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ABSTRACT

Formaldehyde is a known carcinogen which is hazardous for health. Formaldehyde is used in cosmetic
products to prevent microbial growth. Being a carcinogen, it is very much essential to monitor trace level
formaldehyde in cosmetic products available in market. Hence, a simple, precise, accurate, and sensitive
RP-HPLC method for determination of formaldehyde in cosmetic products was developed. The
chromatographic separation of formaldehyde was achieved with C18, 250 x 4.6 mm, 5 pm column. The
mobile phase Water: Acetonitrile (57:43) was delivered at a flow rate of 1.5 mL/min. Formaldehyde is not
easily ionisable and cannot be easily analysed by Mass Spectrometry as well as Gas Chromatography.
Formaldehyde lacks intrinsic chromophore or flurophore and is volatile in nature which restricts direct
detection of formaldehyde in complex matrices. To overcome these limitations, the sample was dissolved
in selected solvent and derivatized with 2, 4-dinitrophenylhydrazine to form 2,4-dinitrophenylhydrazone
with UV absorbance maxima at 365 nm. Hence, detection was performed at 365 nm. Chromatographic
run completed within 20 min. Developed method was subjected for validation to check suitability for
quantification of formaldehyde in cosmetic samples. Validation is performed in accordance with
International Conference on Harmonization (ICH) Q2 (R1) guideline. The calibration curve was found to
be linear with correlation coefficient close to 1.0 over a concentration range of 0.4 to 4.0 ppm of
formaldehyde. The RSD for intra-day and inter day precision was <5.0%. Limit of detection (LOD) of the
method was found as low as 0.2 ppm and Limit of quantification (LOQ) of the method was found 0.4 ppm.
Validation results proved that developed method is highly sensitivity, specific, linear, accurate,
reproducible and robust for quantification of trace level (ppm) formaldehyde. Selected cosmetic samples
were analysed with validated method. Observed results were reproducible. This method can be applied to
determine formaldehyde content in other cosmetic samples such as creams, shampoos and other skin
care products.
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INTRODUCTION

Formaldehyde is a known carcinogen which is
hazardous for health. The Occupational Health and
Safety Administration (OSHA) guidelines have stated
“Formaldehyde is a known carcinogen having potential
to cause cancer in humans when present above the
normal exposure level”.! Formaldehyde is widely used
as preservative in cosmetic products across the world.
Formaldehyde or formaldehyde releasing preservatives
are frequently used in cosmetic preparations such as
nail paints, lipsticks, shampoos and other skin-care
products for the prevention of microbial growth. The
presence of formaldehyde in cosmetic products can lead
to increase in toxic levels resulting in adverse health
effects as cosmetic products are directly applied to
skin.? Formaldehyde present in liquid form such as nail
paints can be absorbed through skin. The effect of
formaldehyde beyond threshold limiting value on the
peoples exposed includes irritation of the eyes and
upper respiratory tract, headache nausea, drowsiness
and allergic skin reaction.® Further, even in trace level,
formaldehyde can be a potent allergenic agent as it
reacts with amines present in the side chains of amino
acids contained in proteins present in the respiratory
tract. Chronic exposure of formaldehyde may result in
serious health hazards such as cancer.* The maximum
allowable limit for formaldehyde in cosmetic products
are reported in Table 1. The maximum allowable limit for
formaldehyde in nail care products is 5% and maximum
allowable limit for formaldehyde in other cosmetic
products is 2%.° Formaldehyde is not easily ionisable
and cannot be easily analysed by Mass Spectrometry as
well as Gas Chromatography. Formaldehyde can be
analysed by Gas chromatography (GC) and Head space
(HS) using FID detector. However, thls techmque is not
suitable for trace level quantlfcatton Due to lack of
intrinsic chromophore or flurophore, volatility and
reactivity, it is difficult to detect formaldehyde directly in
complex matrices and quantlflcatlon of formaldehyde
requires sample pre-treatment.®® High performance
liquid chromatography (HPLC) methods are available for
quantification of formaldehyde in products other than
cosmetics are not specific for determination of
formaldehyde in cosmetic samples.'®"" Further, some of
the methods are time consuming with longer
chromatographic run time and longer sample
preparation time. 218 1t s extremely important that
analytical technique used for quantification of
formaldehyde shall be simple, short and highly sensitive
to detect trace level (ppm level) of formaldehyde in
cosmetic products to ensure quality and safety for
cosmetic products available in the market.

