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 E: BM &6 - FTi% 2 (Gas Chromatography Mass Spectrometry, GC-MS/MS) 1l 52 2 [ 25 & 77 6 Fh4R
AR ZHERREE [ 48R ZH 2 — 5 T & (DIBP), 4P>< “HIR —1E T E (DBP), <P HR— (2- T4 ) 4 (DBEP), <
TR TIFCNE (DCHP). 4B " HIR — (2- Z4%) Tk (DEHP) ISR —HIIR — % Tk (DINP)] R0 vk, ik
XSS AL . BB S LU A AR a8, AR A DRI, I B 2 e -N-
PIERERT / REIE (PSA/Silica) & A EDR B 3864 TG A ZE BG4k, R BN EREA: TG-5MS (30 mx0.25 mmx0.25 pm) 43
BT SeFIBUEAL R (SCAN) BEAIER R A&, Jo IRFESERRE 1 a5 X (Selected Ton Monitor, SIM)
R, AR R A VRGeS A =E R L e, AMRiE T, SER £F 26.5 min NIERUAT BT, ZRIEE
DINP 7EHEE 0.2~5.0 pg/mL JEFINZMESE R RIS, r>0.9995; HiAth 5 FhELE 0.02~0.50 ug/mL Il WYL R B AT,
r #J>0.9995, ERFR: DINP 4 9.0 mg/kg, DBP Jy 0.3 mg/kg, HEHI N 0.5 me/kg; 45 6 8 9 S AL FRE AL
I =R . DINP 24 20, 40 #1160 mg/kg, H BN 4, 6 F18 mg/kg, ML 89.1%~101%; RSD% /)
T 3.8%. &5 ZFEniAb I A, vy, REBUEANERE, S A TR E S E A TR MO A SRR A E
KB AR THIERER; WA S - B

Gas chromatography-mass spectrometry method for determining phthalate esters (PAEs)

in semisolid complex condiment

LEI Ting-Ting"
(Beijing East Allreach Product Test Co., Ltd., Beijing 10010, China)

ABSTRACT: Objective To establish a method for the determination of six phthalates [diisobutyl phthalate (DIBP), di-
n-butyl phthalate (DBP), di(2-butoxy)ethyl phthalate (DBEP), dicyclohexyl phthalate (DCHP), di(2-ethyl)hexyl phthalate
(DEHP) and diisononyl phthalate (DINP)] in semi-solid food by gas chromatography-mass spectrometry (GC-MS/MS).
Methods The optimization of chromatography and mass spectrometry conditions, the comparison of pretreatment
extraction methods, and the selection of purification columns were carried out. The samples were extracted with an organic
solvent, and the supernatant was purified by a solid phase extraction column made of ethylenediamine-N-propylsilane/silica
gel (PSA/Silica) composite packing glass, and separated by a capillary column TG-5MS (30 m % 0.25 mm x 0.25 pum). The
optimal conditions were selected by mass spectrometry full scan (SCAN) mode, and then by feature selective ion monitoring
scan mode (SIM) detection, the retention time and qualitative ion fragment abundance ratio were qualitatively analyzed, and
the external standard method was used for quantitative analysis. Results The separation was completed within 26.5 min.

Linear range: DINP had a good linear relationship in the concentration range of 0.2~5.0 pg/mL, with r>0.9995, and the other

EEEE . BRI, AR, BT 1A N AR . E-mail: tingting369452@126.com
*Corresponding author: LEI Ting-Ting, Engineer, Assistant Food Director, Beijing East Allreach Product Test Co., Ltd., Beijing 10010, China. E-mail:
tingting369452@126.com



32 A L

F2&

five species had a good linear relationship in the range of 0.02~0.50 pg/mL, with > r0.9995,

The limit of quantification

was 9.0 mg/kg, DINP was 0.3 mg/kg, and the others were 0.5 mg/kg, and the three-level standard solution was added to the

two dipping materials and bottom materials, respectively: DINP was 20, 40 and 60 mg/kg, and the others were 4, 6 and 8

mg/kg, and the recovery rates were 89.1%~101%. The RSD % was less than 3.8%. Conclusion This method has simple

pretreatment, good selectivity, sensitivity and accuracy, and can be widely used for the determination of plasticizers in semi-

solid composite seasonings.

