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M A RMEEREL AR e mP i
#PA — FAEREERA pL

WER OREZ OMER RS

BRI AL

R E BT bt

W B

AstEBAMAARATE A F S —EE - RR - RF RS ATLHE S F dibutyl
phthalate (DBP) * bis (2-methoxyethyl) phthalate (DMEP) - diisopentyl phthalate (DiPP) * di-n-
pentyl phthalate (DnPP) ~ benzyl butyl phthalate (BBP) * bis (2-ethylhexyl) phthalate (DEHP) *
di-n-octyl phthalate (DnOP) - diethyl phthalate (DEP) - dimethyl phthalate (DMP) - di-iso-
butyl Phthalate (DiBP)%F 104% #5 2K = W B2 B8 A 6%, 2 X AR 5 ik o A B8 A F B2 I8 AR b R A A
SR ARAR B AT H SEAREAT AT 0 R AT AR AL TR 5%phenyl-95%methylpolysiloxane %
HP-5MS#£ 49 & #7 % (30 m x 0.25 mm » 0.25 um) > 3R A LR L B4 A28 - A THds
ek ARA] o 1042 A7 K = 7 BR 85 38 %, 2 42 M 56 [ 0 580.26-11.60 1 g/mL » @8 & 4 H] & A5

(coefficient of determination : )3 44#40.9985-0.9999 °

RASEE © (bt  ME_REREENE - SAEEERLE

il

A

MR % Bi%E (Phthalic acid esters, PAEs)}Z
MR BRI (LAINTAEY - B RFayssdE
FEESWE - T3 ERERINNG AR
GV IR - DINS NG ~ 2R~ RS
an I FHHARR - AR ELE RS T R R ZE o o
RISL » LAY E AR s G BB s BB AL - B
HIRIIHE R & LM (polyvinyl chloride) 35 ¥ R B,
ECEER R A AR R ER LR R LAY
PG R E R EAS T TR A S
B PR B R B EE MY R SR
BRI AR PR R - AP R B R 2 AL
TR LR aL - BRI HE H i AR DA
HAERME - BRI EESF - WEK - Bt~ 5
BRRBAEFEEETRZIEEMRES - (E AR
ETH - HERELERBENIEN - BR#FE_H

RN R B - BRI HRORR — R R B S
BE RN -

FHAER 53 A0 28 — H R BedE o T A S D)
BENTTREE - — B A NS5 TS R
FH [#% BA liE (phthalate monoesters) @ HFFEER » N2
iE K bR DEP & DBPHY (L 2 ¥IMEP &2 MnBP#7
HHBE R A IR KA R - HER AR —
FREEH N eSS A BT AR TR RE AR RL - R MR
LEREST - IRBUB G - E AR LR
HRAT R — A R BRI R L B 2 B kALl
BT Ryt A ELAERAE - B SRR — A T
FER A SRR B R » R —H
PR I 1 B Ry LB R e U MR R E 2
SrUbTEAER BRI A 2R R B A B 1 22 B B
&2 W2 FER

TR EAEE IR 944E4H21H ~ 955 H
11HK97THF10H28 HEERE N2 » ZE IR bR
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HIDBP » BBP » DEHP * DMEP * DIPP * DnPP
DnOPE7FEM K — H B S AL B e 10
WRITEALEHREERE T abh AR EsEE
R - B BT - s BB 2R
AR EE SR 0 I > BT E A S S AT S i R —
R ERE R > 2 M R & N5#E5E 100 ppm
Do B B 1 A (B AT A R R R R R R o3
B ER - BEELHE TS 42004/93/ECE A
DBP * DMEP K. DEHP" » $5§42005/80/ECHE%12%
FIBBP * DnPP K DiPPE = Fli A % — FH EA B AERL 7
O A o B A 1 R b S AT A
EaEERE " HAREREEEE AT\ S 16 TRESE (DL IR 5 1oy
EEYE TRt s T ST s EE kR Y
2 B R STE AT 2R — R BR S E R BT R (B 5
EyE"? A BETEE AR S NSt %
=R REN 2 FECE A B = R
BHH EFANSHINZE - BREF BIN5RE M fEE
{LFIA B A H  FR20114E7 H20 HR#EELE2Y)
B HEE IR > I DMP » DEP ~ DiBP » DBP
DMEP * DnPP  BBP * DEHP ;. DnOPJ1f&E )& {fk
B EYEEREAEINE  PBRE—EE
FIOEFEE LEYE -

