146 2016, Vol.37, No.18 Batl= XAk

PR SRR I 2 P40 5 W i o
A VR KB )

B, xIE2ENE, skEI, BE ORI, % R
CLITRE TV RSl & S 0%, TR #50H 450001; 2. RE R EHARAR, Jbut 100020)

T . EAVUAAEER . N-1IEWNFEZ % (N-(n-propyl) ethylenediamine, PSA) IEH [ AHAL A 1L . xR
B AU - T B A e AT DR W ER — FIlE (dimethyl phthalate, DMP) | 20K —HR 24
fis (diethyl phthalate, DEP) . 43 —FB % T8 (di-iso-butyl phthalate, DIBP) . 4F2E —HEE T (dibutyl
phthalate, DBP) . 432K _FIG | 54 HE:MS (butyl benzyl phthalate, BBP) . 45X _Fz— (2-23) Ol (di(2-
ethtlhexyl) phthalate, DEHP) FI4[3 — R I %[ (di-n-octyl phthalate, DNOP) 7 Fi4lZE — FHERES K )7 ik, 1%
J7iEAE0.01~2.0 mg/Liu B Py HAT RAFIZRMEC R, AHIERERAE0.999 8~1.000 02 [H], UK HIR (Ry=3) A
0.01~0.02 pg/L, bR (Rew=10) 50.03~0.06 ug/L. 7 Ff HF#TE0.1. 0.5, 1.0 mg/kg IR AT RT3 BR
NT7.2%~98.8%, HIXIARAENRZE 70.62%~9.37% (n=6) . FKHATTFXAFRZE. AR =76 AV EE
w7 RRAR IR R IR SR I AT T . AR T A SRR i R R 35K HDBPAHIDEHP, Y [l 4
A (0.015+£0.002) ~ (0.584+0.012) mg/kghll (0.08540.006) ~ (2.33440.016) mg/kg, #&HZFH N100%
(76/76) ; DIBP. DEP. DMP. BBP. DNOPH: i Z47IH98.7% (75/76)  64.5% (49/76) . 63.2% (48/76) .

32.9% (25/76)  5.3% (4/76) o 17 ASulrEFE S P DBP& &8 L E Fhrifk R (<0.3 mg/kg) , HFRFEN22.4%;

1 ANHCELE T DEHP & &l H B ZARHE R & (<1.5 mg/ke) , @R N1.3%.

FBER . MEAMRL; AROR HERES; BAHZEEL AFREEE; SHEGRE-TREE

Direct Determination of Phthalate Acid Esters in Oil Feedstock by Gas Chromatography-Mass Spectrometry

HU Aipeng', LIU Yulan"*, ZHANG Mingming', CHEN Gang’, AN Jun’
(1. College of Food Science and Technology, Henan University of Technology, Zhengzhou 450001, China;
2. COFCO Food Sales & Distribution Co. Ltd., Beijing 100020, China)

Abstract: A method for the analysis of seven phthalate acid esters (PAEs) including dimethyl phthalate (DMP), diethyl
phthalate (DEP), di-iso-butyl phthalate (DIBP), dibutyl phthalate (DBP), di (2-ethtlhexyl) phthalate (DEHP), butyl benzyl
phthalate (BBP) and di-n-octyl phthalate (DNOP) in oil feedstock by gas chromatography-mass spectrometry (GC-MS) was
established. In this method, sample pretreatment was achieved by organic solvent extraction and subsequent purification by
N-(n-propyl) ethylenediamine (PSA) solid-phase extraction (SPE), and the analytes were analyzed by GC-MS with internal
standard calibration. The proposed calibration curves had good linearity in the range of 0.01-2.0 mg/L with correlation
coefficients between 0.999 8 and 1.000 0. The limits of detection (LODs) (Rgy =3) of this method were 0.01-0.02 ng/L
and the limits of quantitation (LOQs) (Rgy=10) ranged from 0.03 pg/L to 0.06 pg/L. The average recoveries of 7 PAEs
varied from 77.2% to 98.8% with relative standard deviation (LSDs) of 0.62%-9.37% (n = 6) at the spiked levels 0.1, 0.5,
and 1.0 mg/kg. The contents of 7 PAEs (DMP, DEP, DBP, DIBP, BBP, DEHP, and DNOP) in 76 oil feedstock samples
from different species and geographic origins were determined by this method. The results showed that DBP and DEHP
were detected in all these samples, ranging from (0.015 + 0.002) to (0.584 + 0.012) mg/kg and from (0.085 £ 0.006) to
(2.334 £ 0.016) mg/kg, respectively. The detection rates of DIBP, DEP, DMP, BBP, and DNOP were 98.7% (75/76), 64.5%
(49/76), 63.2% (48/76), 32.9% (25/76), and 5.3% (4/76), respectively. Of the 76 samples, the contents of DBP in 17 samples
(22.4%) and DEHP in 1 sample (1.3%) exceeded the maximum limit stipulated in the national standard as 0.3 mg/kg for
DBP and 1.5 mg/kg for DEHP.

