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KEYWORDS Abstract This paper describes development and validation of rapid and sensitive pre-column

derivatization HPLC method to determine free and total formaldehyde content in five hair
straightening products purchased from the local market. None of these products was labeled to
contain formaldehyde and all of them were labeled with specific formaldehyde releasers. The
formaldehyde derivative was separated using a pBondapak™ C18 column with mobile phase con-
sisted of acetonitrile: water (70:30, v/v) and detected at 350 nm. The method was linear over the
concentration range of 8-80ngmL~' (r = 09997) with detection limit of 0.8 ngmL~'. The
formaldehyde derivative was stable for 30 days at room temperature. The results showed that all
the samples were formaldehyde positive. The concentrations of free and total formaldehyde were
0.015-3.336 g% and 1.462-3.877 g%, respectively. The method showed high precision as the values
of relative standard deviations (RSD) did not exceed 2.20%.
© 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Formaldehyde-releasers, which slowly release formaldehyde
under usage conditions, are also commonly used to preserve
cosmetics. The antimicrobial activity of these releasers is pos-
sibly due to the released formaldehyde (De Groot et al.,
2009; Wu et al., 2003; Sweetman, 2011; Golden and
Valentini, 2014), which increased with increasing the pH, the

1. Introduction

Cosmetic products are widely used by consumers on a daily
bases. Due to its bactericidal and fungicidal properties,
formaldehyde is used as a preservative in these products.
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temperature of the solution, and the storage period (Lv
et al., 2015). The EU working party (WP) on Methods of
Chemical Analysis of Cosmetic Products has observed that
formaldehyde-releasers release formaldehyde, and they do
not remain as a single compound, and suggested that they
may be regulated based on their formaldehyde content
(European Commission, 22nd plenary meeting, 2002).
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Exposure to formaldehyde through using these products
can be harmful to consumers because it affects human eyes,
skin, and respiration system (Salthammer, 2015). A positive
relation between exposure to formaldehyde and cancer has
been observed, and it has been classified as Group 1 human
carcinogen by the International Agency for Research on Can-
cer (IARC) (IARC Monographs, 2012). Different regulations
have been established to regulate the use of formaldehyde in
cosmetics. The US Cosmetic Ingredient Review (CIR) Expert
Panel stated that formaldehyde concentration in cosmetics
should not exceed 0.2% (w/w), and products containing more
than 0.05% formaldehyde must be labeled ‘contains formalde-
hyde’ (Boyer et al., 2013).

One of the most widely used cosmetics is hair straightening
product. It is used to straighten curly hair by using products
containing formaldehyde or formaldehyde-releasers. This pro-
cess leads to permanent breakage of the disulfide bonds that
maintain the dimensional structure of the hair (Miranda-
Vilela et al., 2014; Da Gama et al., 2017).

HPLC method based on pre-column derivatization was
adopted as one of the most frequently used methods for
determination of formaldehyde. Pre-column derivatization
with 2,4-dinitrophenylhydrazine reagent has been shown to
be a powerful technique for selectively enhancing the
detectability of formaldehyde using HPLC analysis. 2,4-
dinitrophenylhydrazine reagent selectively condenses with
formaldehyde to produce a stable hydrazone derivatives. This
method is one of the most reliable methods to determine
formaldehyde in cosmetic products (Rivero, and Topiwala,
2004; Maneli et al., 2014).

A lot of hair straighteners containing a high unlabeled
amount of formaldehyde or formaldehyde-releasers are avail-
able in the market. Therefore it is very important to human
health and to the environment to develop a method for deter-
mination of formaldehyde in these products. The present work
was intended to develop and validate a simple, rapid, and sen-
sitive analytical method to determine the free and total
formaldehyde in 5 hair straightening products collected from
the local market using HPLC method after pre-column deriva-
tization with 2,4-dinitrophenylhydrazine reagent.

2. Experimental

2.1. Chemicals and reagents

Formaldehyde 37% standard solution was purchased
from PACEGROVE LIMITED (UK). The 24-
Dinitrophenylhydrazine reagent was purchased from BDH
Chemicals Ltd (UK). HPLC grade acetonitrile and ethanol
were purchased from SIGMA-ALDRICH (France). Sulphuric
acid 98% was purchased from S.D. Fine Chem. Ltd. (India).
Hair straightener products were purchased from the local mar-
ket. Deionized water and a Millipore membrane filter (0.2 mm)
from Nihon, Millipore were used throughout the experiments.

2.2. Instrumentation and chromatographic conditions

The development and validation of the method was performed
on Waters HPLC instrument equipped with Waters 1525 Bin-
ary Pump, Waters 2489 Ultraviolet/Visible detector (UV/Visi-
ble), and Waters 2707 Autosampler (WATERS, USA). The

data handling system comprised of a Dell personal computer
and Breeze 2 software. The stationary phase used was pBonda-
pak™ CI18 (3.9 x 150 mm, 10 um) column. The mobile phase
consisted of acetonitrile: Water (70:30, v/v). The mobile phase
was filtered through MS®-nylon membrane filter (pore size
0.45 pm, diameter 4.7 cm, Membrane solution, USA) and
degassed before use. The detection wavelength was 350 nm
with a flow rate of 1 mL/min.