B R i AL S R AR R EE A
7 BRSO T MEPLC) Y - RAHE T
(GC-FID) K RAHENTE #5(GC/MS)F ! A
HR T H R UVIERERIE ML - HPLCIA(ERE
F L R R )8 - B SRR 4y 2 T R R R R I,
WOBREAET » M & 2B 7347 » GC-FID
FIERER VA R R A - SR AL R
M5 - WAEAE - H SO E R R (EH4-6TE AR —
FREEE - AR BIDL BRSR A gesEF FHGe/MS
TEE PR - 1 HAEEIRF o AT G 7 A
F 53 B 3T 1 A KA B AR R R 2 &
fRER A - UK B RR 1 S i 24 R AT BUE B T
K BEHITT LSRR AR 0 1
B R AE TR EEEMNRE - R EmK
PEE L SRR NS A BB A F V(LA - w1k
W 5 P 2 B 2 A 0 ST O IR KT B O
)}% o

MEERTGE
—MH
(S IR

5 H % H Dr. Ehrenstorfer GmbH * Germany
FEEHE L 5.2 DMP (1 £99.5%) ~ DEP (il
F£99.5%) ~ DiBP (f{i%£99.0%) * DBP (i
99.5%) » DMEP (#li[%98.0%) * DiPP (ffifE
99.5%) » DnPP (#i/%99.2%)  BBP (ffif£
99.5%) » DnOP (fi[E£99.5%) & % 5 Sigma-
Aldrich,Z DEHP (#1/5£99.7% * Fluka) °

()P BT AEEE iy
% H AccuSandard » USARLHE T, S5 H A 1A FR
FE AT 55100 pg/mL.:Z dimethyl phthalate-
3,4,5,6-d4 ~ diethyl phthalate-3,4,5,6-d4 »
di-iso-butyl phthalate-3,4,5,6-d4 ~ dibutyl
phthalate-3,4,5,6-d4  di-n-pentyl phthalate-
3,4,5,6-d4 ~ bis (2-cethylhexyl) phthalate-
3,4,5,6-d4 -

EHRE AR « FEE - SERRAEE T SR -

(z2 I EEE - BT - R AR R
AR S (R ¢ FE ) -

B ERE © #FHHP-5MS UI (5%-phenyl-
methylpolysiloxane, 30m % 0.25 mm, film
thickness 0.25 pm, Agilent J&W GC column,
USA) G RFABHIE -

(NI R - E S - EERE K BT RE O

eras
=

= fREREm

HRMEEITERE - KMEETE(TRACE GC
ULTRA, Thermo, USA)H#H2DSQE 52
CEEE W E BB (ELMA, Trans Sonic Digitals,

Germany)

E)FEIHEE B8 (Scientific Industries, Inc., Vortex-
gene 2, USA)

() 71 (7 1 B8 T &SP (Sartorius, BP 210 D,
Germany)

(1) = B (B (Kubota, KN-70, Japan)
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=\ EBEH5E
= B8R/

()& AR R A i B B

1. TEHE R (R VA R (stock solution)fir #4
5> BIEUDMP » DEP » DiBP » DBP »
DMEP  DiPP * DnPP * BBP * DEHP
DnOP % i F HE 114%10.0 mg » FEHERE
JE 0 ER100 mLA S - DI ERA AL
EA - BHFEERRIHIETRRE T R 100 pg/
mL) °

2. fEH#E T {EVA IR (working solution)fi#Y
B FH R 43 57 25 A E R VA W L B A
S - DL EEREE R — R YR (i (E AR e
TAFE -