Wk H H: 2016-03-12

BEE&EUH: “+=1" EFREAHRTRIL D (2016 YFD0401400/2016YFD0401405)

fEE N FHEN (1989—) , 55, WiLwrsisE, W5y m mehm/iin LS Wi % 4. E-mail: huaipengl107@163.com
FREEE: XE2E (1957—) , L, #dR, wid, BERTT R yicebm i 5§ %2 4. E-mail: liuyl7446@163.com



Al

2016, Vol.37, No.18 147

Key words: oil feedstock; phthalate acid esters; solid-phase extraction; internal standard method; gas chromatography-mass

spectrometry (GC-MS)
DOI:10.7506/spkx1002-6630-201618024
ThEKT: TS222.1

5I30H

EHS: 1002-6630 (2016) 18-0146-06

WIS, R E 2, SRETE, S5 SR Rk - BT I vk BRI E R R vh A T T RR R SRZB AL R[], 'R, 2016,
37(18): 146-151. DOI:10.7506/spkx1002-6630-201618024.  http://www.spkx.net.cn
HU Aipeng, LIU Yulan, ZHANG mingming, et al. Direct determination of phthalate acid esters in oil feedstock by

gas chromatography-mass spectrometry[J]. Food Science, 2016, 37(18): 146-151. (in Chinese with English abstract)
DOI:10.7506/spkx1002-6630-201618024. http://www.spkx.net.cn

FALT PRI BEFR), 32 B HE IR 7 R TR IR 2
ZIulERE. RZMAeIE. L. K _HRMER (B
FEARAR IR I R AN 2R —HERIE )  MEK. I
fRIEEE, FHALIAEK ZHEREE (phthalatic acid esters,
PAEs) AT 1048 FH 5 R %t 2. PAEsZ i — 4Kl
PSP T 55 PR R AT LR i W A R, E A
B, AR IR, — AR R L], 4R RIR, N
PR, fRERARZE W Wl (dimethyl phthalate,
DMP) : A LEER, RELE ZHER = LM (diethyl
phthalate, DEP) "',

OR,
OR,

O

RIUAREE
E1 4PFEHRENEER

Fig.1  General chemical structure of PAEs
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Table 1  Characteristic ions and retention times of 7 PAEs under SIM mode
PAEs (RN [/min ETER T R T
DMP 7.76 163, 77. 135, 194 163, 167
DEP 8.63 149, 105, 177. 222 149, 153
DIBP 10.38 149, 223, 205, 167 149. 153
DBP 11.12 149, 223, 205. 121 149. 153
BBP 15.11 149, 91. 206. 238 149, 153
DEHP 17.54 149, 167. 279, 113 149, 153
DNOP 19.82 149, 279, 167. 261 149, 153
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Fig.2  Effect of different extraction solvents on recovery of 7 PAEs
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Fig. 3  Effect of number of extraction cycles on recovery of 7 PAEs
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Fig. 4  Effect of different ultrasound treatment durations on

recovery of 7 PAEs
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Table2 Linear ranges, regression equations, correlation coefficients,
LODs and LOQs for 7 PAEs
DMP 0.01~2.0 »=11.12x—0.01248  1.000 0 0.01 0.03
DEP 0.01~2.0 y=12.44x—0.03247 0.999 9 0.01 0.03
DIBP 0.01~2.0  »=9.06x+0.01177  0.999 9 0.01 0.03
DBP 0.01~2.0 »=12.01x+0.068 34  1.000 0 0.01 0.03
BBP 0.01~2.0 »=13.49x+0.00825 0.999 9 0.01 0.03
DEHP 0.01~2.0 y=11.55x+0.01036  0.999 8 0.02 0.06
DNOP 0.01~2.0  »p=8.79x+0.04077  0.999 8 0.02 0.06

