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Abstract

This study was undertaken to determine the cadmium and lead concentrations in low-price cosmetic products in the Saudi
market. An analytical test was performed for 13 cosmetic products (five lipsticks, five foundations, and three eyeliners) using
a flame atomic absorption spectrophotometer. The lead and cadmium heavy metals were determined as trace minerals in all
13 samples. The mean value for each metal in the three different products was as follows: 0.019532 (lipstick group), 0.020842
(foundation group), 0.026237 (eyeliner group) ppm for cadmium, and 0.032744 (lipstick group), 0.046466 (foundation group),
0.041903 (eyeliner group) ppm for lead. The results also indicated that the lead concentration was higher than cadmium
in all samples under investigation. Moreover, the results indicated that the levels of cadmium and lead are affected by the
company of the cosmetic products. Also, the results indicated that the cadmium and lead levels were within the allowable
FDA values. Regular monitoring of the presence of heavy metals in cosmetic products should be continuously undertaken

as these metals are reported to show harmful effects on the human body even in very small amounts.

Keywords Heavy metals - Lead - Cadmium - Atomic absorption spectroscopy - Cosmetic products

1 Introduction

The worldwide usage of skin care products is increasing
rapidly, driven by the growing awareness of the necessity
of a daily skincare routine for beautification [1]. Cosmetics
is one important type of skin care product used in contact
with different parts of the human body (nails, eyes, lips,
etc.) for multiple purposes (perfuming, changing appear-
ance, etc.). The cosmetics are presented in several forms,
each with a specific beautifying purpose, such as eyeliner
and eyeshadow to color the eyelid, lipstick, and lip gloss to
color the lips, and nail polish to color the fingernails and toe-
nails [20]. Cosmetics contain several ingredients, including
water, surfactants, oils, and heavy metals [12].
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Heavy metals are products whose density is five times
greater than that of water and they include antimony, arse-
nic, bismuth, cadmium, cerium, chromium, cobalt, copper,
gallium, gold, iron, lead, manganese, mercury, nickel, plati-
num, silver, tellurium, tin, uranium, vanadium, and zinc [8].
Heavy metals are essential trace minerals that are important
for good health; however, a high level of these compounds
is reported to cause harmful effects on the human body [11].
For instance, a high level of cadmium is reported to cause an
inhibition of DNA mismatch in addition to dermatological
irritation [22]. A mercury compound is reported to cause an
allergic reaction, skin irritation, and adverse effects on the
nervous system [14]. Lead is considered the second most
toxic metal after arsenic causing cardiovascular, kidney, cen-
tral nervous system, and fertility problems [15]. Although
zinc is essential for regulating vital body activities, high
concentration is toxic to the cells causing several lung prob-
lems [16].

The presence of heavy metals in our daily cosmetic prod-
ucts, and their harmful effects, has drawn the attention of
researchers and clinicians to analyze cosmetic products
[21]. This was to determine the presence of heavy metals in
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cosmetic products and to find adverse effects of contamina-
tion with those compounds [11].

Numerous studies have been done to determine the heavy
metal level in cosmetic products [5, 10, 19, 23] Different
types of cosmetic products (creams, shampoo, soap, lip-
stick, etc.), different companies, and different countries were
investigated. Ali Sani et al. revealed that in a total of 30
samples of three different types of cosmetic products com-
monly used in Nigeria, manganese, cadmium, lead, chro-
mium, nickel, and copper were found in all samples with
different concentrations [23]. Moreover, a study was done
in Saudi Arabia to determine the concentration of cobalt and
lead in different cosmetic products. The study found that in
all samples, cobalt concentration was higher than the accept-
able level while lead concentration was within the range [3].

Cosmetic product usage was increasing rapidly in Saudi
Arabia and as these products were found to contain chemical
compounds such as heavy metals, it is a considerable health
issue to be studied. This study aimed to determine the con-
centration of heavy metals in low-price cosmetic products,
as these might have lower regulations. Thirteen different
types of cosmetic products from Saudi Arabian markets were
collected to determine the lead and cadmium concentration
in all products under investigation. These heavy metals are
among the most toxic heavy metals in cosmetic products.

2 Materials and method
2.1 Reagents and materials

Analytical grade nitric acid (Sigma Aldrich), Analytical
grade per-chloric acid (Sigma Aldrich), lead (Pb), and cad-
mium (Cd) standards for AAS were obtained from Sigma-
Aldrich. Double distilled water.

