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B OE: W & SO = 3 PURAT % (gas chromatography-tandem mass spectrometry, GC-MS/MS)
(R DU AR FL S LB b 17 FPSOR W IRER IR & i, %R FEMA AR, BB E 6
(gel permeation chromatography, GPC)¥+b)5 H GC-MS/MS 43#7, SMrikEfR. &R TR R R,
HIEFRECH 0.9956~0.9999; J5 ik (A HBR(SIN=3)y 3~60 pg/kg; & HBR(S/N=10)2 10~200 pg/kg; 7E 50,200
500 pg/kg BAKF T HFEI IR 78.2%~115.4%, FHXIREMZE R 2.65%~9.95% . 451 ARG T
TRE TR AL PR B | RSO . RS R S, ST A T A

KRB UM% = IO S FL S FLEA SRR AR e

Determination of 17 kinds of phthalic acid esters in milk and milk power by
gas chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of 17 kinds of phthalic acid esters
(PAEs) in milk and milk power by gas chromatography-tandem mass spectrometry (GC-MS/MS). Methods
Samples were extracted by acetonitrile and purified by gel permeation chromatography (GPC). Than they were
analyzed by GC-MS/MS with external standard method. Results The linear relation of this method was good with
the correlation coefficients of 0.9956-0.9999. The limits of detections (LODs, S/N=3) for 17 kinds of PAEs were in
the range of 3-60 pg/kg, and the limits of quantitations (LOQs, S/IN=10) were in the range of 10-200 pg/kg. The
average recoveries of 17 kinds of PAEs at 3 spiked levels of 50, 200, 500 pg/kg were 78.2%-115.4%, with relative
standard deviations of 2.65%-9.95%. Conclusion This method is simple, rapid, sensitive and reliable, which is
suitable for the simultaneous identification and quantification of 17 kinds of PAEs in milk and milk power.
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1 51 &

AR — W B3 WK (phthalic acid esters, PAEs), X 44%ki2
Mg, At R M N A ), o ) £ T Y
80%LA b, FEMTWEICR . B R4E . S8, 1L
Mt o SRR BRI SRR YT A S
At 2R e 2 A A TR, R S R OK
R BEREEAR  PRIGEL OB . RIREAE RS AR
Wik, FERETE RIS T E S 2R . WRE SRS
nn RS o AFSEREL, IR S LA B R A R T R
PEFIPN S0 THREAE L, eI BT 8o . Bom f
GRAR T ZPL B L ot 0 T R 2 AR e A R R A5 K
FRIETEFTHME SR, I HLOS IR AL 7 1, o83 SR T 2R 54
CHIRHIAE AT IR A 0 B8 AR RS AR TR
FLAG ARG B R 700 55 £ 8 0] rh SRR I A o B,
AT LA, FL O I 20 20 2852 5 K PAEs 5 R (104 41
Y. TR, PAEs fE 2R FE T FZMASAE ST
R A R BT, AR [ SN [ PR 4 SRR AA TR T
AR RTEAA A . B A 2k 0L B B HL A BB A s
PAEs MYAEADS 0 JREHLE Q5 S IR h i 462K —
FH 2 —.(2-2 3%) L i (diethylhexyl phthalate, DEHP) ., 4F7%
i — 5 T-Mi& (diisononyl phthalate, DINP)FI4E 4 H1ji —
T'HiE(dibutyl phthalate, DBP)# K 5% BE 8430 1.5, 9.0,
0.3 mg/kg . [ Y SMEIE T ol RO B, %R LR FL
il S AT PR R i SR TR I P

HHT, T PAEs WSCERFIEGIARE A, F%
AR ETEEN | SR EIE- g R | RO ikt
DA RO o - i U104 Horh e ik M 2 B
R BRPE, PUZRAT Bk i RBUE A, AT — 205 f AR
RGO R s ey [R]INBUAT D7 10 T 3L L Ll b R A TR
DS K2 1) PAEs R /b CUAS BRI A2 S BRAc Il ) 5 22
EE O MR AR BB R 22 RN M D (multiple
reaction monitoring, MRM)#R=,, 25-& S A0 035 1 15 43 B sl
fAE A MRM HFAEES 5 X5 FEA 7 e VERE &, REORUEE VB
(¥ oA T 08 R ARG v LU, TGS S TR X
RERLJTUZ 2 BORE S BT o F A OR3-S AR AT o
7% 3% (gas chromatography-tandem mass spectrometry,
GC-MS/MS)Kl £ it PAEs Wik B A i, (HRZR
BT AN TR SR i, BRSO g
XF A L A A LA i A DA DL A

