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Abstract: This study aims to identify the characteristics of phthalates (DMP, DEP, DBP, DEHA, BBP, DEHP,
and DNOP) and heavy metals such as lead (Pb), cadmium (Cd), and mercury (Hg) in cosmetics and their
containers. Phthalates and heavy metals may be endocrine distruptors. Sixty-five cosmetics were purchased from
online and offline stores in Busan. This study developed a simultaneous method for the analysis of phthalates
by GC-FID. The results showed that among the 65 cosmetics, DBP, DEHP, and DEP were detected at 20.0%,
7.7%, 1.5%, respectively. The amounts of DBP and DEHP detected in 18 samples were less than 100 pg/g,
which satisfies the Regulations of Cosmetic Safety Standards in Korea. In order to detect phthalates in cosmetic
containers, a dissolution test was conducted by extracting solutions, such as water, n-heptane, 20% ethanol, 50%
ethanol and 4% acetic acid, which were prepared with different levels of pH, alcohol content, and fat content
following the Korea Standards and Specifications for Utensils, Containers, and Packaging. The results showed
that DMP, DBP, DEHA, BBP, DEHP, and DNOP were not detected, DEP was detected in plastics such as PE,
PP, and others, when a 50% alcohol solvent was used. Phthalates may not be detected in cosmetic containers
if they are not packaged with the above 20% alcohol constituent. We also analyzed the concentration of heavy
metals, such as Pb, Cd, and Hg, by using ICP-OES and a mercury analyzer. The ranges of concentration were
ND~2.71 pg/g for Pb, ND~0.31 pg/g for Cd, and ND~0.01 pg/g for Hg, which are below the regulated level.
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FF=E 5 pglg, T2 1 pg/gE A Eo] #E
At ool £ Aol = o, Tt=E, £ 3F F
FE5E WRH AR Se&o® A4 SkaL, Dibutyl
phthalate, Benzyl butyl phthalate, Bis(2-ethylhexyl)
phthalate, Dimethyl phthalate, Diethyl phthalate, Bis(2-
ethylhexyl) adipate, Di-n-octyl phthalate(®]3} DBP,
BBP, DEHP, DMP, DEP, DEHA, DNOP) 75& W&
v A ol i ZegolER AT sHdE W
ZRFE Z2AFEE7] $13 Gas Chromatography-Flame
ionization detector (GC-FID) % Inductively Coupled
Plasma-Optical Emission Spectrophotometer (ICP-OES),
Mercury analyzer w4 FH] & AMg3lo] A A&
Z& A o8 EUE 2R I
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21. AXE

B Jo] AleE HAe Faxd A
A BB X FAv) F <
Fe R st s E P Ee UIEE Al
2F, FF 5) 187, FEE AFE| 2=z o],
dloju]2E 5) 1274, dfoks AF 117, WY AF
07, AF HAE AZCL=HE) 8 7, 7123148
AEEZR, 24 F) 6 Aol

—_

22. EEE % MY

e olE RFEZFL Dibutyl phthalate (Sigma,
USA), Benzyl butyl phthalate (Fluka, Germany), Bis(2-
ethylhexyl) phthalate (Fluka, Germany), Dimethyl phthalate
(Fluka, Germany), Diethyl phthalate (Fluka, Germany),
Di-n-octyl phthalate (Fluka, Germany), Bis(2-ethylhexyl)
adipate (Fluka, Germany)3 AM8-3}913, A& 4| 2
7171842 $138t9 n-hexane (Merck, Germany, GC
grade), Acetone (Merck, Germany, GC grade), Acetic

S )

acid (Merck, Germany), Ethanol (Merck, Germany), n-
Heptane(Junsei, Japan)S AMESIAHE 5% E5E2
ICP-multi-element standard solution XVI (As, Be, Cd,
Ca, Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Mo, Ni, Sb, Se,
Sr, Ti, TL, V, Zn 100 mg/L, Merck KGaA, Germany)

S AFHE-3F AL, Hg-2 Mercury standard solution 1000
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mg/L (Kanto Chemical, Japan)& AF&3tAtH S35
A=A gdle 24k, 94KMatsunoen Chemicals LTD.
Japan, f-3la4E48), &4H(Merck, Germany)2
A&t AT Aol AMSSE S/SE ELGA water
purification system (ELGA, UK)S §-3}Fo] | =231t}

