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Determination of 22 Phthalate Esters In
Milk Powder by GC-MS/MS

WANG Jin-cuit, WANG Xi-rui?

(1.Heilongjiang Province Tianrun Inspection and Research Institute Co., Ltd, Haerbin 150009, China;
2.Heilongjiang Provincial Center for Drug Inspection, Haerbin 150001, China )

Abstract:

A suitable GC-MS/MS method was established for the determination of 22 phthalate esters in milk powder. The
milk powder samples were dissolved in water, extracted by acetonitrile, salted out by NaCl, then quantitated by
GC-MS/MS in multiple reaction monitoring mode (MRM). As a result, 22 PAEs possessed an excellent linear
relation by using matrix-matched standard curve under 5~500 ng/mL, the correlation coefficients were all greater
than 0.99, LOD was 1.0 pg/kg-5.0 pg/kg, LOQ was 3.0 pug/kg-15.0 pg/kg. The recoveries were 82.4%-111.4%
at three spiked level with relative standard deviation(n=6) of 2.4%-9.5%. This analytical method is simple,
quick, sensitive and stable, which can be used for a monitoring and screening analysis of 22 PAEs
in milk powder.
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A0R —FEREESS (Phthalate Esters, PAES) N4RZK — HRRMBRALATAY), S H i Al i 1 —
FIEFIREALT, [ 20 40y, PAEs #t) 2 A, s, AHS . LEESMSESAENLE
S ARG, FIRE A RR G . . Bt K DBP, DEHP %% PAEs 45", 43¢
BRTE . PAEs MU faH AMAGIELIEN R G, MENMENLERARG, KAEBANIESXE)
Py R BRI B ASVE T, S A S SE 6 B B6AIE DBP 237 4 3 DNA 51473 1 fia ),

HHj, DBP. DEP. DEHP. DMP. DOP X BBP CL#3FEIFfa RAIN “Mieiz gt s
RKH3 (2004/73/EC) /A5 tKs DBP. DEP 311955 2 AT AL &M, BHTAR A — RG0S5 %,
FE 2011 FH AR ( P/ (2011) 551 %) CRLE & & & ME 057+ ) DBP. DEHP & DINP
(8 K ik B B 2> I 0.3 mg/kg. 1.5 mg/kg. 9 mg/kg. fEXT PAEs 2y5 Gttt AT Wil i3 F o % B
TG R e P L RS MR VA ERSR, AEAEE L NI ks IR v R R A B R A
fi, GBI RN VRSB AL SR AR ORI R R, AR R R FE A Rl
T8 N 9 5 & A PAEs i- M,

£ A R R BRSSP TR I 77 T A S A (GO L WU ERRE (HPLC) « AAHE
W-BRHE (GC-MS) | WA (- T/ 5 (LC-MSIMS) 2515181 4 T3 /5%, GC Al HPLC
PAFAEE MEBE DAL R L, ELAE AR 0038 By T A7 AR KR RO, LC-MSIMS V3 A AE AR ST
. ARG ABAMEER, GC-MS 2 H RTBCAH A E 5L SR1, 76 GC-MS Ml A2 v & BLK
ZHANAR Z HIRER RN AW EAAE— MM R R B, HRE T m S EERA, HT R ERE
2% B0 LA A SRR U BN A LA I 5 ik R VS A . B RS HRAE P2 , iAR T GC-MS,
GC-MS/MS A A 12 [ NI (MRM)RE R, AMUEA 1) @ik, WAERKRR ERICE A0
IR, e R, AR T LI BTN G, T SR A R B DL R B 7 2R R R
PAEs, FEaufil#& It FEfis, 454 GC-MSIMS fillJrik, @ —fRBUEE R . LR ERIH T
PAEs taill J7v%

1 MESFE

1.1 MESEE

GCMS-7000D S AH fuii- — 5 PUMAT HR R A (AL TR B T ENHE) , ZHEfed
HAHRAFR; 3-18K & REE S L, HE SIGMA A#]; MS105DU HF KT, fH[E HEEE
v w); Talboys IR G2, Fig2iEStin R R AR AR ;. KQ5200DE i k%4,
LA A R AR, WS21 /KGR REIR, #EE WIGGENS; NRY-100C 75 (% ¥ #%
IR, bR S SR A IR A .

