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Determination of 17 phthalates esters in microwave food by gas
chromatography-mass spectrometry
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(Shanghai Institute of Quality Inspection and Technical Research, Shanghai 200233, China)

ABSTRACT: Objective To establish a method for the determination of 17 kinds of phthalates in microwave food
by gas chromatography-mass spectrometry (GC-MS). Methods Microwave food without oil was directly detected
by GC-MS after hexane extraction. The oily microwave food was extracted with n-hexane acetonitrile, and purified
with PSA/Silica composite glass solid-phase extraction column. After concentration and constant volume, it was
detected by GC-MS and quantified by external standard method. Results The 17 kinds of phthalates had good linear
correlation within the concentration range of 0.02—1.00 mg/L, and the correlation coefficient was greater than 0.99.
The limits of detection 17 phthalate esters were 0.05 mg/kg. The average recovery rates of the spiked experiment
were 85.7%—105.2%, and the relative standard deviations were less than 8.9%. Among 82 commercially available
microwave food samples, the overall positive detection rate was 17.1%. Conclusion This method is simple,
accurate and reliable, and is suitable for the simultaneous determination of 17 phthalates in microwave food.
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AR2K — H FREE 251k & W) (phthalate acid esters, PAEs),
NFRBRRRER, JE—FhOCE R AR RN e Reng iR
G RE SRR R R, R )i TR AR T
WEsar . EyraE . JLEBHESP Y, T PAEs
BT Z MBATE A, Sk . Sy
JRESH G v, AT BB R s p T S AR A
G5 EW], PAEs HA MW AR AE S fTIES R A R ™),
AR SRR R RRIEA R iR e AN, 23
THARIEFE N WBIIRE, SN RGEE, HEIk
PRI B2 SO i A R g AR 1 R R
b KR A SRR, Hodh i PAEs RS iR
HEANMR . K, Xk &dh T PAEs M2 —A 1408
Y i) e]

HAITA K PAEs W& ik FEASHAIEE . @ik
WAH 5 . SO EGE- TSk . S RS- RIS
WO S0k TR - R R RN, ke
mh R A AR AR I BRTR SIS e, [R] At 4] R S A Al Xof
e A VEIEAT R I, ARk 2 45 T e 0
T B B IR R, RE AL AT AL B R O BB, AL
DR A PR, SCRH 2 T3 2 AR e 80U 8335 12 (g G o R
Bw, Bkt —Aaam, w5280 wm
O3 TRk« WA €05 - R DG T 1 RN A €835 - B DG T
WL AR, — R s, HA s %, <M
{0, i - Bt 1% 7 (gas chromatography-mass spectrometry,
GC-MS)E A s fr Bl . e dfg s, HARR
PP i 7 A 3 - I b i g e v U2 FL B AT S
AH AT - BT 1 2 ] s Y00 £ PR AR £ rh 2 FP AR 2R — T R
BRI R .

YT, AT HE T SR 3 - BT R (] A E £
O R AR 17 PR Z N ERER 1Y 40 B ik, AR T
T TP AR IR I ERER I E BRI AR R, a2 U
EIRBHOR I

2 MHEREE

2.1 X5

Agilent 7890A-5975C S A B (£ E Agilent
/vHl); SIGMA 3K30 B.O0HL(FER Sigma 24H]); HS 501
digital 154§k 37 i (FE [ TKA 22 7]); SI-0256 1R iETR A 7 (&
[ Scientific Industries 23 &l ); SK8210LHC # H { (RIS
BB ESAT RN FD); KBE2166 ZIhREE S TALCh LT
O L 2 AT RS W), Heidolph g% 76 & 1Y (#1% Heidolph
/3 H]); DENVER 237 KV (36 1 DENVER A +]);  Milli-Q
#R 2K A% (3E [E Millipore 24 F]); N-EVAPTM 111 BIAM Ik