2 LB, 7 FPAESIRE 7£0.999 8~1.000 0
Z I, & BFRME R RAF, 7 FPAEsIIACERAS H R
(Re\=3) 7£0.01~0.02 pg/LZ [H], EER (Ruw=10) 7F
0.03~0.06 pg/L [a], AT DL & S5 I 75 22

ARAE T 5 45 BRI, SR 1.3.279 iEst R —
FEHL K G E R AT R E3 AR E R E IR AN
P W SRS, 3 Mobnbr & 53 90.1. 0.5, 1.0 mg/L.
AR E-PAT I E6 R, THE AR EIYS 2 BL L RSD . H
KIWTHI, T FPAESIIINAR B AETT 2% ~98.8% 2 [F],
RSDYE0.62%~9.37% 2 1], &8 7% A4 i K} HH PAEs
(953 AT HAT R0 1) 2 A P RORG 2%

£33 REMEAFRT FHPAEsK %5 RSD

Table3 Recoveries and RSDs of 7 PAEs at different spiked levels

TEmiEAT FIRT Bl AT

PAES (aniﬁgé (0.1 mgkg) (0.5 mgkg) (10 mgkg)

FIC%/% RSD/%  [EW/% RSD/%  [lft*/% RSD/%

DMP ND 89.8 0.62 824 1.08 86.5 4.02
DEP ND 97.0 2.24 90.6 4.13 934 2.58
DIBP ND 96.5 3.15 97.8 2.18 92.0 2.98
DBP 0.12 712 5.87 932 3.58 86.2 2.65
BBP ND 959 6.30 92.0 9.37 98.8 433
DEHP 0.80 93.0 422 873 1.05 90.0 325
DNOP ND 94.6 3.08 96.8 2.84 95.6 1.36

VE: NDAR . TRFA.

23 MR R PAEs I E
KA I TTEXTT6 AR i PAEs & AT 16
W, RIS IR WA, A FRYHEFE & 7 FPAES) T

B S B RS,
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Table 4 The levels of 7 PAEs in different oil feedstock samples
mg/kg
RE DMP DEP DIBP DBP BBP DEHP DNOP ) TPAEs

WRHE (=8) ND~0.016+0.006 ND~0.042+0.006  0.0060.001~0.125+0.008 0.015£0.002~0316+0.006 ~ ND~0.007£0.001  0.094+0.006~1229£0012  ND~0.001£0.001  0.140£0.004~1.519+0.011
TARE (=) 0.013£0.002~0.031£0.006 0.018+0.002~0.04£0.004 0.018£0.002~0055+0004 0.238£0.004~0382£0008  ND~0.003£0.001  0.226+0.004~0.796+0.008 ND 0.581£0.003~1.21240.008
TEEE G=13)  0.00940.002~0.109£0.004 0.01040.002~0.127£0.008 0.01040.002~0.060£0.006 0.085+0.002~0421£0008 ~ ND~0.009+0001  0.325+0005~2334£0.016 ND 0.442£0.004~2.76310015
LU (=6)  0.007£0.001~0.009£0.002 021240012~0.652£0017 0.012£0001~0.043£0.004 0204£0.004~0.584£0.012  ND~0.049£0.004  0.482+0.008~1.123£0.012 ND 1.169£0.006~1.82910.011

