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Abstract: Although phthalates aren't used as an cosmetic ingredient, some cosmetics especially nail lacquer, hair spray,
and perfume still have phthalates. This is mainly caused by contamination and carryover during manufacturing process,
so analysis of phthalates in those cosmetics has became a very important thing for quality-assurance (Q.A). The main
phthalates under debate are diethyl phthalate (DEP), dibutyl phthalate (DBP), and bis(2-ethylhexyl) phthalate
(DEHP) in domestic market. Gas chromatography-mass spectrometry (GC-MS) coupled with solvent extraction and
concentration has been used for ppm level and sub ppm level analysis of phthalates. It requires much time and cost
to use mass spectrometric detector and to prepare the test solution. Moreover analysis of phthalates at low concen-
trations is difficult because of contamination which results in wrong analytical results. In the present study, we showed
a simple method using gas chromatography-flame ionization detector (GC-FID) which has fast analysis time, minimum
use of solvent, reduced sample preparation steps for minimizing contamination and quantitative range of 2 ~ 50 ug/g
(ppm) in products. Consequently, this method will be proper for Q.A analysis in related companies.
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sekeo| Bt EehaE Y StAAR F2 ol A
T B4R 2R oRAY SO A s
M= AEE AMEEA et SR A5 3 AlE
W ATt AE, sejAazd o] AlFelA HEo] &l
B el i 718 E ok ek EeEl
£ AHgshE AlFolA 3R HEHL vk 1 %
o ppmoll A F % FEVHA BaE EdH T2
Az T o 45 el 239 d77F SQEAY A=
dnl, 871 Foll o8l =] Laxo] Zago]ET}
HEHE Aoz gty y gk =l AlFe 4§ T2
diethyl phthalate (DEP), dibutyl phthalate (DBP),
bis(2-ethylhexyl) phthalate (DEHP) ©] 3%0°] HEE
o] A& kA =gto] o]ojA] @11 Sl 43
DBP. DEHPRto] W& wigh=A AEolARt
(trace) 24 9] s8] @Al thgh 12 of
oot

2007d 349 Scientific Committee on Consumer Prod-
ucts (SCCP)+ frH &% 3] (COLIPA) 7} 23 % =
o] Ee] B A9 flelsg7t 492 DBP, DEHP
Z}2} 100 ppm B E=7HA = Sl de] slvke e 8
FFTH1. ofol thgtsbda A sl el s AHetek(]b)
O 2A 2H788-AF 100 ppm o= Y Ak Ql
w3 AR A A o]Bh W sEE F43E
gt Qi

sekeol= AFE A EE

s
o

ue o

AT Sl 77
SR FE/5F/4A8 L AT RekE - AR
EHEA71(GC-MS) & AHE-38to] ppm ©]381e] & EtA]
S s WEe] vHdARTH AU (EPA me-
thods)[2], KSTFA[3] Goll A= 9l o5 &3
BAE wol Mgsta givk 1Y o] WHES 17k
A 71e] AMg AlgdA e et 7177 RA e B
< Apglo] atE o] FA e Agslr]al Fe] XA
2 Rl AEd et FAAHH T oA QL
= Aok ot S B o2 u&AA A
2uE 79 (HPLC) 8 7tAaZvtE 788 Edfo]le
s %71(GC-FID) & olg3ste] uldeati 2 7| 2A4%
oA EAG =iE FrobE 4= Qo o5 A3l g
ke 4= Wl ppmoll A 5 % ©H] FEES BAEh= Zlo
2 e Aol AgekA] XahltHA4-6].

53| DBP, DEHP+= A @4 9 FHIA o] &
lo] Fo] ppm FF ©I3F FE 4] Aol 717] 4

|

o
o,

]
i=1

kel dEeta] =), Al 347 Al 1 &, 2008

EEEE

Aol

719, Aok Fo] 2ol ol EAAT X 7F =4 ek
UAY FAIE (blank test) AloE o]Eo] HAEHEE
APA] v Fe)stoiof stal @ A ARlE o} A|A
afjoput o 7], ool thAzl AlEEA FE

Foz dest W Fojazglo] AlEEAe|
SO 7 JtAARuLE Ty -2 4o] 237
FID) & A3l 2 ~ 50 ug/g +=2 A=W
EARE AAIEITE o] o R FANE, =
A, AEAT W A AIRRY] HAsE 5
HAF F718ME A ES sto] H13HA
S5 stk A Ay Oidk &

% 2

jai
=

A3 Jeke A A7) 913 L& AR 274
g2 7 71zagich

=

TC -
a-

|12 Al f718uE obAlE gk
AHEE fEl 98l 9 EekaaE )
, Ao Z AlH ko] Az RS ARSI
AHE-E Gl 25 ppb ©]ste] wgF 48 capillary
GC/GC-MS €Wl (Burdick & JackonAl, USA)S AH&-
skl