17 &R 2% — 2 G A o VA R [ SR % — W iR — W g
(dimethyl phthalate, DMP) . 2} 2% — H i — Z Ji5 (diethyl
phthalate, DEP). €F7& — H iz )& 5 ik (diallyl phthalate,
DAP), 4B7 —H1ig — 5+ ] Mk (diisobutyl phthalate, DIBP).,
4875 — F ik — T MK (dibutyl phthalate, DBP), 487 " HIfiz —
(2-H 4 3L) ZBE(1,2-benzenedicarboxylic acid, DMEP) , 457K
ZH R —(4- H 3 -2- 11 BE ) K (bis-4-methyl-2-pentyl ester,
BMPP) ., 27K — H g —.(2- £ %A 3t) Z TR [bis(2-ethoxyethyl)
phthalate, DEEP], 487K — HI iR — /% g (dipentyl phthalate,
DPP). 4FZ — H g — € iR (phthalic acid di-n-hexyl ester,
DHXP) . 487K — Ffig T 2% 25 (butyl benzyl phthalate,
BBP). 4K R (2- T % ) Z iR [bis(2-butoxyethyl)
phthalate, DBEP] . 4B — H i — ¥ E I8 (dicyclohexyl
Phthalate, DCHP) . 4f % — H R — (- 2 ) C B
[bis(2-ethylhexyl) phthalate, DEHP], 4F# — Hl g — 2K g
(diphenyl phthalate, DPhP), 48— H iz _ 1F >~ (diphenyl
phthalate, DNOP), 487K — H 2 —T-F§(diphenyl phthalate,
DNP), ¥k 1000 pg/mL, RKFRI/RIERHEARRA A IE
CBECR IR, M SR AR, O AWk N
(o3& 4, 25 E Fisher 2 wl); Silica/PSA [# A Z€ B AL
(1000 mg, 6 mL, M & HFHE RS A BRAF).

82 My T B Il £ v LI 1 E R (56 ) R 4%
(26 11)-

22 fREBRRBECH

E A RS B 17 Bh AR R R R IR b o U R (UR
1000 mg/L)100 uL, FHIECHEES 2 10 mL, il £k & h
10 mg/L MIbRUER B, T-18 °Cibfr, AR 3 ~H. %
B UERE W5 5 P E e B RL i g 0.02. 0.05., 0.10,
0.20. 0.05. 1.00 mg/L A4 TVEVR, BUECELA .

2.3 HRETLE
231 XBHE

(DWBSHESD: B RERIR 515 B2 200 mL i & 15 1 3%
RN TRE

(2)F 1] 285 R[] 25 - R R AR VR &) J5 R
200 g JiCE S OB S R -

232 KA

(AT EMCORIR . 0. W, %)

FREURESL 1.0 gOREHIE 0.0001 g)F 15 mL 2.0,
A 5 mL 287K, WS, FEFRIA S mL EC,
WHERA], WIZNED 30 min, A 10 min, 5000 r/min 2.0
2 min, W EIEW, H#E GC-MS 437,

Q)E M AR . B DU PRI . S5
)

FRECRESD 1.0 g(REHI 2 0.0001 )T 15 mL .08,
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A1 mLIEC %8, WHE 1 min, MIA 5 mL 2, #75E 1 min,
JiZ15% % 30 min, 5000 r/min £5.0> 2 min, Y R N
A5 mL OIEEEER—K, GIF FIEW . 40 °ChefkzEk
ET, A 5 mL ZE, WiEHs), gk,

I Silica/PSA I FHAEIURE, MRIKAIA 5 mL 5 FF &
5mL LG, 355000 o K i AL O B AH A2 UK,
WER B . FEIA S mL 21, WER . &F3FMRE
WV, A1 mL R, 40 °CEMGE T, IECBEER £ 2 mL,
WHENRS, it GC-MS 4r#f .