3. NEBIEEHE R VA TR i B
53 BB FE 2 R 100 pg/mL 2 A0 FE e

f4DMP-3,4,5,6-d4 » DEP-3,4,5,6-d4 »
DiBP-3.4,5,6-d4 * DBP-3,4,5,6-d4 » DnPP-
3,4,5,6-d4 ~ DEHP-3,4,5,6-d4751 mLILE L
10 mLE &I - DIHEA I ES - fit
TENE R ERE A TR (R 10 pg/mL)

iR

ISR gEMR10 mLEEM » i1
mL.Z N E R G R A R &3 5 0 n
FE7 mLASHI T E B0 #1% - DUFEEE
0 FAEE LB DUESE3000 rpm (010435
& > W EE R R -

(R IWARE
1. DUSRME g 78 3% % (gas chromatography/

mass spectrometry * GC/MS)#: 7l
B 3 i R A G e s R e R = (]

RT: 4.00 - 12.00
7.29 NL:
1007 e DnPP 4.48E7
] m/z=
90 DiBP 8.20 58.5-59.5+
] 148.5-149.5+
. 6.82 162.5-163.5 F:
80— MS
] std6_13052019
2 pmP DEP ) 3307
70 DiPP
o 7 5.31
- 448
£ 60— 782
o _
=) |
2 ]
< 50
v DMEP BBP DnOP
B 7 DEHP
G 407
- 9.12 1o
30— 10.01 1
20
10
G: 4.91 6.02 | | 874 9.77 | 10.33 11.57
T T T ] 1T T 1§ T T 1T T 11T 11 T T T T T T [ T 1T 1T 1T 1 171171
4 5 6 7 8 10 11 12
Time (min)

B— - HEE RN S 2 R 2R TR R XE
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R— B MBS AR TR BT MR T

= TR T R R ] TEEHET JE BT JE ERET2
(a.m.u.) (min) (m/z) (m/z) (m/z)
DMP 194 4.52 163 194 149
DEP 222 5.35 149 177 222
DiBP 278 6.85 149 223 167
DBP 278 7.32 149 223 205
DMEP 282 7.51 59 149 104
DiPP 306 7.85 149 237 219
DnPP 306 8.22 149 237 219
BBP 312 9.14 149 91 206
DEHP 390 10.03 149 167 279
DnOP 390 11.2 149 279 261
—) » DLEBERR SR pLERE TARE T BRI DOEEREE T EH A (SIM

ARG TE LT - WS TP
Z I R EE FEENGR - R ¥ i A
ERER SR B ERHET  HARERTE
TEBET - PHEEE TR R T ELE &
BT 2 i BEARBRITTAS(< 100%) " - S AH %
B 5 BV T i 72 7 A o B P I TR
R BESTY) - PR RS E
EEESERETE ) -
2. ZEHEIE
(1FMEE
H S 22 AR T VAR » DL o s e i
7S A A E R (RI0.5 ~ 122 4~ 8
10 pg/mL)AYREHEVE W » BT pLikE AR
FEE AT a8 DO 43 Bt T (I X (S IM
mode) /T » BUEHEIEWOHNG & & =
T 19 e TR AR B R T P AE - SR ANER AT
AR R AR S B E AR T AR R HE AR
#{(coefficient of determination ; r°)
QNEEE
W &2 R YR HERE VA W 43 BT AL mL
WNESIEE G A T - AR E & - il
7S A AN [E] I P A AR VA R (70,25
124810 pg/mL » ¥&1 pg/mL
ZNEEHEVETR) » B pLE ARAHE T

mode) gl » B AFUEVE R E BT B H
JEE 2 PR AE VA IR 2 T B T R e i 7
(& 7o) i LB SRS PR R 2 {18 38 B
FARTTRR R A E (REL -
2. Wi e EHIE
MR L pL » VAR T R 6 40 T
& - ARIB VRIS ) 2 ST B
SRR VAR T B TR LL(E - A ASE
b ELAR AR SRR A SR
FREEFEIRE - MAR NYIEH R ARG g
AR R FEE . & B (ppm) ©
F e R — RS & B (ppm) =
CxV
M F
¢ R AR SR A R P R 2 T R R T
FH.Z R (ng/mL)
V il R E A B E(mL)
M : i e 2 BV = (g)
F : PR IRE (55