R (i) o HEE (B . IECk (RIS . AR 4EE (Bi%g) 7 E Fisher
ANFE; AR (R BEERK AR 2K — R ER bR UE fh 304 145 [ Dr. Ehrenstorfer-Schafers 22
Al ABOKR T HIR — ZBE(DEP). 482K —HIER A BE(DAP). 482K IR — 7 T E(DIBP).
ARK — FI R TN ER(DPrP). 482K —HIR T fig (DBP) . S8 IR —(2- L5 3k) £ HiE (DEEP).
AR HIE — CliE(DHXP). 4P — HIR — (2- 2.%%) R (DEHP) bR vE S A EE 4N 99.0% 5
A2 W R = S IS (DIPrP) . AR — W — (2- T 4 52) 2 G (DBEP) b vk i 11 40 & 15y
98.5%; ARZK —HR — H5(DMP). 48K — R — 5 [KHE (DIPP). 48K — W — ¥ CHE
(DCHP). 4B — HR — 2K Ji5(DPhP). 42K — IR — F:MiE(DNP). 4F2K — iR — 5+ 251 (DIDP)
PR st A FE YR 99.5% 5 AR — IR —(2-H %A Jk) L R (DMEP) I 4l FE 94.0% 5 482K —HITR
T (4-FE2E-2- 1 )R (BMPP) [ 4H S 98.0% 5 AR — FH R — [ INE(DPP) U4l 99.2% 5 AR —



IR T -FHl5(BBP) AR 97.0%; AFZK —HER — CEE(DHP)I4EE 98.2%; AR _—HIR _IE
SENE(DNOP) 4 97.5% ; /K (Ji FE FCFEME/K)

1.2 SEE vk

1.2.1 FKr PAEs [1IFHEHL

FREURS X5 FUR ke 2.00 g B T 25 mL HZEP B0, A 5mLIK, 594
Wi, froERAE, BN 10 mL 285, iR ~E] L min, A $ER 10 min J5 4000 r/min
FEC 5 min, YEE BIEW. FARES I 10 mL ZBREE R KGR T 5 —
PR OE . o LIEWT 40 CEIREIL T, MA 5 mL ZIERIEEVERE, HHSERE
T, H2mL L5, HON-18 Tk 2 /N, 10000 r/min iR (4 C) &0 5 min,
BB, BRI S s i
1.2.2 7% R o 35 O A R 5 5 T A 4 Y Y P A 1

AN E AR 2K — I RBE R SR FUR AR i, $HERE ST AR BE TV, il sas ERE il 5 i 7
Wo FCIEEARAT IR — HRREEARAE S, R SR E N 1.0 mg/mL FI ARG 2, TR — &
IRFRBARRAE R, T ISR BRI 9 1.0 pg/mL VRS ARG, T 245 1 35 R VA Vs B
R IIRAFRUEEW(5. 104 50, 100. 500 ng/mL).
1.2.3 GC-MS/MS %1
1.2.3.1 A 3l 2% A
i k. HP-5MS B4 H: (30 m>0.25 mm, 0.25 pum); #H/<: m4i%/<; WMiE: 1.0 mL/min;
THEFEFE . #UAFER 50 °C, 4% 2 min, LA 30 C/min 1% 160 C , 4% 2 min, L4 3 “C/min
TFAE 220 °C, 4% 2 min, LL5 C/min JFZ 240 °C, £ 2 min, Ll 2 “C/min J12 280 C,
{#%F S5min, LL 10 ‘C/min J+% 300 'C, {#FF 2 min; HEFERE: 1L, ARodekee; #HREOHE
fE25 250 Cs AR : 4 mins
1.2.3.2 Jiig 41
B Bl BRI 230 Cs DUMRFFREE: 150 C; fEHZkiRE: 280 C; WKA:
AR, 2.5 mU/min; AlfES: AR, 1.5 mU/min; SKRERKK: ZRNEN (MRM) ,
A2 HEREE R &4 MRM RESHULE 1:

1 2MBE_FRERLAEY MRM S5

Table 1 MRM parameters of 22 PAEs

- B (1) SE B BT SE PR Tl g i
(min) (m/z) (m/z) (eV)
DMP 6.5 163/77 163/77 26,18
DEP 8.1 177165 177/149 35,10
DIPrP 9.1 167/120 167/149 30,18
DAP 10.6 149/65 149/93 30,20
DPrP 11.2 209/120 209/149 30,15
DIBP 13.1 223/57 223/149 30,18
DBP 15.4 149/65 149/93 25,18
DMEP 16.3 149/65 149/121 30,25
DIPP 18.0 149/65 149/93 29,20
BMPP 18.2 167/121 167/149 30,21
DEEP 19.2 149/65 149/93 28,16

DPP 20.1 149/65 149/93 30,20



DHXP 25.0 149/65 149/93 29,20

BBP 25.1 206/123 206/149 20,10
DBEP 28.7 149/65 149/93 28,19
DCHP 29.6 249/149 249/167 20,12
DHP 30.3 265/57 265/149 20,11
DEHP 30.5 149/65 149/93 29,19
DNOP 30.2 293/71 293/167 30,18
DPhP 345 225177 225/141 45,20
DIDP 35.2 307/85 307/149 24,10
DNP 36.1 149/65 149/93 26,18
1.3 Bl b2

KASMREAT B, DRI AR A ISR o F, AR E AL, tH 5 H Fra o
PRIEMCR AT SRR . A A AR S AR ol AT Bt AL 2E

2 ZR5MH

2.1 SEER AR IR

AR I RRERR S ZAFAE THEE . AR R SEIRAEM v, DRI 526 = 0 20Tk A T AR JR A 1Y
PR RGP . BT A WL R B D € 4 BT B S, LR T A i iR M
(200 C, 2 h) 5 7ESH0I AR Hp ol Gl FAT AR R 8 AR 25 52 (1 L ) ot s 3RS 4 LOL {8 FH i
N, JeLALNEIRH 2 h, HETTEMETE (100 'C, 12 h) , BHEMHEH; HHIIE
w8 JE R RS RIS S R, JEAROR o) ke, P IEE N R4
RIEME, LR EMRAE /N TINERIR R =02 —, ARAE R CLZIEATE, 5058
R FIE .

2.2 FLK PAEs $EEL A ROAL

PATH B FUR AR i, DUIAR IS 5 2K, 2 40 ng/kg INFRZAKSE R, BHEIECKE.
IR OME CHE FPEENUR 2010 0t 15 VTS PAES IFRICICR, S5 R AL LRSI



K, 22 Fh PAEs [ UL ZE7E 84.5%~109.1% 2 8], £ 1% L EGHE B U E Ak, M
67.3%~104.2%. X W] HeE H T A P AR 2 RIIRE R, MIECk. ORR O S 5
JEEW, SEOSZ MVEvERmpEt, PRI, th4h, Bk, LR OEESNGS
WRPETE ], XS PAES $REVRCR AV LA HEERIER, BT H RS,
SR TIEN, B IEHE R T UUR B, AT R, 2855 PAEs B HIF IR IR,
DU A $RE B 77 [T IACR K/ NI R Ry 200 > H I > 1E Cobe > 4R LB