2.2 Sample collection

Thirteen low-price cosmetics were collected from local
Saudi Arabian markets. Five samples of lipsticks (L1-L5),
five foundation products (F1-F5), and three eyeliners (E1-
E3) (samples are presented in Table 1). All samples were
then transferred to the lab for further estimation of heavy
metal analysis.

2.3 Sample preparations

The protocol of sample preparation was adapted from [2].
One gram was taken from each sample and transferred to
a beaker. A quantity of 5 mL of a mixture of concentrated
acids was then added to each sample to be digested for two
to three hours on a hot plate. The mixture of concentrated
acids was comprised of nitric acid (HNO;) and per-chloric

Table 1 Levels of Cadmium and Lead in collected cosmetic samples
from the Saudi market

Sample ID The concentration of Cd The concentra-
(ppm) tion of Pb (ppm)
L1 0.01 0.02
L2 0.01 0.02
L3 0.02 0.04
L4 0.02 0.04
L5 0.02 0.02
Fl 0.02 0.03
F2 0.02 0.02
F3 0.02 0.05
F4 0.01 0.05
F5 0.02 0.05
El 0.02 0.01
E2 0.02 0.06
E3 0.02 0.04

L lipstick, F foundation, E eyeliner, Cd cadmium, Pb lead, ppm parts
per million

acid (HC1O,) in a ratio of 3:1 of each acid, respectively. An
amount of three mL of acid mixtures was added continu-
ously till the formation of a white sample. The digested sam-
ples were then dissolved in 10 mL of triple-distilled water
and were then filtered using Whatman No. 1 filter paper to
get a clear solution. The resulting clear solution was finally
subjected to a metal quantification analysis.

2.4 Instrumentation

The quantification of cadmium and lead levels was per-
formed via atomic absorption spectroscopy (AAS) using
the iCE 3000 Series Atomic Absorption Spectrometer by
ThermoScientific. The experiment was conducted in a chem-
istry lab.

2.5 Statistical analysis

This study was analyzed using Graph Pad Prism Version 9.
Simple descriptive statistics were used to define the charac-
teristics of the study variables through the form of counts
and percentages for the categorical and nominal variables,
while continuous variables are presented by mean and stand-
ard deviations. A statistical comparison was carried out to
compare the variances among the groups. An ordinary one-
way ANOVA test was used to compare the significant dif-
ferences between the three groups (such as the differences
in cadmium concentration between the three groups of cos-
metics (lipstick, foundation, and eyeliner). The comparison
identified the variances as having a significant difference
when the P value was <0.05 and there was no significant dif-
ference when the P value was > 0.05. An unpaired #-test was
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used to identify the variances between the two groups (such
as the differences between the cadmium concentrations in
all samples and the allowable FDA values). A comparison
was identified if the variances had a significant difference
when the P value was <0.05 and there was no significant
difference when the P value was > 0.05.

3 Results
3.1 Heavy metal measurements

The results of the concentration measurements of lead and
cadmium in 13 different types of cosmetics (five lipstick
samples (L), five foundation samples (F), and three eye-
liner samples (E)) are presented in Fig. 1 and Table 1.
The results illustrate that a narrow range of cadmium
concentrations was detected in the samples under investi-
gation, indicated by the close values of the metal within
the samples. However, the lead samples showed a wider
range of concentration values within the samples in com-
parison to the cadmium samples. Figure 2 illustrates the

100

10

Concentration (ppm)
n
o

Fig. 1 Cadmium and Lead concentration measurements. The concen-
tration of cadmium and lead in each cosmetic product is detailed in
Table 1. Red data points indicate the cadmium concentration, closed-
square symbols represent the cadmium concentration in the samples
(fully closed symbol for lipstick, right-red-sided symbol for founda-
tion, and left-red-sided symbol for eyeliner), and the open-square
symbols represent the Literature FDA value for cadmium in cosmet-
ics. Grey data points indicate the lead concentration, closed-triangle
symbols represent the lead concentration in the samples (fully closed
symbol for lipstick, right-grey-sided symbol for foundation, and left-
grey-sided for eyeliner), and the open-triangle symbols represent the
Literature FDA value for lead in cosmetic
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concentration of cadmium alongside the concentration of
lead in each sample of the cosmetics under investigation.
The graph shows that, in all samples, the concentration
of cadmium was always lower than the concentration of
lead, except for sample L5, where the concentration of
both metals was almost the same. The results also indicate
that the cosmetics company affects the concentration of
cadmium and lead in each sample (Fig. 2). For compari-
son, available literature showing the allowable FDA levels
of cadmium and lead in cosmetics are also illustrated in
Fig. 1 (O, Al-Dayel, et al., 2018; Al-Saleh et al., 2009;
US FDA).