23. 7171 ¥ =M=

ZgHolE A4 AlgHE BE AY 7t E
FEIR E AFL ARESIA L, o5 P obME, A4t
2 AIA3IL 200 °CollA = AlZF 71Es] AZS A
AR &A1 E O AMSEtE frEl7] e mlEl A
Zgdoz p3leEo 7 AAsAY EE 180~200 °C
oA & A7k 7FE e AL AHEEIATEE GC-FID 24
2 Agilent 7890A GC (Aglient, USA)S Al-&3le] 4
1S AA)E9 2™ ChemStation 22ZE oS A3}

ARvtET 3 BAAIE LS (Table 1).
sPgEe ZEgolE M2 TaPE kVle 5
Aol et AR g £
e TARE 71T 2 87124 33,
9 71| AR TR Exgyo
E, Yo gz o] E, t]-n-
AxdIEolE, t]o|AgAx

Holt]zo]E 02
& AZFATHE A 5] AAP e ZeTA
Powersonic 420, 3}21E]3), YA & 2] 7] (MF-80,
, pH =73 7](SevenCompact pH/lon,
witzerland)E AHE-SFATH

& B AISE VFEL FES 29 S
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9 32 FRTFE AAH T A2AA ARSI
25 E48 93t A5 & Microwave 4] (CEM
MARS 6, Agilent, USA)S ©]&3t] AlE Zx2| 319
al, ICP-OES (Optima 7000 DV, PerkinElmer, USA)
2 2 2EE4 7)(MA-3000, Nippon Instrument Co.,

Table 1. The analytical conditions of GC-FID

Instrument Agilant GC 7890
Column DB-1701 (30 m x 0.25 mm x 0.25 um)
Carrier gas N, 1.0 mL/min
H, 35 mL/min
Air 350 mL/min
Inlet temp. 250 °C
Oven temp. 120 °C (1 min) — 50 °C/min — 150 °C (2 min)

—10 °C/min — 260 °C (15 min)

Table 2. The analytical conditions of ICP-OES and Mercury

analyzer
Insturment Parameter Operating conditions
RF Power 1,400 watts
Nebulizer flow 0.55 L/min
Auxiliary flow 0.2 L/min
Plasma flow 17.0 L/min
ICP-OES  Sample flow 1.5 L/min
Plasma viewing Axial
Processing mode Area
Pb (220.353 nm),
Wavelength Cd (228.802 nm)
Drying temp 150 °C
Drying time 60 sec
Mercury DecompOS}t}on t-emp 550 °C
Decomposition time 120 sec
Wavelength 253.7 nm
Carrier gas 0, gas, 0.2 L/min

Japan)& AME-ste] B4 313 TH(Table 2).

dolE HEEAL o4t - oAl i
o 3T

RIS i 1
o] EFYANS BwE ¥, 77t BEFS

S A z8lo] GC-FIDE #4138},
AFAE A8t £417171¢] dolg] ¥4 21
2 (ChemStation) AJollA 213 o) 3-3-H]&(S/N, signal
to noise)?] 10°] H& TE=E <
AR AT o] F o F=F
79 10 H] FX AloloA] 37
N A Z3AIL, o] F
718yt AR FIATEE 7 3
v 3H A o] FEHAHE)E dhe] A F3HA(LOQ, limit
of quantification, 108xS™)¢} 7 & A(LOD, limit of
detection, 3.38xS™)E 2FE3AY. FTFE EAS
2|3t Pb, CdE *E3}= ICP-multi-element standard
solution XVI 100 mg/L (Merck KGaA, Germany)<
3% Ao 2 8431y 25, 50, 100, 200, 500 pg/LZ
747 zAEt] AAE Ak AR AR
2 5H 7 A et AEdA AZFAAS
2FZ&3199th Hge Mercury standard solution 1000 mg/L
(Kanto Chemical, Japan)< 0.01% L-cysteine-82 0.2
3]43t 001 mgL EF§HS ¥HE 30 pL, 60 pL,
90 uLE FYsted 3, 6, 9 ng FEE HHFANES A}
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=
A F o) FFbAA A TatAE bH7IE T
2ol ek sPEE ok 1 g "ol FA4E - oAl
=% 3] 10 mLE 3ta =25
3,000 rpmS-Z 20 min ¥4
mLg F3| k- o E &