24 DWEH
241 EEE%

gk DB-5MS(30 mx0.25 mm, 0.25 pum)f3 S L4l
BAE, NATURHERE, SRR 1.0 pL; HERE R
290 °C; #HA: HWAIAR, K, 1.2 mL/min; FEFEFHE:
60 °CH£45 1 min, R L)L 20 °C/min FEFTFHE Z 220 °C, #
¥ 1 min, LA 5 °C/min FHE 2 240 °C, FELL 1 °C/min FHi
%245 °C, {435 1 min, L) 20 °C/min FHE Z 300 °C, 4%

242 JRiE&AE

B BL W TEEE: BER 70 eV, H
SIM #i=; B FIIRE 230 °C; WHRITFIEE 150 °C;
TR 2RI : 280 °C; W FIAER 6 min, T ik¥ S
DL 11,

3 HERE55H

3.1 AFNEE

ROK —HREEAE TR, BEIRTREZEAE VRN, 75
WG 8P, ZIROER. B, IEC BRI
K, BRI BUA RSB I T A . LIS A IERTH
BTIECKkE. BF. 205, ZRZE . —F BB 5 fhismla
RERCR, MEFFRBGRAE 05 ¢ T 15 mL &.08H, A
5 mL 280K, IRBERAT, FERIIA S mL $2B0AR, 1WiE
1 min, FIZUPRFE 30 min, 5000 r/min Z.0> 2 min, B IR,
it GC-MS 3#r, 25K 1. I 1 A1, RS FIIE C bt
BUdeR s, BRMISAETIECK:, AL IR A IE

2.25 min; EFIER: 6 min, SRR E ARG, SRt it T I VR ARG )
Fz1 17T HPFE_FREELX L EINREREMFESTF
Table 1 Retention times and characteristic ions of 17 phthalate esters
7 LR A W R R4 5 (PAEs) 4 B3 15 [ /min FHIE B T (miz)
1 AB7K — H iz — H i (DMP) 7.494 163*,77,194,133
2 AR — iR —. Z iR (DEP) 8.358 149%,177,105,222
3 A7 R — 7 N TR (DAP) 9.255 149* 41,132,189
4 A28 — W iR — 5 T li5(DIBP) 10.029 149% 223,104,167
5 AR — W iR — T IR(DBP) 10.769 149%,223,205,104
6 AB7R Z H R —(2-H 40k ) 1B (DMEP) 11.060 149*,59,104,176
7 AR H R L (4-F 3k -2- 1 3R (BMPP) 11.699 149* 85,167,251
8 A7 H R . (2-Z A %) Z IR (DEEP) 12.097 149% 72,104,193
9 A% — W iR IR EE(DPP) 12.513 149% 237,104,219
10 A7 — iR — LR (DHXP) 14.679 149% 223,104,251
11 ABOR HIR T IS ILNE (BBP) 14.814 149*,91,104,206
12 A2 W R —(2- T A 3E) Z H(DBEP) 16.517 149%,101,85,193
13 ABOR — H R —3F LB (DCHP) 17.345 149%,167,249,104
14 AR IR —(2-2. 55 B fik(DEHP) 17.652 149*,167,279,113
15 AR — H iz — K5 (DPhP) 17.834 225%,77,104,153
16 AR7E — H iz — 1E -5 (DNOP) 21.351 149%,279,104,261
17 A2 — R —T-Fik(DNP) 23.146 149% 293,275,167




55 20 1] BHSTUL, S AOMIa R T S £ rh 17 A4 — F R S 7265
120 ¢ SIS I U I R R4S F TR E 5 T b, AR (92
100 (B ) FIVEHIE B T2 MO ZE 1o Kbt it RIRE 7 0

80 |
60

[ 4/%

40
20

ZHEAHRE ZBRTR

GiES IECkE

P AT 70 AR U (n=6)
Fig.l Extraction efficiency of different solvents(n=6)

3.2 BUEHSMRK

B S BEOR S I FE A R B R S A T4 e R
IMAERE S TOFT Ak, SRR GRS . A A
FERES T LA B . SCRR P b R R B REE . PSA 2
FiEORL, T T2 B AR M RS M AL A4, PSA H]
MATEBAEIR. 6F. B8, LRPHET PSA/
TENS IO A ORI B A . RERRBEBEAE . PSA KoK M fbak
IR, PAS/RERSE A BEIAT A5 T RERS B IRAT A PSA FoK 1]
W R, S5R LA 2. ARSI T PSA/REIZ A &
HORHE R
33 ‘BiEEHsifiit

