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ABSTRACT 

 
Brazil is considered the 4th largest Cosmetics Toiletriesand Perfumary (CT&F) Market in the world. In 2017,  

the country earned R$ 102.5 billion, which means an increase of 3.2% over the year 2016. According to Associação 

Brasileira da Indústria de Higiene Pessoal, Perfumaria e Cosméticos (ABIHPEC), this information is provided by 

Strategic Research Institute for Consumer Markets, the Euromonitor. The composition of cosmetics produced 

should be in accordance with the recommendations presented in ANVISA RDC Resolution No. 83 of June, 2016. 

Prohibited elements in the RDC Resolution No. 83 are Cl, Ni, As, Be, Cd, Cr, I, P, Pb, Hg, Se, Zr, Co, Te, Tl and 

radioactive substances. The main purpose of this work was to characterize some nail polishes using EDXRF 

method. The analyses were made using EDXRF method at the Laboratory of Applied Nuclear Physics of the 

UTFPR. The AMPTEK portable X-ray equipment is composed of mini X-ray tube, model MINI X, with Ag and 

Au targets, as well as silicon drift detector, SDD-123 model. Qualitative analyses indicate Na, Mg, Al, Si, P, Na, S, 

Cl, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Mo, Ba and Bi elements in the nail polishes analyzed. Some prohibited elements 

such as Cl, Ni and P were presents in nail polishes. It is shows that EDXRF method is very efficient in detecting 

the chemical elements present in these samples. Besides, these results enable to compare elements presents in 

sample and recommendation stablish in Resolution No. 83. 
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1. INTRODUCTION 
 

Nail polishes are cosmetics classified as category 1 according to Brazilian Health Regulatory 

Agency (ANVISA). These products present basic or elementary properties, which do not require 

initially of verification detailed information, because they have minimal risk [1]. 

Brazil is considered the 4th largest Cosmetics Toiletries and Perfumary (CT&F) Market in the 

world. In 2017, the country earned R$ 102.5 billion, which means an increase of 3.2% over the year 

2016. According to Associação Brasileira da Indústria de Higiene Pessoal, Perfumaria e Cosméticos 

(ABIHPEC), these informations are provided by Strategic Research Institute for Consumer Markets, 

the Euromonitor [2]. 

Because the increase of consumption of cosmetics in Brazil it becomes necessary to know more 

about the safety of these products. Nail polish is composed of color pigment, volatile solvent and 

nitrocellulose. Two components can be added to nitrocellulose such as the resin and tosylamide 

formaldehyde, also known as toluene sulfonamide formaldehyde resin (TSRF). Both components can 

cause allergic contact dermatitis in some individuals. Hypoallergenic nail polishes minimize the risk 

of allergy, because it does not contain TSRF. This resin is replaced by polyester resin or cellulose 

acetate butyrate [3]. In nail polishes elementary composition is possible to find the elements such as 

V, Mn, Ni, Cu, Zn, As, Br, Ag, I, Ba, Hg, Pb, Bi, Cr, Co, Al, S, Ti and Fe in different amounts [4-7]. 

Although some elements are not toxic, if present in the human body in high concentrations can 

become toxic and cause health damage [8].  

In the case of nail polishes, individuals are exposed by contact with the skin and / or inhaled 

during the nail polishes application, as well as when the nails are bitten or chewed, and the nail 

polishes ingested [7]. 

There are around 50 elements present in biological systems, which can be classified as essential, 

environmental microcontaminants and essential elements and simultaneously environmental 

microcontaminants. The essential elements can be subdivided into macroelements, trace elements and 

elements in ultra-trace. Macroelements are Na, K, Mg and Ca because they are in the human organism 

in the order of a few grams. On the other hand, trace elements Fe, Zn, Cu, Mn are in the order of a 

few milligrams. These elements may be toxic if they present concentrations higher than those 

necessary to provide for the operation of biological systems. The elements V, Cr, Mo, Co, Ni, Si, As, 

Se and B, are ultra-trace because they are in the order of a few microgram-nanograms [8]. 