G+ BAHAIRL 7S A F

AE 20% oﬂ EHS 50% ol EHE, 4% 24 B2 3
8902 A3t AAE EEAIEEH A9
uht ZAEE 9 25 mLE FH Tl £ oAl E - #
AFEFA[1:1(vv)] 50 mLE 7}0}&1 5—.~7P RS
S & Hx]ste] oA E - S 250 mL Sk
Ao K713l F2 o) o E - HLEEFA 50 mLE
7tetal §19F BUsHA 2 3] 237 ske] ofAlE - FilkE

< 99 Fep2ad et AEEe & ARES
b Eo T 25 mLE 3 AL A|F LN o2 T}
o o2, AlE g JAELHE AE3te] FU3HA
ZAete] 4L QS FAH Ao = STt
Z3F45 5 9S A1E 200 mgS microwave

Z1e) #Hstar AAF 7 mL, 94 2 mL, 34 1 mLE
H71ek 3 4 A|7F o] WS & microwave FHE
o] g-sted Hthut 1,000 w, HLLE 200 °C, E3lA]

ZF 35 min®] 2HA22 R sALh H=EES AR
200 mgS microwave 887 Hatar @4 7 mL,
B3l 2 mLE A 7138 3, microwave ZH| S o]

&3] Hd Y] 1,000 w, F3IL-2% 200 °C, #3AIF
20 min®] 27102 ATt Ao 2 43 o
B74S 3 SMAIZ] 4% B4 20 mLE B A
22 T2 8712 microwave “FH|ol| A3 5le] How}
2] 1,000 w, F3LLE 180 °C, H3NAIZF 10 min2] =
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3.1. LIZH|AZOHSE =Eo|E HE

311, SAEM=A

B dolM e TabgE 71 5o 39 744
o 7|E AR A E ey o] EF(Dibutyl phthalate,
Benzyl butyl phthalate, Bis(2-ethylhexyl) phthalate)<}
71ET4 wAdA  ZEE o] EF(Dimethyl phthalate,
Diethyl phthalate, Di-n-octyl phthalate, Bis(2-ethylhexyl)
adipate)?] 7 %5 ZEHo|EE FA] ®317] 93t
GC-FIDE ©]&sto] AA =i, 24 Fof A4
2x 271S g8 tHTable 1) 71E A we
BA2ALE 150 °CollA 22 ¢ FAF o
260 °C7HA] Bl 10 °CH A7 o 15 % F3F
o] =& fFAgthE eIt 28y ol 27
QLELE7} 150 °CE AlZtE| o] DBPE T Aoz
Retention Times (RT)©| w2 DMP, DEP7} &vj3] =3
of AA HEo] HA LUTE it 7] LERLEE
120 °C22 1 min FA & 9 50 °CZE 150 °C7HA|
FS2A71 & 2 min A & 29 10 °Ci 150 °C77]-X]
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= TEg /T A48 ARAe] AABAFR)E
- B 0.999 o) oIt B3 7+ o] ES] LODE
- 0.0013~0.0093 pg/mL, LOQ+= 0.0048~0.0281 pg/mLE
= UERETH(Table 3). ZEEO|E 7% BF wHEH b}
@ - N - HAE(Fig. 1(a)l ZEo)E TFEALE 7tst
. o AER FUT AHe] 2A0E H5ES FAB
) Ax ZAAY IE 82.3~91.6%, 2=7AF FF
=1 | 86.1~94.8%% A EATH(Table 3). THE BAxHC
200 |
-4\ | N , 2 7% AEE 28 min oY BAEY T 5
e e SIS 1),
(b)
Fig. 1. The chromatogram of blank(a) and 25.0 ug/mL SIAlZ = mERo|lES| 3o
standards by GC-FID. 313 sEE 3 - flol=o] =l
AlgolM FeEe HEF 65 T 1871 AlF
Table 3. The regression data of phthalates by GC-FID
b Y Recovery rate?
Phthalates R LOD LOQ (mean+RSD, %)
(ug/mL) (ug/mL)
Lotion Skin
Dimethyl phthalate 0.99979 0.0016 0.0048 88.6+0.4 93.2+0.4
Diethyl phthalate 0.99973 0.0080 0.0243 88.5+0.5 91.240.6
Dibutyl phthalate 0.99980 0.0013 0.0039 90.8+0.4 94.8+0.3
Bis(2-ethylhexyl)adipate 0.99980 0.0015 0.0046 91.6+0.5 94.34+0.4
Benzyl butyl phthalate 0.99957 0.0093 0.0281 91.1+0.6 92.8+0.7
Bis(2-ethylhexyl)phthalate 0.99980 0.0029 0.0088 84.8+0.4 89.4+0.9
Di-n-octyl phthalate 0.99979 0.0033 0.0101 82.3+0.6 86.1+0.7
9Coefficient of correlation(R?)
PLimit of Detection, LOD (LOD = 3.3 x §/S)
9Limit of Quantification, LOQ (LOQ = 10 x &/S)
&: the standard deviation of the response
S : the slope of the calibration curve
YRSD : Relative Standard Deviation
Table 4. Detected phthalates according to 6 different types of cosmetics
Phthalates Type Basic Hair Perfumes Nail Infant Deodorant
Total Colognes
No. of specimen 65 6 12 18 10 11 8
18" 2 3 5 6" 1 1
1 0,
No- of detection (%) (Q7.7%)  (333%)  (25.0%)  (278%)  (60.0%)  (9.1%)  (12.5%)
Dimethyl phthalate 0 0 0 0 0 0 0
Diethyl phthalate 5 1 3 0 0 1 0
Dibutyl phthalate 13 1 0 5 6 0 1
Bis(2-ethylhexyl)adipate 0 0 0 0 0 0 0
Benzyl butyl phthalate 0 0 0 0 0 0 0
Bis(2-ethylhexyl)phthalate 1 0 0 0 1 0 0
Di-n-octyl phthalate 0 0 0 0 0 0 0

