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Abstract:

Mercury was estimated in twenty facial cosmetics, including five lipsticks of different origins and in
various colors, and twenty facial cosmetics, including eyeliner, eyeliner, lip liner, and others, from
different origins. As 2 grams of each preparation was taken, an acid digestion process was carried
out using nitric acid with a concentration of (69%) and heating to 90 degrees, and an oxidation step
was performed after cooling using one millilitre of hydrogen peroxide with a concentration of (30%),
then the resulting solution was filtered and the remaining volume was completed with empty water of
ions in a 10 ml volumetric vial. Mercury was measured with a flame atomic absorption device at a
wavelength of 253.7 nanometers. The relative standard deviations, RSD%, ranged from 0.74 to
3.73%, and the relative error, %Error, ranged from -3.06 to 1.06%. The results showed the presence
of mercury in all samples under study, with concentrations ranging between 0.070 and 0.510 pg/mL,
which is within the safe limit set by the WHO. The global level is 1 microgram/ml.
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Introduction

Cosmetics contain mercury, which is highly toxic, especially after prolonged and repeated use [1] The
World Health Organization considers mercury to be one of the top ten chemicals or groups of
chemicals with the greatest risk to public health. Mercury exists in various forms: elemental (or
metallic), organic and inorganic [2]. It exists in the form of organic compounds (such as
methylmercury and ethyl mercury) and inorganic compounds (such as mercuric chloride, sulfate or
nitrate) [3,4]. Mercury is widely used in the manufacture of batteries, in the chemical industry, such as
pesticides, and is also found in cosmetics [5]. Mercury can affect the central nervous system by
crossing the placenta and reaching the fetal brain [6]. Topical mercury preparations are absorbed
through the skin into the bloodstream and accumulate mainly in the liver. The amount absorbed varies
depending on the chemical form of mercury and other components of the preparation [7]. The use of
cosmetics can be harmful if it is excessive, as it forms lines or black spots called hyperpigmentation.
Pigmentation [8]. Mercury levels in some cosmetics and body moisturizing products may be minimal
and may not exceed 0.003 parts per million [9]. Studies have been conducted to evaluate heavy
metals in the urine of women who use a certain type of skin care product for a period of time. 45 days
in New York and Hong Kong showed a high concentration of mercury in urine. This was done by
comparing them with a group of residents of the same city who did not use these products over a
period of 45 days before the experimental analysis [10]. Another study showed that Some skin-
lightening creams searched for mercury and recorded levels ranging from 0.01 to 2.3 parts per million.
It was found that 60% of the samples analyzed had mercury levels higher than 1 part per million,
which is the safe limit set by the World Health Organization [11]. Mercury can be estimated using
atomic fluorescence spectrometry, which is one of the methods of fluorescence spectroscopy (also
known as fluorometry or spectrofluorometry), as well as it can be estimated using electrical methods
[12]. It can be estimated using flame atomic absorption spectrum. The aim of this study is to estimate
mercury in 20 cosmetics using an atomic absorption spectrophotometer.

I. Apparatus
1- Atomic absorption spectrophotometer- GBC 933 plus — Australia; with hallow cathode
Lampe and air-acetylene flam. the conditions of measurements are as listed in

Table (1): Operating conditions for the flame atomic absorption device.

- Heav
The conditions of metalﬁ
measurements
Hg
Wavelength (nm) 253.7
Lamp current (mA) 3.0
The intensity of the column (mA) 0.5
Burner height 10.0
2- Balances: Keren-Swaziland
3- Hearts: Hot plate -JX-1010B-Turkey
4- Thermometer Mercury thermometer-Britain
5- Water bath: karal kolb —German
Il. Materials and Methods
1- information on Lipstick brand, symbol, and origin are listed in Table (2).

Table (2): The information of Lipstick used in the study.

