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Abstract

It has recently been discovered that long term exposure to heavy metals such as mercury
(Hg), lead (Pb), cadmium (Cd), and nickel (Ni) causes some health which are
carcinogenic, behavioral abnormalities and sterility. This study is aimed at determining
the concentration of Pb, Cd, Zn, Mn, Cr, Cu and Ni in skin cosmetics, particularly in
toning creams. Samples were purchased from Oja-Oba market in Akure City of Ondo
state, Nigeria. All the heavy metals under study were quantified using atomic absorption
spectroscopy (AAS) after wet digestion and dry ashing methods. The following metals
were found through wet digestion, Cu (3.90-12.05), Zn (3.50-7.10), Mn (9.90-12.50), Cd
(0.00-0.35), Ni (1.05-2.25), Pb (0.10-1.80) and Cr (0.6-4.1) while dry ashing recorded,
Cu (7.15-10.70), Zn (6.40-13.85), Mn (10.60-14.90), Cd (0.35-0.55), Ni (3.40-4.70), Pb
(0.30-0.55) and Cr (0.85-1.00) mg/kg. It was observed that the concentrations of those
metals in the creams investigated were below the maximum permissible limits set by
WHO. Significant differences (p < 0.05) of the levels of heavy metals were found
between some of the creams posing risks of a combination of creams as well as continual
usage. It is, therefore, necessary to indicate the levels of heavy metals on the labels of

these cosmetics so the users can be aware.
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1. Introduction

Cosmetic products are used by all caste of society as a part of routine body care.
Previously, metals were major ingredients of cosmetics, for example, preservative
thimerosal (mercury), lead acetate, and red cinnabar (mercuric sulphide) are usually
added as progressive hair dye in a number of tattoo pigments (Omolaoye et al. [12]).
Heavy metals are elements that have densities greater than Sg/cm3 which include
cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, molybdenum,
nickel, tin and zinc. When heavy metals are present at certain concentrations, it results in
being toxic. This is due to the fact that some metals can accumulate in the body over time
and are caused by different long-term health effects which can include cancer,
reproductive and developmental and neurological disorders, cardiovascular, kidney and
renal problems, lung damage, contact dermatitis, and brittle hair and hair loss. Many are
suspected hormone disruptors and respiratory toxins. Co, Cr and Ni are potent skin
sensitizers, while As, Cd, Hg, Pb, Sb are highly toxic with many long-term effects (Forte
et al. [7], Thyssen et al. [13]). Exposure to these metals, however, keeps increasing daily
especially in cosmetics. Cosmetics which are substances that are rubbed, poured,
sprinkled or introduced into the human body to clean, beautify, promote attractiveness or
alter appearance have been found to contain certain heavy metals. Skin care products,
basically creams can be classified as lightening creams (including the bleaching and
toning creams) and moisturizers (Kasture et al. [10]). Since testing is not made
mandatory and manufacturers have control over it, many cosmetics products ingredients
are not safety tested at all. Therefore, this work is aimed at evaluating the heavy metals

found in some creams in Nigeria.
2. Materials and Methods

2.1. Material

The three lotion creams were bought at Oja Oba, Akure, Nigeria.
2.2.Methods
2.2.1. Digestion of samples and blanks

The samples were digested using dry ashing and wet digestion methods.
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2.2.1.1. Wet acid digestion

About 5.0 g of lotion was accurately measured into a conical flask. Then, 15 ml
concentrated Nitric acid was added followed by 5 ml 30% v/v Hydrogen peroxide and
then 5 ml concentrated Hydrochloric acid. The flask was closed and left for 15 minutes
to ensure complete reaction. The mixture was heated at 150°C for about three hours until
no more brown fumes were produced. 5 ml of 0.5 M HNO3 was then added after which
the solution was warmed slightly. The sample solution was then cooled and 20 ml of
deionized water added. The solution was filtered through Whatman paper number 42 into
a 50 ml volumetric flask and diluted to volume with deionized water before aspiration
into the instrument. Aspirations were performed in triplicate in each case to ensure
precision. In order to account for the background effects from the acids and to correct
for changes resulting from digestion procedures, the above procedure was used to digest

a blank. The process was employed in the digestion of all the 3 samples.
2.2.1.2. Dry ashing

The crucibles intended for use were pre-heated in an oven at an increasing
temperature for 45 minutes until the temperature gets to 105°C. The crucibles were
brought out of the oven and transferred into a desiccator for 30 minutes until it cools.
The cooled crucibles were measured and recorded and about 5g of each of the samples
were placed in the crucibles and this was done in triplicates. The sample was pre-heated
on a hot-plate in the fume hood to give off most of its organic content. The pre-heated
sample was then transferred inside the furnace at 480°C for about 6h until grey ash
residue was obtained. The samples were removed from the furnace and placed in the
desiccator until it cools and 10ml of SM HNO3 was added and filtered through Whatman

No. 42 filter paper and then transferred quantitatively into a 50ml plastic container.
2.3. Measurement of metal concentration

The samples were digested in triplicates and analyzed using Atomic Absorption
Spectrophotometer (AAS) Buck Scientific 210 VGP which is a flame atomic absorption
spectrophotometer (FAAS).
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3. Results and Discussions

3.1. Results

Table 3.1. Mean levels (mg/kg) of heavy metals in toning creams using the wet acid

method of digestion.