Environmental microcontaminants can be natural origin and / or human activity. The elements 

with these characteristics are Pb, Cd, Hg, Be, Tl, Sb, W, Al, Sn and Ti. The essential elements and 

simultaneously environmental microcontaminants are Cr, Mn, Ni, Fe, Zn, As, Mo and Co [8]. Nickel 

element present in some nail polishes can also cause adverse reactions to individuals [9]. 

Aluminum is a metal found abundantly in the earth's crust. Therefore, exposure to aluminum 

becomes frequent. One of the forms of exposure is through the use of cosmetics. Bioaccumulation of 

this element may result in neurological damage and bone problems [8]. 

Due to the risks caused by the bioaccumulation of metals and other chemical substances in the 

human organism, there are national and international resolutions about limits to cosmetic 

compositions and list with prohibited substances [10-14].  

ANVISA RDC Resolution No. 79 of August 28, 2000, allows the use of artificial organic dyes 

provided that the maximum amounts of metal impurities for cosmetics, such as 500 ppm (parts per 

million) for barium chloride, 3 ppm for arsenic, 20 ppm for lead and 100 ppm for heavy metals [10].  
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ANVISA RDC Resolution No. 83 of June, 2016, invalidates some provisions of RDC Resolution 

No. 48 of March 16, 2006 [11, 12]. Resolution updated increased number of substances prohibited in 

personal care products, cosmetics and perfumes, based on the list of substances prohibited in the 

European Union document.   Elements such as Cl, Ni, As, Be, Cd, Cr, I, P, Pb, Hg, Se, Zr, Co, Te, Tl 

and radioactive substances are in the list [11, 13]. 

On the other hand, Canadian legislation establishes that toxic metals such as Pb, As, Cd, Hg and 

Sb should not be used as ingredients. However, because of presence these metals in the environment 

and mineral ore they may be found as impurities. In this way, the legislation allows the limit of 10 

ppm for impurities [14]. 

Energy Dispersive X-ray Fluorescence Spectroscopy (EDXRF) is widely used for 

characterization of materials (solid, liquid, metallic or non-metallic). One of the advantages of this 

method is that it does not usually require preparation of the samples, that is, a non-destructive analysis 

[15]. 

In this context, there are few studies in the literature about the nail polishes elementary 

characterization [4-7; 16-17]. Besides new nail polishes are produced and sold on the market. 

Wherefore, the main of this work was to characterize nail polishes of Brazilian market using EDXRF 

method.  

 

 

2. MATERIALS AND METHODS 
 

Present survey was performed using 44 samples of cream nail polishes marketed in Brazil, which 

were analyzed using EDXRF method at the Laboratory of Applied Nuclear Physics of the Federal 

University of Technology of Paraná (UTFPR), located at city of Curitiba, Brazil. Samples were 

chosen as follows: light pink (10 brands), white (9 brands), red (9 brands), purple (7 brands), light 

brown (5 brands) and gray (4 brands). Each sample was deposited in acetate containers with the 

supplied brush of the nail polish, in order to avoid contamination and to ensure the homogeneity of 

the samples. The measurements were performed after the nail polishes were dried. Each sample has 

an area of 1.5 cm² and thickness of 0.2 cm. 

Samples were identified with a letter and a number. The letter identifies the brand and associated 

number indicates the color. For example, “A1” sample means that it belons to “A” brand and it has 

white color (see Tables 1, 2 and 3). 

The AMPTEK portable X-ray equipment is composed of mini X-ray tube, model MINI X, with 

silver (Ag) and gold (Au) targets, as well as silicon drift detector, SDD-123 model, together with the 

DP5 digital signal processor (Figure 1). In this work, the Ag and Au X-ray tubes were used. 
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Figure 1: The AMPTEK portable X-ray equipment and sample 

Source: Own authorship 

 

The samples were submitted to measurements at three different points with energy of 40 kV, 

current of 15 μA, acquisition time of 900s and collimator of 1 mm in diameter. These parameters 

were chosen because is necessary to identify all possible elements presents in samples. 