Sample Cosmetic Brand color No. Origin
L1 Lipstick Golden-sbhouhh red 04 China
L2 Lipstick Pretty by flormer red 10 Turkey
L3 Lipstick Diamond beauty red 9 China
L4 Lipstick NOTE Brown 313 France
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Sample Cosmetic Brand color No. Origin
L5 Lipstick ZD Pink 02 China
L6 Lipstick NOTE Red deep 308 France
L7 Lipstick 3Q Pink dark 807 China
L8 Lipstick Habibib beauty Burgundy 07 China
L9 Lipstick Golp Pink 08 China
L10 Lipstick Tester Pink 510 England
2- information of eyebrow and lip-pencil and eyeliner and contour lip brand, symbol, and origin

are listed in Table (3).
Table (3): The information of eyebrow and lip-pencil and eyeliner and contour lip used in the study.

Sample Cosmetic Brand color Origin
El Eyebrow Former Black Turkey
E2 Eyebrow Levelbeauty Black China
E3 Eyeliner Smoothing Black China
E4 Eyebrow XP Black Turkey
E5 Lippencil Pretty Pink France
E6 Eyeliner Fabfasha Black China
E7 Contour lip Topface brown Turkey
ES8 Eyeliner Former Brown Turkey
E9 Contour lip Hudabeauty gray China
E10 Eyeliner Original bell White German

3- practical part Mercury ion solution HgCI2 (100 pg/ml)

A standard solution of mercury ions (Hg*2) with a concentration of 100 ppm and a volume of 100 ml of
mercury chloride salt (HgCl2), molecular weight (271.52 g/mol) was prepared by dissolving 0.01353 g
of salt in 100 ml of ion-free water in a volumetric vial.

4- Prepare a calibration curve for mercury

Diluted solutions were prepared with concentrations ranging between (3 and 13 micrograms/ml), then
the absorption was measured with a flame atomic absorption spectrophotometer and at appropriate
operational conditions for mercury. Figure (1) shows the calibration curve for mercury, as the linearity
was good and the value of R? was R? = 0.980, and the curve follows. Beer's law in the chosen range
of estimation and the molar absorption coefficient was € = 434.432 litre. mol-l.cm-.

0.07 -
y =0.0016x + 0.0423
0.06 - R? =0.9806
0.05 -
Q
O | 0.04 -
%
L0 | 0.03 -
o
v | 0.02 -
Q0
< 0.01 -
0 T T T T T T 1
0 2 4 6 8 10 12 14
Concentraion Hg*? (pug/ml)
Figure (1): Calibration curve for mercury.
5- Accuracy and compatibility of the mercury ion calibration curve

The accuracy and agreement of the calibration curve of the mercury chloride solution was studied by
taking specific concentrations that fall on the calibration curve and repeating the measurement with a
flame atomic absorption spectrophotometer three times for each concentration. Then the values of the
relative error% and the relative standard deviation RSD% were calculated.
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Table (4): Accuracy and precision in the calibration curve for a solution of mercury ions.

Hg(ug/ml)- -Hg (ug/mi) Error% RSD%
Taken Found
7 7.27 3.85 4.56
11 11.16 1.45 2.1

It can be seen from Table (4) that the relative standard deviation RSD% of the mercury calibration
curve ranges from 2.11 to 4.56, and the relative error% ranges from 1.45 to 3.85.

lll. Digestion and sample preparation

2 grams of each preparation was taken and an acid digestion process was carried out using 10
millilitres of nitric acid at a concentration of (69%) and heated to 90 degrees and an oxidation step
was performed after cooling using one millilitre of hydrogen peroxide at a concentration of (30%), then
filtering the resulting solution and completing the remaining volume with deionized water in a 10 ml
volumetric vial. The results below show the recovery values of the samples under study.

Table (5): Mercury concentration in lipstick and facial cosmetics.
Sample-facial cosmetic Concentration (pg/ml)

E1 0.376
E2 0.363
Es 0.319
Ea4 0.453
Es 0.829
Es 0.325
= 0.280
Es 0.446
Eo 0.510
E1o 0.478
Sample-Lipstick Concentration (pg/ml)
L1 0.140
L2 0.459
Ls 0.108
L4 0.197
Ls 0.070
Le 0.076
L7 0.185
Lo 0.082
Lio 0.248

It is clear from Table (5) that the highest concentration of mercury is in samples E5 and E9, relative to
the rest of the preparations under study, but in general, the concentration of mercury is lower than the
limit permitted by the World Health Organization, which is 1 microgram/ml [13].