KEY WORDS: phthalic acid easters; PAEs; gas chromatography mass spectrometry
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108 SH OGRS (GCMS-QP2020, HAZH),
A B L (FE E Hettich ), UKL (USD14.05.12GC248,
Jestit RS ), (%M (TG-5ms, Thermo ), PSA/Silica & &
HUR T (Bio-Rad db5t BN ), SPE-16FG [WAHZERY (¥R
Y =F1), BT KV (8 Sartorius ), HIVHEIENRY KM ( 1
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WAl Eok. AW EE. NE. O (@iga, £
Fisher A#] ); AA.. AX (99.999%, JLHTHAFMNE ),

FRL: DINP (99.9%, ¢ EEUR L= K S50 % LGC), HiAth
5 FORIRFR (MRS 1000 pg/mL, Ozsismart Solutions).

12 REHE
12,1 A4 A ik BT

10.0 pg/mL VRFRECH] : 525 8= H 1000 pg/mL IRAF 1 mL
£ 100 mL 5, JHIECKMmBIFER .

IRARPRUERZE E RSV EERCH] . WER I 10.0 ng/mL RE
R, FIE bR g R, Bl 0.02 pg/mL . 0.05 pg/mL.
0.1 ug/mL. 0.20 ug/mL. 0.50 pg/mL 4 250k R

100 pg/mL DINP Al BCH] . A5 B FRIL 10.05 mg JHIF 4%
FFEAZE 1000 mL, EI15 1004 ug/mL, FRRERIL 1004 pg/mL
PR 1.00 mL, FAIFECAEMBEAE 10.00 mL, AI1E 100 pg/mL
DINP AR .

DINP ##E R TAEWE : MEFHREICE 100.0 pg/mL H1 ),
JHIE S BRFRE, Wk 0.2 pg/mL, 0.5 pg/mL. 2.0 pg/mL .
5.0 pg/mL., 10.0 pug/mL A 511 BE T
122 #dl&
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RESEFiATEI
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HERFRE 0.5 gCREHIZE 0.0001 g) T 10 mL HIEHE 118004
W, AT mLIEC S, RE2 min, FEITA 5 mL ZA%, e
1 min, E¥HN# 20 min, 4000 r/min 5.0 5 min, WEE FIEHR.
A S mL S EE S 1K, &I BIE. 40°C AT,
A 6 mL ZH, WiERA, fEgit.

2¢ PSA/Silica & & HUBLBE AL HRRIMA S mL 4
HE. 5 mL CIETEAL, FERMIMHG B Rrd b iiom A/ ME, It
EFM; FIA S mL 8, WERIE, SIFMRTTT,
JWA 1 mL 5EH, 40°C AMEILT, ECkfEfEs 22 mL,
WIERS), it GC-MS 43#7.
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(1) KAREGE R

{6, 1% 4% TG-5ms: 30 mx0.25 mmx0.25 pm; AF 4 IR .
60°C; HEFEITIREE: 260°C; #EFEARL: 1 uL; 8 A E
J1: 57.5 kPa; AEUH: 1.00 mL/min; $ERETR: A0 5 T
TR P DL SR AR A R 1,

(2) Btk

BT UR: A E U EL B RE S 70 eV BT IR .
230°C; #ZHIREE: 280°C: BUEHLE: 1.0 V; IEFIAER: 3 min;
PUBRATIRE : 150°C,

2 HBRE5HH

2.1 {USREMHRK
2.1.1  AAREARA

R ZRRES,, R E AR M R R L, S
HTH, REURMHME. Mg 5500 AR N R ARy
FHREEAE, MRS B85, B2 1 L (19 1 pg/mL ARk
o RALETRT AER 1 Pifknifs e LA 1.
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Table 1 Improved heating procedure
R (°C/min) TREE (°C) LREAEFA] (min)
0.0 60.0 1.00
20.0 220.0 1.00
5.0 250.0 1.00
6.0 280.0 4.00
350
300
250
200
150
100
50
0
0 5 10 15 20 25 30
—ERREC ——HifET
B 1 BuEwarEtbi
Fig.l Comparison before and after improvement
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Table 2 Qualitative and quantitative ion pairs of plasticizers

gy ER O EMERE Rt/
BTy BT BT BT TR
DIBP 149 223 104 167 (100) (7) (5) (4)
DBP 149 223 205 104 (100) 3) (3) (2)
DBEP 149 101 85 193 (100) (80) (88) (35)
DCHP 149 167 249 104 (100) (37) (6) (3)
DEHP 149 167 113 279 (100) (44) (15) (12)
DINP 149 293 167 127 (100) (21) (12) (15)