(@)

1. E R © A% (Helium ; He) 5 Jiif 1.2
mL/min * constant

2 E AR ¢ SR iR =(split mode) * 57
Jikk10:1
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3TEASRE ¢« BE F5270°C

4. Bt (oven)& EFR AT © WHRE120C »
MERF 13 $1% - LA $#20°CTHEZE280°C
%+ MEEINENS 57 8

5. T HEIRE ¢ BRE F5280°C

6. Bt TR (Ton source) VAL : 5% 7€ F230°C

7. VAfAR (Quadrupole ) VAR : 3 E Fy150°C

8. fHELRER  XET0 eV

9. filf e EHEm/z : 3% E 502350 am.u.

10. IARIAEERF R © 3% Fod sy 8

11. @ i X (Scan) : DL Fimfii=0E
PE(TIC) - #EFEREE T A5 = (Selected Ton
Monitoring * SIM)E &

P9 ~ 73 ERERL

() H#E R fR (standard curve)Z BIE
b FH S 55 1 G B2 R R AR B VA » 511 mL
WNEEEHE R G A - DU A B Rl B Bl 2 971
IRFE#IE1120.25-10.0 pg/mL/Ef 2 A [EE
IR - FIREEE =T ARMEE
MrERHE T - SRR TR B N B AR e v
W2 ElE T E R g mEE - SKHEEYE
ithR R EAR TR A E AR -
(C)#EREFE (accuracy)
S RIFEEN3 R 22 (A% 1 g (FEFH) - BN
10 mLE&EHEH » 43 B0 AN [F] R AR e
iV W e WA LERE (R VAR 1 mLIR S »
IIEER 7T mLASHEE & B R AR 30788 - e
BER  BEO - BUEEWR - DIRHETE RS
B HT3R - WIS B RS A TR 2 o 2
TR LA - 7 AGEER E AR T2 - 3K
HIFT & AR — R BRI - Wt E IR
(recovery) J HAHEFEHE(R 7 (relative standard
deviation) ' n=3 °
(EIFE % & (precision)
1. 7] E 18 1% (repeatability)
TP S0 B AR I L - R e A B
AR » I mL AR E RE VA TR - D
B RE - IRl E N R RS
0 FATE— H PEE DR AR T E RS E S

Mre X » EHEHIFHE(RZE(SD) K AHH R HE(R
=@RSD) > n=6-°
2. H K5 (intermediate precision)

FRUEVE IR 5 R A0 [R Bk - PR AR =
H - 3EIRESEEDNIX - FFRHEEYE

{772 (SD) A EMFHE(R 72 (RSD) * n=9 ©

() 5% 55 5 2 8 (Limit of Quantity 5 LOQ) K
51 E &R (Method Limit of Detection ;
MDL)
AR R E R AW » DA SRR — 251
RIBE AW - IR ZEAEEQ 9F - BE
WEAZEI0 mL - BB EER - EAR
MR BT B8 3 3 o BT 3B DLARGR AR EL By
10:1FF 2 B EF R i (K E &R EE(LOQ) »
I R K E R - o HER B R i s
Fra TR E - BVR A 7 2 E &R
(MDL) -

FEREET AR
—  HNERISZETR

2235 JNE R UE vk DLSRME T 0T R [ 5 49
MEALHE i FR - AR 2 — R R ER R o)+ AR R
&% T DMEPEIDEHP £50.544-8.704 pg/mL Kz
0.527-10.54 pg/mL » HI7E FREL (%) 53 51 F0.9968 £
0.9962: 7 4 » HoAth /T i 53-f P & E 3577 172.0.260-
11.26 pg/mL:Z [+ HHAEREG) /7 520.9953-
0.9997 » T 4387 7 LR BB ER 53 » DiBP
IEEA8.336 pg/mLEF.Z [BISCRSE) R 58.2% (SF
YU F54.653 pg/mL) © DnPPIEEA8.704 pg/mL
R SRR 5 155.8% (CPEIIEE 5 12.465 ng/

mL)(FE) -
FEA I 125 FE A R R - e A0 — FH R B 2 [l
WRG R - ATREFT A= a i ieh BB R E