*SA1(Nail cosmetics) detected DBP & DEHP

Analytical Science & Technology
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Fig. 3. The chromatogram of phthalates in cosmetics container
by GC-FID.
| DEP
= EEEN | w2}x DBP, DEP7} 81¢F02 913 9igES
= I L N B Tl A =& el /g E B o
(b) = ATH(Table 5).
Fig. 2. The chromatogram of phthalates in nail cosmetics (a)
and hair cosmetics (b) by GC-FID. 314, BIEZ 27| ZER0|ES| &

(27.7%)°1 41 DBP, DEP, DEHP 3 9| Z &g o] E7} 7V
AZE Qe 2 ¢ DMP, BBP, DEHA, DNOPE& Fo AW o, d2E T, pHoll 2 A& g9

BE RN BAFE Ueh} oge] gl Ao mdl= ¥4 st
UebdthTable 4). TEHCIEL AEE AR T FE §194 §FE NFEAOR 759 =g

HolE T AFFEAA 2 TegE b #o]E #4745 DMP, DBP, DEHA, BBP, DEHP,
7% 59 &% 4, ol +8¥ DBP, BBP, DEHP] DNOPY] 652 E7HZE°]91e™, DEP 155 A&
FozM 100 pg/g ©13H81 710l BF 7)Folst 2 thFig 3).

AZH A HEzd 4 &71= &9+29 5 PE, PP, OTHER

gE fEEE B o ud AEe A AA 10 Z #2719 87101 eH, ojue] EEA PN 50%
A 2 6 71(60.0%)°1 4 DBP 7% 2 1 7)A DEHP UFE SuE EEAIHS YoM AEHIL, L F=
HAEFig 2(a), 71234F A A 6 d =27 £ 03~06 pg/eelSet & Ao HA = 42 9
(33.3%)°14 DEP 2 DBP7} 22t A%, kg AE<] F 20% ©]d3l AFS tF-E fE871E ARSI
A% AA 1874 T 57(27.8%)°14 DBP7} A&, F 9 2 A GFuF47], PETE7]1E AH-3H3
g sFEe] A AA 1274 F 37(25.0%)14 A GIZE T 20% o AlES ZEiag 4710

rr
v}
EE
12

DEP7} % = (Fig. 2(b)), AF WA &3HdF2] ¢ EEA] ok s 871257E 9 s e

AA 84 F 1 4(12.5%)°1 4 DBPHZ, I ol B2 09 AY gtk B & AATHTuble 6).
shgEel A% AA 114 F 1 4(9.1%)°1 4 DEP7}
AZ AT 2AMY ZEd | EF F DBP7F HA 32, HEHHHFUERE E3% HE
sEE FolA 78 %ol A&ENeH, DEPE 3¢ 321, 2MHo| Mgk I HES, F+E FF
AFENoI=zH o))l 7MY =& =2 HEHAUTH Pb, Cd& FH4 EFEFY 25, 50, 100, 200, 500
Table 5. The amount of phthalates detected in cosmetics by GC-FID (unit : pg/g)