B2 BigAESEER SIME
Fig.2 SIM plot of the improved mass spectrometry method
IRAEBE AT . AR : 70 eV B FIRIREE: 230°C;
O, 280°C: #IGHE: 1.0 V; BAIER: 3 ming VUK
FRIREE : 150°C,
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B3 ARERPIRHRISEAE LS ( DINP 40.0 mg/kg,
HAth 8.0 mg/kg )
Fig.3 Comparison of oscillation extraction and ultrasound in hot

pot base (DINP 40.0 mg/kg, others 8.0 mg/kg)
222 BAERAELSE
H TSRO R A BB BOR W, A o2 T4 HARYI I E
PESE B, T A B ELS B 558 T IR ik 1 gk
BEHTHE U KRR Oasis MAX [ 4 AE Uk B Fi PSA/Silica
EAATURERE . BRI 3.
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%3 Ik DINP 40.0 mg/kg, Efthh 8.0 mg/kg REVEMUAE  Jbs it o dida thBR, %05 5B DINP: 9.0 mg/kg.

RENEXTLE
Table 3 Comparison of extraction rates of different purification
columns with addition level of DINP 40.0 mg/kg and others 8.0 mg/kg

DBP: 0.3 mg/kg. HEYIH 0.5 mg/kg (SIN=3),
F4 HWMHENELMETER. HARBURK DR

Table 4 Linear range, correlation coefficient and detection limit of
the analysis method

e PSA/Silica Oasis MAX %Eiﬁi

(1000 mg/6 mL)  (3cc60mg30um)  BEIESEHTH:
DIBP 96.1 96.2 71.6
DBP 96.3 96.3 70.8
DBEP 95.2 84.1 55.9
DCHP 96.1 87.2 95.3
DEHP 95.7 86.6 64.3
DINP 96.7 83.1 61.7

483, PSA/Silica $EIUR AT
23 FERSEMSEEREHR
TERESIRAMET, W1 pL, FIIEC el mae i) 0.02 .

FHCREL FE R
a7 TitE Correlati Limit of
Compound Linear Equations orreiatlon Detections

Coefficients (r)
(mg/kg)
DIBP y=422399.287350x-792.48 0.9996 0.5
DBP y=870565.404293x+4665.6 0.9999 0.3
DBEP y=70059.63527x+337.82 0.9994 0.5
DCHP  y=253742.951483x-1367.87 0.9994 0.5
DEHP y=41222.096319x+2955.75 0.9996 0.5
DINP y=449987.051411x+477.85 0.9999 9.0

0.05. 0.1, 0.20, 0.50 pg/mL RINEEEF T ( DINP ZRIIR LR
Wik 0.2, 0.5, 2.0, 5.0, 10.0 pg/mL ), LAETEFANBSR, &
WO AR, S WIbRMEMZ, PrARAREh WK 4. GPRERN. fE
0.02~0.50 pg/mL ( DINP 3} 0.2~5.0 ) Z [A]£& 1k B4, ) JC8 S

BERRIIRR, 228 A A8 R A i L A Al — 75 I P

24 ERRREZELR

5350 T B SRR RORRTRE MRS i FR S i =KFARi . DINP ¥
JE 20, 40 #1 60 mg/kg, HE 5 FHIN 4, 6 F1 8 mg/kg. KA
PRI AR S HEA T R A BRI 2, B VR BE RPA T E 3K,
SRR S,