3.2 Comparisons between cadmium concentrations
in each sample

Figure 3 illustrates the concentration of cadmium in
five lipstick samples (Fig. 3A), five foundation samples
(Fig. 3B), three eyeliner samples (Fig. 3C), and all cos-
metics samples under investigation (Fig. 3D). The results
show that the cadmium concentration value in all cosmetic
groups is close, except for F4 in the foundation group and
E3 in the eyeliner group. The results also show that the
highest concentrations of cadmium were in L4 for the lip-
stick group, with a concentration value of 0.02 ppm; F3
for the foundation group, with a concentration value of
0.02 ppm; and E2 for the eyeliner group, with a concen-
tration value of 0.02 ppm. On the other hand, the lowest
values of cadmium were in L2 for the lipstick group, with
a concentration value of 0.01 ppm; F4 for the foundation
group, with a value of 0.01 ppm; and E3 for the eyeliner
group, with a value of 0.02 ppm.

3.3 Comparisons between lead concentrations
in each sample

Figure 4 illustrates the concentration of lead in five lipstick
samples (Fig. 4A), five foundation samples (Fig. 4B), three
eyeliner samples (Fig. 4C), and all cosmetics samples under
investigation (Fig. 4D). The results show that the lead con-
centration value in all cosmetic groups is variable with a
wide range of variabilities. The results also show that the
highest concentrations of lead were in L3 for the lipstick
group, with a concentration value of 0.04 ppm; F4 for the
foundation group, with a concentration value of 0.05 ppm;
and E2 for the eyeliner group, with a concentration value
of 0.02 ppm. On the other hand, the lowest values of lead
were in L5 for the lipstick group, with a concentration value
of 0.02 ppm; F2 for the foundation group, with a value of
0.02 ppm; and E1 for the eyeliner group, with a value of
0.01 ppm.
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Fig.2 Comparison between cadmium and lead concentration in each
sample. The Y-axis is the concentration of cadmium and lead in each
sample. The X-axis is the name of each sample (L =lipstick, F=foun-

3.4 Comparisons between cadmium and lead
concentrations in all samples

Figure 5 illustrates the concentration of cadmium and lead
in all cosmetic samples (Fig. 5SA and 5B, respectively).
The results show that the concentration of cadmium is
lower than the concentration of lead in almost all samples,
as the highest concentration of cadmium was 0.02 ppm
while, for lead, the highest concentration was 0.06 ppm.
Taking each metal separately, the results show that the
highest concentration of cadmium when comparing all
groups under investigation (lipstick, foundation, and eye-
liner) belonged to E2 in the eyeliner group, while the low-
est cadmium concentration belonged to F4 in the founda-
tion group. The results also show that the eyeliner group
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dation, E=eyeliner). The Red histogram bar represents the cadmium
concentration, while the grey histogram bar represents the lead con-
centration in each sample

from different companies has the highest concentration
of cadmium among all samples. The cadmium content in
each sample was in the following decreasing order: E2>E
I1>E3>F3>F5>L4>F1>L5>L3>F2>L1>F4>12.
However, the lead concentration values illustrate that the
highest value in all groups under investigation (lipstick,
foundation, and eyeliner) belonged to E2 in the eyeliner
group, while the lowest lead concentration belonged to
El in the eyeliner group. The lead content in each sample
was in the following decreasing order: E2>F4>F3>F5
>1L4>E3>1L3>F1>F2>L1>L2>L5>E]l. The results
also showed that the eyeliner sample (E2) has the highest
concentration of both cadmium and lead metals among
all samples.
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Fig.3 Comparison between cadmium concentrations in each sam-
ple. A Shows the concentration of cadmium in the lipstick samples, B
Shows the concentration of cadmium in the foundation samples, and
C Shows the concentration of cadmium in the eyeliner samples. The
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the name of each sample. The fully closed symbol for lipstick, a
right-red-sided symbol for foundation, and a left-red-sided symbol for
eyeliner
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Fig.4 Comparison between lead concentrations in each sample. A
Shows the concentration of lead in the lipstick samples, B Shows the
concentration of lead in the foundation samples, and C Shows the
concentration of lead in the eyeliner samples. The symbols and lines

3.5 Statistical comparison

3.5.1 Statistical comparison of cadmium and lead
concentration within each group

Table 2 shows the mean and median values of cadmium and
lead concentrations within each group of cosmetic samples
(lipstick, foundation, and eyeliner) and the mean and median
concentration of each metal in all 13 cosmetic samples under
investigation. In Fig. 6A—C, the concentration value of each
metal in each cosmetic group is presented along with the
statistical comparison of the distributions. The data shows
that two out of three data sets (66.7%) were significant. The
results indicate a statistically significant difference in cad-
mium level when comparing the three types of cosmetics,

