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Abstract

Phthalates are multifunctional chemicals that are used in a various of consumer
products including cosmetics and personal care products. This study aims to determine
phthalate levels in nail enamel and lip cosmetic products. Overall eighty-one products,
including 45 nail enamels and 36 lip cosmetic products, were collected from retail
stores in Seoul in year 2017. The samples were extracted with using a hexane:aceton
mixture(8:2), depending on the types of the products, followed by gas chromatography-
mass spectrometer detector(GC-MSD) analysis. Seven phthalates(butyl benzyl phthalate
(BBP), dibutyl phthalate(DBP), diethylhexyl phthalate(DEHP), diisopentylphthalate(DIPP),
bis(2-methoxyethyl) phthalate(DMEP), n-pentyl-isopentylphthalate(DnIPP), di-n-pentyl
phthalate(DnPP) were selected for analysis because they have been frequently used in
cosmetics and have been reported as endocrine disruptors in humans and animals.

The recovery ranges were between 87.02% and 127.39%, and the relative standards
deviations(RSD) were less than 9.0% in fortified nail lacquer and lip cosmetic products.
The detection frequencies were in the following order: DBP(10 out of 81 products)>
DEHP(9/81) > DnIPP(3/81) > BBP(2/81) > DMEP(1/81) > DIPP(1/81) >. The detected levels

of phthalates were generally low in the products except in one nail enamel sample.

Key words : phthalates, nail enamel, lip cosmetics, GC/MSD
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Chemicals CAS No.  EU, ASEAN & China’ Taiwan” Us”
BenzylButyl Phthalate 85-68-7 Prohibited” Prohibited <0.1%
Bis(2-Ethylhexyl) Phthalate 117-81-7 Prohibited” Prohibited <0.1%
Dibuty Phthalate 84-74-2 Prohibited” Prohibited <0.1%
Di-n-Octyl Phthalate 117-84-0 - (a5 Opfl“i’hﬁ;;eéoog) <0.1%
Diisononyl Phthalate 28553-12-0 - - <0.1%
Diisodecyl Phthalate 26761-40-0 - - <0.1%
Bis(2-Methoxyethyl) Phthalate 117-82-8 Prohibited Prohibited -
Di-n-Pentyl Phthalate 131-18-0 Prohibited Prohibited -
Diisopentyl Phthalate 605-50-5 Prohibited Prohibited -

1) 76/768/EEC for EU: ASEAN Cosmetics Directive(ACD): Hygienic Standard of Cosmetics for China:

2) The Department of Health, Taiwan;

3) US Consumer Product Safety Improvement Act(CPSIA)
4) Banned under the EU cosmetic Directive as CMR-substance.
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IeHolE BAMS 93t ¥FE 02 Butylbenzyl
phthalate(BBP) (Dr. Ehrenstorfer GmbH,
Germany), Dibutyl phthalate(DBP) (Sigma-
Aldrich, USA), Diethyl hexyl phthalate(DEHP)
(Sigma-Aldrich, USA), Diisopentyl phthalate
(DIPP) (Toronto research chemicals, Canada)
bis(2-Methoxyethyl) phthalate(DMEP) (Sigma-
Aldrich, USA),
(DnIPP) (Toronto research chemicals, Canada),
di-n-Pentyl phthalate(DnPP) (SUPELCO,
USA) & AHE8FHaL, WHEFE42 Fluoranthene
-d10(SUPELCO, USA)& A3l

