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INTRODUCTION

Formaldehyde (methanal, HCHO) is a gas at ambient 
temperature, with various industrial uses, classified as 
a human carcinogen based primarily on its association 
with nasopharyngeal cancer and leukaemia (IARC, 
2012). Formaldehyde is also an impurity present at very 
low concentrations (0.1 to 40 µg/g) in excipients of 
pharmaceutical formulations, formed from the breakdown 
of the polymeric chain of polyethylene glycol and 
polysorbates (Li et al., 2006; Wu et al., 2011). Furthermore, 
formaldehyde releasers are added to cosmetic, including 
hair-straightening products, and oral hygiene products 

as a preservative, with the maximum permitted level 
of free formaldehyde at 0.2 and 0.1%, respectively, in 
Brazil and Canada (Anvisa, 2013; Health Canada, 2019). 
In Europe, the use of formaldehyde as a preservative in 
cosmetic products is prohibited (Commission Regulation 
(EU) 2019/831).

Low levels of formaldehyde in cosmetic products 
can provoke allergic contact dermatitis in sensitive 
individuals (De Groot et al., 2010; Hauksson et al., 
2016), and exposure to hair-straightening containing 
formaldehyde at high levels may be lethal. One 
occupational death due to formaldehyde was reported 
in the Federal District (Magalhães, Caldas, 2018). More 
recently, the compound was suspected to be the cause of 
death of a woman after doing a keratin hair smoothing 
treatment (escova progressiva) in the State of São Paulo 
(Brasil, 2019). Most of these products contain methylene 
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MATERIAL AND METHODS

Chemicals and reagents

Formaldehyde ACS grade (37%) and concentrated 
hydrochloride acid (HCl) were obtained from Dinâmica 

(Brazil); methanol LC-MS grade (MeOH) was purchased 
from Sigma Aldrich (USA); and ethanol HPLC grade 
(EtOH) was obtained from Merck Millipore (Germany). 
A non-ionic cream base (formaldehyde-free) used for the 
preparation of cosmetics and medicaments was used as 
the blank matrix during method validation. According 

glycol, which converts to formaldehyde under the high 
temperature used in the hair smoothing treatment 
(Golden, Valentini, 2014). Indeed, various studies have 
shown that hairdressers are chronically exposed to high 
concentrations of formaldehyde in the workplace (Chang 
et al., 2018; Pexe et al., 2019; Pierce et al., 2011).

Various analytical methods to detect formaldehyde 
in cosmetic and pharmaceutical products have been 
reported, including the semi-qualitative chromotropic 
acid (CA) colorimetric method (Hauksson et al., 2016; 
Malinauskiene et al., 2015), spectrophotometry after 
derivatization with acetylacetone (Brandão, Ramos, 
Rodrigues, 2018), HPLC-UV after derivatization with 
2,4-dinitrophenylhydrazine (Golden, Valentini, 2014; 
Soman, Qiu, Chan, 2008; Oiye et al., 2016), HPLC 
separation followed by derivatization with 3,5-diacetyl-

1,4-dihydrolutidine spectrophotometry (Miralles et al., 
2018) and headspace-gas-chromatography (HS-GC) 
after derivatization with ethanol (Del Barrio et al., 
2006; Daoudy et al., 2018). Under acidic conditions, 
methylal or ethylal can be prepared through the 
reaction of formaldehyde and methanol or ethanol, and 
etoxymethoxymethane (EMM) is formed when both 
alcohols are present (Cao et al., 2009; Chopade, Sharma; 
1997; Zhang, Zhang, Jian, 2011), as shown in Figure 1.

The objectives of this paper were to develop and 
validate a method for determining formaldehyde in 
cosmetic products by headspace-gas-chromatography-
mass spectrometry (HS-GC-MS) after derivatization 
of formaldehyde with methanol and ethanol as well as 
to apply the method in real samples seized by the Civil 
Police of the Federal District, Brazil. 