WASTL SR AL 2%, BRIV NG 1 BT & B, HUAL
PHE) AL T R BRAR I AR B B AFTER I BEIR S 3
& (gel permeation chromatography, GPC)4+fk, T8Nl
EHIRS S0 TS WAE GPCFE AR BEARES, ARy
RS, /N T A ML IR O B AR AT b, KB T REY

FALRCR o AR IBOA R ik U5 T T Rk, 2
M. T GC-MS/MS [FIBHI A 7L 2L 17 Fi PAEs 119
i, HRANZ ) B iy B L FLR B PAEs #E1T
TWEEE, XF TR BT L FLE R PAEs BTSSR
Pl PR B R L

2 MREREE

2.1 AFISNEE

17 FPERR — W IRER bR IEfh (B > 95%, % Sigma
AN, ARZE W R W 5 (dimethy] phthalate, DMP), 484
ZF iR — Z B (diethyl phthalate, DEP), 4F% _HM _F T
fii(diisobutyl phthalate, DIBP), 4BZE —.Fi 2 — T E&(dibutyl
phthalate, DBP) . 4 & — H 8 — (4- B 4L -2- )1 36 ) IR
(bis(4-methyl-2-pentyl)phthalate, DMPP) ., 2P — R —(2-
FH 42 2L) 2 BB (dimethoxyethyl phthalate, DMEP), 4B _H
1% — J% fiE (diamyl phthalate, DPP), 4825 " H iR —(2-Z%83%)
Z T (diethoxyethyl phthalate, DEEP), 4B7K —H g — C\[ig
(dihexyl phthalate, DHXP), £ " H 2 T 3L JE Mg (benzyl
butyl phthalate, BBP), DEHP. #£ —HIR —(2- T &) 2 Mg
(bis(2-butoxyethyl) phthalate, DBEP), 4B — F g ¥ Fig
(dicyclohexyl phthalate, DCHP) . 4= — H g — 1F % fig
(di-n-octyl ortho-phthalate, DNOP) . 4B7K — F fig — FK i
(diphenyl phthalate, DPhP), DINP, 487K — H fif — T fi5
(dinonyl phthalate, DNP), fIF C. ¢ % f# I fic & 8 100
pg/mL MARMERE &R, 4 CROGIRSE; MR OER. IECHE.
IR (g4, 32 Fluka 24 \)); SALSI(HTal, Ktk
PR, SEB KIS Milli-Q 2l .

TSQ Quantum GC “TAHH 3% - #7354 (3¢ ] Thermo
Fisher /A H]); J2 Scientific MPS GPC (3&[# J2Scientific 23 A]);
Hitachi .0 #L( H 7 Hitachi 2\ #]); Vortex-2 Gene R JiEiR &
#4(ZE[E Scientific 2 ]); Laborota 4000 B g% 7% & fe (15 F
Heidolph /2 F]); Turbo Vap BE KT (GEE Zymark 2
F)); Milli-Q 4K 4% (3 [ Millipore 23 F)o
2.2 NEBEMH
221 ZZTWHBFATBEAEA

% & F: % DB-35MS (30 mx0.25 mm,
0.25 pm); #H A M4 E & T 99.999% K & K i
1.0 mL/min; #EEECIRIE: 250 C; AOWEERE; BAEAFR
L opL; BFFAE: WA 60 C, &% 1 min, U
20 C/min FF & 220 C, 445 1 min, FHLL 5 C/min #HZET}
%280 C, f#£F 15 min.