n-Pentyl-isopentyl phthalate

NBFE 9 B8 HPLCSH9Y hexane
300, aceton 300(Kanto chemical, Japan)< A}
Sttt 253 2187](8510E-DTH, Branson,
USA)E ARE3le] %38l GC-MSD(Agilent
Technologies 7890A/5975C TAD, USA)< o]&
sto] A8
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Table 2. Operation Condition for Analysis of Phthalates
Inlet Inlet 2807C, Splitless
Column DB-5MS, 0.25 mm x 30 m x 0.25 mm
Flow He, 1.0 mL/min, constant flow
Oven 150°C, 0.5 min—10C/min—220C, 3 min—10C/min—260C, 2 min—20C/min—>300C, Imin
Injection volume 1 uL
Interface Temp. : 280C
MS source Temp. : 230C
Detector MSD Quadrupole Temp.: 150C
lonization mode @ EI
lonization voltage : 70 eV
Dwell time : 100ms
Internal standard method using SIM mode
Analyte Quantitative ion(m/z)  Confirmative ion(m/z)
Dibutyl phthalate(DBP) 149 205, 223
Bis(2-methoxyethyl) phthalate(DMEP) 59 149, 104
Quantification  Diisopentyl phthalate(DIPP) 149 71, 237
n-Pentyl-isopentyl phthalate(DnIPP) 149 71, 237
di-n-Pentyl phthalate(DnPP) 149 219, 237
Benzyl butyl phthalate(BBP) 149 91, 206
Diethylhexyl phthalate(DEHP) 149, 167, 279
A o NS FU Wez AT 50 23 Y T
mLE ¥ o] HFFrrt o 5, 1, 2;1g/mL7} 5
Al ste] 7t w=d 33 HHasto] gt AR 1. &0l 9l Mzt
ii;gelatlve standard deviation, RSD)E TeolE 72e] ol o3 (C-MSD 2=
et ntE A3 7 E29] mass spectrum= H|uls}
6. AZat, MY A .
|3} Ag4dol&2] % abundances H&S
HEA(imit of detection, LOD)F AT gzau 348 23] A jﬂrg] ko) L3} A A
Al(limit of quantitation, LOQ)= & TE9 E  o]L9] u]gS E3) vlwsle] zZgyolE 712
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Table 3. % Abundances” of Confirming Mass Relative to Quantitative Mass
DBP DMEP DIPP DnIPP DnPP BBP DEHP

%Abundance %Abundance %Abundance %Abundance %Abundance %Abundance %Abundance

m/z m/zm/z m/z m/z m/z m/z m/z m/z m/z m/zm/z m/z m/z m/z m/z m/z m/z m/z m/z m/z
205 223 149 104 149 59 71 237 149 71 237 149 219 237 149 91 206 149 167 279 149

STD
solution 1

STD
solution 2
STD
solution 3
STD
solution 4
STD
solution 5

STD
solution 6

3.6 4.2 100 16.2 17.1 100 33.4 10.1 100 13.8 7.5 100 2.3 5.3 100 77.6 21.5 100 31.6 9.2 100

3.6 4.2 100 16.8 17.3 100 34.4 10.2 100 14.1 7.5 100 2.3 5.4 100 77.4 21.6 100 30.9 9.3 100

3.6 4.3 100 16.6 15.0 100 33.7 10.2 100 13.7 7.5 100 2.3 5.4 100 78.2 22.1 100 30.7 9.1 100

3.6 4.2 100 16.7 17.7 100 34.7 10.3 100 14.2 7.6 100 2.3 5.4 100 77.3 21.5 100 31.7 8.5 100

3.6 4.1 100 16.7 17.7 100 34.8 10.3 100 14.4 7.6 100 2.3 5.4 100 76.8 21.4 100 32.1 8.6 100

3.6 4.2 100 16.7 17.7 100 34.7 10.2 100 14.3 7.6 100 2.3 5.4 100 76.9 21.2 100 32.5 8.1 100

Nail lacquer
(Fortified)

Cosmetics
in use Lip 3.6 4.2 100 16.6 17.0 100 34.9 10.5 100 14.9 7.4 100 2.4 5.4 100 77.3 21.1 100 30.1 8.8 100
(Fortified)

3.6 4.1 100 16.6 17.4 100 34.8 10.5 100 14.8 7.4 100 2.5 5.3 100 77.6 21.3 100 30.0 8.7 100

1) (% Abundance of Confirming Mass/abundance of quantitative Mass] x 100
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Fig. 1. Total ion chromatogram of 7 phthalates from standard solution.
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Fig. 2. Total ion chromatogram of 7 phthalates from fortified nail lacquer sample solution.
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ARAE BYa, AEA(LOD)E 0.034 pg/mL
~0.391 pg/mL, AHA(LOQE 0.104 pg/mL
~1.185 pg/mLeIQTHFE 4). ol 7 So] 8%
E Zo4 DBPY LOD 0.06 ng/mL, LOQ 0.2

BHOAHE 9% nluow sy

pg/mLeb HISTERITH20). ZZEO)ES 4T 3 o] #Ze DBP 74 #& DMEP 17

3482 Hit 87.02~127.39%= Y3stslom DEHP 37 #HZelA A&HeH, 1 HE%e

Table 4. Parameters of Calibrations

Compound Linearity(R?) LOD(ug/mL) LOQ(ug/mL)

Dibutyl phthalate(DBP) 0.9994 0.063 0.192
Bis(2-methoxyethyl) phthalate(DMEP) 0.9978 0.391 1.185
Diisopentyl phthalate(DIPP) 0.9993 0.086 0.261
n-Pentyl-isopentyl phthalate(DnIPP) 0.9994 0.043 0.126
di-n-Pentyl phthalate(DnPP)) 0.9966 0.099 0.301
Benzylbutyl phthalate(BBP) 0.9992 0.066 0.201
Diethylhexyl phthalate(DEHP) 0.9996 0.034 0.104