B 1 $REUAE RIS PAES [ (1) 20
Fig.1 Effects of extraction solvents on the recoveries of PAEs
AHFFIERS PAES FEUTT AU M HEAT % %¢, LUK ES . U8 s @A
PEHL, &2 455K, A HEEL 22 Fh PAES [FIZRTE 84.5%~109.1% 2 ], 7K¥RE ¥ e HL Al
W AE 83.8%~104.3% [A], 11 725 % & HE HU IR AE 80.4%~101.0%:2 (7], 75 4 HU7 =
b S 2t vy FF A T8 A H2HL 10 min B26 4, A HEHEL 15 min BHEEUSCER IR A &
Hiew, UL E LR IRIGAT, A S 10 min JyFLky  PAES SRR

2 $2HUT 6T PAES [A] 2 [ 5

Fig.2 Effects of extraction methods on the recoveries of PAEs
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GC-MS/MS 5% 84 53 Hr vh 3 i - AE BE S, 22 SRR P 3G sl v, ad i DL [ R
FE A REC B FRHETA T, SRR EEALET (85 Bk AR e A i A 4T Xt , BL ME
EVPA RN, ME= (75 [ JE 50w Ap D420 1) o 824/ 256 wh A AP g el )2 AFD - ><100%
ME<<0.85 PR AE M), ME>1.15 PR NS 9208, 0.85<ME=<1.15 NI\ Ay H K
SRR, gL, 22 AR ME XK T 1, A0 5 R A IR /I (3 R
RO, Ay 17 FhARI AL FE R ch B FE R o N, PRI, DAAlE 5 il 2R AT R v 4
AR R ZE, T2 DAL UC RO bR mh 2R 3E AT R HE, FH DAVEBR B AN, FRAIE E fE 45 R 1 HEf
P, BfRSERuE 1R,

ME
175
1.65 |
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Fig. 3 Matrix effects of 22 phthalate esters in milk powder

2.4 GC-MS/IMS ¥ &5k

KHIARIR — HIRREE & 84908 1 pg/mL B EAL 0 bRiE GBI, A4 434 75 300 7% 22 Fif
HAMEEYIBET 2434, 456 NIST i ZEAG 2 45 R 2 &% H HOOR B I A] o 72 5 8 T4 A aC
(SIM) T, ARIGHIIRAT B — G50 BB U AT LUK A5 5 M MR A 1~2 B 1R 1y
BEBSF- 58 AR — IR RiE : LA [F AR B (5 V~40 V) 8 — 0 ik N IR I BERS T,
TR BT A REE TR 1~2 AME SRR TR T T, e E PRI U5
WAL, DL sR BRI T e & xd, M ENEE TR, 22 F
WAV PR B I 18] S B i REES BINER 1 Fioss.

TERF T R R, EAR K 24 PAES A — MUK B> T804 149 TR BS 1, 1 4%
JiiE (GC-MSIMS) MA 1) 2 B M (MRM)EES, P 149 /E N BEES 7, fE—E Rl Re &
THEEWRA T ST, S IKITE, BT — R SIM SRR T R ZHALR
FREE DI 3 LA 149 VRN B TR 7 BT 5 e A U 7 v J@ AN G BRI 22 i el s, 3T
P TR R B

25 LMV, KR, EER. AEE SRR
T RESE R IR M ik, DOINARAE b B AR E B TR 3 N

PR, HECRERTE N 2 g, BERZAABUN 2 mL IS P HREIER IR, 22 Fh A T IR
WEVTTER I BRAE 1~5 ng/kg (8] DN BTSRRI LR R B, KIUAE 5~500



ng/mL JEFEIN, SR CR RIF, MHXREIART 0.99; PATTEFN AR, DLk
WAL G 75, @ INAR I 75 305 52 07 iR B RIS 2 B, 22 FRARSR W R EE AL
AW, 1E 20 pg/kg HINMFRAKSE R, [BICRLE 82.4%~111.4%22 1], 1E 40 pg/kg HIINARKF R,
(SR AE 84.5%~109.1% 2 8], 7E 100 png/kg MIIFR/KF T, [EUCRTE 90.6%~103.7% [7],
FEANIFRACEEAT 6 UCPATIE , A4 M AR 2230 /N T 10%