2.3. Preparation of reagent (Brady’s reagent)

Brady’s reagent was prepared by dissolving 8.0 g of 24-
dinitrophenylhydrazine in 40 mL of sulfuric acid (98%), then
60 mL of water was added gradually. The mixture was stirred,
and then 200 mL of ethanol was added to it and stored until
use.

2.4. Preparation of hydrazone derivative

In a test tube 0.5 mL of 37% formaldehyde solution was
transferred with 2mL of ethanol, then 3mL of the
2,4-dinitrophenylhydrazine reagent was added. A yellow
precipitate was formed immediately, and kept at room temper-
ature for 15-20 min. The precipitate was filtered, and then
washed with 3 x 1 mL ethanol. After complete dryness, the
precipitate weighed then dissolved in 100 mL acetonitrile.

2.5. Preparation of stock solution

An exactly weighed amount (0.1 g) of the hydrazone derivative
was transferred into a 100-ml volumetric flask, dissolved in 20
mL acetonitrile, completed to volume with the same solvent to
obtain a stock solution of 1 mgmL~'. The stock solution
could be diluted with acetonitrile as needed.

2.6. Preparation of quality control samples

The quality control (QC) samples at three concentrations i.e.
20, 40, 60 ng mL~" were prepared from the stock solution by
suitable dilutions with acetonitrile.

2.7. Preparation of sample solutions

2.7.1. Free formaldehyde

One milliliter of each sample was transferred to test tube and
mixed with 2mL of ethanol and 3mL of 24-
dinitrophenylhydrazine reagent. A large quantity of yellow
precipitate was formed immediately. The mixture kept at room
temperature for 15-20 min before collecting the solid product.
The precipitate was filtered then washed with 3 x 1 mL etha-
nol. After the precipitate has been dried completely, it was dis-
solved in 100 mL acetonitrile. The sample solutions were
diluted to suitable concentrations and injected into the HPLC
system in triplicate under the optimized chromatographic
conditions.

2.7.2. Total formaldehyde

To confirm the presence of formaldehyde-releasers and deter-
mine the total formaldehyde present in the hair straightener
samples, 1 mL of each sample was mixed with 2 mL of ethanol
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and heated for 30 min at 95 °C. After cooling, 3 mL of 2,4-
dinitrophenylhydrazine reagent was added and the resulted
precipitate was treated as described above. The sample solu-
tions were diluted to suitable concentrations and injected into
the HPLC system in triplicate under the optimized chromato-
graphic condition.

3. Result and discussion

The initial method development was conducted using standard
solutions of the hydrazone derivative. The chromatographic
parameters were preliminarily optimized to develop an HPLC
method with pre-column derivatization for the determination
of free and total formaldehyde in its standard solution and
in hair straightening products.

3.1. Method optimization

The effects of changing the type of the mobile phase as well as
the ratio were studied. First the analyte was eluted with metha-
nol: water (80:20, v/v). The retention time was 2.13 min, but
with very broad and tailed peak. When a mobile phase consist-
ing of acetonitrile: water (60:40, v/v) was used, the peak was
sharp and eluted at 2.84 min. The percentage of acetonitrile
added to the mobile phase was also studied over the range
50-70%. Late retention time was observed at 50% acetonitrile.
As the percentage increased, the analyte eluted earlier, there-
fore acetonitrile: water (70:30, v/v) was chosen as the optimum
mobile phase.

The detection wavelength was 350 nm as the formaldehyde
derivative showed maximum intensity at this wavelength, and
the flow rate was 1 mL/min.

Finally separation of formaldehyde derivative was carried
out under the above optimized conditions and the retention
time was 2.17 £ 0.04 min (Fig. 1).

3.2. Method validation

of formaldehyde in this study was validated according to the
ICH guidelines (ICH, 2005).

3.2.1. Linearity and range

The linearity of the method was assessed by constructing five
points calibration curve. Excellent linearity was observed over
the concentration range of 8-80 ng mL~'. The peak areas of
the standard versus concentrations were plotted and a least-
square regression analysis was conducted to prove the linearity
of the method. The correlation coefficient (r) was found to be
0.9997. The linear regression analysis data are summarized in
Table 1.

3.2.2. Accuracy and precision

Accuracy and precision should be reported as percentage error
(% E) and relative standard deviation (% RSD), respectively,
and should be established across the range of the developed
method. They were determined by the analysis of the three
QC samples over a period of 3 days. The within-day accuracy
and precision were calculated from the results of the analysis
of the three concentrations on one day. The between-day accu-
racy and precision were determined from the same three con-

Table 1 Linear regression parameters of formaldehyde
derivative in standard solution.

