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INTRODUCTION

Heavy metals are ubiquitous in distribution and are natural
components of the earth's crust. However, the increasing concen-
tration of toxic heavy metals in the environment due to multi-
farious human activities is of primary concern [1]. Heavy metals,
which are introduced in cosmetic products either to increase
the value of the product, or are present as impurities or intro-
duced illegally, pose risks to human health [2].Though the use
of heavy metals in cosmetics is prohibited, trace amounts are
permitted, as per cosmetic product group standards. Most of
the heavy metals are added either as color additives to provide
fragrance or as preservatives, to increase the shelf-life of the
products. Among the various cosmetics, foundation creams
have been used increasingly in recent years for beautification
or as skin protection agents against environmental stressors
[3,4]. Foundations creams may contain As, Cd, Pb, Hg and other
hazardous heavy metals and the prolonged use of these harmful
cosmetic products may lead to the accumulation of heavy metals
in the body beyond the prescribed limits, thereby posing a
risk to human health [5].
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Apart from profiting financially, it is the responsibility of
manufacturers to provide quality products that comply with
international norms and standards, focusing on the safety of
users. Several international agencies including the European
Union [6] have prohibited the use of several heavy metals inclu-
ding As, Cd, Pb and Hg in cosmetic products owing to their
toxic effects [7]. Toxic heavy metals like lead and cadmium are
common contaminants in cosmetic products including found-
ation creams [8,9]. These metals produce harmful effects, some
at low concentration, while others at high concentration, depen-
ding on the quantity and duration of use [10]. Cadmium is among
the major heavy metals found in some natural colours and
inorganic pigments in cosmetic products. Cadmium toxicity
causes kidney damage and bone degradation even at low concen-
tration. Lead affects the nervous system, leading to mental retar-
dation and learning disability. Cadmium and lead accumulate
in the human tissues, as they do not get metabolized by the
body for absorption and utilization. Recent studies [9] have
proved that lead causes intrauterine fatal death, nervous disorders,
premature delivery, low birth weight and other behavioural abnor-
malities .



With increasing use of cosmetic products, their manufa-
cturing, import, and marketing have also increased in Saudi
Arabia [11]. Despite the presence of hazardous ingredients in
foundation creams,awareness regarding their harmful effects
is lacking in Saudi Arabia. Therefore, the objective of the present
study is to estimate and verify the concentration of hazardous
heavy metals namely, As, Hg, Pb and Cd in foundation creams
marketed by different international brands in Saudi Arabia,
with a focus on minimizing human health hazards.

EXPERIMENTAL

High-purity deionized water (Millipore) was used for dilution
of the samples and standards. HNO3 69 %, HF 50 % and H2O2

30 % (Sigma-Aldrich) were used for the digestions.
Sampling: A total of 115 different samples (n = 115) of

foundation creams were purchased randomly from Riyadh
market, Saudi Arabia to analyze their heavy metal contents.
These samples belonged to 25 different brands and were further
categorized into five groups based on the country of origin.

Sample digestion: First 0.15 g of each sample was added
to PTFE vessels. A mixture of 6 mL HNO3 and 2 mL H2O2 was
added to each vessel, following which microwave digestion was
performed sequentially for 10 min at 400 W, 5 min at 500 W,
5 min at 600 W and 10 min at 400 W. The digestion was follo-
wed by cooling at room temperature for 15 min till the comp-
letion of the reaction. The samples were passed through Whatman
filter paper No.1 and diluted to 20 mL with high-purity deionized
water in a 50 mL volumetric flask. They were then digested in
triplicates along with reagent blanks. Standard references of
six concentration levels were used.

Sample analysis: The digested samples were analyzed
to determine arsenic, cadmium, lead and mercury concentration

by inductively coupled plasma-optical emission spectroscopy
(ICP-OES, Perkin Elmer 6100), as per standard measurement
parameters (Table-1).

TABLE-1 
INSTRUMENTAL PARAMETERS OF  

ICP-OES, PERKIN ELMER 2100 

 ICP-OES 
Radio frequency 1400 W 
Plasma flow 15.0 L/min 
Auxiliary flow 0.60 L/min 
Sample gas flow 0.013 L/min 

 
Statistical analysis: The data obtained were subjected to

statistical analysis using SPSS (ver.25) to calculate the mean
and standard deviation (SD). To compare the mean concentra-
tions of the metals between different groups of brands, one
way analysis of variance (ANOVA) was used.

