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2 ok dgHls AFFEIMA () ' ZEYUS|lE MR 2, 4—dinitrophenylhydrazine
(DNPH) F-Z=A8t-uA5AAIZ0lETHZH (HPLC) & TASIE ok B dFe TAHES BRAS A8
A Hg5 Mdste sdE 46 AelskA A & e FEASPE S AEstaat A A
HE dsHA sh7] 938k pH, A1t 2 &5 5 HHSEAE HASEIAT o] AAEHS 244 959 (pH
5005 AMHES o] pH 24, UFEEWEE AMSS 94— 138 T3 gs57]E AHES Sz
Zol 2okx wAIHE B Aol T8 QY A=ASt #AHS 53t AAdE formaldehyde dini—
trophenylhydrazone (formaldehyde—DNP) & 24]eFA o] Al&9H-& oFF W3k 94 HPLCH o2 B3t
AFstAtt 2 ~ 40 ppm FE HAS EFAES VI P A 24 A, B A A8AS #
°] 0.99992 F& AXAHS RAFIT B A3 HAHEIALOD) S FHaA=5eA (LOQ & 47 0.2
ppm¥ 0.5 ppmol At £ 34-& AP A7 Aol vl¢- Agsta Aol E5& RAFA. wet
A B AFolA AdE AP SAEF T RSl =g A& 45k 482 ¢ ds Aol

Abstract: Korea Food and Drug Administration (KFDA) has officially announced 2,4-dinitrophenylhydrazine (DNPH)
derivatization — high performance liquid chromatography (HPLC) methods for analysis of formaldehyde. This study
was conducted to develop a convenient derivatization method for cosmetics by improving complex pre-treatment proce-
dures included in KFDA method. To simplify pre-treatment procedures of KFDA method, reaction conditions including
pH, time and temperature were optimized. This pre-treatment method does not require complicate pre-treatment steps
of KFDA method such as pH adjustment of test solution with acetate buffer (pH 5.0), solvent-solvent partitioning with
dichloromethane and concentrating procedure with vacuum evaporator. Formaldehyde-dinitrophenylhydrazone
(formaldehyde-DNP) product produced by derivatization reaction was separated and quantified with a reversed-phase
HPLC, which was slightly modified with KFDA method. The linearity test showed good results with 0.9999 of correla-
tion coefficient () in the range of 2 ~ 40 ppm of standard solutions. In this method, limit of detection (LOD) and
limit of quantitation (LOQ) values for formaldehyde were 0.2 ppm and 0.5 ppm, respectively. In addition, recovery test
demonstrated that the method was also accurate and reproducible. Therefore, the proposed method can be applicable
to rapid analysis of formaldehyde in cosmetics.
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T & AAF (e-mail: jkchoi@chungwoon.ac.kr)
call: 042)630-3198

65



66 =

LA

E 5L} =(CAS No. 50-00-0, HCHO)= A
o] 30.03 g/molZ LH|lol= F 71 2ttt =4
—92 Colal = He —21 CTZ A=A dA7F
£ 714 Z1Alolth EYHEto| == Eol Uigk 83
(400 gLy7F W9 =27] W] AHH o EE Eoll =
°]3(35 ~ 37%) T WA Flal viehES 8 ~ 12% H
7hete] ARgsh=t] o] & xEWdolgtal ity &
%ﬂl’é}OlCi HRIE, H2A| 5 4H4-8& Aol mig=]
© 78 d5olth ZEYsie|l=rt FtE A= A
Zrgo] -skal WEdAdo] o] oy 7k A&}
of AH8d ¥yt oz} val Afu AE Ao 94d
o= B9, 55 H
Jozitt }OMOJ 71a+7<l 4

Az olw g
Sol Z4ol 1t

2 F 0}‘/}"]‘:]'[1—3]. =
gejstols WP A3
454 M5 @ FeAE fshs Aow g

Sitk. ojst @l olahd L drstol =i el
P, MPRE Yo & YSE YHom, §
QA ZELAAIZE 9 2 BAAE AT
o), ATE wBAAA L8714 ol WS
[45]. TEbA FALAT AL Q7oA QH A
S 19 B9EAR BRekL At

BN E B ERLUNIE AAF A, P

AR AHEFS B olye}l quaternium-15, imidazoli-
dinyl urea, diazolidinyl urea, dimethyloldimethyl hydantoin
18] 31 2-bromo-2-nitropropane-1,3-diol % 70| E-3j|F] o]
A8 ELHste| =5 Felste A, URAE B
o] AREBIATH3]. AR BA= ml=S ALJe o
ol Il EELrstol =9 ke SR8k
om A= 58 = ASAL UATH3) tid = 4
FoFFLAA (A A ANM = LFLH S| =5 WS
AR LE AAsIN e, o|=skx] FUAT A=
38 T 52 e ol AEH Ve om AAVL
E7Fs?t LU= HER}EE 02%0]5+=
TSt Tk R 0.05%E 28k AlFel tislA
&= g AFel A E7E EASHEES kol Atk