Table 5. Recovery(%) and RSD(%) of Fortified Sample(n=3)

Nail lacquer(Fortified)

Products in use lip(Fortified)

Compound Spiked level D i)
Recovery(%) RSD(%) Recovery(%) RSD(%)
0.5 108.02 0.86 102.20 0.04
Dibutyl phthalate
(DBP) 1.0 102.29 3.90 103.36 0.29
2.0 98.38 0.39 99.47 2.81
( ) 0.5 116.47 2.88 110.00 2.27
Bis(2-methoxyethyl) phthalate
(DMEP) 1.0 121.37 0.41 87.02 2.01
2.0 105.97 0.32 102.92 1.85
0.5 91.51 0.38 113.80 5.74
Diisopentyl phthalate
(DIPP) 1.0 90.81 0.26 99.88 2.20
2.0 84.49 0.16 98.72 2.84
1 | hihal 0.5 116.18 0.32 101.70 1.63
n-Pentyl-isopentyl phthalate
(DnIPP) 1.0 113.41 0.33 105.03 0.64
2.0 108.52 0.56 107.63 1.65
0.5 127.39 1.91 107.14 8.41
di-n-Pentyl phthalate
(DnPP)) 1.0 120.13 0.65 102.34 1.62
2.0 109.08 0.61 99.62 3.50
0.5 104.12 0.40 125.57 3.50
Benzylbutyl phthalate
(BBP) 1.0 104.79 1.97 106.37 0.46
2.0 98.73 2.00 109.93 3.73
0.5 109.12 1.04 122.63 2.51
Diethylhexyl phthalate
(DEHP) 1.0 110.94 1.21 105.04 0.54
2.0 104.99 1.43 97.87 0.47

1) average of n=3
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Table 6. Phthalate concentrations(ug/g) in cosmetics

Product Type(n) DBP DMEP  DIPP DnIPP DnPP BBP DEHP

Nail enamel(45)  Detection 7 1 0 0 0 0 3
Range 0.47~0.73 1.92 ND ND ND ND 34.67~445.42

Lip cosmetics(36)

Lip stick(21) Detection 1 0 1 3 0 2 2
Range 5.55 ND 8.33 0.07~0.77 ND 0.18~0.34 0.46~0.91

Lip gloss(15) Detection 2 0 0 1 0 0 4
Range 0.20~0.33 ND ND 0.14 ND ND 0.20~1.53

n: the total number of samples.

DBP 0.43~0.73 pg/g, DMEP 1.92 ug/g, DEHP
34.67~445.42 pg/ge1ch. vlLovpd & DEHP
2 A9t 639 ZeeolEx A9 HEHA &
ko, DEHPS 7% 174 $euet 7]+
(DBP, BBP, DEHPS % @o24 100 pg/e)
(18)% %73k

3

= P2golM= DBP 14, DIPP 14, DnlPP
37, BBP 271, DEHP 2704 A&HoH, &
Z22% DBP 24, DEHP 4494 HE9A}
(% 6). H2He HAEHE 0.07~8.33 pg/gl =
g AEEon, dIFEA% 0.20~1.53 pe/e
o7 wgk AFHAY FE T TEIHE =
A2+ Diane Koniecki(20) 5-©] 2007d 7yct
A & T I, dojzge] E fold b
E So A ZegolE 188 tAARNE
Ty AFEA7E o] 88t #AEIIT 1 A
Diethyl phthalate(DEP), di-n-butyl phthalate
(DBP), diisobutyl phthalate, di(2-ethylhexyl)
phthalate(DEHP) +Oo2 &80 Z=9on,
DEPE XAk A9 BE HAA AEHUoH
O EE 7P =9H2.6%). ol Aol )
doujdl  F  xdgolEe] HEWILEE DBP
9.8%, DEHP 6.2%°]9, o] 20074 7iutrtel
Al AA9:3F DBP 15.0%, DEHP 10.0% .t} w2
HEg #AEHer, AEFE T i DBP
0.73 ug/g, DEHP 445.42 ng/g® Wk Hx
DBP 24,304 ug/g DEHP 1,045 ug/g Bt} 2A

HAE=EAY 19989 =99 Aurte] ZaeolE
A HeHE ARRFAE 7Yttt A g o® A
ABlES glon} 2017d 6% Hazardous Products
ACT 128 &3 6359 ZgecE Sshdd
(DEHP, DBP, BBP, DIDP, DINP, DNOP)&
RE ojglo] gzt BEAEA 1,000 me/keR
AHES Akt fEvheke] A9 20109 4€
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