HE o BN BRE A TR R > 2 B E T EUE - S
FARBATAR - —5E - ERTE T HATHEE
Rl » Z0F BRI RS T .2V BE (linear) BE K
HIAZE 2 YAt tn - B RER BT - 5
— 5 - FEE RS B E R 1R Vi o BT R
Bp T3 - GG R AR L N - FLL - AR
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(f=3Z| RIE S E £ R E [EICE + R = TR R 2=
(ng/mL) (ng/mL) () ()
DMP 2.104 1.332£0.015 66.6+0.7 1.1
4.208 2.463 £0.020 61.6£0.5 0.8
8.416 4.772£0.010 59.7+0.1 0.2
DEP 2.08 1.567 £0.013 78.4+0.7 0.8
4.16 2.906 + 0.020 72.7+0.5 0.7
8.32 5.537+0.023 69.2+0.3 0.4
DiBP 2.084 1.404 £0.017 70.2+ 0.8 1.2
4.168 2.509 +0.012 62.7+0.3 0.5
8.336 4.653 +0.049 58.2+0.6 1.0
DBP 2.224 1.744 £0.016 87.2+0.8 0.9
4.476 3.060 + 0.054 76.5+ 1.4 1.8
8.906 5.660 +0.037 708+ 0.5 0.7
DMEP 2.176 2.333+0.032 116.7+ 1.6 1.4
4.352 4.164 £0.385 104.1£9.6 9.2
8.704 8.042+0.146 100.5 + 1.8 1.8
DiPP 2.1 1.680 + 0.024 84.0+ 1.2 1.4
4.2 3.023+0.012 75.6+0.3 0.4
8.4 5.687+0.074 71.1£0.9 13
DnPP 2.176 2.734£0.053 136.7£2.6 1.9
4.352 5.948 +0.032 148.7+0.8 0.5
8.704 12.465 +0.269 155.8 +3.4 2.2
BBP 2.320 1.627 £0.322 89.7+8.0 8.9
4.640 3.801+0.317 95.0+ 7.9 8.3
9.280 6.845+0.367 85.6+4.6 5.4
DEHP 2.108 1.782 +0.026 89.1+ 1.3 L5
4216 3.105+0.051 77.6+ 1.3 1.6
8.432 5.543 +0.080 69.3+1.0 1.4
DnOP 2.252 1.832 £0.054 91.6+2.7 2.9
4.504 3.682+0.076 92.1+ 1.9 2.1
9.008 7.005+0.119 87.6% 1.5 1.7

*n=3 EESHTIN

BEF S — i i he AR A (R B R R R e Y 5
i o L - BRAEZ AT TR R - P HE R
P R NG ARSI Z N B AR NINE B
HE 2 N BRI A R HE B Kt R - (AT

AR BRI K A IR DL [FI T AR TR Z TS P

AR B BRI e R -
=~ NEBEEEIER T RRERY

(= HEHh 7 (standard curve)

R AT BB o A4 8 25 L 1 R RS M - 0 A
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RT: 4.00 - 11.00
100— DMP-d4 NL:
. 3.57E6
] m/z=
o 307 166.5-
g 167.5 F:
< 60 MS
: - A04-
2 _ 120split10-
2 40— 06
=
é |
201
] L \
10(8L DBP-d4 NL:
] DiBP-d4 DnPP-d4 1.69E6
] DEP-d4 e
807 152.5-
7 1535 F:
e DEHP-d4 2454_
_ ) 120split10-
40i 06
20-]
07‘”\‘”\”w‘”\”‘\A”‘\”‘\L”\”‘\I‘\W‘Aw‘”\”‘\M‘L\”‘\”‘\L”\”w”‘\”w”w‘”\”w”‘\”w”w”‘ R R R I AR
4 5 6 7 8 9 10 11
Time (min)