Phthalates Basic Hair Perfumes Nail Infant Deodorant

Colognes
Diethyl phthalate 96.39 2280 ND® ND 70.2 ND
vip : (209.1~255.1)" :
. 242 31.7

Dibutyl phthalate 9.1 ND (11.5~36.9) (10.3~68.0) ND 7.4
Bis(2-ethylhexyl)phthalate ND ND - 39.2 ND -

9Data were expressed as mean
YData were expressed as (minimum~maximum)
OND : Not detected
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Table 6. Detected phthalates according to extraction solution and types of cosmetics container by GC-FID

Type of cosmetics container

Extraction solution

OTHER PET PE PP Glass Aluminum
Water N.D? N.D N.D - - N.D
4% Acetic acid N.D N.D N.D - - -
20% EtOH N.D N.D - N.D N.D -
50% EtOH DEP N.D DEP DEP N.D -
n-Hetane N.D N.D - - - N.D

IND : Not detected

Table 7. Regression data of heavy metals by ICP-OES and Mercury Analyzer

LODY LOQY Average recovery rate (%, n=3)
Heavy metals R ; -
(ng/L) (ng/L) Lotion Skin
Pb 0.99994 0.0089 0.0269 94.5 99.1
Cd 0.99993 0.0019 0.0057 98.9 100.8
Hg 0.99990 0.0009 0.0026 99.3 100.6

ICoefficient of correlation (R?)

YLimit of Detection, LOD (LOD = 3.3 x &/S)
9Limit of Quantification, LOQ (LOQ = 10 x &/S)
d: the standard deviation of the response

S : the slope of the calibration curve

pg/lLe] FEE 24 & ICP-OES7]7]12 &4 &te] 2}
Y AR BE 09999 oAk AAAFAAFRY
£ 29t} zHzte] &34 (LOD)E Pb 0.0089 pg/L,
Cd 0.0019 pg/Lel 3z, A #gHA(LOQ)= Pb 0.0269
pg/L, Cd 0.0057 pg/LOITh Hg AP S 2t =
o=l ko7 HAE glo] 2Abs AEFY7I7F 73
¥ Mercury analyzerE AH&-3tith 0.01 mgL 2
BEELAL W50 30 uL, 60 uL, 90 uLe FY 3k
AFAE FAAHA L 0.99999] AXAFBAGF(RH)E
Rt 35&2 FE50] AEFEHA ¥ AR
Hg HUbet A s T
_]

Q.

= [<]
Ao Agae] 24agr. 2AMYH 20AHS

A

g

Al ol gEM, &, 4F, 7] 5o bt F=E Tl
=EET g2 53] A AAA £ 71
oy AR xAC TP A e doith
AA ] 7 FAo] Asta, sRIER Aygew <l
o WY, A T& dovH Y Iy okEa

FAA AT HE2HAG) FHEEE, STHYE
AT-71ZIARC)NIM = Group 2B(AFel sl 2t
o] oA EHo R EHEFUL ! ool A sFF