MATERIALS AND METHODS

An Agilent 1200 series HPLC system with G1311A
Quaternary/ Binary pump was used with a constant
pump flow set at 1.5mL/min. The auto-sampler used
was G1329A ALS with injection volume set at 20 pL.
The detector used was G1315D DAD with the
wavelength set at 365 nm while separation was carried
out on Water's Symmetry, C18, (250 x 4.6 mm) column
packed with spherical Octadecylsilyl silica gel (Spm).
The formaldehyde (37% purity) used was of Merck AR
grade. All other chemicals and reagents i.e. 2,4-DNPH,

acetaldehyde, furfuraldehyde, benzaldehyde,
acetonitrile used were of chromatography grade with
>99% purity. The solvents were filtered through a 0.45
pm membrane filter prior to use.

Preparation of Formaldehyde Standard Stock
Solution (Solution C)

250 mg of formaldehyde was weighed in 100 mL
volumetric flask. Volume made up to 100 mL with water.
1 mL of this solution is diluted to 100 mL with water.

Preparation of Formaldehyde Standard Solution

In 25 mL volumetric flask, 4 mL of Solution C and 16 mL
of diluent was taken. This flask was kept for mechanical
stirring for 30min. Further, the volume was made upto
the mark with water and kept aside for 1hr. standing
(Concentration of formaldehyde 4.0 ppm). From this
solution, 20 pL was injected into chromatograph under
specific conditions.

Preparation of 2, 4-DNPH Solution

About 833 mg of 2, 4-DNPH was weighed & transferred
into 200 mL volumetric flask. To this 170 mL of
Acetonitrile, 28 mL Carbon tetrachloride, 2mL o-
Phosphoric acid was added. This solution was shaken
well to dissolve the reagent. this solution was
transferred to separating funnel and 200 mL water was
added. Extraction was done by shaking well. The
aqueous layer was separated; this solution was taken
for preparation of diluent.

Diluent
Dilute three parts of the above 2, 4-DNPH solution with
two parts of Acetonitrile.

Sample Preparation

About 250 mg of sample was accurately weighed and
transferred into 25 mL volumetric flask. 16 mL diluent
and 4 mL water were added to it. This flask was kept for
mechanical stirring for 30 minutes. and the volume was
then made upto the mark with water and kept aside for 1
hr. standing. From this solution 20 pL was injected into
chromatograph under specific conditions.

Derivatization reaction is
dinitrophenylhydrazine

The derivatization reagent 2,4-Dinitrophenylhydrazine is
used to form a dinitrophenylhydrazone derivative with
formaldehyde. Formation of dinitrophenylhydrazone
derivative is indicated by a yellow precipitate. This
derivative has a absorption maxima at 365 nm.. The
reaction between 2, 4-Dinitrophenylhydrazine and
formaldehyde is shown in Figure 1.

using 2,4-

Instrumental Parameters

The chromatographic separation was performed on a
reverse phase Waters Symmetry, C-18, (250 x 4.6 mm),
5p column. The mobile phase selected was simplest
combination of aqueous and organic components.
Mobile phase consisted of Water: Acetonitrile (57:43).
The flow rate was set at 1.5 mL/min. Observed column
back-pressure was about 65 bar. About 20 pL of
Standard and Sample solutions were injected and
detection wavelength was set at 365 nm for
determination of formaldehyde 2,4-Diphenylhydrazone.
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RESULT AND DISCUSSION