@ Springer

Foundation samples

E1 E2 E3
Eyeliner samples

represent the concentration value of lead in each sample, which is
shown on the Y-axis, while the X-axis shows the name of each sam-
ple. The fully closed symbol for lipstick, a right-grey-sided symbol
for foundation, and a left-grey-sided symbol for eyeliner

and a statistically significant difference between cadmium
and lead concentrations among all samples of the three types
of cosmetics. However, the data shows no statistically sig-
nificant differences in lead values among the three groups.

3.5.2 Statistical comparison between cadmium and lead
concentration within each group

In Fig. 7, the concentration values of cadmium and lead in
each type of cosmetic are presented along with a statisti-
cal comparison between the distributions. The data shows
that three out of the four (75%) data sets are significant.
The results indicate a significant difference between cad-
mium and lead concentrations in both the lipstick and
foundation samples. Also, a significant difference was
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Fig.5 Comparison between cadmium and lead concentrations in all
samples. A Shows the concentration of cadmium in all cosmetics
samples. B Shows the concentration of lead in all cosmetics samples.
The symbols and lines represent the concentration value of cadmium
and lead in each sample, which are shown on the Y-axis, while the
X-axis shows the name of each sample. The cadmium values are rep-

Table2 Mean and standard deviation of cadmium and lead concen-
trations in the cosmetic samples

Sample Cadmium Lead
Mean (ppm) SD Mean SD
(ppm)
Lipstick (5 samples) 0.01 +0.00 0.03 +0.01
Foundation (5 samples) 0.02 +0.00 0.04 +0.01
Eyeliner (3 samples) 0.02 +0.00 0.04 +0.02
All cosmetics (13 samples) 0.02 +0.00 0.04 +0.01

SD standard deviation

observed between cadmium and lead when comparing the
13 data sets of the samples under investigation. However,
the data shows that the values of cadmium and lead in the
eyeliner group are close enough to show no significant
differences between the two metals in this cosmetic type.

3.5.3 Statistical comparisons of cadmium and lead
concentration in the samples with the allowable FDA
level of each metal in cosmetics

In Fig. 8, a statistical comparison between the 13 data
sets of cadmium and lead concentration with the allow-
able FDA values of both metals in the cosmetic samples
is presented. That data shows that, in both metals, there
were no significant differences between the values with
a lower concentration of the heavy metals in the cosmetic
samples under investigation compared with that of the
FDA values.

—_—
o
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0.04
0.02

Y \\ﬂ/\
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All cosmetics samples

Lead Concentration (ppm)

resented as follows: Fully closed red symbol for lipstick, right-red-
sided symbol for foundation, and left-red-sided symbol for eyeliner.
The lead values are represented as follows: fully closed grey symbol
for lipstick, right-grey-sided symbol for foundation, and left-grey-
sided symbol for eyeliner

4 Discussion
4.1 Heavy metal measurements

The concentration values of both cadmium and lead in
the different types of cosmetic samples are presented in
Fig. 1. The results indicate that the cadmium concentra-
tion values show a narrow range of distributions where
all samples are clustered around 0.01 ppm and 0.02 ppm.
This contrasts with the lead concentration values, where
samples show a wider range of concentration distributions,
demonstrated by the values of lead within the samples
ranging from 0.01 to 0.06 ppm (Fig. 1 and Table 1). Fig-
ure 2 compares the concentration of cadmium within the
samples with that of lead within the same samples. The
results indicate that the cadmium concentration in almost
all samples (except for sample L5) is lower than that of
lead within the samples (Fig. 2). This finding was similar
to a study done by Salama, who found that lead values
were higher than cadmium values within cream products
under investigation [22]. However, it is important to note
that different skin products, different cosmetic companies,
and different quality of skin products are used in this study
compared to other studies. Moreover, the graphs compared
the concentration values of each metal under investiga-
tion in this research to that of the allowable FDA values
of the same metals within cosmetics (Fig. 1). The results
showed that both metals’ values were within the allowable
FDA range [25]. This means that the cadmium and lead
concentrations were found as trace amounts within the
lower-priced cosmetic samples. This is like the Sani et al.
study, where they found that a group of metals, including
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Fig.6 Statistical comparisons among cosmetic samples. A The sta-
tistical comparison of cadmium concentration between the three
groups of cosmetic samples. B The statistical comparison of lead
concentration between the three groups of cosmetic samples. C The
statistical comparison between cadmium and lead concentration in
each cosmetic group. The full-red square represents the cadmium lip-
stick sample, the full-grey triangle represents the lead lipstick sample,
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Fig.7 Statistical comparisons among cosmetic samples. A, B, C Sta-
tistical comparison between cadmium and lead concentrations in lip-
stick sample, foundation sample, and eyeliners ample, respectively. D
Statistical comparison between cadmium and lead concentrations in
all cosmetic samples. Each symbol in the graph represents a specific

