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Abstract
In present study, a reversed-phase dispersive liquid–liquid microextraction method followed by flame atomic absorption 
spectrometry as a low cost, easy operation, high sensitivity, and accuracy analytical approach has been developed for the 
analysis of lead(II) and cadmium(II) ions in cosmetic samples. For this purpose, the samples were diluted by toluene and then 
a mixture of diluted nitric acid solution and acetonitrile was used as the extraction solvent and disperser solvent, respectively. 
Effect of some important parameters on efficiency of the method was investigated to reach high enrichment factors. Under 
optimum experimental conditions, the calibration curves were linear in the ranges of 10.0–200 and 1.0–175 μg  Kg−1 for 
lead(II) and cadmium(II), respectively. Moreover, relative standard deviations of the developed procedure for intra- (n = 6) 
and inter-day (n = 4) precisions were in the ranges of 3.4–6.5% ( C= 20 μg  Kg−1 of each cation). Eventually, the suggested 
method was successfully used in analysis of the chosen ions in various cosmetic brands.

Keywords Flame atomic absorption spectrometry · Cosmetic · Cadmium · Lead · Reversed-phase dispersive liquid–liquid 
microextraction

Abbreviations
EF  Enrichment factor
ER  Extraction recovery
FAAS  Flame atomic absorption spectrometry
LOD  Limit of detection
LOQ  Limit of quantification
RP-DLLME  Reversed-phase dispersive liquid–liquid 

microextraction

Introduction

Nowadays, due to human desire for beauty, cosmetic prod-
ucts are extensively used in daily life to enhance appearance 
or ameliorate skin quality as well as boosting confidence 
(Liu et al. 2020; Zafarzadeh et al. 2018). The application 

of cosmetics is as old as human civilization and regard-
less of age, sex or country of residence (Arshad et al. 2020; 
Michalek et al. 2019). There are many types of cosmetics 
such as creams, lotions, shampoos, hair colors, personal 
hygiene products, perfumes, lipsticks, skincare products, 
and makeup products, which their ingredients are complex 
to achieve specific functions. They are natural and synthetic 
chemical substances (Massadeh et al. 2017; Zhong et al. 
2015). Accordingly, it is necessary to investigate the com-
position of cosmetics and their adverse impact on consumer 
health, because they are straightly applied to mucosa, oral 
cavity, and human skin (Zhong et al. 2015; Kazi et al. 2019).

Evidences suggest that some cosmetic products may con-
tain harmful levels of heavy metals as impurities during their 
formulation, impurities in the raw ingredients or owing to 
releasing from the metallic devices used during their manu-
facturing. Even at very low levels of heavy metals, their 
exposure is extremely hazardous and might create adverse 
effects on the face and body of users via bonding to sulfhy-
dryl groups of proteins and depletion of glutathione (Wang 
et al. 2019; Capelli et al. 2014; Kilic et al. 2020). Specifi-
cally, lead and cadmium are the pollutants found in various 
types of cosmetics such as foundation creams, lipsticks, and 
eyeliners (Balarastaghi et al. 2018; Brandão et al. 2012). 
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Lead is extremely harmful to the human body by damaging 
the neurological, reproductive, hepatic, and renal systems. 
Also it causes cancer due to exceeding agglomeration in 
the human body (Wang et al. 2019). Cadmium is a golden 
orange pigment and is found in some natural dyes and min-
eral pigments in cosmetics. It can cause bone damage, renal 
dysfunction, and increase the risk of lung cancer (Özzey-
bek et al. 2020; Ayenimo et al. 2010). Many countries have 
defined hard restrictions for heavy metals as the impurities 
in cosmetics, and they are strictly inspected and determined 
by the local authorities (Zhong et al. 2015).