RESULTS AND DISCUSSION

The mean concentration of lead across different brands
varied from 0.09 ± 0.07 ppm to 132.00 ± 141.56 ppm, that of
cadmium varied from 0.01 ± 0.04 ppm to 0.33 ± 0.19 ppm,
that of arsenic varied from 0.04 ± 0.01 ppm to 0.66 ± 0.01 ppm
and that of mercury varied from 0.01 ± 0.11 to 0.74 ± 0.14 ppm
(Table-2). The concentrations that were below the detection
limits are represented as not detected (Table-2). Among the
different heavy metals analyzed, the concentration of lead (132
ppm) exceeded the maximum permissible limit (10 ppm) in
some cosmetic brands [10,12]. The adverse health effects of
lead are well-established [9,13]. Lead can easily cross the
placenta and damage the fetal brain; moreover, it can cause
temporary to permanent damage of the nervous system, kidney,

TABLE-2 
HEAVY METAL CONCENTRATIONS (ppm) IN DIFFERENT BRANDS OF FOUNDATION  

CREAM FROM FIVE DIFFERENT COUNTRIES (VALUES ARE IN MEAN ± STANDARD DEVIATION) 

Brands Country of origin Sample size (n) Pb Cd As Hg 
1 China 6 0.79 ± 1.34 0.04 ± 1.36 0.53 ± 0.09 0.03 ± 0.01 
2 China 4 0.35 ± 0.38 0.04 ± 0.41 0.66 ± 0.01 0.03 ± 1.84 
3 China 4 0.98 ± 0.55 0.07 ± 9.28 0.33 ± 0.08 0.01 ± 1.36 
4 China 4 0.77 ± 3.30 0.05 ± 2.37 0.15 ± 0.02 0.01 ± 0.23 
5 China 8 1.63 ± 1.21 0.10 ± 1.34 Not detected 0.02 ± 0.25 
6 China 6 0.91 ± 1.02 0.05 ± 0.10 Not detected 0.02 ± 0.02 
7 China 6 132.00 ± 1.56 0.09 ± 1.07 Not detected 0.04 ± 0.16 
8 China 6 0.92 ± 0.38 0.07 ± 0.01 0.04 ± 0.07 0.02 ± 0.18 
9 China 6 1.40 ± 0.08 0.06 ± 0.04 Not detected 0.01 ± 0.11 

10 Japan 3 4.58 ± 2.90 0.01 ± 0.11 0.04 ± 0.05 0.02 ± 0.45 
11 Japan 3 2.37 ± 2.43 0.02 ± 0.01 0.05 ± 0.06 0.03 ± 0.35 
12 Japan 3 0.10 ± 0.33 0.06 ± 0.03 Not detected Not detected 
13 Japan 3 9.62 ± 0.09 Not detected 0.06 ± 0.03 Not detected 
14 Japan 4 4.06 ± 1.72 0.01 ± 0.03 0.18 ± 2.40 0.74 ± 0.14 
15 Japan 3 0.72 ± 2.22 0.01 ± 0.01 0.47 ± 1.44 0.02 ± 2.73 
16 Italy 4 0.31 ± 0.14 0.01 ± 0.02 Not detected Not detected 
17 Italy 8 1.14 ± 0.04 0.07 ± 0.03 0.03 ± 2.60 0.05 ± 0.11 
18 Italy 6 0,89 ± 0.06 0.09 ± 0.07 0.04 ± 0.11 Not detected 
19 Italy 3 2.87 ± 0.10 0.06 ± 0.08 0.16 ± 0.01 Not detected 
20 Italy 3 2.66 ± 0.22 0.03 ± 0.01 0.04 ± 0.03 Not detected 
21 France 4 0.12 ± 0.01 0.01 ± 0.02 Not detected Not detected 
22 France 3 0.09 ± 0.07 0.33 ± 0.19 0.08 ± 0.07 0.04 ± 0.10 
23 France 3 3.09 ± 0.23 0.05 ± 0.11 0.04 ± 0.01 Not detected 
24 USA 6 1.02 ± 0.25 0.01 ± 0.04 Not detected Not detected 
25 USA 6 Not detected 0.10 ± 0.09 0.10 ± 0.11 Not detected 
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and liver [14].The concentration of other heavy metals like
Cd, As and Hg were estimated to be within the permissible
limit (< 3 ppm) [12]. However, prolonged use of cadmium
may cause bioaccumulation, leading to kidney dysfunction.
Further, Pb, Cd and As can easily cross the skin barrier and
may become systemically available with concomitant use of
heavy-metal-containing cosmetics [15,16]. The range of concen-
trations of Pb, Cd, As and Hg detected here is less than in most
of the previous studies [9,13,15,17].

The concentrations of heavy metals in the cosmetic brands,
classified on the basis of country of origin are shown in Fig. 1.
A high mean concentration of lead was detected from brands
of Chinese origin (198.01 ppm), followed by those from Japan
(41.47 ppm), Italy (18.98 ppm), France (11.00 ppm) and USA
(5.10 ppm). The highest mean concentrations of mercury were
found in brands of Japanese (1.35 ppm) and Chinese (0.21 ppm)
origin, followed by those from France (0.13ppm) and Italy (0.10
ppm). No traces of mercury were detected in any of the samples
from the USA. The high lead concentrations may also be due
to impurities generated during production [16,18]. The highest
arsenic concentration was detected in brands of Chinese (1.90)
and Japanese (1.33) origin, followed by those from Italy (0.54),
USA (0.50) and France (0.40). With regard to cadmium, brands
of French origin showed a high mean concentration (1.30),
followed by those from China (0.63), USA (0.55), Italy (0.52),
and Japan (0.18). Like other heavy metals, the neurotoxic effects
of cadmium are well-established [19]. Moreover, the prolonged
use of heavy-metal-containing cosmetics may interfere with
the functions of nutritionally essential metals, thereby aggra-
vating the toxic effects [5].