FIGURE 1 - Derivatization of formaldehyde by acid catalytic reaction using methanol, ethanol and methanol/ethanol, showing 
the formation of the acetals methylal, ethoxymethoxymethane and ethylal.
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to the Brazilian Pharmacopea, the cream base is made 
of water and oil (1:5.4) (Anvisa, 2012).

Headspace-Gas Chromatography-Mass 
Spectrometry conditions

HS-GC–MS analyses were performed using an 
Agilent 7890A gas chromatograph and 5975C mass 
spectrometer (Agilent Technologies, Santa Clara, CA, 
USA) system, controlled by Agilent Chemstation GC/ 
MS Software (version E 02.02.1431). 

An Agilent J&W VF-624ms fused-silica capillary 
GC column (30 m x 0.25 mm i.d., 1.4 µm film thickness) 
was used, with helium as a carrier gas at 1 mL/min. Inlet 
temperature was 250º C, and the headspace settings were 
as follows: injection volume, 250 µL; split ratio of 15:1; 
incubation temperature, 40°C; incubation time, 30 s, 
syringe temperature, 60°C; agitator speed, 500 RPM; 
fill speed, 100 µL/s. The GC oven temperature program 
started at 35°C and initial hold time of 5 min, increased 
to 40°C at a rate of 5°C/ min, hold 1 min; to 50°C at 
10°C/min, hold 3 min. The total time run was 11 min, 
the solvent delay was set to 3.5 min, and the transfer line 
temperature at 250°C. Mass scan range was m/z 15–250. 
The identification of the derivatized products, ethylal, 
methylal, and ethoxymethoxymethane (EMM) (Figure 
1), was confirmed by full scan analysis and NIST MS 
library. The quantification was performed by selected ion 
monitoring (SIM) mode, with the m/z 59, 103, and 31 for 
ethylal, m/z 45, 75, and 29 for methylal, and m/z 45, 59, 
and 89 for EMM; the first ions were used as quantifiers 
and the others two as qualifiers. 

Optimization of derivatization step

In order to evaluate the eff iciency of the 
derivatization step, four blank matrix samples fortified 
with formaldehyde at a final concentration of 0.2% were 
prepared in a 20 mL headspace vial and 2 mL of the 
following solutions were added: A1 = MeOH and HCl 
(50:1); A2 = EtOH and HCl (50:1); A3 = MeOH and EtOH 
(25:25), and A4 = MeOH, EtOH and HCl (25:25:1). Each 
sample was vortexed and kept for 30 min at 60ºC (water 
bath) before the HS-GC–MS analyses. 

The kinetics of the reactions were evaluated using 
a formaldehyde fortified blank matrix (0.2%) prepared 
in A4 solution that was kept at 60ºC (water bath) for 5, 
15 and 30 minutes, 1, 1.5, 2, 4, 6, 8, 12 and 24 hours. 
ANOVA (GraphPad Prism, V6.01) was used to evaluate 
any significant difference (p < 0.05) among the acetal 
instrument responses in relation to time.

Method validation

The method was validated for each derivatized 
product for matrix effect, linearity, selectivity, specificity, 
recovery, repeatability, intermediate precision, and 
dilution integrity according to the Brazilian Health 
Regulatory Agency (Anvisa, 2017).

Matrix effects (ME) were evaluated using 0.005, 
0.05 and 0.2% formaldehyde concentrations, prepared 
in A4 solution only (M1) and in A4 solution with blank 
matrix (M2) (n = 3 for each), and expressed in % of the 
response ratio between the two preparations (ME = M2 
x100/M1). No significant matrix effect was found when 
ME was lower than 10%.

Linearity of the standard curve was evaluated 
using seven different concentrations (0.005, 0.01, 0.05, 
0.1, 0.2, and 0.5%) in triplicate. Each calibration point 
was prepared by weighing 300 mg of blank matrix 
fortified with formaldehyde in A4 solution. Selectivity 
was evaluated by analyzing 3 different blank matrices 
to evaluate the presence of interferents at the analyte 
retention times. Specificity of the method was evaluated 
by preparing samples with 300 mg of blank matrix and 
1 mL of solutions A1, A2 or A4. 