Therefore, it is necessary to measure concentration of 
these metallic ion in cosmetic products with an accurate and 
reliable analytical method. One of the recommended and 
widely used analytical techniques for detecting metalic ions 
in different matrices is flame atomic absorption spectrom-
etry (FAAS) (Naeemullah and M. Tuzen 2019; Sixto et al. 
2019; Soylak and Elci 1997; Narin et al. 2003). It is one of 
the simplest, most powerful, fastest, and accurate methods 
of analysis in quality control that can measure about seventy 
metallic ions with low detection limits (Şahan et al. 2010). 
However, this technique suffers from several problems in 
direct measurement of heavy metals in cosmetic samples 
such as their high viscosity, low concentrations of the ana-
lytes, and attendance of a lot of organic and inorganic sub-
stances in these samples. Therefore, a sample preparation 
process is usually needed to determine trace concentrations 
of the analytes in cosmetic samples. In recent years, disper-
sive liquid–liquid microextraction (DLLME) has been one of 
the most beloved extractions methods to enrich the analytes 
and eliminate or minimize matrix effect (Sorouraddin et al. 
2019, 2020; Soylak and Yilmaz 2011). It was introduced 
by Assadi and coworkers (Rezaee et al. 2006) for the first 
time. It is used as a rapid, simple, inexpensive, and efficient 
method for various samples. In the conventional DLLME 
method, the analytes are transferred from an aqueous sam-
ple solution into an organic phase (as an extraction solvent) 
with the help of a disperser solvent. Although this method 
reduces sample preparation time and minimizes the use of 
organic solvents, it still uses harmful organic solvents such 
as toxic chlorinated or aromatic organic solvents. DLLME is 
also difficult to apply in solid and lipophilic samples (Soro-
uraddin et al. 2020). To solve the problems of DLLME 
method, a reversed-phase (RP) DLLME was proposed for 
the preparation of lipophilic samples (Hashemi et al. 2010). 
In this method, analytes are extracted from the samples into 
a low volume (at µL-level) of an aqueous solution such as 
pure water and an acidic solution. Inversion of the sample 
and extraction solvent polarities makes it possible to extract 
metallic ions from nonpolar samples for better determina-
tion of them by FAAS (Lourenço et al. 2019). RP-DLLME 
method is more environmentally friendly, low cost, and safe 
compared to the conventional DLLME method because of 

replacing toxic organic solvents with aqueous solutions (Liu 
et al. 2013).

In this study, we focused on using an RP-DLLME-FAAS 
method to determine concentration of two heavy metal cati-
ons in the selected cosmetic products. The method provides 
a quick, easy, and low-cost sample preparation procedure 
for the extraction and preconcentration of cadmium(II) and 
lead(II) ions from cosmetic samples followed by a sensitive 
and selective determination of the analytes by FAAS.

Materials and methods

Chemicals and solutions

A stock solution (10 mg  L−1, each analyte) of Pb(II) and 
Cd(II) was prepared in ethyl acetate by dissolving sufficient 
amounts of Pb(NO3)2·6H2O and Cd(NO3)2·6H2O (Merck, 
Darmstadt, Germany). To prepare a working standard solu-
tion, toluene (analyte-free) was spiked with 20 µg  L−1 of 
each Pb(II) and Cd(II). It was used in optimization steps of 
the procedure. Also, to control quality of the detection appa-
ratus and compute enrichment factors (EFs) and extraction 
recoveries (ERs), a standard solution of the analytes (1 mg 
 L−1 of each analyte) in deionized water (Ghazi Company, 
Tabriz, Iran) was prepared, and injected (three times) into 
the instrument every day. Toluene, ethyl acetate, nitric acid 
(65%, w/w), and acetonitrile were prepared from Merck.

Real samples

Three lipstick and two cream samples were bought from 
local cosmetic stores (East Azerbaijan province, Tabriz, 
Iran). A 0.3 g of each sample was mixed with 25 mL toluene, 
vortexed for 5 min, and centrifuged at 5000 rpm for 10 min 
to remove solid particles.

Instrumentation

An atomic absorption spectrometer (Shimadzu AA-6300, 
Kyoto, Japan) equipped with a 100-mm burner head, an 
electrothermal graphite tube atomizer, and deuterium back-
ground correction was used to analysis the extracted ana-
lytes. An air–acetylene flame was used. Cadmium and lead 
hollow-cathode lamps were used as the radiation sources 
(Hamamatsu Photonics, Shizuoka, Japan) operating at the 
wavelengths of 283.3 and 228.8 nm, and the currents of 12 
and 10 mA, respectively. Their spectral bandwidths were 
0.5 nm. A laboratory hot plate from Gerhardt (Konigswinter, 
Germany) was used for heating the solution. Phase separa-
tion in extraction process was performed using A Hettich 
centrifuge (ROTOFIX 32A, Kirchlengern, Germany).
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Procedure