nickel, manganese, cadmium, and chromium, were found
to be lower in low-priced products compared to the values
of the same metals in high-priced products [23]. Also, a
study done in Saudi Arabia on different cosmetic products
such as skin lightening and foundation, found that lead
concentration in all samples was within the allowable level
of the FDA values [3].

@ Springer

Lead sample

All cosmetics samples

tion sample, the right-grey-sided triangle symbol represents the lead
foundation sample, the left-red-sided square symbol represents the
cadmium eyeliner sample, and the left-grey-sided triangle sample
represents the lead eyeliner sample. An ordinary one-way ANOVA
test was used to compare the variance among the three groups. The P
value was used to determine significant differences; no significant dif-
ferences if the p-value> 0.05 (ns), *P <0.05, **P <0.01
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metal and a specific sample (the key for each symbol was determined
in Fig. 6). An unpaired #-test was used to compare the variances
between the two groups. The P value was used to determine signifi-
cant differences; no significant differences if the p-value >0.05 (ns),
*P<0.05, **P<0.01, #*P<0.001

4.2 Comparisons of cadmium and lead
within samples

Figures 3, 4, and 5 show the different concentrations of each
metal within each sample. The results indicate different con-
centration values of cadmium and lead within each sample.
The results also indicate that the product company affects
the concentrations of both metals within the samples, where
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Fig.8 Statistical comparisons of cadmium and lead concentration in
the samples with the allowable FDA level of each metal in cosmet-
ics. A Comparing cadmium concentration in the test samples with
the FDA level of cadmium in cosmetics. B Comparing lead concen-
tration in the test samples with the FDA level of lead in cosmetics.
The Red-closed square symbol represents samples, while the open

some samples show a high concentration of metal compared
to a low concentration of the same metal within the same
product type. For example, lead is indicated in a concentra-
tion value of 0.06 ppm in the eyeliner sample (E2), which
is also the highest concentration of lead in all 13 samples
(Fig. 4). On the other hand, the eyeliner sample (E1) shows
a lead concentration value of 0.01 ppm, which is also the
lowest value of lead within the 13 types of samples (Fig. 4).
However, the E2 sample shows the highest concentration
of both cadmium and lead in all samples under investiga-
tion (Figs. 3 and 5). This is similar to the study by Ullah
et al., where the lead concentration values were found to be
different between lipstick cosmetic samples from different
market sites [24]. This finding is also similar to the study by
Salama, who found different concentration values of lead
and cadmium between different companies of soap products
[22]. Moreover, a study was done to determine cadmium
concentration in 30 different types of lotions and found that
cadmium concentration differed from brand to brand [9].
This confirms that each company (market site) uses a differ-
ent concentration of heavy metals in their products.

4.3 Statistical comparison.

Table 2 together with Figs. 6, 7, and 8 shows the statistical
comparison between the cadmium content in each sample,
the lead content in each sample, and the lead and cadmium
contents within the samples together with a comparison
to the acceptable FDA levels of each metal. The results
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represents the FDA value; the Grey-closed triangle symbol repre-
sents the lead samples, while the open represents the FDA level. An
unpaired #-test was used to compare the variances between each two
groups. The P value was used to determine the significant differences,
*HxxP <0.001

indicate seven out of nine significant variances between the
concentration values, while two out of nine results show no
significant differences. The two non-significant variances
were found in the lead content between the three groups of
samples and in the lead and cadmium content in the eyeliner
group (Figs. 6 and 7). The non-significant effect of the lead
content might refer to the wide range of metal concentra-
tion distribution within the samples (Fig. 6). On the other
hand, the non-significant effect between lead and cadmium
content in the eyeliner sample might refer to the small size
number of comparisons: three samples in the eyeliner group
compared to five samples in each of the lipstick and founda-
tion groups.