ERRL (=8)  0.00620.002~0.010£0.002 0.007+0001~0.020£0002 0.006+£0001~0021+0002 0.077£0002~0.172£0004  ND~0.007£0.001  0412+0005~149140012  ND~0.008£0.001  0.543£0.004~1695+0010
TR (=16) ND ND ND~0325H0011  0.093£0002~0391£0010  ND~0.061£0.006  0.102£0.004~1.153£0.008 ND 0366+0.002~1397+0.008
SR (=) ND~0.01420.004 ND 0010£0.001~0.383£0.008 0.0490.004~0.1670.006 ND 0.086::0.004~0.781£0.008 ND 02520004~ 1.331£0.008
H (=12) ND ND~0.010£0002  0.07420.004~1200+0018 0.0400.004~0.131£0.008 ND 0.0850.006~0.96620.009 ND 0.2090,004~1.44740.008
KE (=) ND ND 0.051£0.004~0.069£0.006 0.037£0.002~0.201£0.004 ND 0.13140.004~0.251 40,008 ND 02190.004~0.521£0.006
TR (=1) 001620.004 00100001 00080001 014240002 00030001 03500004 ND 05300004
TFHA (1) 001920002 00220002 0.021£0.002 0.25720.004 0007£0.001 0.65220.004 ND 0979£0.004
Bkt (1) 0019£0,002 00180002 003920002 035240008 0,048£0.006 081520006 ND 1.291£0.006

#: Y 7PAEs. DMP. DEP. DIBP. DBP. BBP. DEHPHIDNOP 7 #{PAEs

ES  AREDMER R BT FPAESH B & BKF

Table5 The average levels of 7 PAEs in different oil feedstock samples
mg/kg
Jkk DMP DEP DIBP DBP BBP DEHP DNOP Y7PAEs

W7 (n=8) 0013 0023 0044 0.187 0004 0505 0001 0760
TRRLC (n=4) 0020 0031 0038 0316 0002 0455 ND 0.868
TR =13) 0029 0035 0033 0295 0005 0865 ND 1236
MU (n=6) 0008 0403 0.027 0338 0017 0748 ND 1.495
EHRE =8) 0008 0011 0012 0116 0004 0726 0004 0876
FAIEE (n=16) 0015 0014 0096 0169 0019 0423 ND 0.705
WSEH (1=4) 0014 ND 0208 0093 ND 0409 ND 0.714
2 (r=12) ND ND 0235 0091 ND 0309 ND 0.589
REGME (n=76) 0010 0.042 0080 0.198 0.004 0538 0001  0.872

AT LUE H, 76 AN HUEEE & 35460 DBP AN

DEHP, &&EFEN (0.015+£0.002) ~ (0.584+0.012) mgkg
A (0.085+0.006) ~ (2.3344+0.016) mg/kg:
DMP. DEP. DIBP. BBP. DNOP#: H #4351 963.2%
(48/76) . 64.5% (49/76) . 98.7% (75/76) . 32.9%
(25/76) « 5.3% (4/76) . X}HE[EFRERDEHPA KT
1.5 mg/kg. DBPANKF0.3 mg/kg, ArillfedrRa 1 AMFE
s DEHPHIbR (645D , HFr%E N1.3%, 17 A~ EDBP
HAR (17/76) , B3 N22.4%, KA @BirER
61.5% (8/13) , LiFAI-50% (2/4) , MU HbRE
H50% (3/6) , HZFA-HIRE25% (2/8) , F KM
PREFENG6.25% (1/16) , H — M DBPHibR. Fifi
TORHRE i #AS [ R FE A HPAESs, X 5 pEHMEY A K
(IS SZPAESTS e i Ko SZALIHEIFE i " DBP5 DEHP (1)
GRS T PAESIHIT0%~96%, X 5 3CHER[2514RE K
Ry KR S R PAESTS 4 3 # NDBP. DEHPAH —
. AR T DR SE I PAESAL 7 tIDMP . DEP-4 &4
PERAR, AT R % T IX L 40 B 5 I PAES 4 73 A7 5 e B K I
PEFNE NI SEBE L R E, 5 Ty B W o0 fid B2 At
BRI RA R

RN, R

HRSTTLAE 1, 9 FAEYHRFE & Y7 PAEs)F15
R UCNEMO A > 10 A= > £ A > SOd R >
THAHFAZ > M > BRI > 20, L ZE 57T fe 2 B
TR E Y 8 A0 K S PAEs R 5 S W SORE FE A [R] B
. 9 RMAHEE T TE 18147 PAEs % = 5 DBP & &
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