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Abstract: This paper presented the arsenic determination in four different brands of cosmetic face-creams to provide valuable 

information on the safety levels for consumers. The cosmetic samples were decomposed by acidic digestion method and then 

taken for arsenic quantification using inductively coupled atomic emission spectrometry (ICP-AES). The digestion efficiency of 

acid mixtures including concentrated HNO3, HNO3–HClO4, HNO3–H2O2 and aqua regia was discussed in terms of digestion loss 

and time consumption. The ICP-AES analyzing results, with determination recoveries of 95.4% ~ 105.2% and relative standard 

deviations less than 3.0% (n = 5), revealed arsenic contents in the face-creams are in the ranges of 0.68 ~ 3.28 mg·kg
−1

. 

Obviously, the arsenic contents in some of the studied brands exceed the maximum recommended value of 2.0 mg·kg
−1

 set by 

China. These results lead to the conclusion that constant control of arsenic content in cosmetics should be seriously considered. 

The successful arsenic determination in cosmetic face-creams by digestion pattern of concentrated HNO3, with simplicity, higher 

efficiency, less reagent consumption and less analytical time well demonstrates the good analytical capability of this method, 

promising a great possibility for large batches of cosmetic toxic metal monitoring. 
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1. Introduction 

Since cosmetic civilization constituted a part in human 

daily lives [1, 2], cosmetic products have boosted and been 

utilized directly for cleansing, beautifying, promoting 

attractiveness, or enhancing appearance [3]. Because of the 

ubiquitous nature of metals and metalloids, metal 

contamination occurs in cosmetic producing process [4] or 

comes from residential contaminants in natural raw materials 

[5, 6]. Despite numerous controls in the manufacturing 

process, production according to the principles of Good 

Manufacturing Practice (GMP), and campaigns for cosmetic 

safe usage, toxic elements are still present even in the best 

quality products. Although the single use of a cosmetic 

containing a toxic element is not associated with obvious side 

effects, the prolonged human systematic exposure can rarely 

be completely excluded from skin allergy or cancer even at 

normal usage [7, 8]. For these reasons, the health risk related 

to the usage of cosmetic has currently become an emerging 

public health problem [9], and the safety assessment of 

cosmetic products on inorganic elements has drawn great 

attention during the last decade [10, 11]. 

Arsenic, a redox inactive metalloid, is a notoriously 

hazardous inorganic element and presents almost everywhere 

as a major contaminant in our environment [12, 13]. It can 

bind sulfydryl groups of proteins and deplete glutathione [14, 

15]. Even low intakes of arsenic might cause arsenicosis over 

a long period such as 5-20 years with skin problems [16], and 

the long-term exposure to arsenic can lead to 

hyperpigmentation, keratosis, various types of cancer and 

vascular diseases [17-19]. To provide a protection level for 

consumers, cosmetic raw materials and terminal products 
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need to pass through stringent quality control by local 

authorities. In China, the “technically avoidable” arsenic 

content in commercial cosmetics is limited as 2.0 µg·g
−1

 [20]. 

Hence, a reliable and simple arsenic determination approach 

is of great necessary for routine cosmetic risk assessment. 

Many laboratory-based analytical methods have been 

reported for arsenic determination, among which atomic 

absorption spectroscopy (AAS) is the commonly utilized 

protocol [21-25]. Atomic fluorescence spectroscopy (AFS) [5, 

26], UV-vis spectrometric method [27], spectrophotometric 

technique [28] and anodic stripping voltammetry (ASV) [29] 

are also proposed to quantify arsenic levels in different 

matrices. Inductively coupled plasma (ICP), a spectroscopic 

source generated 100 years ago, has become an advanced and 

popular technique in elemental analysis due to low back 

ground emission intensities and small chemical interferences 

[30, 31]. There are some works using ICP mass spectrometry 

(ICP-MS) for cosmetic arsenic determination [32, 33]. 

However, strict control of matrix effect is basically needed 

for ICP-MS analysis because of high sensitivity, which 

greatly challenges its application for inorganic element assay 

in organic samples [34]. The ICP atomic emission 

spectrometry (ICP-AES), a well-established multiple element 

analytical technique, shows advantages of accurateness, wide 

linear response range of 5–6 orders of magnitude, and only 

1–2 mL of solution needed [35]. This technique is an 

attractive choice for minor and major inorganic element 

determination in various matrices [36-38]. By using ICP-AES, 

Alqadami et al. [39, 40] quantified arsenic levels in skin 

whitening cosmetics, and Capelli et al. [41] determined 

arsenic contents in cosmetic face-powders. 