A 5.0  mL of the standard solution (containing 20  µg 
 L−1of each analyte in toluene) or diluted sample solution 
(Sect. 2.2) was transferred into a dry 10-mL glass test 
tube with conical bottom. Then, it was transferred into a 
water bath and its temperature was set at 60 °C. Afterward, 
1.75 mL acetonitrile (as a disperser solvent) was mixed 
with 225 μL nitric acid solution (5%, w/w) (as an extrac-
tion solvent) and rapidly dispersed into the solution by 
a 5-mL glass syringe. This operation resulted in spread-
ing the extracting solvent throughout the solution and a 
cloudy state was formed in the test tube. Then, the solution 
was centrifuged at 6000 rpm for 10 min. The sedimented 
aqueous phase containing the extracted analytes (205 ± 3 
µL) was obtained. Finally, to determine the amount of the 
extracted analytes, two 100-μL aliquots of the sedimented 
aqueous phase were removed by a 100-µL microsyringe 
(zero dead volume, Hamilton, Switzerland). They were 
injected into the instrument separately.

Graphite furnace atomic absorption 
spectrometry (GFAAS)

To assess accuracy of the proposed procedure, concentra-
tion of Pb(II) and Cd(II) ions in the real samples were also 
determined by GFAAS (Okamoto et al. 1971). For this 
purpose, 1.0 g of the sample was digested in the presence 
of 20 mL  H2O2 and  HNO3 mixture (1:3, v/v). After filtra-
tion, volume of the filtrate was increased with deionized 
water to an ultimate volume of 50 mL. The digestion was 
done in a fume chamber at a temperature of 225 °C for 2 h. 
Concentration of the analytes were determined by GFAAS.

Calculation of EF and ER

EF and ER were used to assess efficiency of the method. 
The ratio of analyte concentration in the sedimented aque-
ous phase (Csed) to its initial concentration in organic phase 
(C0) is defined as EF:

To calculate Csed, a calibration graph was used. The per-
centage of total analyte amount (n0) extracted into the sedi-
mented aqueous phase (nsed) is defined as ER:

where Vsed and M are volume of the sedimented aqueous 
phase (mL) and sample weight (g), respectively.

Results and discussion

Selection of type and volume of disperser solvent

In a RP-DLLME method, disperser solvent nature is an 
important parameter, because it can affect extraction effi-
ciency by changing quality of the cloudy state. The disperser 
solvent should be miscible with both aqueous and organic 
phases, and in this study it must disperse nitric acid solu-
tion (extraction solvent) into toluene (dilution solvent for 
the samples). For this purpose, three semi-polar solvents 
including ethanol, acetonitrile, and acetone were investi-
gated as the dispersive solvents. The results (Fig. 1a) show 
that the highest ERs are achieved when acetonitrile was 
used as the disperser solvent. Moreover, to study the effect 
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Fig. 1  a Effect of dispersive solvent type on the ERs of Pb(II) and 
Cd(II) ions. Extraction conditions: sample, 5  mL Pb(II) and Cd(II) 
solution with a concentration of 20 µg  L−1 of each in toluene; disper-
sive solvent volume, 1.5 mL; extraction solvent, nitric acid 2% (v/v); 
temperature, 60  °C; and centrifugation at 6000  rpm for 8  min. The 

error bars represent standard deviations (n = 3). b Effect of dispersive 
solvent volume on ERs of the analytes. Extraction conditions: disper-
sive solvent; acetonitrile. The other conditions are the same as those 
used in a 
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of its volume, different volumes of acetonitrile (1.00, 1.25 
1.50, 1.75, and 2.00 mL) were tested. Regarding the results 
shown in Fig. 1b, the highest ERs in the proposed method 
were obtained in acetonitrile volume of 1.75 mL. Therefore, 
acetonitrile with the volume of 1.75 mL was chosen as the 
disperser solvent.

Selection of type and volume of extraction solvent

In implementing the proposed method, selecting concentra-
tion of nitric acid solution as the extraction solvent is very 
important. Because it must oxidize organometallic com-
pounds of cations in the real samples and release the analytes 
as their cationic forms. For this reason, different percentages 
(v/v) of nitric acid were evaluated by comparing ERs of the 
analytes. The results (Fig. 2) show that 5% (v/v) of nitric 
acid is more efficient as an extraction solvent in the proposed 
method, and it was employed in the subsequent experiments.