= SR REEER AR E R S Z R ITEER T RAEXE

HESUESEIEE T - 66 NSRRI T A S
M 7 e » fE 3 S DMP K DEP4> 71l {5 FHDMP-
3,4,5,6-d4 5, DEP-3,4,5,6-d41E R ¥ IR U 0 #E A,
DiBP{# FIDiBP-3,4,5,6-d4{F ¥ B8 A 5 f v iy
DBPEIDMEPHI| L[] 5 F{DBP-3,4,5,6-d4{F Ry £ e
N ERREHE Y » DiPP K DnPP3: H DnPP-3,4,5,6-d4/F
R B N EP A E i BBP » DEHP & DnOPHIHE:
DEHP-3,4,5,6-d4{F Ry ¥ IR N SRR UE i - f (A
ot R AL R TR R M AR BT RN ER
REUE L L - SRR YE L E BT 2 E L
F& T DMP-3,4,5,6-d4E i thm/zf5167 am.u. 7 » H
fth R P BT 2 E B AT fbmy/ 235 By 153
am.u. (B ) e

T AR T R R R AR I R R B R
0.263-11.60 pg/mL(FE=) - SEEF EEHIEREGE)
7% 1£0.9985-0.9999.7 [t » HDMEP K DEHP %

K= MRS EREANEIR A2 R I sEE SR E R

=l

a=x? AN IR N BT R

fRrEEE  HE REEE AE

(ng/mL) 128 (ng/mL) 128
DMP 0.263-10.52  0.9997 0.263-10.52  0.9998
DEP 0.260-10.40 0.9978 0.260-10.40 0.9989
DiBP 0.261-10.42 0.9966 0.261-10.42 0.9998
DBP 0.278-11.12 0.9966 0.278-11.12  0.9999
DMEP 0.544-8.704 0.9968 0.272-10.88  0.9985
DiPP 0.263-8.400 0.9976  0.263-10.50  0.9995
DnPP  0.272-8.704 0.9971 0.272-10.88 0.9991
BBP 0.290-9.280 0.9979  0.290-11.60  0.9998
DEHP 0.527-10.54 0.9962 0.264-10.54 0.9993
DnOP 0.282-11.26 0.9953  0.282-11.26  0.9995

*n=3 BHEIIX
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g R 43 Bl R AR 190,544 ug/mLK20.527 pg/
mL[#%0.272 pg/mL}20.264 ug/mL °
() HEHE R
AR R (R A2~ 408
pg/mL)Z A ANEI R /1A 79.32115.0% 2 [ -
B ME R IR INEI R A 58,222 155.8% » A HHEA
RIS - HEAAEEEREET0.123.6% .2
] o 594N - DiBPIEE £8.336 pg/mLF 2 7 =l UL
HHFEF F580.0% » FHEHTHE (R 2 F50.8% * DnPP
IEFE8.704 ng/mLIF.Z [FIERF584.1% » FHE I HE
fR7EF51.2% (FIY) - MHERIME SRR E T
KA R EERE R BRI RYYERE RS - AL - R
FFERA NS TRAE Z ST AR » W DURERL
e Z TESERR0F T E R K e 2 hafl -
CEEEE :
RIEEME PSS E R - DIRAEETE
SR T AR FENRE (GBI TR~ 2~ 8 ng/
mL7E A IEHEVE TR - PTEE MR H R)atBakk
T DMEPAME ~ H R FE 5 A B A HE R 22 43 1l
F59.2% 5 3.8% » HEROTERY /3 2 #H EHEE R
ZE30%LAT -
S R (FE H [E)a g » B T DMEPRYEIR
JEE I 2 AH M HE IR 22 55 12.9% - HAt LR Bk
532 B H [ AHE AR IR 2= A3/ MR 4.0% AT
(FRT) - K5 EHEH - HIADMEPR AR —H
T4 BEFE R e T B (7 fE(m/2) 149 am.u .2
AERIEH REHE - AR E A N E G E
TEERET o AL o SRR A B T (m/z)
59 am.ufERE ST - HEREERLE
B H) T+ » FHIt - SEDMEPZ HE M
R H AR Sy
(o) e R TE SR R e 5 E R R
AR — R ER R 2 AR E BRI
ATEE0.25 pg/mL » fR45 M e A TR £ R UK