Fig A iR T EDE T, BEEER 70 eV, B
FIRIREE 250 C; {L4LRIRE 280 C; VERILER 7 min; AT
ZZHLT: 100 pA; MRM £ W WA, R FH“EZ Method”
W vk, A start time” A N % H bR W) 4% B )
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RT-0.5 min”, 7E“end time” X & N “iZ H t» ¥ £ B I 8]
RT+0.5 min”; &FILAWNEEF. FET . ifEaeE &
PRI E) L 1,
222 GPC #Ab4t

HAbEE: 22 g S-X; Bio-Beads HUEl, Hif% 38~75 pm;
WEhA: ZMRZME; Wid: 4.7 mL/min; ¥R 5 mL; X
£E 8~12 min VEBEW .
2.3 FEmMmETAIE

WAFL: FRELS g MESLTFHEEE O T, IAS LA
FRARMEAL, A 10 mL ZJEIRFEHRE 2 min, #75HRE
10 min, 5000 r/min 0> 5 min, WHE FIEW . RG] 5 mL
ZIEEERI1 K, &F LT 40 CR®REET, iz
TR ZERIEMRIFE R E 10 mL, 1 GPC, Y #E 8~12.5 min ¥t
BT 40 CheEZEiE T, HIECHERZE 0.5 mL, 1AL
JE,

Wiky: FREL 2 g FESRTFEORE.OE T, A 15 mL
40~50 CHEZIK, WIEERE, JRHRSFLL BRI,

Ik

#F 1 PAEs BREERTE, MOMEFXT. flidE

Lk =5

HERESH

3.1 EBURAFERE

SR TR . Gk, EC k. M. Sk
S ARG SRR, A5 R RGO AT, B
HEKE R, MELARAE, Ak bk O BE R U, TR
ErESR, fEPRBGL R B R AE IS S BURBUSCR 22
AR BARTTTE R ORI B, (AR EESR; CE1ER
PRIOA R o] LTvE s AT . BRI S5 R A F oo, FEEGL
Hm BARBORE R AT Bk, SRS 1E N
BUaEH. L& B, #7510 min B AJ4RESE 4.
BTG EIRE
PAEs J& KM IE Y, SHRIF, Gkt
IO 32 A AR B 5 A ) T A . ST DB-SMS
(30 mx0.25 mm, 0.25 pm)Hl DB-35MS (30 mx0.25 mm,
0.25 um) A EBANEFIEAT AL, 455 & B DB-35MS i
. Iy L wi AT DB-SMS BAIEAE. T

3

3.2

R, EER. ZMEHEXARRENTER

Table 1 Retention time, monitoring ion palin;s, collision energiﬁebs,EI:ODs, LOQs, correlation coefficients, and linear ranges of PAEs
ey 1%?#?4‘!‘@ Wl i 1 RE pAEN R 2 28 LRAETE
/min A% /(ng/kg) /(ng/kg) /(mg/L)

DMP 8.3 162.9/77.0*%;162.9/91.9 20;25 3 10 0.9998 0.02~2.5
DEP 9.1 148.9/93.0%;148.9/65.1 15;25 3 10 0.9991 0.02~2.5
DIBP 10.8 148.9/93.0%;148.9/65.1 15;25 6 20 0.9974 0.02~2.5
DBP 11.8 148.9/93.0%;148.9/65.1 15;25 10 40 0.9971 0.02~2.5
DMPP 12.5 148.9/93.0%;148.9/65.1 15;25 50 150 0.9994 0.2~2.5
DMEP 13 148.9/93.0%;148.9/65.1 15;25 50 150 0.9999 0.2~2.5
DPP 13.9 148.9/93.0%;148.9/65.1 15;25 10 40 0.9998 0.02~2.5
DEEP 14.1 148.9/93.0*;148.9/65.1 15;25 50 150 0.9996 0.2~2.5
DHXP 16.2 148.9/93.0%;148.9/65.1 15;25 25 80 0.9997 0.02~2.5
BBP 17.6 148.9/93.0%;148.9/65.1 15;25 25 80 0.9996 0.02~2.5
DEHP 18.5 148.9/93.0%;148.9/65.1 15;25 10 40 0.9956 0.02~2.5
DBEP 18.6 148.9/93.0%;148.9/65.1 15;25 6 20 0.9996 0.02~2.5
DCHP 20 148.9/93.0%;148.9/65.1 15;25 25 80 0.9997 0.02~2.5
DNOP 21.4 148.9/93.0%;148.9/65.1 15;25 50 150 0.9998 0.2~2.5
DPhP 215 225.0/77.0%;225.0/141.9 25;20 3 10 0.9999 0.02~2.5
DINP 22.9 293.0/148.7*%;148.9/70.8 15;20 60 200 0.9973 0.2~2.5
DNP 244 148.9/93.0%;148.9/65.1 15;25 50 150 0.9998 0.2~2.5