22. 7] 7|

GC-FID 245 F& A Aol A| A8 (EPC) o] 2Hel
HP 5890 Series II plus GC (HP, USA)$9} Agilent
6890N GC (Agilent, USA) & ARg-3to] A3S Ak
O™ ChemStation T2 AMg3lo] 3 ZntE T
¥ FAARE AFESSItE GC-MS 42 Agilent
6890N GC2} 5975B inert XL MSD (HP, USA)E A&
3} Mass ChemStation 2 73S AFg-3l0] #2443}
S AFESRelT

=

2.3. HEM/SAIE M| KM=

AlekF DBP, DEHP (Sigma-Aldrich, USA) S 714
ufjel] o] 2F 1,000 ug/mL (ppm) ] EFAAS s,
o] dAE F7|EE FAAHORE sAte] ok 01 ~
3.0 pug/mL W12 BFE NS 470 o] A=xsiinh ¥
AP He AREH {7 8ulE A st
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Figure 1. Chromatograms of solvent blank, 0.1 and 0.5 ug/
mL standard solutions.
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53

60.0

50.0

40.0

Area

30.0

10.0

0.0

0.0 0.5 1.0 15 2.0 25

Concentration (pg/mL)

Figure 2. Calibration curves of standard solutions.

DEP DBP DEHP Table 2. Results of Linearity Test
R.T. (min) 11.718 15.494 20.375 Equation for Correlation
Compounds . fficient
SDEV (min) 0.0011 0.0012 0.0010 regression coetlicien
DEP y = 1525 x + 0.556 0.997
= +
24 Zolo| M= DBP v 16.24 x 0.066 0.998
edettel A% ARE @ E@se] ARE AR L —,——,—,—
ool o] g EAMAIR] 7FAE AlLg UE-ETE
o AAs} £7)9) =AS AT L7)AZ 30 T2 o AN &7F B2 v AES eR 9= (exter-

ol F9st] vldlE vkE AHste] 1 h 4= AA 8|
HoiFo] HAAQL 7EnE AAG F e g A
BE AHEATH AR °F 05 g (AR F zeuoE
10 mL Eek=e] Fsha obalE

@l wek 29) S
2 o] o] TS DE F BHO] Y AT BN
HBNe A AU wE Bejsto] Yoz ALgst
et

25 717|182 =A

B4 ]2 o] 30 cm, WA 032 mm, ZEFA
0.25 um?1 HP-5 (Agilent) 722 8jZHE& A& aL
FYT EEF 260 C, HE7] 2%+ 300 C, o577k~
v AATIAE AREet] 5 29 1 mLe] 94 75
(constant flow)S &85kt A& 1 ul® 851

B3 329] (gplitless injection, 1 min % purge) W2

ALY AT = 7] 100 CollA 2 min ti7] 5
w310 TH 300 T7HA] $=A1A 5 min FAI8FIH &
Algd, Hol gl FFo 747hs wAlskglon oz 1
TN 33 A FAEeIT
26. MM 2 Hat

o ool AR E Ao £33 & AlEE #7]

nal standard method) @} %24 47 ©]*}9]
stod ARAS Al AAA g9t Ad=Fe] DBP,
DEHPE #7}et(spiking) A &5 A3k GC- FID%}
GC-MS 7 F79] 7I7]& w438t 1 A7 u|wst
At

o}

3.1. 71712 HEhd

njgre] zegolE FAS 98 FAENT 01, 05
ug/ml E=Ne] A 2vlE 764 DEP, DBP, DEHP
9 3E grlste] edo] gAY FAIE A=US glst
a1, 71719] sk =] A3 0.1, 05 pg/mL EF
o g 2vlE 73| DEP, DBP, DEHP 99| &35
AIZHR.T.) 2 |8 gkoz glstelct A g a2
u}E 13 o)A+ DEP, DBP, DEHPS] 3]=7} YEh}A]
S 0.1 pg/mL EFHRe AR FAE QS A
9701, 05 pg/mL % AZufE A ZF 2
o] EQ A& AR 9 TAA T Folghs VM-S
ity AE8AdS Ik th(Figure 1).

3.2. £0|M(Specificity, Peak Identification)
RE GC ARvE IR RT.= 4254 3227k
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Table 3. Area Standard Deviation of Each Standard Solu-
tions (n = 3)

Concentration DEP DBP DEHP
(ug/mL) (%) (%) (%)
0.1 54 1.7 9.3
0.5 3.9 2.0 39
1.0 0.5 0.3 0.1
2.5 39 2.0 39
Table 4. Recovery of Spiked Sample (n = 6)
DBP (%) DEHP (%)
GC-FID 98.0 98.1
GC-MS 95.2 95.2

A BAET 7 WEZL £ 0,005 min Y o) g5
ity A5 RT. EFHA}= 0.0012 min ©)JWZE v
£ A3t 4315 B YH(Table 1),