In addition, volume of the extraction solvent is directly 
affected the final sedimented phase volume and extraction 
efficiency. So, to investigate the effect of the extraction sol-
vent volume on the extraction efficiency of the developed 
method, various volumes (175, 200, 225, 250, 275, and 
300 µL) of nitric acid solution (5%, v/v) were investigated. 
According to the obtained results, in the volumes of 175 and 
200 µL, volume of the sedimented phase was less than 200 
µL (to analysis of each cation, 100 µL is needed). On the 
other hand, by increasing volume of the extraction solvent 
to more than 225 µL, the sedimented phase volume was also 
increased and the analytical signals reduced due to dilution 
effect. Therefore, in the volume of 225 µL of nitric acid 
solution highest EFs were obtained, in which volume of the 
sedimented phase was 205 ± 3 µL. So it was selected as the 
optimal volume of the extracting solvent.

Effect of temperature

Due to effect of temperature on diffusion coefficient, mass 
transfer, and extraction rate of the analytes, it is considered 
as a main parameter in performance of the suggested proce-
dure. Commonly, in liquid phase microextraction procedures 
by temperature enhancement high extraction efficiency is 
acquired due to the increased diffusion coefficient and mass 
transfer of the analytes into extractant (Arpa and Arıdaşır 
2019). According to these points, the effect of this parameter 
on extraction performance of the proposed procedure was 
studied at various temperatures in the range of 25–70 °C. 
As shown in Fig. 3, the ER values for Pb(II) and Cd(II) ions 
increase by increasing the extraction temperature up to 60 °C 
and remain nearly at 70 °C. Therefore, 60 °C was chosen for 
the next experiments.

Study of centrifuging speed and time

In the presented RP-DLLME method, centrifugation is nec-
essary to collect the dispersed tiny droplets of the aqueous 
extracting solvent at the bottom of the conical test tube. To 
investigate the impact of this feature, centrifugation time 
and speed were investigated in the ranges of 5–14 min and 
5000–8000 rpm, respectively. Based on the results, 10 min 
and 6000 rpm were chosen as the optimum centrifugation 
time and speed, respectively.

Influence of coexisting ions

In a real sample, in addition to the investigated metallic ions, 
other compounds are usually present which cause matrix 
effect and affect the extraction performance. Therefore, the 
effect of possible ions in the cosmetic samples on ERs of the 
target metallic ions was studied under the optimum experi-
mental conditions using a standard solution of 20 µg  L−1 of 
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Fig. 2  Effect of nitric acid concentration on ERs of the analytes. 
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Pb(II) and Cd(II) (each ion) and various concentrations of 
the interfering ions. Variation of ERs of the analytes higher 
or lower than 5% was considered as interference. The results 
listed in Table 1 indicate that all studied coexisting ions do 
not significantly affect the ER values.

Analytical performance of the proposed method

The figures of merit of the proposed RP-DLLME-FAAS 
method including relative standard deviation (RSD), limit 
of quantification (LOQ), limit of detection (LOD), linear 
range, ERs, EFs, coefficient of determination (r2) for meas-
urement of Pb(II) and Cd(II) ions in cosmetic samples were 
considered. The obtained results are collected in Table 2. In 
this method, the calibration curves were linear in the ranges 
of 10.0–200 and 1.0–175 µg  Kg−1 with the r2 values of 0.993 
and 0.995 for Pb(II) and Cd(II) ions, respectively. As can be 
seen, LOQs as the measurable lowest concentration level of 
each analyte by the proposed method were obtained 10.0 and 
1.0 μg  Kg−1 for Pb(II) and Cd(II) ions, respectively. Moreo-
ver, the LODs calculated as  3SB/m  (SB is standard deviation 
of the blank and m is slope of the calibration graph) were 

3.2 and 0.30 μg  Kg−1 for Pb(II) and Cd(II) ions, respectively. 
In order to investigate repeatability of the proposed method, 
RSDs% were calculated based on performing six replicate 
measurements on the same day (intraday) and different days 
(inter-day) at a concentration of 20 µg  L−1 of each cation. 
A good repeatability with RSD ≤ 8% was obtained for intra- 
(n = 6) and inter-day (n = 4) precisions. According to the 
results (low LODs and LOQs, and good repeatability), the 
present procedure can be applied as a suitable extraction 
and preconcentration procedure for the determination of the 
selected heavy metal ions in cosmetic samples.