Figure (2) shows a graph showing the concentration of mercury in lipstick samples. The mercury
content shows the highest content in sample L2, but it is still in the acceptable range according to the
permissible percentage of the World Health Organization, which is 1 microgram/ml.
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Figure (2): Graph of mercury concentration in lipstick samples.

Figure (3) shows a graph showing the concentration of mercury in lipstick samples. The mercury
content is relatively high in all samples. The highest content was in sample E5, but it was still in the
acceptable range according to the percentage allowed by the World Health Organization, which is 1
microgram/ml.
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Figure (3): Histogram of mercury concentration in facial cosmetics
Samples.

VI. Statistical tests

1- Accuracy and compatibility of some samples under stud

The accuracy of the analysis of the selected heavy elements in the selected cosmetics was
determined for two concentrations of each product with three replications. The results in Table (6)
show that the relative standard deviations (RSD) range from 0.74 to 5.45%, and the relative error
(%Error) ranges from -3.06 to 3.7 %.

Table (6): Accuracy and compatibility in the samples under study.

Sample Taken-Hg (ug/ml) F?Sg/%:;g Error % RSD %
El 0.376 0.378 0.53 0.74
ES5 0.829 0.808 -2.54 3.73
ES8 0.446 0.438 -1.8 2.69
L2 0.459 0.445 -3.06 2.34
L3 0.108 0.109 0.92 3.45
L7 0.185 0.187 1.08 1.51
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2- Calculate the P-value

The P value is the probability value of the data under the null hypothesis

for the purpose of determining the presence or absence of a significant difference between the
measured value and its replicates (if the P values are less than 0.05, this indicates the existence of
significant differences, and if the P values are greater than or equal to 0.05, this indicates the absence
of Significant differences) and the P value was calculated using the statistical program (25, SPSS
(Hinton, 2004). Table (7) does not show a significant difference between the concentration of heavy
metals in cosmetics and their concentrations in repetition.

Table (7): Calculating the P value for some samples under study.

sample el Reputations Mean P-value
(pg/ml)

0.378

El 0.376 0.378 0.420
0.380
0.829

E5 0.829 0.807 0.411
0.790
0.445

ES8 0.446 0.438 0.423
0.420
0.450

L2 0.459 0.469 0.455 0.623
0.107

L3 0.108 0.109 0.184
0.111
0.181

L7 0.185 0.187 0.423
0.194

3- t-test

The method was applied to select some samples (1E, 5E, 8E, L2, 3L, 7L) under the chosen optimal
conditions, each concentration repeated three times. The confidence of the proposed method has
been tested and listed in Table (8) to calculate t-test.

Table (8): Calculating t-test.

Sample (TH Zl;ﬁ]?) 'EB 51 %L;r?]?) 'g_g N S t-test
El 0.376 0.378 3 0.009750161 0.35
E5 0.829 0.808 3 0.036852145 0.98
ES8 0.446 0.438 3 0.014740858 0.93
L2 0.459 0.445 3 0.01328723 2.23
L3 0.108 0.109 3 0.01245675 1.25
L7 0.185 0.187 3 0.00521168 0.664

It is clear from Table (8) that the calculated experimental t values are within the tabulated t values,
which gives the method reliability in estimation.

Conclusion

Mercury was estimated in twenty facial cosmetics, including ten lipstick products from different origins
and in multiple colors. Ten facial cosmetics that included eyeliner, eyeliner, lip liner, and others from
different origins. The results showed the presence of mercury in all samples under study at
concentrations ranging between 0.070 and 0.510 micrograms. /ml, which is within the safe limit set by
the World Health Organization, which is 1 microgram/ml. Regular, continuous and long-term use of
these products leads to mercury entering the human body through the skin barrier, and may lead to
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the accumulation of this metal in the human body, especially in the kidneys and liver. The present
method provides simple quality control of these products with precision.
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