Recovery and repeatability were evaluated 
using the blank matrix fortified at three different 
formaldehyde concentrations, 0.005%, 0.01%, and 
0.2%, prepared in A4 solution and analyzed on the same 
day. For intermediate precision, the whole procedure 
was repeated on another day by another analyst. LOD 
was estimated as µ + 3.3s, where “µ” is the mean area 
of the 10 matrix blanks in A4 solution and “s” is the 
standard deviation. The LOQ of the method was defined 
as the lowest level at which the method was validated 
(repeatability and intermediated precision, RSD < 20%; 
recovery in the range of 80–120%).
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Dilution integrity was evaluated to check the 
effect of dilution for samples that were out of the range 
of the standard curve. The blank matrix fortified with 
formaldehyde at concentrations of 10% and 15% in A4 
solution was analyzed before and after 1:100 and 1:150 
dilutions. The calculated concentration after dilution was 
compared with the concentration in non-diluted samples, 
and a ratio within ±20% was the acceptance criterion for 
this parameter.

Real sample for analysis

Nine hair-straightener creams seized by the Civil 
Police of the Federal District, Brazil, and suspected of 
adulteration with formaldehyde were analyzed using the 
validated method. Blank matrices fortified with 0.2% 
formaldehyde were included in the analysis batch to 
ensure method performance during a routine analysis 
(quality control sample, QC). 

RESULTS AND DISCUSSION

Methylal, ethoxymethoxymethane (EMM), and 
ethylal formation

Figure 2 shows the chromatograms of blank 
samples spiked with formaldehyde and the A1, A2, A3, 

and A4 solutions, kept for 30 min at 60ºC before HS-
GC-MS analysis. Methylal was formed in A1 solution 
(MeOH and HCl), while methylal and ethylal were 
formed in A2 solution (EtOH and HCl) (Figure 2a). 
The formaldehyde standard solution (37 %, formalin) 
contains 6 to 15% of methanol, used as stabilizer 
(Cogliano et al., 2004), which explains the formation 
of methylal under A2 conditions.

Only a small amount of methylal was formed in A3 
solution (MeOH and EtOH), confirming the need for an 
acidic condition (Figure 2b). The optimum conditions 
for simultaneous derivatization of formaldehyde 
with both alcohols were achieved with A4 solution 
(MeOH:EtOH:HCl), where in addition to methylal 
and ethylal, EMM is formed (Figure 2b). The yields 
of methylal and ethylal were lower in A4 solution 
compared to when the reaction was conducted with only 
one of the alcohols (A1 and A2 solutions, respectively, 
Figure 2a). This result was expected, as there is 
competition for acetal formation with formaldehyde. 
The formation of EMM from formaldehyde, methanol 
and ethanol in a strongly acidic cationic resin was 
reported by Cao et al. (2009) when searching for co-
solvents for methanol/gasoline blends. However, to the 
best of our knowledge, this is the first time that EMM 
is reported in the context of formaldehyde analysis  
in cosmetics.
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The kinetics of the in-matrix derivatization reaction 
was evaluated with formaldehyde in A4 solution incubated 
at 60ºC for 5 minutes up to 24 hours. Methylal formation 
was stabilized after 4 hours of incubation, EMM 
formation after 1.5 hour, and ethylal formation after 1 
hour of incubation (Figure 2c). Incubation at 60ºC for 4 
hours was the most appropriate derivatization conditions 
for performing HS-GC-MS formaldehyde analyses based 
on the formation of the three acetals. Although methylal 
formation stabilized later than the other two acetals, it 
gives the highest yield, as it can be seen in Figures 2c and 
may be the choice when very low levels of formaldehyde 
are investigated, such as when present as impurity in 
excipients of pharmaceutical formulations (Li et al., 2006; 

Wu et al., 2011). The excess of the derivatizing agents 
(ethanol and/or methanol) and the plateau of the product 
responses indicate that the formaldehyde derivatization 
was completed in each of the cases.

