BT EE2E 20224F 8 A 46 34 54581 Prev Med, Aug. 2022, Vol. 34 No.8 - 855 -

i A [0 A A B —=CAH e i — R B Jo e 0 e v 5 9 v
16 Fh2B7 — iR g
EF, MR, BREME?, WA, T

LM T s T rpU O RO A R, WL ION 3130005 2. AN s Bk vhucs, WEIL WM 313000

FEE: BR 7 FE TSGR 8 10 P T 2 B = g - FR R BT E (GC-MS/MS), e T B v 16
FRARZE —WHERER (PAEs). 73k i AKAG N Fe:0.E1% , RIS SELTE T 2 RIS B RETEDOKR AR, LUK
10%, ZEIETI] 20 min, CBRSERVENE 10 min XM | AAGI . SRR FPGRE SR TREPEEIAEZEI, A g SA1baMIR
AR . R DB-5MS BANE A% (30 mx250 wm, 0.25 wm) 208, EHTHRGHEE (ED) FMshs L s m i
(dMRM) BT, R GC-MS/MSHill 16 Ff PAEs, AMrikEtt. WIE 16 PAEs (FRHEMZe . KB BR . inbr Efc2
K%, W EIETIE . SR g DR EGWIE R A R EAUOR ORI 2 1H, PPy@Fe;0. 3R ME R AT, JLFTAL
N ANFLAE SN AN B . 16 F PAEs #£ 50 ~ 5 000 ng/mL NZPEXE R R4, R 0999 5~0.999 9. 7100, 500 Fl
1 000 perkg KT, 167 PAEs FIINARIEIE N 71.61% ~ 110.50% , FERTFRIEN 22 1 3.78% ~ 7.41%, K ER 9 0.02 ~
147 pefkge FERTMTTETIRES 4005, Kol PAEs 2040 ; MY . REIZAGVAY . BRIV AR H 2R 55k 30.009% . 60.00%
40.00%. 70.00%. ZEi& ROk REULE, SN FIZLAAUN AN B W, SIS AE G B A g RO X R
PAEs HAT RAFATUZEH, W T 2020 5 i PAEs Kl

KR : WEVEDURBORL; 5 SRR THRRMER; UM G- RIS

FEDES: R994.4 SCERARIRED: A XEHE: 2096-5087 (2022) 08-0855-06

Determination of 16 types of phthalic acid esters in commercial liquors by
magnetic nanoparticles solid—phase extraction combined with gas

chromatography—tandem mass spectrometry
WANG Fang', YANG Fenghua', SHAO Guojian’, HU Mingyou’, WANG Ye’
1.Department of Education and Quality Management, Huzhou Center for Disease Conirol and Prevention, Zhejiang,
Huzhou 313000, China; 2.Huzhou Center for Disease Control and Prevention, Zhejiang, Huzhou 313000, China

Abstract: Objective To develop a magnetic solid—phase extraction combined with gas chromatography—tandem mass
spectrometry (GC—MS/MS) based on pyrrole-modified magnetic nanoparticles to determine 16 types of phthalic acid es-
ters (PAEs) in commercial liquors. Methods Fe;O0s magnetic nuclei were prepared by hydrothermal synthesis, and the
polypyrrole-modified magnetic nanomaterials were prepared with the chemical oxidation method. Magnetic solid-phase ex-
traction of beer, grape wine, rice wine and Chinese spirits was performed at 10% alcohol by volume, extraction duration
of 20 min and ethyl acetate elution of 10 min, followed by addition of 1 g NaCl for reduction of emulsification effect.
The 16 types of PAEs were determined using GC-MS/MS with DB-5MS capillary column (30 mx250 pwm, 0.25 pwm) un-
der the mode of electron impact ionization (EI) and dynamic multiple reaction monitoring (IMRM), with quantitative anal-
ysis using the external standard method. The standard curve, detection limit, spike recovery rate and precision of GC-
MS/MS for determination of 16 types of PAEs were evaluated. Results Pyrrole was successfully embedded onto the sur-
face of magnetic nanoparticles in the form of polymer, and the magnetic nanoparticles modified by polypyrrole were well

characterized, showing unapparent matrix and emulsification effects. There was a good linear relationship for the 16
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types of PAEs at 50 to 5 000 ng/mlL (r=0.999 5-0.999 9), and the spike recovery rate of 16 types of PAEs ranged
from 71.61% to 110.50% at 100, 500 and 1 000 pg/kg, with relative standard deviations of 3.78% to 7.41%, detection
limits of 0.02 to 1.47 pg/kg. PAEs were detected in 20 out of 50 liquor samples, with 30.00%, 60.00%, 40.00% and

70.00% detection rates in beer, grape wine, rice wine and Chinese spirits, respectively. Conclusions This method is

sensitive to determine 16 types of PAEs in liquor samples, with unapparent matrix and emulsification effects, and the

polypyrrole—modified magnetic composite nanoparticles present high adsorption of PAEs in liquor samples, which is feasi-

ble for monitoring of PAEs in multiple types of liquor samples.