3.3. ZMM(Linearity)
DEP, DBP, DEHP 0.1, 05, 1.0, 2.5 ug/mL 47l &%

/] _LZOH_Q_ 7]—X]J__ 3§] 1:1}\«]———]_01 O—L_O_ 74\3‘]:1&37/]_ 74\3‘]:11\1
2]-& Figure 29} Table 29 YJERIAT 5 0.997 o]
ol AddE YEIATE

3.4. X§&’d(Repeatability)

3§;] A H}ﬁ{s]— ﬁzoﬂg] 4%}1— E%L ]_ 01 ~ 93
% WO Lo, ML) W 15 % o

Wal2le e o fask A5 Yehf vk Table

3).
3.5. MalM(Accuracy, Recovery)
L HE Haslsto] Alx¥ Fojaxo] Alsel DBP,
DEHP 7}7S 25 ug/gl] 552 H7Is Alg & w438t
Ay} 71 3|82 DBP, DEHP 7H7} 98.0, 98.1 %310
GC-MSZ Y AES F43t 4&S Table 49 vl
FAIFETE 1 AReE WS Figure 33 2k
36. HEEM M2

A Al Ud=Et AlE 455 AYE e R
A8k Aol GC-MSE 4% A¥E Table 591 ¥l
EAEL O] Algrt B 945 Holx|ut 4
o= EA7F gl9low GC-MS A3 9} vl wA|o %=
D A} 3t 3] Jest A HelS Rl

[e)
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Figure 3. GC-FID chromatogram of spiked sample.

Table 5. Result of Real Samples (n = 3)

GC-FID (ug/g) GC-MS (ug/g)
DBP DEHP DBP DEHP
Sample 1~ N.D* N.D. N.D. 04
Sample 2 19.9 1.0 1711 0.7
Sample 3 N.D. 15.6 N.D. 16.7
Sample 4 N.D. 575 0.7 529
“ N.D = Not detected
limit of quantitation (LOQ) : GC-FID LOQ = 1 ug/g.
GC-MS LOQ = 02 ug/g
4. 0|2 24 7|&3} FID 249 M stAbe
vldezts} sojaxgol= f7]8wWE v ARE-St
= AR ZEYolES eddo] 1 ARAAT L HA]
7h ook, msh w2 FR0 Zeo|ES HES] 98
A e Hasteta AR EY®e sHs sl
7182 EA71717F Fwe Aest s T ES
sh= Zlo] Tttt ol& P8l AlRE #7I8ME 34
she SAIES Agata vl d Y-S AHESRoIT
AREEE 718 AFsoREAl T ol A AR
3l 99lo] §l= HPLCH |W% 7}s3alch
GCEAlef| A swe] ZEgo|ES AMgshd HA &

A EE 7hFA gsjjof skl 53] GC YT T
sl 241EW o] & AAS] AsliA e B AR =
Hol Q) IAato® F]IT Y-S MF sk =55
Fo] Aot AlA7E 7hssio T W) gtoly
(liner) 7} @ @AY 2= AAGE7L $4 k= 35
Figure 48} #o] ZEHo|E 33 &7} £4| Xafr)
sl e o) E A Al T2 WelEde A
g LYEA, o]52 HRFCE o] Jje] HaE B
olH Figure 19 A8 AZvtE 133} Figure 5014
¢} o] 1 9Fo] A2 7-9-<l DBP, DEHP ¥ =39 A

A kot 2 BAZ QAR o] B Aol 29 A
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Figure 4. GC chromatogram of 0.5 pug/mL standard with
contaminated GC-Inlet.
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Figure 5. GC chromatogram of 0.5 ug/mL contaminated by
silicone.

13#1(53] DEHP) A4, 4%l & L7F&
o] APl Fodde 87 & A
2} 22 AAe] A9 (septum) oflA] 712 ?lE‘r
B AEz o R Qs ¥ F(AgilentAl AR

71] 745 ok 4 mL) 8] AlRA] AlH A e d% Txﬂﬂ
ol wepa] A& 9 Zggo]EL] rEko] gAY
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|
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AYE stojof sttt ek e el o3t A#E 10 ug/g

olate] AFEA At vebd o A w57}
vtobal =5 A 3}o] WX} (deviation) & Ul A Rt
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N2 B AdseE AT st GC-FIDY
A Vles A8sh AIFHOE AlgelA 2 ~ 50

ug/g W19l ke MgElo|E ke A ggle

of thie] vjeletske slo2xeole] #4o] Fpsd
e wak ABWe FENS AFHD AA AREA
B4 GC-MS B4 Zste) vuE Fof 2 Ao
& Avke] 4L FASKATh GC-MSE A3

1% Y& 5% 9] DBP, DEHPE Eﬁ@ 55 0101 ]

£ 9l BT 5 oy WA ga&Ao] = 53]
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