It’s no doubt that sample treatment is crucial for trace 

element determination and complete sample decomposition is 

an essential prerequisite for accurate trace element analysis. 

Although microwave assisted acid digestion is promising for 

sample preparation with shorter digestion time and less 

reagent necessary, the application of this technique, to some 

degree, is limited by expensive instrument, unsuitable for 

large batches of sample analysis and potential safety problems 

[42]. Also, sample decomposition by dry ashing process 

apparently sacrifices analytical time [43]. Wet acidic digestion, 

the classic sample preparation method, has been extensively 

applied in cosmetic decomposition with different mixtures, 

including HNO3–HCl–HF [33, 44, 45], HNO3–HCl, HNO3–

H2O2, HF [41], and HNO3–H2O2–HF [40, 46]. Currently, there 

has been no clear information of cosmetic decomposition 

capability of common acidic patterns. In this present work, the 

cosmetic digestion properties of concentrated HNO3, HNO3–

HClO4, HNO3–H2O2 and aqua regia are examined for arsenic 

determination by ICP-AES. The accuracy, precision, limit of 

detection (LoD), repeatability, intra and inter-day 

reproducibility of this method are validated in detail. Finally, 

the potential applicability of this ICP-AES method with 

concentrated HNO3 digestion pattern is evaluated by 

quantifying arsenic levels in four different brands of cosmetic 

face-creams. 

2. Experimental 

2.1. Reagents and Standard Solutions 

In this work, high-purity acids and high-purity water were 

used throughout sample digestion. The analytical grade acids 

(HCl and HNO3), which were purchased from Sinopharm 

Chemical Reagent Co. Ltd, China, were purified by 

sub-boiling distillation in Teflon stills (Savillex 

DST-1000-PFA, USA) before usage. Deionized water passed 

through a Milli-Q water purification system (Millipore, 

Bedford, MA, USA) to produce high-purity water with the 

resistivity of 18.2 MΩ·cm. In this work, H2O2 of guaranteed 

reagent grade (Sinopharm Chemical Reagent Co. Ltd, China) 

was used without further purification. 

A 100 µg·g
–1

 of stock arsenic solution in 2% HNO3 (v/v) 

was prepared from 1.0×10
3
 µg·mL

–1
 of arsenic standard 

solution (GSB04-1714-2004, the National Institute of 

standards and technology, China) by gravimetric dilution, 

and then kept in a refrigerator at 4 
o
C. All the experimental 

solutions and calibration standards were prepared by 

one-stage gravimetric dilution from the above stock standard 

solution. 

2.2. Instrumental Apparatus 

The Thermofisher Scientific iCAP 6300 radial ICP-AES 

instrument with the RF-Generator of 27.12 MHz (Waltham, 

MA, USA) is used for arsenic determination. The ICP-AES 

apparatus is equipped with a concentric nebulizer for samples 

injection, a cyclonic spray chamber, a standard quartz torch 

and a charge-injection device detector (CID 86). The element 

measurements are accomplished in the axial view mode with 

the recommended observation altitude of 12 mm, and all the 

data collection are achieved by using iTEVA software package 

with continuous scanning mode and the maximum integration 

time of 30 s. 

2.3. Sample Handling for ICP-AES 

All the labware were boiled using 50% nitric acid (v/v) for 

24 hr, followed by high-purity water rinse. Four parallel 

face-cream cosmetic samples approximately 0.5 g were 

weighed in screw-top Savillex® beakers. To remove ethanol 

molecule, the samples were heated at 80 °C until no gas 

emission. After the samples in the beakers returned to ambient 

temperature, 10 mL of HNO3–HClO4 (v/v: 3+1, Branch A), 

4.0 mL of aqua regia (Branch B), 5.0 mL of HNO3–H2O2 (v/v: 

2.5+2.5, Branch C) and 3.5 mL of HNO3 (Branch D) were 

carefully added, respectively. For the sample branch fortified 

with HNO3–HClO4 mixture, the samples were aged overnight 

before the subsequent procedures. Having all the branches 

been heated in the sealed beakers at 120°C for 3 hr, the 

samples were evaporated until incipient dryness. For Branch 

A and Branch B, 1.0 mL of HNO3 was added twice to 

eliminate the excess HCl and HClO4. Finally, 3.0 mL of 5% 

HNO3 were then introduced into all the four beakers. 