Method Development

Different columns containing octyl and octadecylsilane
stationary phase were tried for separation and
resolution. However, Waters symmetry, C;g column was
found satisfactory over the other columns. Similarly,
several mobile phase compositions were tried but
satisfactory separation and symmetrical peak was
obtained by using isocratic elution with Water:
Acetonitrile in the ratio 57:43. The UV spectrum of
formaldehyde derivative was scanned on photodiode
array detector for selecting the optimum wavelength at
365 nm. Quantification of formaldehyde is done by
External standard method. External standard method
provides accurate quantification at trace level as
concentration of standard preparation is matched with
the levels observed in test sample. This eliminates the
error arising from calibration curve method. The typical
spectrum of formaldehyde dinitrophenylhydrazone
derivative is given in Figure 2. The peak purity of
formaldehyde was checked using photo diode array
detector and it was found to be satisfactory for detecting
the carcinogen with adequate sensitivity. A typical HPLC
chromatogram for determination of formaldehyde from
cosmetic sample is shown in Figure 3.The developed
method was subjected for validation to check suitability
for quantification of formaldehyde in cosmetic samples.
Validation is performed in accordance with International
Conference on Harmonization (ICH) Q2 (R1)
guideline."' The calibration curve was found to be
linear with correlation coefficient close to 1.0 over a
concentration range of 0.4 to 4.0 ppm of formaldehyde.
The RSD for intra-day and inter day precision was
<5.0%. Limit of detection (LOD) of the method was
found as low as 0.2 ppm and Limit of quantification
(LOQ) of the method was found 0.4 ppm. Validation
results proved that developed method is highly
sensitivity, specific, linear, accurate, reproducible and
robust for quantification of trace level (ppm)
formaldehyde. Selected cosmetic samples were
analysed with validated method. Observed results were
reproducible which indicated that proposed analytical
method is capable of estimating trace level (ppm)
formaldehyde in cosmetic products available in market.
Further, this method can be applied to determine
formaldehyde content in other cosmetic samples such
as creams, shampoos and other skin care products.

Method Validation

The suitability of the proposed analytical procedure was
demonstrated by statistically evaluating the following
validation characteristics:

Specificity

Specificity is the ability of the method to resolve the
principal peak from the other peaks. Hence to prove
specificity Blank (diluent), Formaldehyde standard,
Acetaldehyde standard, Furfuraldehyde standard,
Benzaldehyde standard, Sample solution and Spiked
sample solution were subjected to derivatization and
derivatized samples injected individually into the
chromatograph. The peak of formaldehyde was found to
be well resolved from the other peaks in the sample
solution. The typical chromatograms are given in Figure
3 and Figure 4.

Linearity and range

The linearity was evaluated over five different
concentration levels of formaldehyde. The range of
linearity was selected from 0.4 to 6.0ppm. Each solution
was analysed in triplicate and the average values were
accepted as representative. The linearity of calibration
curve is represented in Figure 5. The regression data
obtained for formaldehyde is represented in Table 2.

Accuracy

The accuracy of the method was determined by
calculating recoveries of formaldehyde by standard
addition method. The known amount of standard
solutions of formaldehyde (10-LOQ, 25, 50, 100 and
150%) were added to previously quantified samples of
cosmetic sample. The accuracy was determined from
the percentage formaldehyde recovered against
formaldehyde added to the cosmetic sample. Table 3
represents recovery results of the formaldehyde for
samples spiked at selected concentrations.

Precision

The precision studies included intra-day and inter-day
(intermediate) precision experiments. The precision was
evaluated by analysing six independent Spiked sample
solutions using the proposed method on the same day
and different day. Precision results are tabulated in
Table 4.

Limit of detection (LOD) and Limit of Quantitation
(LOQ)

The limit of detection (LOD) and limit of quantitation
(LOQ) of the analytical procedure was determined
based on signal to noise ratio by comparing measured
signals from samples with known low concentrations of
formaldehyde with those of blank and establishing the
minimum concentration at which the formaldehyde can
be reliably detected and quantified. As per ICH Q2 (R1),
a signal to noise ratio of minimum 3:1 is considered
acceptable for limit of detection (LOD) and a signal to
noise ratio of minimum 10:1 is considered acceptable for
limit of quantitation (LOQ)." Signal to noise ratio of 6
was observed for 0.2 ppm formaldehyde solution. Signal
to noise ratio of 16 was observed for 0.4 ppm
formaldehyde solution. Hence, 0.2 ppm was considered
as LOD and 0.4 ppm was considered as LOQ. Results
for LOQ are tabulated in Table 5.

Robustness

The robustness of the method was determined to check
the reliability of an analysis with respect to deliberate
variations in method parameters.