 Previous studies determined formaldehyde in 
pharmaceutical excipients by derivatization with acidified 
ethanol and ethylal analysis by HS-GC-MS (Del Barrio 
et al., 2006) or HS-GC-FID (Daoudy et al., 2018). Del 
Barrio et al. (2006) found the optimum condition for ethylal 
formation at 60ºC and 30 minutes, the longest heating time 
tested. Daoudy et al. (2018) found that ethylal formation 
plateaued after 25 minutes at 70ºC. In our study, the heating 
time plateau for ethylal was 1 hour, probably because of the 
competition of the other reactions in the system. 
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FIGURE 2 - HS-GC-MS chromatograms of blank matrices spiked with formaldehyde (FA) at 0.2% in (a) A1 (MeOH:HCl, 50:1) 
and A2 (EtOH:HCl, 50:1) solutions; (b) A3 (MeOH:EtOH (25:25) and A4 (MeOH:EtOH:HCl, 25:25:1) solutions. (c) Kinetic for 
methylal, ethoxymethoxymethane (EMM), and ethylal formation at 60º C.
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Formaldehyde concentration in cosmetic product 
samples 

The validated method was used to analyze hair-
straightener cream samples seized by the Civil Police 

of the Federal District. Samples (300 mg) were weighed 
in a 20 mL headspace vial; 1 mL of A4 solution 
(MeOH:EtOH:HCl; 25:25:1) was added, vortexed, 
the vials incubated in a water bath at 60°C for 4 h, 
and analyzed by HS-GC–MS. Samples that showed 

TABLE I - Validation parameters for methylal, ethylal, and ethoxymethoxymethane (EMM) at three concentration levels (n=3 
at each level)

Substance Concentration, (%) Matrix 
Effect, (%) 

Recovery,
(%)

Repeteability, 
RSD (%)

Intermediate 
Precision, RSD (%)

Methylal

0.005* 7.0 91.9 5.1 5.7

0.05 2.2 103.1 3.6 5.1

0.2 -7.0 99.7 5.8 5.2

Ethylal
 

0.005* 7.9 89.6 11.0 8.5

0.05 2.3 90.6 6.1 5.7

0.2 -7.9 92.7 5.9 5.1

EMM

0.005* 6.2 106.6 6.4 7.0

0.05 2.2 97.5 4.6 4.2

0.2 -2.6 96.4 5.9 4.3

* LOQ

The optimized method, involving derivatization with 
A4 solution following incubation at 60oC for 4 hours and 
determination by HS-GC-MS, was further validated.

HS-GC–MS method validation

No matrix effect (< 10%, Table I) was found for 
methylal, ethylal, and EMM at the three concentration 
levels tested. Hence, the standard curve to quantify 
formaldehyde in the cosmetic samples was prepared in 
A4 solution incubated at 60 oC for 4 hours. Linearity of 
the standard curve was calculated by the least squares 
method and showed to be satisfactory for methylal, EMM 
and ethylal (r2 > 0.99). No interfering peaks were observed 
in the chromatogram of a blank matrix, indicating that 
the method is selective. The LOD was set at 0.0015% 
formaldehyde. Dilution of highly concentrated samples 
to fit the standard curve did not impact the accuracy and 

precision of the analysis (variability within ± 20%; data 
not shown).

Recoveries were within the acceptable range at all 
concentrations tested for the three acetals (89.6 to 106.6 
%), as were the repeatability and intermediated precision 
(< 12%; Table I), and the LOQ was set at the lowest 
validated level (0.005 %). The LOD/LOQ of the method 
complies with the legislation parameters for formaldehyde 
in oral hygiene and cosmetic products (0.1 and 0.2%, 
respectively), with the minimum level required for 
labeling (0.05%) (Anvisa, 2013; Commission Regulation 
(EU) 2019/831), and for the detection of illegal use in other 
products. Del Barrio et al. (2006) reported an LOQ of 
0.2 µg/mL for HS-GC-MS formaldehyde determination 
in pharmaceutical recipients after derivatization using 
acidified ethanol, but the lowest validated level (recovery, 
intra and inter-day precision) was 50 µg/mL (0.005%), 
the LOQ of the present study for all three acetals. 
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 CONCLUSIONS