Thereafter, the sample solutions were continuously heated 

until bright color obtained, and then transferred into a 10.0 
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mL-calibrated tube. The digested samples were centrifuged at 

4500 rpm for 5.0 min, and suitable aliquots from the clear 

supernatant were directly taken for arsenic determination by 

ICP-AES. 

2.4. Spiking Procedures 

The spiked cosmetic samples were prepared as follows: 1) 

known quantities of arsenic standard solutions were added 

into the artificial sample mainly including glycerine and 

vaseline; 2) the homogenous samples were digested using 

HNO3–H2O2 (v/v: 2.5+2.5), HNO3–HClO4 (v/v: 3+1), aqua 

regia and concentrated HNO3 as described above. To evaluate 

the matrix effect of the cosmetic samples, quantified arsenic 

standard solution was fortified in the artificial samples with 

arsenic content of 10 mg·kg
–1

, and then the arsenic levels were 

measured by ICP-AES using spiked-recovery method. By 

taking the overall repeatability of the ICP-AES detector into 

consideration, the calibration procedures were carried out on 

three different days. The method precision was tested by 

measuring the repeatability for arsenic determination in 

standard solutions and differently digested cosmetic samples 

with the relative standard deviations (RSDs) studied. 

3. Results and Discussion 

3.1. Experimental Condition Optimization for Arsenic 

Determination 

In this work, the effects of experimental conditions for 

arsenic determination by ICP-AES including output power, 

gas (Ar) flow rate of coolant/auxiliary/nebulizer, flow rate of 

sampling and pump stable time were tested. 

Figure 1 clearly shows the spectroscopic signal increases 

with increasing output power from 750 to 1150 W, while 

shows slight decrement from 1200 to 1400 W (Herein, the 

concentration of studied arsenic is 20 µg·g
−1

). Considering a 

better precision and repetitiveness, 1150 W of output power is 

chosen as the optimum value in this work. To enhance the 

sensitivity and precision of arsenic quantification, the flow 

rate of coolant gas is studied within 10 ~ 15 L·min
−1

. As 

shown in Figure 2, the spectroscopic signal clearly increases 

with coolant gas flow rate up to 12 L·min
−1

 and then declines. 

Hence, 12 L·min
−1

 of coolant Ar is optimal. The result of 

auxiliary gas flow rate between 0.1 and 0.7 L·min
−1

 reveals 

that this parameter shows no obvious effect on the 

spectroscopic signal lower than 0.5 L·min
−1

. Herein, 0.4 

L·min
−1

 is used through the subsequent experiments. 

Considering the stability and efficiency of the reagents, 0.7 

L·min
−1

 of nebulizer Ar, 2.0 mL·min
−1

 of peristaltic pump and 

5.0 s of pump stable time are selected in the subsequent work. 

 

Figure 1. The relationship between arsenic spectroscopic signal and the 

output power of ICP-AES. 

 

Figure 2. The influence of plasma Ar flow rate on arsenic spectroscopic 

signal of ICP-AES. 

Table 1. Arsenic contents in the SRM material of GBW 09303 by ICP-AES for different acidic digestion patterns (n = 5) a. 

Digestion pattern Arsenic found b µg·g−−−−1 RSD % Recovery % Content in SRM mg·kg−−−−1 Digestion loss % 

HNO3–HClO4 17.33 2.5 104.4 6.80 ± 0.17 5.8 

Aqua regia 17.25 2.8 105.0 6.74 ± 0.19 6.6 

HNO3–H2O2 17.12 1.8 101.2 7.01 ± 0.12 - 

Concentrated HNO3 17.21 1.3 99.7 7.24 ± 0.09 - 

a The referred value of arsenic for GBW 09303 is 7.22 ± 0.20 mg·kg−1; 
b A standard arsenic solution of 10 µg·g−1 is added in the SRM material. 