T * R E R T X
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DB-35MS BN H: [ E AR 35% 1K 3 58 F Lk S0k, J&
FrER A, WrERISR T DB-5MS, XJ 17 # PAEs 4
AR fr ] 13 F 4325 B2, H. DB-35MS SR e, il Se ik
Fi DB-35MS E41E . T DINP &4 Z 50 [H 4 F ik,
R A TE, H@GE A B — E TE R R — R i
4Lk, B TR RIETE, IR 1.
3.3 RIEFHEIEE

TR E N R 2 R A e, AU R
B X E M E) . fifEes . e, H8
Fisk 1] R W) 52 o7 88 B 4 H 8 — RN R NS B0 T
oAk, LARAIE B B AR ARG AR S o AR S0 1] 5 (i 41
T, HRRA—%RAHAH (ull scan) 7 23R EUF 47 1B 2
F, ZJERATFE FHAH (product scan)iRi5 =W F, i
JE R MRM, Fi {4 B ) 23 Bl R A2 AR A T4 A, p Ak i 5
AL 1. B 2 UKy . 055 B KOMAR IR R TR

(SR

A S255 2R FH Thermo 23wl #Y“EZ Method ™ 28 /i, %
WEEEAS H AR b A P i £ 7 s 11k 4330 15 BB i
S B E R BB ] +0.5 min, [FIEZ BRI sE a5
XA — S T 2 BITE RN, BRI US55 i e A B 7%
WA Sl R TR B B e R T AL SR N IR Bk
He 0 st 5] B 1 43 BB B ORI Rl SOBCRER B, DR
A T €3 2% 1 ARl SO S A Sk VIR — B &%), HARY
PR B B ()30 2 2w B 1T 380 B AR 0 i V) s G Al
34 GPC 2 EHHIMHL

2T GPC. N-INEEZ ZRE(PSAME ., Cig A1
A ARAIRRE . RESAE A QUEChERS JyvE#H Tk, 45 %1
& 3 FvR. MK 3 AT, SRARPERY PSA #1:X%T PAEs F{R R
5, WAL, Cs AEXF PAEs MULR I W&, LI
DINP J“EH#i 2, ANZ VM A S kA% PAEs (W o,

100 1 3 NL: 1.40E7
4 7 TIC F: + ¢ EI SRM
80 2 9 ms2 148.910
[65.078-65.082,
60 } " 93.028-93.032]
13
40 5 6 " 11
o LE ] L
12
0 1
100 r 1 NL: 2.54E7
80 TIC F: + ¢ EI SRM
ms2 162.910
60 } [77.038-77.043,
(e ;e
w40 t 02.028-92.032]
.H.|_
& 20t
et
0
100 r s NL: 6.45E6
30 | TIC F: + ¢ EI SRM
ms2 225.000
60 b [77.017-77.022
141.958-141.963]
40 }
20 }
0
100 17
80 |
60 }
40 } ;
16 |
20 t \
0 . il I .
0 5 10 15 20 25 30 35

i A]/min

7: 1: DMP; 2: DEP; 3: DIBP; 4: DBP; 5: DMPP; 6:DMEP; 7: DPP; 8: DEEP; 9: DHXP; 10: BBP; 11: DEHP; 12: DBEP;
13: DCHP; 14: DNOP; 15: DPhP; 16: DINP; 17: DNP
1 17 Rl A — R B AR o i R s 1 i 1
Fig.l Extracted ion chromatograms of 17 kinds of PAEs



o5 4 1 S

H,

A OG- PO BEL I RE WAL FU R 17 R — H AR IR I IR

1013
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R ERE

7.20

847

9.23

7.85

11.79

29.12

2933 3065 3513
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20.35 21.81 Wy ks

18.84

18.01

25.14

29.01

31.43 33.31 35.29

10

A 2

15 20 25 30 35
Ff [8] /min
5l 25 1 BORE G BE B S S B T R

Fig.2 Total ion chromatograms of blank sample and sample spiked with 17 kinds of PAEs standards
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s BT PR AT BI85 P € R, 3R R 2 R