Results for the one-way ANOVA revealed no significant
differences in the heavy metal concentrations among the
different brands of foundation cream,within and between the
groups (Table-3). Owing to the wide availability of Chinese
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Fig. 1. Variations in heavy metal concentrations in foundation creams
marketed by different countries

products in Saudi markets, nine different brands of foundation
cream were separately analyzed for safety assessment. As stated
above, most Chinese-origin brands showed higher metal concen-
trations, especially for Pb (132ppm) and As (0.66ppm), compared
with brands from other countries (Table-4). However, the concen-
tration of Hg (0.21 ppm) was within the permissible limit. This
corroborates with earlier findings of mercury level in Chinese
cosmetic brands [20]. These high concentrations may be attributed
to poor safety and regulatory measures adopted during the
manufacturing process. It is evident from the present study,
that cosmetic brands from most countries outside the European
Union contain heavy metal concentrations in excess of the
safe limit [1]. Though metals like lead and cadmium are not in
use in most European Union countries, traces of these metals
were detected as impurities, which may be due to follow-up
processes post manufacture [18]. There is a wide variation in

TABLE-3 
ONE-WAY ANALYSIS OF VARIANCE (ANOVA) FOR HEAVY METAL  

CONCENTRATIONS AMONG DIFFERENT BRANDS OF FOUNDATION CREAM 

Heavy metal   Sum of squares df Mean square F Significance 
Pb Between groups 1021.705 4.0 255.426 0.333 0.852 

 Within groups 15323.726 20.0 766.186   
 Total 16345.431 24.0    

Cd Between groups 0.025 4 0.006 1.700 0.189 
 Within groups 0.075 20 0.004   
 Total 0.100 24    

As Between groups 0.096 4 0.024 0.683 0.612 
 Within groups 0.702 20 0.035   
 Total 0.798 24    

Hg Between groups 0.067 4 0.017 0.753 0.568 
 Within groups 0.444 20 0.022   
 Total 0.511 24    

 
TABLE-4 

MEAN CONCENTRATIONS (ppm) OF Pb, Cd, As AND Hg IN CHINESE-ORIGIN BRANDS OF  
FOUNDATION CREAMS COMMONLY USED IN THE KINGDOM OF SAUDI ARABIA 

Brands 
Elements 

1 2 3 4 5 6 7 8 9 
Pb 0.79 0.35 0.98 0.77 1.63 0.91 132.0 0.92 1.40 
Cd 0.04 0.04 0.07 0.05 0.10 0.05 0.09 0.07 0.06 
As 0.53 0.66 0.33 0.15 – – 0 0.04 – 
Hg 0.03 0.03 0.01 0.01 0.02 0.02 0.04 0.02 0.01 
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the concentrations of heavy metals among different brands,
which explains theunevenness in their distribution in the examined
samples.

Comparisons were also made to identify any relationship
between the heavy metal concentrations and the colour of the
foundation creams. The intensity of the colours was graded as
dark, medium-dark, light and more-light. Arsenic and mercury
concentrations did not show any relation with the color of the
foundation creams. Cadmium and lead were absent in found-
ation creams with more-light colour, while they recorded their
highest values in foundation creams with medium-dark to very-
dark colour, as shown in Table-5.

TABLE-5 
CONCENTRATIONS (ppm) OF LEAD AND  

CADMIUM IN SAMPLES BASED ON COLOR TONES 

Element Very-dark Medium-
dark 

Light More-light 

Pb 0.89 0.72 0.10 0.00 
Cd 0.09 0.06 0.06 0.00 

 
Cosmetics can be considered safe for use only if they adhere

to international and local regulations and guidelines. Cosmetics
contain a variety of ingredients that are challenging to digest,
including fats and silica-based compounds. Microwave digestion
with the addition of HF to digest siliceous materials may hence
be necessary. Microwave digestion is also clean and retains
mercury, so that a full suite of elements may be easily examined.
As the results of this study indicate, ICP-OES is a good choice
to determine analytes in low concentrations, allowing evalu-
ation of the toxic and potentially toxic components in cosmetics.

Conclusion

In this study, most brands of foundation cream were found
to be safe for use, as their heavy metal concentrations were
within the permissible limits, except for some Chinese brands
in which the lead content greatly exceeded the permissible limits.
The frequent use of these brands may increase heavy metal
levels in the human body, posing a serious risk to health. Hence,
there should be stringent legislation to minimize or halt the
import and marketing of brands that fail to follow international
norms. Manufacturers should follow good manufacturing prac-
tices to minimize toxic impurities through quality testing of
the finished products, according to international manufacturer
specifications. Although the SFDA has started issuing special-
ized directives and guidelines to ensure the safety of cosmetic
products, consumers can also play a crucial role in selecting
and using only brands with good manufacturing practice certifi-
cation. Further, consumers should be aware of the ingredients
present in the products they are using and their effects. This
study will aid in understanding and determining which brands
violate international chemical regulations in the Kingdom of
Saudi Arabia.
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