 

 

3. RESULTS AND DISCUSSION 
 

EDXRF method allowed to identify the elements present in the nail polishes of different brands 

and colors by qualitative analysis. The choice of using the two X-ray tubes (Au and Ag target) was 

fundamental to obtain the results more complete.  Tables 1, 2 and 3 show all detected elements with 

EDXRF method. 
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Table 1: Detected elements in nail polishes samples with EDXRF methods 

 

Brand Color Color Code Elements 

A 

White 1 

Al, Si, S, Ca, Ti, Fe, Ni, Cu, Zn. 

B Al, Si, S, Ca, Ti, Fe, Ni, Cu, Zn. 

C Al, Si, S, Ca, Ti, Fe, Ni, Cu, Zn. 

D Al, Si, S, Ca, Ti, Fe, Ni, Cu, Zn. 

E Al, Si, S, Ca, Ti, Fe, Ni, Cu, Zn. 

F Al, Si, S, Ca, Ti, Fe, Ni, Cu, Zn 

G Al, Si, S, Ca, Ti, Fe, Ni. 

H Al, Si, S, Ca, Ti, Fe, Ni, Cu, Zn. 

I Al, Si, S, Ca, Ti, Fe, Ni, Cu. 

J   

A 

Gray 4 

Mg, Al, Si, Cl, K, Ca, Ti, Fe, Ni, Cu 

B   

C Mg, Al, Si, S, Cl, K, Ca, Ti, Fe, Ni, Cu 

D Mg, Al, Si, S, Cl, K, Ca, Ti, Fe, Ni, Cu 

E   

F   

G Mg, Al, Si, Cl, K, Ca, Ti, Fe, Ni 

H   

I   

J   
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Table 2: Detected elements in nail polishes samples with EDXRF methods 

 

Brand Color Color Code Elements 

A 

Pink 7 

Mg, Al, Si, Ca, Ti, Fe, Ni, Cu 

B Mg, P, Al, Si, Ca, Ti, Fe, Ni, Cu, Bi 

C Mg, Al, Si, Ca, Ti, Fe, Ni, Cu 

D Mg, Al, Si, Ca, Ti, Fe, Ni, Cu 

E Mg, Al, Si, Ca, Ti, Fe, Ni, Cu 

F Mg, Al, Si, Ca, Ti, Fe, Ni, Cu 

G Mg, Al, Si, Ca, Ti, Fe, Ni, Cu 

H Mg, Al, Si, Ca, Ti, Fe, Ni, Cu 

I Mg, Al, Si, Ca, Ti, Fe, Ni, Cu 

J Mg, Al, Si, Ca, Ti, Fe, Ni, Cu 

A 

Brown 10 

  

B Mg, P, Al, Si, Cl, K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Ba 

C Mg, Al, Si, Cl, K, Ca, Ti, Fe, Ni, Cu, Zn, Ba 

D Mg, P, Al, Si, Cl, K, Ca, Ti, Fe, Ni, Cu, Zn 

E  
F Mg, P, Al, Si, Cl, Ca, Ti, Fe 

G Mg, P, Al, Si, Cl, K, Ca, Ti, Fe, Mn, Ni 

H  
I  

J   

A 

Red 13 e 14 

Mg, Al, Si, P, S, Cl, Fe, Ni, Cu, Zn, Ba, Sr 

B Mg, Al, Si, S, Cl, K, Ca, Cr, Fe, Ni, Ba, Sr 

C Mg, Al, Si, S, Cl, K, Ca, Fe, Ni, Cu, Zn, Ba, Sr 

D Mg, Al, Si, S, Cl, K, Ca, Fe, Ni, Cu, Zn 

E Mg, Al, Si, S, Cl, K, Ca, Cr,Ti, Fe, Ni, Cu, Zn 

F Mg, Al, Si, S, Cl, Ca, Fe, Ni, Ba 

G Al, Si, S, Cl, K, Ca, Fe, Ba 

H Mg, Al, Si, S, Cl, Ca, Cr, Fe, Ni, Zn, Ba, Sr 

I Mg, Al, Si, S, Cl, Ca, Cr, Fe, Ni, Cu, Zn, Ba 

J   
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Table 3: Detected elements in nail polishes samples with EDXRF methods 