Keywords: magnetic nanoparticle; liquor; phthalic acid esters; gas chromatography—tandem mass spectrometry
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Table 1 Multiple reaction monitoring conditions of

16 types of PAEs

JE X TEVERTXF
\ Quantitative Qualitative
o I e
ion pair m/Z ion pair m/Z
PAEs CAS Retention N N
. . (flf% e = (fiffE e &
time/min
Collision Collision
energy/eV) energy/eV)

DMP 131-11-3 7.315 163>77 (25) 163>135 (15)

DEP 84-66-2 8.189 149>65 (23) 149>93 (15)

DIBP 84-69-5 9.794 149>65 (25) 149>93 (20)

DBP 84-74-2 10.429 149>65 (25) 149>93 (20)

DMEP  117-82-8 10.690 149>65 (25) 149>93 (20)

BMPP  146-50-9 11.272 149>65 (30) 149>93 (20)

DEEP  605-54-9 11.590 149>65 (25) 149>93 (20)

DpPP 131-18-0 11.950 149>65 (25) 149>93 (20)

DHXP  84-75-3 13.797 149>65 (25) 251>149 (10)

BBP 85-68-7 13.901 206>149 (7) 91>65 (15)

DBEP  117-83-9 15.227 149>93 (20) 149>65 (25)

DCHP 84-61-7 15.807 249>149 (15) 149>65 (25)

DEHP  117-81-7 15.979 149>65 (30) 167>149 (20)

DPhP 84-62-8 16.089 225>77 (25) 149>65 (30)

DNOP  117-84-0 18.393 149>65 (30) 279>179 (13)

DNP 84-76-4 20.853 149>65 (30) 149>93 (20)
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Figure 1 Transmission electron microscopy of Fe;0, and
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Figure 2 Infrared spectroscopy of Fe;O,and PPy@Fe;0,
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Figure 3 Influence of elution solvent on extraction efficiency
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2.4 Ut WIRAFRBEFLE R, #E 2 h
JERER A MELLAY 2, RO 2% YRS A WO S
15 min, [AIUCE R 51.50% ~ 72.11%; P& )5 5
10 000 r/min .0 5 min, [l UK E K 72.60% ~
83.42%; FEMMIEEATINA 1g EALAN, IR,
7 85.20% ~ 97.61%.

2.5 ikt R, eDk R B R WKIE N 50~
5 000 ng/mL I, 16 Fff PAEs FUZRIEC R B, r M
0.999 5~0.999 9. JriEk RN 0.02~1.47 pg/kg.
16 v PAEs A9 I A% 1R #6°8 71.61% ~ 110.50%,
RSD K 3.78% ~7.41%., W3 2.

F 2 JERORIRR . DR ARS
Table 2 The limit of detection, recovery and RSD of the method

K6 4 BR Timit JFR 100 pe/kg TR 500 peg/kg JnFR1 000 perkg

PAEs i of detection/ MlES MvES MilES

(pglkg) Recovery/% fisbre Recovery/% i Recovery/% i
DMP 0.999 9 0.08 71.61 6.51 73.11 4.17 72.41 4.51
DEP 0.999 8 0.10 71.81 4.52 76.50 3.78 75.22 4.92
DIBP 0.999 7 0.05 75.62 3.80 75.61 5.25 74.31 421
DBP 0.999 6 0.02 79.63 5.50 82.11 4.24 85.61 5.91
DMEP 0.999 6 0.89 82.04 4.90 86.52 5.62 85.61 4.62
BMPP 0.999 9 0.20 86.11 6.21 87.50 5.11 86.41 421
DEEP 0.999 7 0.43 91.52 6.40 92.40 4.91 95.82 5.91
DPP 0.999 7 0.05 90.41 5.02 95.60 5.90 91.52 6.22
DHXP 0.999 6 0.18 94.22 6.10 93.71 5.24 95.63 6.11
BBP 0.999 6 0.29 95.21 5.91 96.12 4.94 94.54 492
DBEP 0.999 5 1.47 94.64 6.42 101.50 6.21 99.42 7.41
DCHP 0.999 8 0.09 96.12 6.72 98.31 5.11 103.70 6.90
DEHP 0.999 8 0.10 94.21 4.73 105.12 5.21 99.61 6.90
DPhP 0.999 9 0.29 101.20 421 98.84 6.21 95.61 6.40
DNOP 0.999 5 0.43 99.80 4.62 96.50 4.20 98.22 5.30
DNP 0.999 5 0.43 102.61 4.11 110.50 4.90 104.90 5.90