Health Canada reported that the allowable levels of
heavy metals will vary according to the population of
interest (children, for example, are more susceptible to
heavy metal toxicity due to the hand-to-mouth activi-
ties), site of product’s application (lips or hands), and the
amount of product use [13, 14]. In this respect, the FDA
provided acceptable levels of each heavy metal used in
cosmetics products and any sample exceeding those levels
will be non-acceptable. The allowable FDA level for met-
als used in this study was 1.1 to 2.7 ppm for cadmium [17]
and not more than 10 ppm for lead [4]. In our study, all 13
samples showed a significant difference in cadmium and
lead content in comparison to the acceptable FDA level for
each metal (Fig. 8). This significant difference was able to
show that all the samples were within the acceptable level
of each metal within low-price cosmetics. Although some
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metals, such as cobalt and copper, are important trace
minerals for the human body, others, such as cadmium
and lead, are toxic to human beings [22]. In this study,
each product type and company showed different levels
of each metal within the samples. Although cadmium and
lead levels were found to be within the acceptable FDA
values, some studies reported that, in all types of cosmet-
ics, any amount of cadmium is prohibited as it can cause
irritant dermatitis when there is significant dermal expo-
sure [10, 13]. Also, exposure to a low level of lead (the
second toxic metal after arsenic) was reported to cause
behavioral abnormalities, learning impairments, and hear-
ing problems. Heavy metals in cosmetics are controversial
due to their toxic effect on the human body that comes
from biological accumulation after long usage of cosmetic
products [6]

Since the amount of lead and cadmium in this study and
other studies [22, 24] was found to be affected by the product
type and the product company, industrialists would have to
check the raw material before they are introduced into the
final products for the exact determination of the heavy metal
amounts.

5 Conclusion

In this study, thirteen different low-price cosmetic products
from different companies were analyzed to detect the pres-
ence of cadmium and lead. Humans are exposed to those
two types of metals daily, as they are present in different
skin care products, including cosmetics. The results showed
that, in all thirteen samples, both metals were detected as
trace minerals with a mean value of (0.02) for cadmium and
(0.04) for lead. The results were also able to determine the
concentration of each metal within the product sample and
they found them to be within the acceptable FDA range.
However, a continuous assessment of the presence of heavy
metals in different skin products should be carried out as
even a small amount may cause harmful effects to users.

Author contributions AMA: Formal analysis; investigation; meth-
odology; provided research material; review and editing. MM: Data
curation; formal analysis; methodology provided research material;
review and editing. AS: investigation; methodology; analysis and inter-
pretation of samples; review and editing. BEA: Formal analysis; data
analysis; written initial and final draft of article; review and editing.
AA: Provided research material; methodology; data curation; review
and editing. SA: Provided research material; methodology; data cura-
tion; review and editing. GA: provided research material; methodology;
data curation; review and editing. OW: Provided research material;
methodology; data curation; review and editing. AA: Provided research
material; methodology; data curation; review and editing. All authors
have critically reviewed and approved the final draft and are responsible
for the content and similarity index of the manuscript.

@ Springer

Funding This work was not supported by any source of funding. The
authors declare that no funds, grants, or other support were received
during the preparation of the manuscript.

Data availability All relevant data are within the manuscript and avail-
able from the corresponding author upon request.

Conflict of interest The authors declare that they have no conflict of
Interest.

Ethical approval The authors declare that there was no ethical issue.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Abd El-Aziz, R., Abbassy, M. M., & Hosny, G. (2017). Health
Risk Assessment of Some Heavy Metals in Cosmetics in Common
Use. Int J Environ Sci Toxicol Res 5(3): 53-62. http://www.inter
nationalinventjournals.org/journals/IJESTR

2. Adepoju-Bello, Oguntibeju OO, Adebisi RA, Okpala N, Coker
HAB (2012) Evaluation of the concentration of toxic metals
in cosmetic products in Nigeria. African J Biotechnol 11(97):
16360-16364. http://www.academicjournals.org/AJB

3. Ahmed AY, Asada A, Hamza IAA (2021) Cobalt and lead concen-
trations in cosmetic products sold at local markets in Saudi Ara-
bia. Toxicol Rep 8:1693—-1698. https://doi.org/10.1016/j.toxrep.
2021.09.004

4. Alam MF, Akhter M, Mazumder B, Ferdous A, Hossain MD,
Dafader NC, Ahmed FT, Kundu SK, Taheri T, Atique Ullah AKM
(2019) Assessment of some heavy metals in selected cosmetics
commonly used in Bangladesh and human health risk. J Anal Sci
Technol 10(1). https://doi.org/10.1186/s40543-018-0162-0