 

Brand Color Color Code Elements 

A 

Purple 16 

Mg, Al, Si, S, Cl, K, Ca, Ti, Mn, Fe, Ni, Cu, Zn 

B Mg, Al, Si, P, S, Cl, K, Ca, Ti, Fe, Ba 

C Mg, Al, Si, S, Cl, Ca, Ti, Fe, Ni, Cu, Zn 

D Mg, Al, Si, S, Cl, Ca, Ti, Fe, Ni, Cu, Zn 

E  

F  
G  

H Mg, Al, Si, P, S, Cl, K, Ca, Ti, Fe, Ni, Cu 

I Mg, Al, Si, S, Ca, Ti, Fe, Cu, Mn 

J Mg, Al, Si, S, Ca, Ti, Fe, Ni, Cu, Zn 

 

All the white nail polishes analyzed have in their formulation the following elements Al, S, Ca, 

Ti, Fe and Ni. The Cu and Zn elements are present in 8 and 7 samples, respectively. Only the H1 

sample does not contain the Si element. Figure 2 shows EDXRF spectra from white nail polishes with 

Au target. 

The gray nail polishes are composed of Mg, Al, Si, Cl, K, Ca, Ti, Fe and Ni. Only the G4 sample 

has no copper in its formulation or its quantity is below the detection limit. Sulfur is present in C4 

and D4 samples. 
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Figure 2: EDXRF spectra from white nail polishes 

Source: Own authorship 

 

The predominant elements in the pink nail polishes are Mg, Al, Si, Ca, Ti, Fe, Ni and Cu. Only 

B7 sample consists of P and Bi in its composition (Figure 3). Analyses from Ag tube allowed better 

identification of bismuth element, because it detected three emission lines of this element, while the 

analysis performed with the Au tube pointed only the line Mα, the other lines were overlap with the 

spreading lines of the Au. 
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Figure 3: EDXRF spectra from pink nail polishes  

Source: Own authorship 

 

Brown nail polishes are composed of Mg, Al, Si, Cl, Ca, Ti and Fe (Figure 4). Only sample C10 

does not contain phosphorus. Manganese is present in B10 and G10 samples. The F10 sample does 

not have Ni and K in its composition. The elements Cu and Zn are present in B10, C10 and D10 

samples. The Ba element was found in B10 and C10 nail polishes and the Mn element in only one 

sample (B10). 
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Figure 4: EDXRF spectra from brown nail polishes 

Source: Own authorship 

 

All red nail polishes contain Mg, Al, Si, S, Cl, Fe and Ni (Figure 5). As opposed to the other 

analyzed colors, the red nail polishes were characterized by having the element Ba in its constitution. 

Only barium was not identified in two samples. The Sr element is present with low counts in four 

samples. 
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Figure 5: EDXRF spectra from red nail polishes 

Source: Own authorship 

 

All purple nail polishes contain Mg, Al, Si, S, Cl, K, Ca, Ti and Fe. Only two samples have Mn 

in their formulation. Nickel appeared on all samples except for B16, which also does not contain 

copper or zinc. 

Therefore, it was observed that for most nail polish results, the elements Al, Ni, Cu and Zn were 

better detected with the Au target tube. According to regulations, some nail polishes are irregular 

because they contain P, Cl, Cr and Ni [11; 13]. 

Magnesium element was detected with low counting and this made interpreting the spectra 

difficult. The presence of sulfur in most samples may be related to TSFR resin (formaldehyde toluene 

sulfonamide). Two hypoallergenic nail polishes analyzed (C13 and C14) presented the sulfur element 

in their composition.  

 

 
4. CONCLUSIONS 

 

The qualitative analysis with the EDXRF method cannot be used as the only method of quality 

control of the cosmetic product. However, it proved to be very efficient and fast in detecting the 

chemical elements that are not allowed according to the resolutions present in the nail polish samples. 
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Nail polishes are widely used, but there are few studies about it. In this way, it is necessary to 

develop more work concerning the elementary analysis of this products for the purpose of contribute 

to the elucidation of the cosmetic legislations. 
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