FIF] DB-5SMS ke Gl tAt ) i oy gt fg, @i
EEFER | AR P THE . AR . et R
T, THE BAREAY . AR AR SR 2.4, 4%
17 FhAI A FF BRIR2SIL & IR A bR vV RIS, A %L

i EALIN, AHA S i T T E R, 17
&R — BRI bR v M A G e UL IR 3. i ] 3 mT A,
17 FhARA — H BRI 2K W) BUOE % R 35 25 1R T REA AU
B, FERIRED | XPARTELS, Ao o &
B A AN T Rl B i B 1 T 20531 L ) 4 AL 5
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Fig.2 Recovery rates of different purification fillers(n=6)

34 tRERZGI AR LR

Y BEATIR B GC-MS 450, 45U BE B A b v st
T, DAETRUAINARER, MR RS AR T 45 .
TEICEHPEARE AV R a8 FTEATARVR BE AR S50, e 3 A {5 1k
PO i R o 17 Fh8R7K — I RRIR Y T A 2k 7
AHSERBULFE 2, 158 2 T, % 59E7E 0.02 ~ 1.00 mg/L 1Y
WSS NGt R AT, Jridif Bl 0.05 mg/kg.
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Fig.3 Selected ion detection chromatograms of 17 phthalate esters
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Fig.4 SIMchromatograms of non oil microwave food
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Fig.5 SIM chromatograms of oil microwave food
&2 17 PAEs HEIRSEMEXFR g2
Table 2 Linear equations and correlation coefficients of 17 N -
PAEs PAEs i HHKFR R
PAEs Lt BTN DPP Y=489270X+511 0.9998
DMP Y=214990X+634 0.9998 DHXP Y=475490X+2216 0.9992
DEP Y=222520X+653 0.9997 BBP Y=492500X-740 0.9999
DAP Y=105570X-97 0.9999 DBEP Y=92161X-699 1.0000
DIBP Y=396380X+1093 0.9999 DCHP Y=416620X-4763 0.9996
DBP Y=461580X+1689 0.9997 DEHP Y=358310X-363 0.9999
DMEP Y=32652X+68 0.9999 DPhP Y=291190X-2676 1.0000
BMPP Y=1123560X+1317 0.9992 DNOP Y=513720X-2823 0.9999
DEEP Y=58192X+3 0.9998 DNP Y=485150X-3941 1.0000
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3.5 FHAEBEEMEYEE &R 3
SRIE Jy ik R R, ST R R o OIS il g, kAT i k0N
. e ps s . . e PAE — = - =
Aad B AR EE O MR AL GmAE . W BEA A2 Al * fmgkg) THIECE R L& S
e . _ . _ . 1% 1%
w38 5T UEAT B AR S AR RS2 B, R AR SR 0.10 10 1008 o, w59 "
0.20. 1.0 mg/kg. F5 08 2.3 FALFE 550 2.4 A3 M & F b T ' ' ' ' '
. o N o DMEP 2 . 4, . )
KW, B K FAr B 6 BT ATSER, TP IR R 020 oo 0 B8 6
AH X R HE s 22 (relative standard deviation, RSD), %% 53&HH 1.0 102.9 37 101.5 37
17 # B AR AR [EDSCR LA 85.7% ~ 105.2%, HHXTHR 0.10 89.8 6.1 98.7 4.2
WEAw 22N 3.2% ~ 8.9% . 5 FIYE BLAL A inAm Bl S e 45 1 I BMPP  0.20 92.2 72 97.4 49
%3 1.0 95.1 33 99.9 5.8
3.6 SEFRMERAINE 0.10 94.4 3.9 86.1 6.4
2N Yl i k I\ prra R B M £ A e —