3.2. Accuracy Study of the Acidic Digestion Method 

In this present work, the SRM cosmetic material of GBW 

09303 was used in the accuracy study for the digestion 

patterns. After the SRM materials were decomposed as 

described before, the arsenic levels were quantified by 
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ICP-AES, with results given in Table 1. Obviously, the 

recoveries for arsenic determination in the SRM sample range 

from 99.7% to 105% with RSDs less than 3.0% (n = 5), 

demonstrating the good accuracy of this proposed ICP-AES 

method for arsenic quantification. As shown in Table 1, 

arsenic contents from digestion patterns of HNO3–HClO4 

(6.80 ± 0.17 mg·kg
−1

) and aqua regia (6.74 ± 0.19 mg·kg
−1

) 

show significant difference comparing to the referred value of 

7.22 ± 0.20 mg·kg
−1

. However, the arsenic level for this SRM 

sample digested by acid patterns HNO3–H2O2 (7.01 ± 0.12 

g·kg
−1

) or concentrated HNO3 (7.24 ± 0.02 mg·kg
−1

) agrees 

well with the referred value, revealing the acceptable accuracy 

for the two digestion methods. 

3.3. Precision and Repeatability Study 

Here, the method’s precision was evaluated from the RSDs of 

repetitive measurements carried out in solutions containing the 

analyte. In this current work, the RSDs for arsenic determination 

range from 0.1% to 3.0%, and the variations of the RSDs are in 

the same range for all diluted and digested samples tested. 

The repeatability of this approach was also investigated. 

Herein, the low, medium and high concentrations of arsenic (5, 

20, 40 µg·g
–1

) were repetitively quantified in three 

consecutive days. The RSDs were studied, giving the RSDs 

for intra- and inter-day measurements were less than 4.0% (n 

= 5). Obviously, the proposed method shows a good 

applicability for arsenic determination. 

3.4. Characteristics of the Analytical Performance for 

Arsenic Determination 

Under the optimum experimental conditions, a series of 

arsenic standard solutions was pumped into the concentric 

nebulizer with the atomic emission intensities for arsenic at 

193.759 nm recorded. Results reveal the spectroscopic signal 

regularly increases with increasing arsenic concentration in 

range of 1.0 ~ 40 µg·g
−1

. By plotting spectroscopic signal 

versus arsenic concentration (seen in Figure 3), the linear 

regression result shows that the calibration equation follows A 

= 18.61Carsenic with R
2
 = 0.999. The LoD, which is defined as 

3S/k (the S is the standard deviation of twenty replicate 

analysis of the blank, and k is the slope of the calibration 

equation) [43] is 0.10 µg·g
–1

 for arsenic. Additionally, the 

RSDs (n = 5) for arsenic determination for 5, 20 and 40 µg·g
–

1
 are 2.34%, 1.35% and 1.17%, respectively. 

 

Figure 3. The calibration graph of spectroscopic signal of ICP-AES versus 

arsenic concentration. 

To verify the matrix effect of cosmetic samples, arsenic 

standard solutions with final content of 15 mg·kg
–1

 were 

added to the artificial cosmetic sample with recovery studied. 

Result shows the contents of arsenic are 15.12 ± 0.3 mg·kg
–1

 

and the determination recoveries are between 96.3% and 

103.4% (n = 5), which reveals that the cosmetic matrix effect 

can be neglected in this work. 

3.5. Comparison of Different Cosmetic Digested Methods for 

Arsenic Quantification 

As seen in Table 1, the arsenic levels in GBW 09303 by 

digestion patterns of HNO3–HClO4 and aqua regia show 

obvious differences with the referred value of 7.22 ± 0.20 

mg·kg
−1

. To further evaluate the digestion methods, an 

artificial cosmetic sample spiked with 10 mg·kg
−1

 of arsenic 

was tested. Following the preparation procedures, the samples 

were quantified by ICP-AES with the recoveries examined. 

By spiked-recovery method, the determination results are 

listed in Table 2. 

Table 2. Comparison of different acidic digestion methods for arsenic analysis in spiked cosmetic samples a. 