The typical variations are given below:

e  Variation in the flow rate by + 0.3 mL/min

Variability from column initial temperature + 5°C
Change in wavelength

Change in Mobile Phase ratio

Column from different lots and different makes,
different dimensions of columns

The results of the analysis with above variations are
summarized in Table 6. These results indicated that
method is robust for all above variations.
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Stability of Solution

Standard solution and Sample solution was stored at
room temperature and injected at regular intervals.
Standard solution and Sample solution was found stable
for 42 and 35 hours respectively as % change was less
than 5%. This confirmed the stability of formaldehyde in
the solvents used for the analysis. The results of the
solution stability study are summarized in Table 7.

Method application

About 250 mg of each of selected cosmetic samples
were accurately weighed and transferred in 25 mL
volumetric flask. 16 mL diluent and 4 mL water were

added. This flask was kept for mechanical stirring for 30
min. and the volume was made up to the mark with
water and kept aside for 1 hr. standing. From this
solution 20 pL was injected into HPLC the formaldehyde
peak was identified based on retention time of
formaldehyde obtained in Standard solution. This
method was applied for determining formaldehyde
present in the marketed cosmetic formulations. The
results of the same are expressed in Table 8. The
typical bar graph showing formaldehyde in different
marketed cosmetic products is given in Figure 6.

Table 1
Allowable formaldehyde limit in Cosmetics
Country Regulation No. Product Allowable formaldehyde
limit
European Cosmetics Regulation (EC) No. 1223/2009, Article Nail care 5%
countries  11I"%" products (50000 ppm)
Cosmetics Regulation (EC) No. 1223/2009, Article Other products 0.2%
\ g (20000 ppm)
ASEAN  ASEAN Cosmetics Directive, Annex Il Nail care 5%
countries products (50000 ppm)
ASEAN Cosmetics Directive, Annex IV'"® Other products 0.2%
(20000 ppm)
China Safety and Technical Standards for Cosmetics, Table Nail care 5%
3 products (50000 ppm)
Safety and Technical Standards for Cosmetics, Table Other products 0.2%
4" (20000 ppm)
Table 2
Regression analysis data
Parameters Result
Correlation Coefficient (r) 0.9998
Intercept (vy) 17.893
% Intercept (y) 0.9
Slope (m) 507.95
Table 3
Accuracy regression analysis data
Level Formaldehyde % %
(%) (ppm) Recovery RSD
10 (LOQ) 0.4 99, 83,104 115
25 1.0 94,99,96 2.6
50 2.0 98, 97, 99 1.0
100 4.0 97,98,98 0.6
150 6.0 98, 96, 99 1.6
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Table 4

Formaldehyde Content (ppm)

Sample no. Day1 Day2
1 38.1 38.4
2 38.8 393
3 39.5 402
4 405 399
5 39.7 374
6 376 414
Mean 39.0 39.4
SD 1.07 1.41
% RSD 2.8 3.6
% RSD (Day 1 & Day 2) 3.1
Difference B 04
Table 5
Results for Limit of quantification (LOQ)
Area of Formaldehyde (S/N)
1 229.9061 17
2 218.2712 16
3 215.2305 16
4 209.7687 16
5 216.2619 16
6 216.6183 16
Mean 217.6761 16
RSD (%) 3.1% -
Table 6

Results of Robustness study

Robustness condition

Formaldehyde Retention time

Tailing Factor of

(min.) Formaldehyde
Normal as per method 12.875 1.2
Flow rate 1.3 mL/min. 14.889 1.2
Flow rate 1.8 mL/min. 10.664 1.2
Column Temperature: 20°C 13.865 1.2
Column Temperature: 30°C 11.949 1.2
Wavelength 363 nm 12.886 1.2
Wavelength 367 nm 12.877 1.2
Mobile Phase: Water: Acetonitrile (67:33) 29.061 1.1
Mobile Phase: Water: Acetonitrile (47:53) 6.860 1.1
g:l)lumn. Inertsil ODS 3V 250 x 4.6 mm), 13.929 10
Column: YMC ODS AM 250 x 4.6 mm, 5u 10.495 1.1
Table 7
Results of Stability of Standard solution and Sample solution
Time Area of Formaldehyde % change Area of Formaldehyde Formaldehyde % change
( derivative in Standard w.rt. 0 hr derivative in Sample Content w.r.t. 0 hr
Hours) solution solution (ppm)
0 2967.2 N.A. 7524 92.70 N.A.
5 2962.2 0.2 7681 94.63 2.1
11 29426 0.8 7706 94.94 2.4
17 2947.2 0.7 7764 95.66 3.2
24 2941.8 0.9 7801 96.12 3.7
32 2942.8 0.8 7854 96.77 4.4
35 2948.2 0.6 7893 97.25 49
42 2946.8 0.7 7955 98.01 5.3
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Table 8
Data showing the amount of formaldehyde in marketed products