ﬂSIﬂ?‘nXT*%E’J 82 1y T B T B SRR B AT AR R — DEEP 0.20 97.7 50 88.4 16
HIRRR I, 2R IR 4. X Bk BL, DBP M DEHP [k 1.0 103.7 6.0 95.5 75
R, EARBEEAS R R 17.1%, Hidr, DBP A4S H % ' ' ' ' '
4 9.8%, 5YLKEAE ND~3.51 mg/kg Z[f]; DEHP f#: H 010 101.6 7 903 82
2H 11.0%, 754K F-7E ND~3.26 mg/kg. H B[ Py %t DBP DPP 0.20 104.7 7.8 89.7 7.1
1 DEHP (i K5% BB 2ok 310 0.3 mg/kg 1.0 96.3 42 104.4 5.2
1.5 mg/kg, W&IEARE, #E5FPI4A DBP # DEHP #fx, H 0.10 98.2 55 10.3.2 6.3
Biai e, BA—ERN 2R RE . 76 82 il & it DHXP 0.20 104.2 4.7 90.8 43
maH, PHMERE R SRR 2 W E R, AR H 1.0 105.0 3.9 94.9 49
AIEIG AR 75 5 GBI AT R, 3357 T 0 KL
TR T8 ) o TR 5 S5 R MR G Frif e, 31X T A XU 010 882 - %77 .
A e 2 Sl 418
BBP 0.20 91.1 5.4 89.7 5.9
F3 MOEESE 175 PAEs BIAMAREI R B AR AT i (1=6) 10 926 32 100.9 6.0
Table 3 Spiked recoveries and relative standard deviations 0.10 85.9 4.5 102.4 38
(RSDs) of 18 PAEs in microwave food (n=6)
" — DBEP 020 96.9 5.9 99.1 4.8
‘ o
ks A ' :
PAE — — — — 1.0 102.9 6.8 96.6 7.6
(mg/kg) THIECR RSD/% SESIEES RSD/%
1% 1% 0.10 89.6 7.0 87.8 6.5
0.10 86.1 6.9 857 8.9 DCHP 020 105.2 5.6 86.0 5.1
DMP 0.20 89.2 4.6 88.8 42
1.0 99.0 44 104.9 3.4
1.0 91.4 35 94.8 3.6
0.10 88.4 33 92.5 5.8
0.10 89.4 8.1 88.2 55
DEHP  0.20 87.5 8.0 89.4 7.4
DEP 0.20 99.4 6.5 95.3 43
1.0 102.5 7.4 101.2 3.7 1.0 982 71 104.5 34
0.10 20,5 sa 011 53 0.10 99.6 3.7 91.8 2.8
DAP 020 99.4 3.4 102.1 4.9 DPhP  0.20 97.5 34 94.5 48
1.0 97.5 3.9 94.6 5.0 1.0 101.6 6.1 101.7 3.7
0.10 97.5 5.7 97.7 6.7 0.10 90.7 5.2 87.4 5.2
DIBP  0.20 90.5 5.5 98.5 4.8 DNOP  0.20 98.8 43 86.4 5.7
1.0 92.4 6.7 103.4 6.9 1.0 94.6 6.8 91.2 3.3
0.10 103.3 42 98.5 7.1 0.10 88.0 7.0 104.4 2.1
DNP
DBP 0.20 91.9 8.0 96.4 5.2 0.20 102.7 47 93.7 5.9

1.0 88.7 7.4 99.3 4.9 1.0 105.1 4.4 97.2 3.4
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Table 4 Determination results of PAEs content in 82 samples

BAFISE (R

#&/4  DBP/(mg/kg) DEHP/(mg/kg)

TR 5 2)
KR HE&. . 13 ND ND
WA, BT N 11 ND ~ 0.169 ND ~ 3.26
i) 9 ND ~3.51 ND ~ 1.21
TEHER 23 ND ND ~ 0.224
PB4 26 ND ~ 0.150 ND ~ 0.482
1 ND AR i A R .
4 &% i
RS ST T A S R 17 FhARAE — H R AR 1S AH

038 U (GC-MS)YRl Jr ik, X5k LR . A H R
G 4% B FIAERG B 2 R S HG ATV, I IRTE 0.02 ~
1.00 mg/L MW BB N & RIF, Hikm B iRA
0.05 mg/kg, 17 F BARY A I0AR BIBCRIEE R 85.7% ~
105.2%, FHXTFRUEMRZE N 3.2% ~ 8.9%, 455454 K I 22
Ko LR WS . RTEE, & TR AP 17 FhAR
R R TR S0 I A
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