sufficient reports linking arsenic metal to inhibition of melanin synthesis. This
minimizes the likelihood of deliberate addition of arsenic metal in these creams. The existence of
arsenic in these skin lightening creams can therefore be attributed to the metal’s existence in
substances used as raw materials in manufacturing of the products [41]. Centers for disease control
and prevention [42] noted that arsenic contamination may also be as a result of unintentional
migration of metal from wear and corrosion of metallic devices and machinery used in
manufacturing process.

It should however, be noted that none of these metals (Hg, Pb, As) as discussed above, had been
listed in the labels as a component of any of the products.
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3.3 Chemical requirements of the skin lightening creams

Three chemical parameters of the different creams were assessed. These are pH, thermal stability
and fatty substance content. The results of each of the parameters are shown in Fig. 3, Fig. 4 and
Table 1 below;

3.4 pH of the skin lightening creams

All the creams showed low pH levels below UNBS’ permissible limit. The results are as shown in
the fig. 3 below;
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Fig. 3: Variation of pH range

The pH values ranged from the mean values of 3.160+0.002 to 3.938+0.001 as shown in fig.3. All
the creams indicated low values of pH below the permissible range of 4.5- 8.5 as recommended
by UNBS. The lowest pH value was recorded by clinic clear and the highest pH value was recorded
by carotene.

The human skin pH normally ranges from 4.5 to 6 [43]. The acid pH of the skin surface, known
as the “acid mantle” and the pH gradient [44] of the stratum corneum (SC), regulates at least three
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epidermal functions: antimicrobial barrier, permeability barrier and barrier integrity/cohesion [45].
Fluhr et al.,[46] reported improved barrier integrity after exogenous acidification in neonatal skin.
However, increased acidity increases the skin’s pH gradient. All the creams have low (highly
acidic) pH values which make them capable of exerting skin irritating properties. The decrease
in pH levels can be attributed to the changes in storage conditions. Change in storage conditions
like elevated temperatures can accelerate chemical reactions, thereby altering the activity of
components and pH [47].

3.5 Fatty substance content in the skin lightening creams

The fatty substance content by mass ranged from 5.94+0.02% to 28.57+£0.01%. Results are
summarized in fig. 4 below;
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Fig. 4: Variation of fatty substance content.

The fatty substance content by mass ranged from the mean values of 5.94+0.02% to 28.57+0.01%
as shown in Fig.4. All the creams have fatty substance content above the minimum threshold of
5% recommended by UNBS. The least fatty content was recorded by maxiclaire while the highest
fatty content was recorded by sivoclair. All creams are recommended to have high fatty substance
content to enable them counteract skin dryness in order to alleviate flaking, cracking, and
roughness [43].

These observed differences in the total fatty substance are perhaps due to the difference in the
manufacturing processes and methods. High fatty matter above 5% is suitable for dry skin. It
makes the skin smooth, and additionally serves as a good lubricant throughout the day [48].
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3.6 Thermal stability of the skin lightening creams

All creams passed the stability tests which were assessed basing on colour, smell, phase separation,
granular formation and shrinkage due to evaporation. The results are as shown in Table 2

Table 2: Thermal stability results (n = 19)
Parameters assessed

Cream No No change No phase No No shrinkage
Colour of smell separation  granular  due to
change formation evaporation

Beauti N N N N N

Maxi Claire \ \ \ \ V

Super clair \ \ \ \ \

Cocoderm v \ \ \ V

Rapid white créme \ \ \ \

Carolight v \ \ V V

Zero pimples \ \ \ \ \

Carotene v \ \ \ V

Citrolight \ \ \ \ \

Cocopulp \ \ \ \ V

Princess Claire \ \ \ \ \

Sivoclair \ \ \ \ V

Pure white \ \ \ \ V

Clinic clear \ \ \ \ V

Clair men \ \ \ \ V

Dodo \ \ \ \ V

Fade-out \ \ \ \ V

Elegance rico \ \ \ \ V

Bioclaire \ \ \ \ \

Note: - passed the test
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All the creams passed the stability tests as shown in Table 2. They showed colour consistency,
exhibited no separation of phases, no changes in odour, no formation of granules or crystals and
no shrinkage as a result of evaporation of water. Stability studies are essential for determination of
product quality, efficacy and safety. Thus, these studies contribute to the development and
improvement of formulations [49]. In a related study conducted by Deuschle et al.,(2015)[50]
storage of the creams at different temperature conditions never changed their appearance, colour
and odour.

4.0 CONCLUSIONS

The mean levels of mercury in the analyzed creams were below 2.0 ppm which is the
recommended threshold limit by UNBS. The five samples that showed detectable amount of lead,
had the mean lead levels below UNBS’ recommended threshold limit of 20 ppm. The three creams
that recorded detectable levels of arsenic, had arsenic levels below the threshold limit
recommended by Uganda Bureau of Standards (UNBS) of 2.0 ppm. However, even when the
levels of these heavy metals are low, continuous application of the creams containing them, can
cause slow release of these metals in the body and result into detrimental health effects. The traces
of metals present in creams can be attributed to either intentional addition during formulation or
unintentional presence as impurities during the manufacturing process.

Since all the samples analyzed contained hydroquinone, with 84.2% of the samples recording
levels above the threshold limit recommended by UNBS and US FDA (2%), it is very alarming,
and consumers who apply any of these creams are at risk.

All the creams met the chemical requirements of thermal stability, fatty substance content as
recommended by UNBS. However, none of the creams satisfied the pH requirement.

5.0 RECOMMENDATIONS
The community should be sensitized on the implications of using skin lightening creams.

UNBS should conduct periodic analysis to ascertain the levels of hydroquinone, heavy metals, and
chemical requirements of skin lightening creams sold in Uganda.

Manufacturers should be encouraged to state the exact skin bleaching agents and their amount in
the skin lightening creams.

Further studies can be conducted on heavy metals and hydroguinone in skin lightening soaps and
lotions, effect of storage time on the creams’ chemical characteristics, the specific gravity and
sunscreen protection factor of the creams and the levels of organic species of the heavy metals in
skin lightening creams.
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