HEMHERE - KGR TER S E SR
FIRIEE2.S pg/mL °
=~ Bl

Ry T AT G2 2 o P e o B A i B

Hh 5 18 IS FH AR R PR R A R LA AR B i
B SRE - AFIRER101F5ZE 10 A EZE
g~ BEREL - BAREEER o (EE T EE AR
i T DA b B - i DA A e A 0 s B R
FE fm S TV Al R BGE B 1 S0 T R K R S 7

=M ~ AIRERMNEYLEER 2 [ R AR IR A (R =

: TEE L R L R
CE? BE e meEE e
(pg/mL)

(ng/ml) (%) o)
DMP 2.104 2.043+0.008 97.1+04 0.4
4208 3.972+£0.029 94.4+0.7 0.7
8.416 7.783+0.148  925+1.8 1.9
DEP 2.08 1.908+0.047 91.7+23 2.5
4.16  3.892+£0.067 94315 1.6
832 7.779+0.128  92.5+0.1 0.1
DiBP 2.084 1.745+0.005 83.7+0.2 0.3
4.168 3.379+0.187  81.1+0.7 0.9
8336 6.601+0.214  80.0=0.6 0.8
DBP 2224 2.093+0.035 94.1+1.6 1.7
4476 3.970+0.044 89.2+1.0 1.1
8.906 7.756+0.012  87.2+0.1 0.2
DMEP 2.176 2.502+0.019 115.0+0.9 0.8
4352 4.787+0.038 110.0+3.3 2.9
8.704 7.459+0.184  85.7+£0.9 1.0
DiPP 2.100 2.400+0.003 1144=*1.6 1.4
4.200 4.800=+0.02 1143 +0.5 0.4
8.400 9.640+0.09 1148+ 1.1 1.0
DnPP  2.176 1.725+0.059 793 +2.7 34
4352 3.568+0.127 82.0+29 3.6
8.704 7.317+0.085 84.1+1.0 1.2
BBP 232 1.941+0.013  83.7+£0.6 0.7
4.64 3.849+0.0.07 829=+x15 1.8
9.28  7.591+0.065 81.8+0.7 0.9
DEHP 2.108 2.376+0.046 112.7+22 2
4216 4.655+0.079 1104+1.9 1.7
8.432 8.847+0.066 104.9+0.8 0.7
DnOP 2252 1.993+0.005 88.5+0.2 0.2
4.504 3.937+0.018 87.4+0.4 0.4
9.008 7.706 £0.069  85.5+0.8 0.9
*n=3 EESHIN
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(ng/mL)

&) H P*

FLH

DMP 1.052
2.104
8.416
1.040
2.080
8.320
1.042
2.084
8.663
1.112
2.224
8.896
1.088
2.176
8.704
1.050
2.100
8.400
1.088
2.176
8.704
1.160
2.320
9.280
1.054
2.108
8.432
1.126
2.252
9.008

DEP

DiBP

DBP

DMEP

DiPP

DnPP

BBP

DEHP

DnOP

1.011 +0.012 (1.2)
2.000 + 0.007 (0.4)
7.978 £0.139 (1.7)
1.008 = 0.006 (0.6)
1.990 + 0.012 (0.6)
8.372 + 0.046 (0.6)
1.001 £0.010 (1.0)
1.996 +0.012 (0.6)
8.470 + 0.056 (0.7)
1.105+0.013 (1.2)
2.106 +0.017 (0.8)
8.904 + 0.056 (0.6)

1.006 + 0.029 (2.9)
2.027 +0.003 (0.2)
7.920+0.267 (3.4)
1.005 = 0.008 (0.8)
1.972 +0.012 (0.6)
8.303 +0.123 (1.5)
1.010+0.012 (1.2)
1.989 +0.013 (0.7)
8.286 + 0.126 (1.5)
1.089 + 0.024 (2.2)
2.093+0.016 (0.8)
8.613+0.191 (2.2)