5 100 WA, 06200 T LA 3o 7 280K MR R Y AT, 204
= o0% A ARG AT 7 v et B T £ 53 P K e
o I I I SR S A e N P B T B U Sk (0 RSV,
P %'— FIT PR B 2 8 0 T 7 P T 0, PR K B K T T

5 B & F % 2w YRR T R B AU N, 230 CHERS 2 b, LAREIRZS

3 OB T ARSI, T SRR, A

B 3 KRG )T % PAEs AR BGR

Fig.3 Extraction efficiencies of different purification methods

250
225
200
175 PAEs
150
125
100

75
275
250
225 PAEs+milk
200
175
150
125
100

AR e ==

s

0 5 10 15 20
B+ 8] /min

4 PAEs iREFRUEVF IR AN PAEs 1A bR M IR 2 W34
GPC VIt it 2%
Fig.4 GPC elution curves of mixed PAEs standard and milk sample
spiked with mixed PAEs standards

WIS UF- S s R IR 8 it 47 2o 2 v 2 W B 2R 5% v i1
PAEs, % &3 BRMIE (O REIC SR AT B 23 B PABs AR,
fdi15 PAEs M- ISR H 125%, 47 PAEs HYE S M1
FHPYE; QUECHhERS J5 b AN 5E 4 Ho IR A% . L & 3Lk
e 2, R EE ISR - ik, GPC ik ik
SERMREEST T R/NIEAT /8, REA AL bR g 7 B 2 1 o 55
KAYT, 17 5l PAEs 15 264 nm (BEI 1515 (418 H 4 B2 I K
SHMEI 2 AL SN, FIX o BN 500, TEEE
JEEHE BB A A F B K R T . B AT

FI 17 R SEFNE A AR R B T8, DA A IR
YRR [ B, P 4 nT 1, KorF AL B #E 8 min Z AT
ZAFRH M, M HYAE 8 min 5 A YRR H R, =
12 min 43 o PIILEEBORCAE 8~12 min B9 PRI T 58 4
FBRR O FIART I, RS T K55 BRI
e
3.5 Z=HEXE

H1F PAEs [ IZAEAETIE Y P, Ol T A
N R S e e a7 W M 5 U S A P R e o e i B

fI% PAEs By 4L, S8l At o s S (5 S0 R &, RIS
25 5L .
3.6 HEFER
3.6.1 FIELMTEE. KRR ER

HU 17 Fl' PAEs bRl it 25 R AR 2 T RV
PRUETE W, FEOCAL I 058 K TS S50 N - T4 ekl . LA
VETHT BN PNAB R, Br VTR R VR B i Ak b, 2 ST 14 il
(W 1), S5REM, 17 7 PAEs 2R IFLM X R
RS VR RIS B AR 0Tk, AR R B T
DA L SIN=3 T4 77 a4 R, SIN=10 114375 12 e i B,
ZRILE 1,
3.6.2 EREAHEEE

RIS PR I it &, AN 3 ANk B2 K
(50, 200 F1 500 pg/ke)IARAEATR, % PR wTA 5 ik
HEFT AR TTUSCRIDRG % 8 S0 06, AN S in ik B a0 o 6 1K,
LSRRG 35 45 JL 36 2. 455550, 17 Fl PAEs 1
JnTE SRR 78.2%~115.4%, FHXTHRUEG2E K 2.65%~9.95%
3.7 EPR¥EmNE

FHBTEENT 097 AL T RSB 36 AR TR
S I S A0 R BR AR AT T R (LR L 3). iR 3
AL, TE 36 ARFES R, 22 R SR A PAEs, AR
61%. A 4 yFES K H DMP, &80 13~58 ug/kg; A 114
FEEhEH DEP, & 1oh 43 pg/kg; A 11 LA DIBP,
SRR 21~83 pg/kg; A 12 00FE S H DBP, & &30l
h 41~108 pg/kg; A 13 FEMKH DEHP, & 3 A
44 ~171 pglkg; HAIRK H . FE GB 9685-2008 ( &
Z54n . ALEMR U IR DA AR dE ) Th e T DEHP
Al DBP &SP EEBREMESN 1.5 mgkg F
0.3 mg/kg, P, FERIARE S, A & IR G A6 FE b