Digestion pattern Added/Found µg·g−1 RSD % Recovery % Content mg·kg−1 
Digestion 

loss % 

Reagent 

need/mL 

Digestion 

time/hr 

HNO3-HClO4 
5.0/15.23 2.7 104.4 9.25 ± 0.25 7.5 

10.0 > 15 
10.0/20.51 2.5 105.2 9.24 ± 0.23 7.6 

Aqua regia 
5.0/15.15 2.9 103.3 8.86 ± 0.26 11.4 

4.0 ~ 12 
20.0/30.58 2.0 102.9 8.77 ± 0.18 12.3 

HNO3-H2O2 

5.0/15.05 2.6 101.2 9.80 ± 0.25 - 
5.0 ~ 8.0 

15.0/25.37 2.5 102.4 9.88 ± 0.24 - 

Concentrated HNO3 
10.0/19.98 1.8 99.6 10.08 ± 0.18 - 

3.5 ~ 6.5 
15.0/24.99 1.5 100.1 9.98 ± 0.15 - 

a The fortified arsenic concentration in the artificial cosmetic sample is 10 mg·kg−1. 
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Clearly, the arsenic determination recoveries from 97.0% 

to 104.4% with RSDs < 3.0 (n = 5) reconfirm the capability 

of this proposed approach for cosmetic arsenic quantification. 

It’s also apparent that the arsenic contents by digestion 

patterns (aqua regia and HNO3–HClO4) are about 7.5–12.3% 

lower than the fortified value, which might ascribe to the 

erasing procedure of HCl or HClO4 prior to quantification. 

However, the results for HNO3 and HNO3–H2O2 digestion 

methods show great agreement with the spiked arsenic 

content of 10 mg·kg
−1

. Additionally, Table 2 shows that the 

digestion pattern of HNO3–H2O2 mixture requires reagent 

volume of 5.0 mL and approximate 8.0 hr of digestion time, 

while the concentrated HNO3 acid pattern only needs 3.5 mL 

with digestion time of 6.5 hr. Hence, by taking the reagent 

consumption, digestion time and simplicity into 

consideration, the concentrated HNO3 as the extracting 

reagent for arsenic is the most suitable digestion pattern in 

this current work. 

3.6. Cosmetic Face-cream Arsenic Analysis 

To evaluate the analytical applicability of this proposed 

approach using HNO3 digestion, arsenic levels in real 

cosmetic face-cream samples (brand Cloud-x, Aloe-vera, 

Prestige and Guerisson) from local market were determined. 

The results in Table 3 show that the contents of arsenic in the 

studied cosmetic samples are within the ranges of 0.68 and 

3.28 mg·kg
−1

. Clearly, although being well below the 

maximum value in brands of Aloe-vera, Prestige and 

Guerisson, the arsenic concentration in brand of Cloud-x is 

higher than the limited value of 2.0 mg·kg
−1

 [20]. Hence, 

consumers should be more careful about the potential health 

problems from cosmetic products. The determination 

recoveries for arsenic in cosmetic samples range from 95.4% 

to 103.5% with the RSDs less than 3.0% (n = 5), 

demonstrating the proposed method can successfully assay 

arsenic levels in cosmetic samples. 

Table 3. The determining results of arsenic contents in cosmetic face-creams by ICP-AES using spiked-recovery methoda. 

Cosmetic brand b Added µg·g−1 Found µg·g−1 RSD % Recovery % Content in cosmetics mg·kg−1 

Cloud-x 3.0 6.25 1.8 99.1 3.28 ± 0.05 

Aloe-vera 5.0 5.86 2.7 103.5 0.68 ± 0.02 

Prestige 7.0 8.38 2.2 95.4 1.70 ± 0.03 

Guerisson 5.0 6.40 2.5 101.6 1.31 ± 0.08 

a Each result is the average of five parallel determinations; 
b The studied sample size of cosmetic face-creams is 0.5 g. 

4. Conclusion 

In this paper, four acidic digestion patterns including 

concentrated HNO3, HNO3–HClO4, HNO3–H2O2 and aqua 

regia for arsenic determination in cosmetic face-creams are 

studied detailly. Results show that concentrated HNO3 

seems to be the most suitable extract agent with satisfactory 

digestion efficiency and less time consumption. The 

ICP-AES analysis of arsenic levels in four brands of 

commercial cosmetic face-creams presents determination 

recoveries ranging from 95.4% to 103.5% and RSDs < 3.0% 

(n = 5), which obviously demonstrates the reliability and 

good capability of this proposed approach for arsenic 

determination. The merits of simplicity, higher efficiency, 

less reagent consumption and less analytical time well 

promise the possibility of this acidic digestion method in 

arsenic quality control for large batches of commercial 

cosmetic products. 
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