hEkaladEsks] A, Al 429 A 1 &, 2016

b le
>
12
2|
z,

it
o _llNl

i oo
& > oo
i
1 i
flo
o o
o ol
. OE‘

b
Eg

=
~
ol
Al
v
of (

W8] 5ol ATt AT FEAE AL
5N A 220} E T2 Z(HPLO)[9-12], 71 AErtE T
HEGON3] e RARA FFHCB4I02 22
slof HlEYs o) Wl wA eha AEshe
Sol £3) AU A2 FRP=YE A
A[15]0.2 WA o HPLC ¥ GCE A HEA7)
[16]5 AE7I2 AHSTo2X 5ol4 8l AFsA |
oA Atk o] AATE FEA| Ao EE 2,4-di-
nitrophenylhydrazine (DNPH)[9-11] % acetylacetone[17]°]
7F 2o A=A 91 0™ ethyl-3-oxobutanoate[12], 2,4-penta-
nedione[ 18], acetoacetanilide[9], ammonium sulfate[14] 5
o] &HA Itk FH dimethylhydrazine[19] 2 ethoxy-
arnine hydrochlonde[20]_i 2295} dﬂ‘: E.J_Eloi Sk

[ to o Jt
N\
ol
2_‘

o ofl mo ofy

o LS
A3, o WS ARE 24 - 2AE
doz FEF th 99| pHE 5002 243
DNPHZ 8471 33 Ak ¢

o{}lr o

. BHAIRE IAPHE ARG HAE dAZE BRst
I o) 7|FE Aok shH ZEYHE|E 54
E T8 v dHFHoE Fof 2 USEEMTS
AHgshE @ o] Utk
tﬂrﬂw 2 °ﬂ—?°ﬂ/ﬂ—t— DNPH$} X EF-d|sto] =9
Hzlste] 7FAs MAE] & HPLCE #
ksl 2} 3kt WA pH, ®E
, RS, HhgA o] & 9 8o T2 vkg-=
HAgpsto] 7HES AA S et =3
2! HE AA POz A st 4¢
W3S HPLC 22002 =4

e T O
*F
ol

£ o fN to > ud oo
2

2.1. XM= & 7(7|
FZ 92 I2rETy ] AT oA EYEY 2
=< HPLCH (W3}, Korea)s AHESIIC™ 4%



7% DNPH

DNPH-phosphoric acid, acetic acid 3 sodium acetate=
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Figure 1. Chromatogram of 10 ppm formaldehyde after

derivatization with DNPH. UV/Vis and mass spectra of
formaldehyde-DNP are also shown in the chromatogram.
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Table 1. Effect of pH on Derivatization Reaction

pH Peak area Relative peak area
1.88 1643771 1.00
2.15 1661255 1.01
2.86 1652800 1.01
4.17 1646972 1.00
4.75 1641792 1.00
4.88 1637956 1.00
5.09 1632544 0.99
5.26 1630242 0.99
5.67 1663949 1.01
O2N

H
H]
O + H,NNH NO, —>
H

Fomaldehyde 2,4-Dinitrophenylhydrazine (DNPH)
OoN
"\
C—NNH NO, + HO

Fomaldehyde-Dinitrophenylhydrazone (DNP)
Figure 2. Reaction of formaldehyde with DNPH.
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Table 2. Effect of Temperature on Derivatization Reaction

$t DNPH %413 HPLC #41

Reaction Relative
. Peak area

temp. (C) peak area
4 1703884 0.99
Room Temp. 1736566 1.01
30 1703918 0.99
40 1717155 1.00
50 1712030 1.00
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Figure 3. Influence of derivatization time on the peak area.

Relative peak area
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Volume of 0.4% DNPH (plL)

Figure 4. Effect of the amount of 0.4% DNPH on
derivatization reaction.
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Table 3. Effect of Solvent on Derivatization Reaction

Solvent Peak area Relative
peak area
Water 1728873 1.00
Methanol 1750788 1.01
Ethanol 1780735 1.03
Acetonitrile 1765179 1.02

Table 4. Effect of Storage Time on Stability of Formaldehyde-DNP

Time (h) Peak area Relative
peak area
1 1753461 1.00
9 1778535 1.01
18 1790071 1.02
27 1791071 1.02
54 1788585 1.02
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Figure 5. Calibration curve of formaldehyde.
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7% DNPH

FEAS HPLC #44S ol 8% 34 3 EaLusiol= 24 7

Table 5. Recoveries (%) and Relative Standard Deviation (%) of Formaldehyde in the Samples (n = 3)

Skin Lotion Cream Cream
Extraction solvent Water Water Water Acetonitrile
Recovery 100.1 + 0.055 101.5 + 0.080 104.5 + 0.381 103.2 + 0.274
0. — ST EAME Waldlol i A}, ol HaA
] ormal dehyde— - - - - — -
030 A E Tl Frdem sE T Tadustel
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2.00 4.00 8.(')‘(?nu[e58.00 10.00 12.00 _5‘]_0:] %‘%_5_] %/‘\l‘}\]ﬂ I:]‘% 100 II]LE _5.1 0:1374_6‘}0:1
pake)Ke o) 70 I 20} T =3
Figure 6. Selected HPLC chromatograms of blank (bottom), Aoz dnh wE 37% LF LU= EEF 0.27
test (middle) and 10 ppm standard solutions (top) respectively. go AESHA Eol & 9o 100 mLE 3 A& &
The test solution was spiked with formaldehyde standard Ho 7 Flr} o] 4 0.1, 0.2, 0.5, 1.0, 2.0 2 40 mLE
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