2.6 SFEERFFsmm R SRS 40 4y, K
PAEs 5 20 5. Hodr, Mupgss 1 DIBP 1 {44F1 DBP 3
By, K ES 510 0.065 mg/kg F1 0.063 ~0.110 mg/kg,
K RN 30.00%; A H DMP 3 )y . DIBP 4
#5371 DBP 6 11y, FiHH{E 535104 0.026 ~ 0.052 mg/kg
0.045 ~ 0.097 mg/kg F1 0.043 ~ 0.170 mg/kg, Kiih
FH 60.00%; A H DMP 1 43 . DIBP 2 {3 Fil
DBP 4 {5, #4358 0.161, 0.110~0.131 Fl
0.110 ~0.962 mg/kg, iR K 40.00%; K H
DMP 2 fj¥. DIBP 6 /31 DBP 6 i, # H{H 53 %1N
0.230 ~ 0.871 mg/kg. 0.230 ~0.932 mg/kg 1 0.171 ~
1.250 mg/kg, KiHi#N 70.00%.
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Yoo ZOTIERUCE N 71.61% ~ 110.50%, RSD <
10% , # BN 0.02~147 pg/kg, & F GB
5009.271—2016 (& &% 4 E R hrifE &5 P AR —
R I ) 1 vh PAEs fOAG HIBR 0.1 mg/kg, ©F
FEERDIR, 4 FEFESA PAEs K, HA a0 mMm
FI Y PAEs fa B ER R, P27 Bilg Al A 7= Al
NS R eI, i PAEs MEMIRE Ty, =
fnH PAEs (5] A 12

ML SRR B AR A€ B b i P s Tk A R,
iof w-m AHEARH . RN . BKVE T YEE e
W Z [ A EAE R, XHIE PAEs 5% B8 ORE S BERZ 3 R
Up e SRR R 1 o ASTIF 5 SR FH ML s e 1 0 K b



- 860 -

TR EE2E 20224F 8 A4 34 4545 8

Prev Med, Aug. 2022, Vol. 34 No.8

BHHEATREVE R RN, dd — G it e 1
RPE, HEBREIRTE T A, HSMs
VEHDATE AR A PAEs WREE, AT 25 A Ik
PAEs 5k B REM IS BN E s THER TR 5
BEAEMFTE 1o AL, ASBIFTE S i J7 i BA
I K BRA . Sy B SRR S5, ]
I 2RISR o RGN A

S0k

[1]

(3]

XU, g, PR, 55 ARFARAE I RRER 255 K-F-0FE
giik (1] . #ipTEE, 2021, 33 (9): 906-909, 912.

LIU J, XU P W, CHEN Z ], et al.The exposure levels of phthal-
ic acid esters in population: a review [J] .Prev Med, 2021, 33
(9): 906-909, 912.

TAO Y, LI Z, YANG Y, et al.Effects of common environmental
endocrine — disrupting chemicals on zebrafish behavior [J] . Water
Res, 2022, 35 (6): 208-212.

SHEN C, WU T, ZANG X.Hollow fiber stir bar sorptive extraction
combined with GC—MS for the determination of phthalate esters
from children's food [J] .Chromatographia, 2019, 82: 683-693.
NET S, SEMPERE R, DELMONT A, et al. Occurrence, fate,
behavior and ecotoxicological state of phthalates in different envi-
ronmental matrices [J] .Environ Sci Technol, 2015, 49 (7):
4019-4035.

i N RSN A BRI AT L SR B S N ) v 48 4
T HIRBRZEY BUR SR B [EB/OL] . (2011-06-22) [2022-
06-29] .https://www.sc.gov.cn/10462/10464/10727/10735/2011/6/
24/10166814.shtml.