x5 SWAERRERMEXIRERE

Table 5 Analysis method recovery rate and relative standard deviation

MK PR} -1 AL -2 -1 k-2
C(jijjfnd slilvkellnsg 2?& [Fle %  RSD% Egﬁf [l % RSD% 23& [ % RSD% 35{5 I %  RSD%
(mg/kg)  Founds Recovery n=3 Founds Recovery  n=3 Founds Recovery  n=3 Founds Recovery n=3
4.01 95.6 3.89 97.3 3.82 95.5 3.81 95.2
4 3.88 97.0 1.9 3.81 95.3 1.3 3.96 99.0 2.4 3.95 98.8 1.8
3.86 96.5 3.79 95.0 4.01 100 3.86 96.5
6.03 100 6.01 100 5.83 97.2 5.7 95.0
DIBP 6 5.98 99.7 3.1 5.96 99.3 2.7 5.71 95.2 1.8 5.71 95.2 2.1
5.67 94.5 5.70 95.0 5.92 98.7 5.93 98.8
7.73 96.6 7.72 96.5 7.70 96.2 7.69 96.1
8 7.50 93.3 33 7.83 97.9 1.8 7.89 98.6 1.2 7.85 98.1 1.0
8.00 100 8.00 100 7.77 97.1 7.79 97.4
4.00 100 3.86 96.5 3.84 96.0 3.88 97.0
4 3.78 94.5 3.8 3.95 98.8 1.3 3.88 97.0 2.1 3.96 99.0 1.5
3.71 92.8 3.87 96.8 4.01 100 4.00 100
5.81 96.8 6.05 101 5.99 99.8 5.89 98.2
DBP 6 5.93 98.8 2.8 6.01 100 1.4 597 99.5 0.3 5.78 96.3 1.3
5.60 93.3 5.89 98.2 5.95 99.2 5.92 98.7
7.69 96.1 7.67 95.9 7.66 95.8 7.69 96.2
8 7.21 90.1 3.1 7.82 97.8 1.4 7.81 97.6 1 7.89 98.6 1.2
7.32 91.5 7.61 95.1 7.67 95.9 7.77 97.1
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N7k PR -1 L -2 k-1 -2
cjifjfn 4 sl;:vk;r;g *ﬁfﬁf % % RSD% ﬁgf [ % RSD% jf::gﬁi % % RSD% j@”n"ﬂj(ﬁ [l % RSD%
(mg/kg)  Founds Recovery  n=3 Founds Recovery  n=3 Founds Recovery  n=3 Founds Recovery  n=3
4.01 100 3.83 95.7 3.82 95.5 4.01 101
4 3.88 97.0 1.9 391 97.8 1.1 3.96 99.0 2.4 3.85 96.3 2.6
3.86 96.5 3.86 96.5 4.01 100 3.88 96.8
6.03 100 6.05 101 5.89 98.2 5.76 96.2
DBEP 6 5.98 99.7 3.1 6.01 100 1.4 5.78 96.3 1.3 5.87 97.8 1.6
5.67 94.5 5.89 98.2 5.92 98.7 5.67 94.5
7.43 92.9 7.67 95.9 7.70 96.2 7.68 96.0
8 7.12 89.0 2.7 7.82 97.8 1.4 7.89 98.6 1.2 7.55 94.4 1.9
7.53 94.1 7.61 95.1 7.76 97.1 7.85 98.1
4.01 100.0 3.83 95.7 3.82 95.5 3.83 95.8
4 3.88 97.0 1.9 391 97.8 1.1 3.96 99.0 2.4 3.76 94.0 2.0
3.86 96.5 3.86 96.5 4.01 100 3.82 95.5
6.03 100 6.05 101 5.89 98.2 5.88 98.0
DCHP 6 5.98 99.7 3.1 6.01 100 1.4 5.78 96.3 1.3 5.93 98.8 2.5
5.67 94.5 5.89 98.2 5.92 98.7 5.65 94.2
7.70 96.2 7.67 95.9 7.70 96.2 7.68 96.0
8 7.12 89.0 3.1 7.82 97.8 1.4 7.89 98.6 1.2 7.51 93.9 2.3
8.00 100 7.61 95.1 7.76 97.1 7.32 91.5
4.01 100.0 3.83 95.7 3.82 95.5 3.88 97.0
4 3.88 97.0 1.9 391 97.8 1.1 3.96 99.0 2.4 3.76 94.0 1.8
3.86 96.5 3.86 96.5 4.01 100 3.89 97.2
6.03 100 6.05 101 5.89 98.2 5.88 98.0
DEHP 6 5.98 99.7 3.1 6.01 100 1.4 5.78 96.3 1.3 5.93 98.8 2.3
5.67 94.5 5.89 98.2 5.92 98.7 5.67 94.5
7.71 96.2 7.67 95.9 7.70 96.2 7.70 96.2
8 7.12 89.0 3.1 7.82 97.8 1.4 7.89 98.6 1.2 7.51 93.9 2.4
8.00 100 7.61 95.1 7.76 97.1 7.33 91.5
19.5 97.5 19.1 97.5 19.5 97.5 19.4 97.0
20 19.4 97.0 0.50 19.8 97.0 2.8 19.4 97.0 0.5 19.1 95.5 0.76
19.3 96.5 18.5 92.5 19.3 96.5 19.3 96.5
39.2 98.0 39.1 98..1 375 93.8 38.9 97.2
DINP 40 39.1 97.8 0.99 37.9 94.8 3.0 38.5 96.3 2.0 38.1 95.2 2.6
38.5 96.2 36.8 92.0 39.1 97.8 36.8 92.0
58.9 98.2 57.2 95.3 57.60 96 56.80 94.7
60 57.6 96.0 1.1 59.1 98.5 2.4 57.1 95.2 1.0 55.7 92.8 2.5
584 97.3 60.00 100 58.30 97.2 58.60 97.7
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Fig.4 Detection spectrum of market samples
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