17 # PAEs Hf i 5 F, 435 /& DMP . DEP. DIBP,
DBP il DEHP, {153 /& DIBP .DBP il DEHP J& Kk
W B Y19 B, DIBP, DBP Ml DEHP & Tl [
FHECHTIZ ) PAEs, PHIGAT AT RE by HoAz 77 b A2 v i 9 R
I, SEAFF IR AR B R, A B A P A TS
ey . Hor, DEHP 1% & 3% /5 7 2t PAEs, [y DEHP
AR ARG, B A i R R AR e
S8R RS AL & 0. LA, A e v sz BRI A
Fo Xt Lok P e A e — B RS, FEFLAR IS T . A2



%4 T, % SHERE- =S DU BTSN AR L S Y 17 FhERAE T ERIR S B A5 1015
AL BEARAF S I s ] — T IRl i M}, ik G 32 B A7 ot Bk 2
HAERS - i L= k)
EY e . .
RN % b PR
4 % lugke) o RSD% 0T RSD/%
AR TR I U 17 Fhef ok — R lR 2 DEEP 50 80.1 9.32 84.1 8.85
R A SR €03 - = DU AR R BT R A R ik, T vk
T L 200 984 471 1033 447
PEMRI R, MR R, RMBRAR, #5504 AR T8 bR 35 681
& HE RN A BT BRI B R iR 36 AN SEBRAE 500 114.0 8.85 109.7 8.41
SR, INT 22 By PIYERER, S REATNER, 4 bixe o s17 605 s ess
Ap e AR B P N R AN AT, e PAEs 35
V= L 200 94.7 9.95 89.4 9.45
PITs g™ i, BRORIN 25 10 B R R
500 89.4 4.83 93.9 4.59
<2 17 ¥ PAEs BI/NHR B U 04 3 AR R Z (n=6)
Table 2 Recoveries and RSDs of 17 kinds of PAEs (n=6) BBP 50 100.9 4.29 95.9 4.08
whn WS Yiky 200 1077 7.93 103.1 7.53
RED e sk
° ) 500 100.8 5.73 105.8 5.44
fngke)  jo,  RSD% 0T RSD/%
DMP 50 1003 9.81 101.8 391 DEHP 50 110.3 9.85 85.8 9.36
200 98.8 6.67 955 6.58 200 107.6 4.38 93.0 4.16
500 102.9 339 111.8 4.98 500 106.6 6.92 100.9 6.57
DEP 50 80.4 8.93 85.9 6.84 DBEP 50 99.1 2.79 84.1 2.65
200 84.2 534 89.7 6.16 200 99.4 8.73 97.4 8.29
500 904 6.84 92.9 761 500 106.4 3.38 101.7 3.21
DIBP 50 87.2 6.67 84.9 8.58 DCHP 50 103.0 4.93 87.2 4.68
200 0.1 763 83.3 717 200 89.2 5.61 93.7 5.33
DBP 50 91.5 4.84 88.7 8.46 DNOP 50 91.7 8.74 96.3 8.30
200 100.6 8.74 952 9.07 200 94.5 3.83 99.2 3.64
500 993 291 96.4 7.48 500 97.7 8.49 102.6 8.07
DMPP 50 78.2 4.12 80.2 8.59 DPhP 50 97.5 5.57 92.4 5.29
200 88.4 961 88.7 7.48 200 115.4 7.92 91.2 7.52
500 89.3 5.87 92.2 5.89 500 99.5 4.31 104.5 4.09
DMEP 50 84.3 7.78 82.5 7.18 DNP 50 80.9 4.83 84.9 4.59
200 83.7 3.18 89.5 6.57 200 90.5 5.87 95.0 5.58
500 94.6 9.95 96.8 5.54 500 98.8 4.94 103.7 4.69
DPP 50 95.9 5.36 89.8 8.25 DINP 50 105.6 8.47 90.9 8.05
200 94.3 4.3 106.6 5.75 200 91.3 9.38 95.9 8.11
500 89.1 6.18 99.7 3.56 500 89.6 593 94.1 6.43
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Table 3 Determination results of 17 kinds of PAEs in different actual samples (ng/kg)
(k3 FHY DMP DEP DIBP DBP DEHP i3 %#/ DMP DEP DIBP DBP DEHP
Ein -4 — — 20 — 92 RS mY — — — — —
e 4175 — — — — — MRS RY — — — 58 67
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