A method for formaldehyde analysis by HS-GC–
MS was validated for cosmetic products. To the best of 
our knowledge, this is the first report of a method for 
formaldehyde determination that uses both methanol and 

ethanol resulting in three different derivatized compounds, 
which ensures that the method is reliable and robust. The 
method is easy to implement, can be successfully applied 
to the analysis of real samples, and has the potential to be 
used in formaldehyde determination in different products. 
The LOQ of 0.005% formaldehyde is suitable for detecting 

TABLE II - Formaldehyde concentration (%) in hair straightener cream samples analyzed by HS-GC-MS estimated from the 
derivatized products, methylal, ethoxymethoxymethane (EMM), and ethylal

Sample Methylal (%) Ethylal (%) EMM (%) Formaldehyde (%)*

1 1.99 1.97 1.96 1.97

2 3.13 3.33 3.20 3.22

3 0.39 0.38 0.39 0.39

4 2.01 2.04 2.00 2.02

5 3.90 4.00 4.17 4.02

6 0.35 0.33 0.34 0.33

7 3.17 3.29 3.38 3.28

8 2.73 2.77 2.79 2.76
* mean of the concentrations measured as methylal, ethylal, and EMM.

concentration above the working range of the method 
were diluted. One of the nine hair-straightener cream 
samples analyzed did not contain formaldehyde (< LOD), 
and the concentrations found in the eight positive samples 
are shown in Table II. The formaldehyde concentrations 
estimated from each acetal were similar, without a clear 
indication of higher or lower concentration according to 
the acetal measured, indicating that any acetal can be used 
in the determination. The mean calculated formaldehyde 
concentration levels in each sample ranged from 0.33 
to 4.02 % (RSD< 3.4%), higher than the maximum 
level permitted in cosmetic products as a preservative 
(0.2%). Quality control (QC) samples showed satisfactory 
accuracy (RSD < 20%) for all acetals.

Various studies have investigated the levels of 
formaldehyde in shampoo, soaps, and creams, where 
it is normally found at levels up to 0.05% (Brandão, 
Ramos, Rodrigues, 2018; Miralles et al., 2018; Horev et 
al., 2015). However, very few studies have investigated 

formaldehyde in hair-straightening products. Oiye et 
al. (2016) analyzed five samples of these products sold 
in Brazil and found two samples containing levels 
of 0.02 and 0.03% and three samples at levels from 
9.2 to 18.4%, much higher than those found in the 
present study. In the United Sates, the Environmental 
Working Group investigated 16 companies that make 
hair-straightening products that are commercialized 
in the country (EWG, 2011). Most companies did not 
admit that their products contain formaldehyde, but 
chemical analysis showed levels ranging from > 0.6 to 
11.8 %, the highest levels found in Brazilian products 
(Anvisa, 2013). The products called keratine treatment 
or Brazilian blowout (escova progressiva) claim to be 
“formaldehyde-free”, but the main chemical used is 
methylene glycol, which releases formaldehyde when 
heated during the treatment process, exposing the 
hairdressers to high concentrations of formaldehyde 
in the workplace (Golden, Valentini, 2014)
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the illegal use of formaldehyde in cosmetics, and it can also 
be applied when the compound is present as impurity in 
excipients of pharmaceutical products.

Analysis of Brazilian hair-straightening product 
samples showed formaldehyde levels up to 4%, which 
is much higher than what is allowed in Brazil and in 
other countries. These results reinforce the importance 
of analyzing cosmetic products from the market, even 
those that do not inform the presence of formaldehyde. In 
addition to being illegal not to declare the composition of 
the product, the presence of this toxic compound at high 
levels in cosmetics can cause health problems to the users. 
In the case of hair-straightening, it can also cause problems 
to professionals that apply these products, as normally the 
application includes blow-drying at high temperatures.
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