Parameters Formaldehyde
derivative
Linear range (ng mL~") 8-80

Regression equation, Y* = BX° + A Y = 149.67 X + 3982.9

Correlation coefficient (r) 0.9997
Sy 103.53
Sa 87.07
Sy 1.77

Limit of detection, LOD (ng mL ") 0.8
Limit of quantitation, LOQ (ngmL™")? 8

% Represents the peak area.
® Represents the concentration (ng mL ™).

The main objective of validation of an analytical method is to ¢ S/N = 3.
prove that this method is suitable for its proposed purpose. 4 S/N = 10.
Therefore, the HPLC method developed for the determination
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Fig. 1
conditions.

Representative chromatogram of derivatized formaldehyde standard solution (80 ng mL™") obtained under the optimized HPLC
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centrations analyzed on three successive days. All accuracy
and precision values were within the limits considered accept-
able. The within-day and between-day relative standard devia-
tion ranged between 0.34% and 2.20%, while the % recovery
ranged from 100.90% to 101.95% (Table 2).

3.2.3. Limit of quantitation and limit of detection

The limit of detection (LOD) and the limit of quantification
(LOQ) were determined as 3 and 10 times the baseline noise,

respectively. The LOD obtained was 0.8 ngmL ™' and the
LOQ was 8 ngmL ™" (Table 1).

3.2.4. Stability of standard solution

The stability of the standard solution of the hydrazone deriva-
tive was tested by the proposed HPLC method over a period of
30 days. A freshly prepared solution at room temperature and
a 30-day-stored sample at room temperature were analyzed by
the proposed HPLC method. The concentration of the hydra-

Table 2 Accuracy and precision data obtained when the proposed method was applied to the quality control samples of formaldehyde

derivatives in standard solution.

Actual conc. (ng mL ™) Experimental conc. (ng ml~") Recovery (%) RSD (%)* Error (%)°
Intraday” 20 20.33 + 0.07 101.65 0.34 1.65
40 40.40 £ 0.66 101.00 1.63 1.00
60 60.54 + 0.49 100.90 0.81 0.90
Interday’ 20 20.39 + 0.12 101.95 0.59 1.95
40 40.39 + 0.45 100.98 1.11 0.98
60 60.78 + 1.34 101.30 2.20 1.30
# Expressed as % RSD: (SD/mean) x 100.
® Calculated as [(found conc. — actual conc.)/actual conc.] x 100.
¢ Mean + SD based on n = 3.
9 Mean = SD based on n = 9.
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Fig. 2 Representative chromatograms of derivatized formaldehyde in sample no. 3 before heating (a), and after heating (b) obtained

under the optimized HPLC conditions.
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Table 3 Concentrations of free and total formaldehyde
derivatives in the hair straightening products.

Sample  Free formaldehyde Total formaldehyde
no. derivative conc. (g%) derivative conc. (g%)
1 0.015 1.462

2 3.271 3.877

3 3.336 3.810

4 0.034 1.465

5 3.302 3.742

zone derivative in the stored sample were calculated and com-
pared to that in the freshly prepared sample.

The hydrazone derivative was stable under this condition.
No additional peaks were found in the chromatogram
throughout the analysis time, indicating the stability of the
derivative in standard solution.

3.3. Determination of formaldehyde in hair straightening
products

Five hair straightening products of different international
brands collected from the local market in Riyadh, Saudi Ara-
bia, were analyzed to determine formaldehyde in their con-
tents. These hair straighteners were suspected to contain
concentrations of formaldehyde higher than those allowed by
regulation, because it was highly recommended for their good
straightening effect. None of them were labeled ‘formaldehyde
free’ or ‘contain formaldehyde’.

To all the samples, 2,4-dinitrophenylhydrazine reagent was
added and a yellow precipitates (hydrazone derivative) were
formed, which confirm the presence of formaldehyde. The pre-
cipitates were treated as prescribed under the experimental sec-
tion. The final solutions were analyzed by the validated HPLC
method under the optimized conditions. At high temperatures,
such as that occur during hair treatment, formaldehyde is
released. Therefore, to evaluate the release of formaldehyde
from formaldehyde-releasers present in the tested samples, ali-
quots from these samples were heated at 95 °C for 30 min.
After cooling, the samples were treated as prescribed under
the experimental section, and then analyzed.

The results indicate the presence of free formaldehyde, and
total formaldehyde which released from the tested samples
after heating (Fig. 2). Formaldehyde concentrations in the
samples were obtained by substituting their peak areas into
the regression equation. The concentration of formaldehyde
was <0.2% in sample no. 1 and 4, while sample no. 2, 3,
and 5 contained very high concentration. After heating, all
samples released a high concentration of formaldehyde that
exceeded the allowed limit (Table 3).

4. Conclusion

A simple, rapid, and sensitive HPLC method for the determi-
nation of free and total formaldehyde in hair straightening
products was developed and validated. The developed HPLC
method proved to be linear, accurate, precise, sensitive, and

stable at room temperature for at least one month. It was suc-
cessfully applied for the determination of free formaldehyde
and total formaldehyde that released from heated hair
straightening products. The presence of hair straightening
products that release high amounts of formaldehyde in the
local market was confirmed. These products could create a
potential risk on consumers, and need to be regulated.
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