ARMT, YOG, ARV . IR AR T IR IR IR 1Y
TR [C] /b R SR AR B2 m AR 2 i 2
bt hESEARI R TR, 2022: 100-101.

XIONG S Q, FAN S W, NIU X Y.Advance of the methods in de-
termining the trace phthalic acid ester plasitcizers in liquor [C] //
Abstracts of the 18" Anunual Meeting of CIFST.Beijing: China Ac-
ademic Journal Electronic Publishing House, 2022: 100-101.
BT, BCWE, EUH, AF L PR AROR YRR R A AR ) Y
R ()] . BREAHE, 2022, 10 (1): 97-103.

HUANG H, HUANG T, WANG M, et al.Research progress in
phthalic acid esters in Baijiu [J] . Liquor-Mak Sci Technol,
2022, 10 (1): 97-103.

WRAES: , SRS . ROE s AR — I RRIR e 52087 (1] .
JURAET., 2021, 48 (13): 213-214.

CHEN Y P, TANG H Y.Evaluation and analysis of phthalates in
Baijiu selling online [J] .Guangdong Chem Ind, 2021, 48 (13):
213-214.

[13]

[14]

DONG W, GUO R, XIAOTAO S, et al. Assessment of phthalate
ester residues and distribution patterns in Baijiu raw materials and
Baijiu [J] .Food Chem, 2019, 283: 508-516.

ik, Ei, ST, % .QuECKERS &5 A #EHE9 K4 kR b 2
GC-MS/MS % [F] Al i SRk R p 28 Bl 2555 8 (1] . By
BE¥, 2021, 33 (9): 963-967.

ZHANG J, WANG X, MA Q Q, et al.Detection of 28 pesticide
residues in fruits and vegetables by GC-MS/MS and QuEChERS
combined with magnetic nanoparticles [J] .Prev Med, 2021, 33
(9): 963-967.

e R IEFIE K AR RIAE TR R 2y, EEE 2
B PR . B A R SRR A T A8 T R IR A 5 «
GB 5009.271—2016 [S] . Jbat: HELMEHRRAE, 2017.
National Health and Family Planning Commission of the People's
Republic of China, China Food and Drug Administration. National
food safety standard-determination of phthalates in food: GB
5009.271-2016 [S] .Beijing: Standards Press of China, 2017.
ER, R4, AR, 55 UM @S- BgIb I b e
RIS 17 RhABOR IR AR ()] . PEIERR A,
2015, 25 (22): 3842-3845.

PUY L, SONG Y S, HE ]J Y, et al.Rapid determination of 17
phthalic acid esters in rice wine and vinegar by GC-MS [J] .Chin
J Health Lab Technol, 2015, 25 (22): 3842-3845.

ZIEN, t/N, BURH, AF . EPATE A 18 AR
FV R T8 2 0 o 194 5 b 8] A B f e KB DA (0] . BACE A,
2021 (13): 164-168, 171.

QIN D P, YANG X S, HUANG S Y, et al.A survey of 18 types
phthalates plasticizer concentrations in Chinese Baijiu of Chongging
and risk assessment [J] .Mod Food, 2021 (13): 164-168, 171.
VLM, PTG, WITHIE, S5 . BRA /2R ML il RE AL AR A ]
BRFAE (1] . A4 TH, 2019, 40 (7): 60-65.

JIANG P, YANG Y N, HU D F, et al.Fabrication and character-
ization of carbon cloth/polypyrrole film for energy storage packaging
[J] . Packag Eng, 2019, 40 (7): 60-65.

VR, W, R, S5 g e AR T RIS A T Ak
LeiERe g [1] . B, 2021, 40 (8): 157-162.

LU H W, GENG D, XIE H, et al.Optimization of detection meth-
od and migration amount for phthalate acid esters in beer [J] .Chi-
na Brew, 2021, 40 (8): 157-162.

BeETE, P, BT, S .GC-MS/MS I A R 7 B g v
ORI RRERZE M S AT [J] . T EIERIE, 2021, 40 (4):
159-163.

BI RY, LU J, TANG P, et al.Determination of phthalate esters
in different flavor Baijiu by GC-MS/MS [J] .China Brew, 2021,
40 (4): 159-163.

I EE: 2022-04-08 fE&EIBHA: 2022-06-29 HE4HLE: HIKH