Cu Zn Mn Cd Ni Pb Cr
A 390°#0.14  3.50°+0.14 9.90°+0.14  Bdl 9.90°+0.14  1.05°1.48  4.15"+0.07
B 7.90°+0.12  7.10°41.70  11.35%+23  0.20°40.14 1.05°:035 1.40°:2.00 1.25%1.06
C 12054035 3.640.57  12.504226 0354021 2.25°+120 0.10°+0.14  0.60°+0.14

A, B and C = Different Samples; (Bdl = below detection limit). Data are presented as
Mean = SD (n = 3). Values with the same superscript letter down the columns are not
significantly different (p > 0.05).

Table 3.2. Mean levels (mg/kg) of heavy metals in toning creams using dry ashing
method of digestion.

Cu Zn Fe Mn Cd Ni Pb Cr
E 1025035 6404255 19.85°+035 11.65°+1.06 0.35°:0.30 3.40°:0.99 0.55°:031 0.85"+0.21
F 10702057 13.85°8.27 20.90°40.28 14.90°+3.82 0.55°:0.35 4.70°4221 0.30%0.00 0.90°°+0.00
H 7.15°t021 8.80°0.28 14.70°+1.27 10.60°+0.28 0.45°+0.40 4.30°+2.69 0.45°+0.35 1.00°+0.28

E, F and H = Different Samples; Data are presented as Mean + SD (n = 3). Values with

the same superscript letter down the columns are not significantly different (p > 0.05).
3.2. Discussion
3.2.1. Heavy metal composition in the toning creams using the wet acid method

Table 3.1 shows the level of heavy metals present in the toning creams using the wet
acid method. From the table, manganese and nickel are higher in sample A. High
exposure to nickel containing compounds are dangerous because they are carcinogenic.
The manganese is also observed to be higher in sample B and sample C, while cadmium
is lower in the sample B and sample C, and below detectable limit in sample A. The level
of copper in the creams is also observed to be 3.90+0.14, 7.90+£0.12 and 12.05+0.35 for
samples A, B and C, respectively. The mean levels were significantly different among

the samples at (p < 0.05) level of significance. Chronic exposure to copper can generate
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several physiological and behavioral disturbances, which include brain damage and
progressive demyelination, psychiatric disturbances — depression, suicidal tendencies and
aggressive behavior — hemolytic anemia, cirrhosis of the liver, motor dysfunction and
corneal opacities (U.S. EPA [15], Goyer [9]). Furthermore, chromium is relatively high
in sample A using the wet acid method. In cosmetics, the oxides of chromium (Cr),
chromium oxide and hydrated chrome oxide are used especially in soaps due to their
colour (Butler and Poucher [2], Dayan and Paine [4]). Chromium (VI) compounds are
toxic and carcinogenic. Breathing high levels of Cr can cause irritation to the lining of
the nose, nose ulcers, running nose and breathing problems such as asthma, cough,
shortness of breath, or wheezing (Dayan and Paine [4]). Long term exposure to
chromium can cause damage to the liver, kidney circulatory, and nerve tissues, as well as
skin irritation.

3.2.2. Heavy metal composition in the toning creams using the dry ashing method

The heavy metal concentration in the toning creams using the dry ashing method is
observed in Table 3.2. From the table, the mean level of almost all the metals between
samples E, F and G were not significantly different at level at (p < 0.05). Iron is higher
in the three investigated toning creams, while lead is lower in the three samples. Many
studies over the years have shown that lead could be harmful at very low levels. The lead
can get into the body through dermal absorption (Filon et al. [6]). Although, studies on
dermal absorption of lead in human are still scarce but it has been noted that damaged
skin and metallic chemical structures are factors which can enhance percutaneous
penetration of this metal in the body. Tsankov et al. [14] proposed that the maximum
allowable concentration of lead should be ~10 ppm. Lead has been found to be a
common contaminant in various cosmetics (Chauhan et al. [3]). Studies have revealed
that lead can be absorbed by dermal contact and may cause anemia, colic, neuropathy,
nephropathy, sterility, coma, behavioral abnormalities, learning impairment among
others (Nnorom et al. [11], Chauhan et al. [3]).

Zinc is also observed to be high in the three toning creams. The levels of zinc as
found in this study were lower than those reported in the literature where zinc has been
detected to levels as high as 56.57 ppm (Gentscheva et al. [8]). This together may be
attributed to compositional differences of products as well as environmental conditions.
Although, it is an essential element in both plants, animals and humans but may be toxic
at levels above 40 ppm. Zinc toxicity causes irritability, muscular stiffness and pain
(Deshpande [5], Al-weher [1]).
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4. Conclusion

As obtained in the results from the analysis, it was observed that heavy metals (Cu,
Cd, Cr, Pb, Mn, Zn and Ni) were present in the creams. The levels, however, were lower
than those set by WHO. These results do not warrant safety though for use of these
products since it is evident from the literature that continuous use of cosmetics would be
harmful to health. Heavy metal impurities have been acknowledged to be unavoidable in
cosmetic products due to the ubiquitous characteristics of these elements. Hence, they
should be removed whenever technically feasible. The differences in mean levels may be
as a result of the difference in compositions, methods, and equipment of productions,
packaging materials and methods of analysis. This may pose a threat, especially, where
users apply a combination of these cosmetics. Therefore, manufacturers should indicate
presence and levels of heavy metals on labels of products.
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