o W R AFOkEAA A TERE b
715 Tl & w4, o 4 AAE 71520 pgle)
o] W& FFEOE UERiTE ZAME sPEES] ol o
S S AT Htwk 0.061 pggolH iRk 2.7 pyg
o= 7]F9] 74 o|3tR P ol ATH( Tuble 8).
Cde <Al F4 e HARS done 5F
oM AL JoRr AFEAS oy, 27|15
A gl s doyin A7 mEA] FEH A
Z#3 A AL B4 S 28 20ES, H1ge
7153, /1L 58 dodE AeE &EA
At 53], Jt=F-2 w77 dids] Z7) o2
Aol S0 W wlE A G wEol oA
HER UE AL golg F7T AHHOR wF
g A4S A7 AslE 4o S dnh B dB
FHAFZANZ AP AT 20NN WEM A FHE
A= FHIATL7)FHJARC)ANAME Group 1(AHEI
s 2 de)ez BHFEHAGH B A3,
g T JEFE THS AFFENAAH A
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Table 8. Heavy metal concentrations by 6 cosmetics types (unit : pg/g)
Perfumes
Basic Hair Nail Infant Deodorant
Colognes
No. of sample 6 12 10 11 8
Pb 0.220+0.129% 0.212+0.103 0.237+0.104 0.342+0.168 0.441+0.759 0.171£0.145
(0.027~0.429)  (0.034~0.352)  (0.084~0.463)  (0.077~0.573)  (0.074~2.710) (ND~0.335)
cd 0.036+0.042 0.056+0.034 0.067+0.049 0.002+0.006 0.079+0.078 0.032+0.037
(ND~0.092) (ND~0.126) (ND~0.156) (ND~0.020) (0.027~0.310) (ND~0.098)
u 0.006+0.004 0.002+0.002 0.002+0.003 0.003+0.003 0.005+0.005 0.001+0.001
& (ND~0.011) (ND~0.008) (ND~0.0011) (ND~0.010) (ND~0.014) (ND~0.003)

YData were expressed as mean + Standard deviation (minimum~maximum)

YND : Not detected

o 7t de 244 3= Fawk 0011 pgg,

7
Heoll o1& FAEA L A, A7 71530 Fol

& F don, BT EA ARFAY, & 9Y T
Aol BaE bl ok o0 HFH e TR
olde Z# sty B o, $£5uly], T334
ol 55 2T YE FYHGEANEINATA
oA WEHAF FAHAEHZ, AHLAF7H
(IARC)*I1X= Group 3(AFgol thdh &t ool o
3 EFY F gl E BERHJG £ AxF
& TR 2 FOFEMAA IA TEE 7]
= 5ol & #4, o 4 AAE 7120 gl
wo Fzow Ueiygth ALY 3AE $24
e B4 HEg 0003 pg/g, AL 0014
o

4. &2 B

5 SHE T WEYA FeEde g 9 HE
AHE gt spPgF Aot 72ARE Al¥
gtz B AFE sk WEHA delEE
FRE TH T ZEHER 7T FEE 3T
AAQste] AP on, ZEYoE 7% A¢E
A& A BAHS gsith A7 sPEE
65719 5% A= 99 45 ND-2.71 nglg,
FI=E9 A% ND~031 pglg, 529 7% ND~0.01
ng/gol Al B 715k olstE UEhd FaE 29
gsiAE ks FEAS el TeE o E
BAE A FFEMAA I TG F MAFE 5
of &g 4, o ZIEdd ARE 3F ol 45
F7tete] 7% T ol Eo et FAIEA 7hed
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DEP7} &vjju] 3ol Ax E4jo] H XA

o|sld ¥ Foll A DEP7} 3,044 pg/g, DBP7} 445 ng/
g BBP7} 2 pg/g & 7A&%¥ Eay) Ik w3k n=
At €] 79, sdEel e ZYHOE HEY
Bao) mEw dojizgo], s|oj 2 Fo] FojAFE
I &F, VYA FAA F2 2y o] EVF HEE AT
I F TP lE HEHo] 7 & AFS I
] DEP &3] 38,663 pg/g, UlAAFNA 59,815
pg/goIATEE B Ao e olE A& HdwkE
DEP7} 170.1 pg/g, DBP7} 25.2 ug/g, DEHP7} 39.2
ug/eZ Koo 5'*9} Hubingers 2] A1t A4 v
S FEE AE HAoU AEE 3EF %80l 7=
A FZ LA FAN AEH= H2 FAFSEA
A, DEP= 71&74 2R o A EE F5o]
ol RE A A ZPA o= DEPS] LHHE F4
#HE et Jon, ko2 F713<1 DEP
A& BUEY ATE JPFgoza a4

o &
- e

2 HE A =F FES AP 2 Aol
weh #7112 74 44el Baw 2o newn
SAE 8718 820 @ 759 Zeelo|=
24 43, 6% Zgelo|EE B7E0I200 DEP |
Fute] AL T AEFFL OFF e FF
oItk G5 SAE §710) e A7t o Washi
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