5. Al-Qutob MA, Alatrash HM, Abol-Ola S, Qutob MA (2013)
Determination of different heavy metals concentrations in cos-
metics purchased from the Palestinian markets by ICP/MS. Adv
Environ Sci—Int J Bioflux Soc 5(3), 287-293. https://www.aes.
bioflux.com.ro

6. Alsaffar NM (2014) Determination of heavy metals in some cos-
metics available in locally markets. IOSR J Environ Sci Toxicol
Food Technol 8(8):09-12. https://doi.org/10.9790/2402-08810912

7. Al-Saleh I, Al-Enazi S, Shinwari N (2009) Assessment of lead
in cosmetic products. Regul Toxicol Pharmacol 54(2):105-113.
https://doi.org/10.1016/j.yrtph.2009.02.005

8. Al-Trabulsy HAM, Khater AEM, Habbani FI (2013) Heavy ele-
ments concentrations, physiochemical characteristics and natu-
ral radionuclides levels along the Saudi coastline of the Gulf of
Aqaba. Arab J Chem 6(2):183-189. https://doi.org/10.1016/j.
arabjc.2010.10.001

9. Arshad H, Mehmood MZ, Shah MH, Abbasi AM (2020) Evalu-
ation of heavy metals in cosmetic products and their health risk
assessment. Saudi Pharmaceut J 28(7):779-790. https://doi.org/
10.1016/j.jsps.2020.05.006


http://creativecommons.org/licenses/by/4.0/
http://www.internationalinventjournals.org/journals/IJESTR
http://www.internationalinventjournals.org/journals/IJESTR
http://www.academicjournals.org/AJB
https://doi.org/10.1016/j.toxrep.2021.09.004
https://doi.org/10.1016/j.toxrep.2021.09.004
https://doi.org/10.1186/s40543-018-0162-0
https://www.aes.bioflux.com.ro
https://www.aes.bioflux.com.ro
https://doi.org/10.9790/2402-08810912
https://doi.org/10.1016/j.yrtph.2009.02.005
https://doi.org/10.1016/j.arabjc.2010.10.001
https://doi.org/10.1016/j.arabjc.2010.10.001
https://doi.org/10.1016/j.jsps.2020.05.006
https://doi.org/10.1016/j.jsps.2020.05.006

Journal of Umm Al-Qura University for Applied Sciences (2024) 10:146-155

155

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ayenimo JG, Yusuf AM, Adekunle AS, Makinde OW (2010)
Heavy metal exposure from personal care products. Bull Envi-
ron Contam Toxicol 84(1):8—14. https://doi.org/10.1007/
s00128-009-9867-5

Barakat MA (2011) New trends in removing heavy metals from
industrial wastewater. Arab J Chem. https://doi.org/10.1016/j.ara-
bjc.2010.07.019

Halla N, Fernandes IP, Heleno SA, Costa P, Boucherit-Otmani
Z, Boucherit K, Barreiro MF (2018) Cosmetics preservation: a
review on present strategies. Molecules. https://doi.org/10.3390/
molecules23071571

Health Canada, (2011). Consumer product safety: draft guidance
on heavy metal impurities in cosmetics.http://www.hcsc.gc.ca/
cpsspc/legislation/consultation/_cosmt./metalmtauxconsulteng
php. Jan 2011

Health Canada, (2012). Consumer product safety: draft guidance
on heavy metal impurities in cosmetics.http://www.hc-sc.gc.ca/
cps-spc/pubs/indust/heavy_metals-metaux_lourds/index-eng.php.
Jan 2012.

Kumar A, Kumar A, Cabral-Pinto M, Chaturvedi AK, Shabnam
AA, Subrahmanyam G, Mondal R, Gupta DK, Malyan SK, Kumar
SS, Khan SA, Yadav KK (2020) Lead toxicity: Health hazards,
influence on food Chain, and sustainable remediation approaches.
In: International Journal of Environmental Research and Public
Health (Vol. 17, Issue 7). MDPI AG. https://doi.org/10.3390/ijerp
h17072179

Luan R, Ding D, Xue Q, Li H, Wang Y, Yang J (2023) Protective
role of zinc in the pathogenesis of respiratory diseases. In: Euro-
pean Journal of Clinical Nutrition (Vol. 77, Issue 4, pp. 427-435).
Springer Nature. https://doi.org/10.1038/s41430-022-01191-6
0,A.J,H,KN, A., & Ajyan T, A. (2018) Heavy metals concen-
tration in facial cosmetics. Adv Recycling Waste Manag, 6(1).
https://doi.org/10.4172/2475-7675.1000303

Onwordi, T., orizu, O. (2011). Potentially Toxic Metals Exposure
From Body Creams Sold In Lagos, Nigeria. Researcher, 3(1),
30-37. http://www.sciencepub.net/researcher

19.