Analysis of real samples

To evaluate performance of the present procedure, it was 
applied for the measurement of lead(II) and cadmium(II) 
ions in several cosmetic samples. The results are sum-
marized in Table 3. Pb(II) was detected in all samples. 
Concentration of Pb(II) ions was obtained in the range of 
25.0–90.0 µg  Kg−1. Cd(II) ions were found in all samples, 
except one of the cream samples. Its concentration was 
between 5.9 and 6.9 µg  Kg−1 in the samples. To study accu-
racy of the proposed method, the real samples and pure tolu-
ene were spiked with two concentrations (15 and 25 µg  Kg−1 
of each cation) and the method was performed on them. The 
resulted relative recoveries were between 88.0 and 103.0%, 
which demonstrate that matrices of the samples have no sig-
nificant effect on efficiency of the present procedure. There-
fore the presented microextraction method can be useful for 
the extraction and preconcentration of Pb(II) and Cd(II) ions 
in cosmetic samples without a significant matrix effect.

Accuracy evaluation

To study accuracy of the suggested procedure, in addition to 
added–found method (Sect. 3.7), analysis of the analytes in 
cream sample (II) in Table 3 was also performed by another 

Table 1  Tolerance limit of interferent/analyte ratio in determination 
of Pb(II) and Cd(II) ions (20 µg  L−1 of each ion) using the proposed 
RP-DLLME-FAAS method

Species Tolerance limit of interferent/analyte 
ratio
Cd(II) Pb(II)

Co(II) 300 500
Ni(II) 350 1000
Cu(II) 400 450
Mn(II) 200 400
Zn(II) 650 800
NO3

− 300 500
SO4

2− 650 800

Table 2  Quantitative 
characteristics of the proposed 
RP-DLLME-FAAS method for 
the analysis of Pb(II) and Cd(II) 
ions

a Linear range
b Coefficient of determination
c Limit of detection
d Limit of quantification
e Relative standard deviation (C = 20 μg  Kg−1 of each cation)
f Extraction recovery ± standard deviation (n = 3)
g Enrichment factor ± standard deviation (n = 3)

Analyte LRa ( µg  Kg−1) r2 b LODc 
(μg 
 Kg−1)

LOQd (μg  Kg−1) RSD%e ER ±  SDf EF ±  SDg

Intraday Inter-day

(n = 6) (n = 4)

Pb(II) 10.0–200 0.993 3.2 10.0 6.5 8.1 71.6 ± 4.7 7.5 ± 1.1
Cd(II) 1.0–175 0.995 0.3 1.0 3.4 5.7 85.3 ± 2.9 20.8 ± 0.7



2090 Chemical Papers (2022) 76:2085–2092

1 3

method. For this purpose, GFAAS was used according to 
Sect. 2.5. The obtained concentrations were 31.6 ± 2.0 and 
6.7 ± 0.5 µg  Kg−1 for Pb(II) and Cd(II), respectively, which 
are in a good agreement with those obtained by the proposed 
RP-DLLME-FAAS method, and no meaningful difference (t 
test, obtained = 1.35 for Pb(II) and 0.87 for Cd(II); t 0.05,2 = 4.3) 
was observed.

Comparison the characteristics of the proposed 
method with other reported approaches

Analytical parameters of the presented method were com-
pared with those of the other methods used in the extrac-
tion and measurement of Pb(II) and Cd(II) ions in various 
matrices. LOD, LR, and RSD values of the method along 
with those of the other methods are listed in Table 4. Briefly, 
the proposed RP-DLLME-FAAS method has wider LRs and 
comparable LODs and RSDs in comparison with the other 
methods mentioned in Table 3. However, the used determi-
nation systems in most other methods (e.g., GFAAS) are 
inherently more sensitive than FAAS. Additionally this pro-
cedure is rapid, easy, inexpensive, and low toxic compared 
to the others.

Conclusions

In this study, an RP-DLLME method was successfully vali-
dated for the extraction and preconcentration of Pb(II) and 
Cd(II) ions from cosmetic samples before their analysis 
by FAAS. The method overcame the drawbacks of routine 
DLLME from the viewpoint of toxicity of extraction sol-
vent. Dispersive microextraction with a small volume of 
a slightly acidic aqueous solution allowed both cations to 
be completely back-extracted from the organic phase into 
the aqueous phase. Considering the results, the method is 
reliable, efficient, sensitive, rapid, and easy to use proce-
dure for the preconcentration and extraction of the selected 
metallic ions from complicated samples. Besides, the analy-
sis of two cream and three lipstick samples demonstrated 
that the developed method provided precise and accurate 
results as well as quantitative extraction. Pb(II) was found 
in all selected samples and Cd(II) in four samples at µg  Kg−1 
level. The results proved feasibility of the proposed method 
for routine analysis of the selected heavy metal cations in 
cosmetic samples.
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