F2 HLEHE. HRAR. BHE.  BE. EEESHEXREREN0=6)
Table 2 Linearity, correlation coeficient(r), limits of detection, limits of quantitations(LOQ), recovery and relative
standard deviation(RSD)(n=6)

20 pg/kg 40 pg/kg 100 pg/kg
LOD LOQ
B Lttt r g RSD  [f%  RSD g% RSD
(ng/kg)  (ng/kg)

(%) (%) (%) (%) (%) (%)

DMP  y=716.4329x-2,1245776  0.9998 2.0 6.0 85.5 6.5 95.5 5.4 94.6 5
DEP  y=511.0813x-1,090.6100  0.9997 15 45 90.6 76 94.6 5.3 99.6 4.8
DIPfP  y=29.4383x +251.3077  0.9995 5.0 15.0 108.6 9.4 104.1 9.1 100.5 8.6
DAP  y=1137019x+332.8511  0.9998 5.0 15.0 97.2 5.8 98.5 5.6 96.4 2.4
DPrP  y=1137019 x +332.8511  0.9998 15 45 102.4 7.6 99.5 6.9 98.9 5.5

DIBP  y=788.0209 x - 5,284.3863  0.9995 1.0 3.0 105.5 5.7 103.2 4.6 100.4 4
DBP  y=9234587 x-4,593.8114  0.9997 15 45 1015 6.7 100.5 7.2 100.8 4.6
DMEP  y=4058061x +3,467.9845  0.9994 5.0 15.0 82.7 76 91.5 6 94.3 5.1

DIPP y =60.9955 x +228.0040  0.9999 35 105 91.4 5.0 89.4 4.4 92.4 3
BMPP  y=207.7539 x + 846.3300  0.9998 5.0 15.0 95.4 95 96.2 9 98.4 6.5
DEEP  y=141.0544x +156.1659  0.9995 5.0 15.0 82.4 9.2 84.5 8.6 90.6 7.9
DPP y=56.6199 x + 309.9573  0.9996 15 45 1015 76 99.6 6.9 99.7 4.2
DHXP  y=730.5186 x - 4523.7755  0.9994 35 105 111.0 7.9 109.1 7.6 100.5 5.1
BBP  y=271.1764x-1570.2663  0.9995 35 105 88.4 6.1 92.6 5.2 93.4 5.0
DBEP y=216.9078 x +1,372.6676  0.9993 5.0 15.0 1045 95 103.1 8.0 101.2 4.6
DCHP  y=52.7013x+568.9236  0.9992 25 75 83.1 7.1 85.6 6.9 91.7 5.1
DHP  y=2951025x+1,717.3625  0.9992 5.0 15.0 102.4 7.3 100.7 7.4 101.5 5.1
DEHP  y=43.8330x+293.4148  0.9998 25 75 105.4 9.1 103.1 9.2 100.7 45
DNOP  y=287.2110 x + 1,368.9423  0.9997 45 135 108.7 7.9 102.6 8.1 99.8 45
DPhP  y=141.9837 x +815.9663  0.9993 15 45 111.4 8.5 105.7 9.1 101.5 5.0
DIDP  y=610.9741x-4535601  0.9996 4.0 12.0 90.6 91.6 6.0 5.6 92,5 45

DNP y =110.5184 x + 39.2512 0.9998 5.0 15.0 104.6 7.8 103.4 7.6 5.0 103.7
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HR (80%~120%) , IZIEAMEREEAT SR MCHE MBS R T4, S s sl b PAES R0l R 5%,
T LA A F A DR A 5, AT AR S Al A R A P AR — R E R TN, S —Fh i
RAEHE . RBUZ R Faoe VG 1 208 408 — BRI 2R R AL 7 32
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