20.

21.

22.

23.

24.

25.

Oyedeji FO, Hassan GO, Adeleke BB (2011) Hydroquinone and
heavy metals levels in cosmetics marketed in Nigeria. Trends Appl
Sci Res 6(7):622-639. https://doi.org/10.3923/tasr.2011.622.639
.S.I. Reed, Cosmetics and Your Health, US Department of Health
and Human Services, 2004 http://www.womens health govl/fag/
cosmetics-your health.pdf.

Safavi S, Najarian R, Rasouli-Azad M, Masoumzadeh S, Ghaderi
A, Eghtesadi R (2019) A narrative review of heavy metals in
cosmetics; health risks. Int J Pharmaceut Res https://doi.org/10.
31838/ijpr/2019.11.04.031

Salama AK (2015) Assessment of metals in cosmetics commonly
used in Saudi Arabia. Environ Monitoring Assess 188(10). https://
doi.org/10.1007/s10661-016-5550-6

Sani A, Gaya MB, Abubakar FA (2016) Determination of some
heavy metals in selected cosmetic products sold in kano metrop-
olis, Nigeria. Toxicol Rep 3:866—869. https://doi.org/10.1016/j.
toxrep.2016.11.001

Ullah H, Noreen S, Fozia, Rehman A, Waseem A, Zubair S,
Ahmad I (2017) Comparative study of heavy metals content in
cosmetic products of different countries marketed in Khyber Pakh-
tunkhwa, Pakistan. Arab J Chem 10(1): 10-18. https://doi.org/10.
1016/j.arabjc.2013.09.021

US FDA, United State Food Drug & Cosmetic Act on Hazardous
Chemicals in Cosmetics. http://www.fda.gov/opacom/laws/fdcact/
fdctoc.htm>.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00128-009-9867-5
https://doi.org/10.1007/s00128-009-9867-5
https://doi.org/10.1016/j.arabjc.2010.07.019
https://doi.org/10.1016/j.arabjc.2010.07.019
https://doi.org/10.3390/molecules23071571
https://doi.org/10.3390/molecules23071571
http://www.hcsc.gc.ca/cpsspc/legislation/consultation/_cosmt./metalmtauxconsulteng
http://www.hcsc.gc.ca/cpsspc/legislation/consultation/_cosmt./metalmtauxconsulteng
http://www.hc-sc.gc.ca/cps-spc/pubs/indust/heavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/indust/heavy_metals-metaux_lourds/index-eng.php
https://doi.org/10.3390/ijerph17072179
https://doi.org/10.3390/ijerph17072179
https://doi.org/10.1038/s41430-022-01191-6
https://doi.org/10.4172/2475-7675.1000303
http://www.sciencepub.net/researcher
https://doi.org/10.3923/tasr.2011.622.639
http://www.womens
https://doi.org/10.31838/ijpr/2019.11.04.031
https://doi.org/10.31838/ijpr/2019.11.04.031
https://doi.org/10.1007/s10661-016-5550-6
https://doi.org/10.1007/s10661-016-5550-6
https://doi.org/10.1016/j.toxrep.2016.11.001
https://doi.org/10.1016/j.toxrep.2016.11.001
https://doi.org/10.1016/j.arabjc.2013.09.021
https://doi.org/10.1016/j.arabjc.2013.09.021
http://www.fda.gov/opacom/laws/fdcact/fdctoc.htm
http://www.fda.gov/opacom/laws/fdcact/fdctoc.htm

	Determination of lead and cadmium concentration in cosmetic products in the Saudi market
	Abstract
	1 Introduction
	2 Materials and method
	2.1 Reagents and materials
	2.2 Sample collection
	2.3 Sample preparations
	2.4 Instrumentation
	2.5 Statistical analysis

	3 Results
	3.1 Heavy metal measurements
	3.2 Comparisons between cadmium concentrations in each sample
	3.3 Comparisons between lead concentrations in each sample
	3.4 Comparisons between cadmium and lead concentrations in all samples
	3.5 Statistical comparison
	3.5.1 Statistical comparison of cadmium and lead concentration within each group
	3.5.2 Statistical comparison between cadmium and lead concentration within each group
	3.5.3 Statistical comparisons of cadmium and lead concentration in the samples with the allowable FDA level of each metal in cosmetics


	4 Discussion
	4.1 Heavy metal measurements
	4.2 Comparisons of cadmium and lead within samples
	4.3 Statistical comparison.

	5 Conclusion
	References