Formaldehyde content

Brand Batch no. /Lot no.
(ppm)
Elle 18_Nailpaint 498 3462
Tips 21_Nailpaint KDC/267 1745
L'oreal_Nailpaint 16F401 0
Galaxy_Nailpaint KDC/447 4729
Etios_Nailpaint KDC/376 146
Alka_Nailpaint KDC/324 103
Mayuri_Nailpaint KDC/441 5100
Dolly_Nailpaint KDC/672 166
Priya Silver_Nailpaint ML/986 154
Revlon_Nailpaint F1112401 0
ADS_Lipstick AO501 3089
Baby Doll_Lipstick RBI B3429 62
Crystal_Lipstick K21209 15
Elle18 Lipstick M DNH/C/33 66
O:N
O;N
H H:N
\ HN NO;
>':0 HN NO; L /
N
H
Formaldehyde 2,2-Dinitrophenylhydrazine DNPH Derivative
(DNPH) (a hydrazone)
Figure 1

The reaction between 2, 4-Dinitrophenylhydrazine and Formaldehyde
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Figure 2

UV spectrum of formaldehyde derivative scanned on photo diode array
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The typical chromatogram of formaldehyde in Cosmetic sample_Normal
Sample1(100%) # 26
TR.000 W\L:365 nm
50,000~
=
< 4
2 37,500 °
g ] =
= L]
® =
= [}
2 &
2 25000- 5
| o
_ | 3
12,500~ o
] | \
| i
| I| |
\ |
___u[\'\v_u,__hn_,'\—.| k—— AT‘
4,000} e . .
00 20 40 6.0 80 10.0 120 14.0 16.0 180 200

Retention Time [min]

Figure 4

The typical chromatogram of formaldehyde in Cosmetic sample_Spiked

This article can be downloaded from www.ijpbs.net
P-34




Int J Pharma Bio Sci 2019 July; 10(3): (P) 28-36

3500 -
_ y =507.95x + 17.893
9000 1 R? =0.9998
2500 -
g
« 2000 4
1500 -
1000 -
500 -
0 - : . ;
0.0 1.0 20 3.0 40 5.0 6.0 7.0
Formaldehyde (ppm)
Figure 5
Linearity calibration curve for formaldehyde
Formaldehyde in ppm
6000
5100
5000 figs
4000 3452
3089
3000
2000 1745
o I 0 146 103 166 154 62 15 66
0 _— — — — — —_—
g * § ¢ & g §&§ 2 I < § & 3
z - z
=
e 18 Tes 1 Lores Galay ftios Al Mayuri Doly Friya Revion ADS WBabyDoll Cryma [hel8
Sbhver
Figure 6
Typical bar graph showing formaldehyde in marketed cosmetic products
CONCLUSION other cosmetic samples such as creams, shampoos and

Method developed for quantification of formaldehyde in
cosmetic product is suitable for intended application.
Method provides  selective  quantification  of
formaldehyde in presence of other aldehydes without
interference from blank. This method is validated
successfully. Validation data proved that method is
Specific, Linear, Accurate, Reproducible and Robust.
Method is highly sensitive and capable of determination
of formaldehyde in cosmetic samples at trace level as
LOQ of the method is as low as 0.4 ppm. This method is
successfully applied for quantification of formaldehyde in
selected cosmetic samples. Observed results are
reproducible. Thus, the proposed RP-HPLC method is
novel and very simple chromatographic method for the
estimation of trace level (ppm) formaldehyde in cosmetic
products including nail paints, lipsticks etc. This method
can be applied to determine formaldehyde content in

other skin care products. Further, this method can be
used for determination of formaldehyde in chemicals,
pharmaceutical products, and food products if sample is
soluble in the derivatization solvent and sample matrix
does not exhibit absorbance at 365 nm.
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