1.028 £0.095 (9.2) 1.168 = 0.151 (12.9)

2.140 +0.082 (3.8)
9.608 £ 0.265 (2.8)
1.058 +0.012 (1.1)
2.034£0.019 (0.9)
8.270 + 0.077 (0.9)
1.029 +0.012 (1.2)
2.030+0.018 (0.9)
8.334 % 0.060 (0.7)
1.293 +0.010 (0.8)
2.285+0.058 (2.5)
9.128 +0.192 (2.1)
0.975+0.011 (1.1)
1.963 +0.020 (1.0)
8.141+0.101 (1.2)
1.123 £0.025 (2.2)
2.237+0.037 (1.7)
9.475+0.254 (2.7)

2.039+0.072 (3.5)
9.512+0.416 (4.4)
1.064 + 0.009 (0.9)
2.039 +0.007 (0.3)
8.273 + 0.048 (0.6)
1.039 £ 0.015 (1.5)
2.061+0.016 (0.8)
8.428 +0.133 (1.6)
1.272 +0.029 (2.3)
2.284 % 0.009 (0.4)
9.154 +0.204 (2.2)
0.996 +0.031 (3.1)
1.972 £0.017 (0.9)
8.246 + 0.149 (1.8)
1.157 £0.036 (3.1)
2.258 +0.035 (1.6)
9.670 +0.237 (2.4)

MmEEdEe 2 7 4 3 1 2 1 20
e 0o 1 2 0 0 0 0 3
(BEo%) 0 5 10 0 0 0 0 15

xR —REEEEA RS 2 EE

=z DEP DEHP*  DiBP  DnPP*
o L g
i%””%@“f 14 (70%)  9(45%) 2(10%) 1 (5%)
PEU= N =
& E 5.0-16971.5 2.6-333.4 2.8-3.7 3.1
(ppm)

*n=6 [6 HNEHEIHT6X
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HE S HR333.45221.4 ppm » faHE15% - I
AN BAgiE 2 B RAE AR N ES T
R - HER 3R he B A A AR AR — H R B
MFD) -

fham R R

A3 2 b T AR IR A SO > DUR A
HTE R R L TR AR R - TR
EAER DA bn i p s E - k5 A R 68
B R B R ER S 5 AR - AT (A
AR B ST T SR 22 2 IR AR AU AR - ]
B ENeE - R E AR RS -
AT i AT ER S A B AR A VA TR A AR TR B R (e
AR 7E > ATS— PRl ~ BT AT [R]RF o A+
TEMZE RN G R TERER
IFRIRRTERA £~ MRATIE - MR R B i Ay [ER
Fe ] AR - BEE A  E R ERE o 2 e

AT BUE R F R R OB A B H (B 1 e B
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HDEHPE Y » i HHIDIBPHE 2 - 5H 1k H
DnPP - & fg a3 MR e ke H A AR — R ES
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Simultaneous Determination of Ten Kinds of Phthalate
Esters in Cosmetics by GC/MS

SHU-CHING CHENG, SHOU-CHIEH HUANG, YU-PEN CHEN,
LIH-CHING CHIUEH AND DANIEL YANG-CHIH SHIH

Division of Research and Analysis, FDA

ABSTRACT

This study is to establish a simple and rapid method that could detect ten kinds of phthalate esters in
cosmetics simultaneously. A gas chromatography-mass spectrometry method was developed to determine
dimethyl phthalate, diethyl phthalate, di-iso-butyl phthalate, di-n-butyl phthalate, bis (2-methoxyethyl) phthalate,
di-iso-pentyl phthalate, di-n-pentyl phthalate, benzyl butyl phthalate, di (2-ethylhexyl) phthalate and di-n-
octyl phthalate. Cosmetic samples spiked with internal standard solutions were extracted with methanol by
ultrasonication and the analytes were separated using a capillary column. The regression coefficients (r*) of the
ten standard curves were between 0.9985 - 0.9999 and the linear ranges were between 0.26-11.60 pg/mL.

Key words: phthalate esters, GC/MS, cosmetics



