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Determination of phthalate ester plasticizers in hotpot seasoning by
gas chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an analysis method for the determination of phthalate ester plasticizers
[dibutyl phthalate (DBP) and di(2-ethylhexyl) phthalate (DEHP)] in hotpot seasoning by gas chromatography-tandem
mass spectrometry (GC-MS/MS). Methods The sample was dissolved by a small amount of n-hexane,
ultrasonically extracted by acetonitrile, centrifuged at low temperature, dried acetonitrile layer with nitrogen, and
separated by HP-5MS UI chromatographic column (30.0 mx0.25 mm, 0.25 um), scanned with multiple reaction
monitoring (MRM) mode, quantified by isotope internal standard method. Results The linear relationship of the
DBP and DEHP was good in the concentration range of 0-1.00 pg/mL (r>0.999), and the limits of quantitation were
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0.05 mg/kg, 0.04 mg/kg, respectively. At different concentrations of 0.20, 0.30, 0.50, 1.00, 2.00 mg/kg, the standard

recoveries were 95.5%-108.1%, with the relative standard deviations were 0.43%-3.70%, which met the

requirements of analysis and testing. Conclusion In this study, the pretreatment process has been optimized on the

basis of national standards, and triple quadrupole tandem mass spectrometry has been used to improve the specificity

of the instrument, a simple and operational quantitative analysis method has been established, which is suitable for

the quantification of DEHP and DBP of hotpot seasoning with complex matrix, meanwhile, plasticizer has obvious

pollution in fat food such as hotpot seasoning.

KEY WORDS: gas chromatography-tandem mass spectrometry; plasticizer; hotpot seasoning; isotope internal

standard method
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Table 1 MS parameters of various substances

His9  GREEE/mn A RS Tl RSP EEERE R V)  EMEE TS R T (R R V)

DBP 11.249 SIM 149
DEHP 17.715 SIM 149
D,-DBP 11.233 SIM 153
D4;-DEHP 17.697 SIM 153
DBP 11.249 MRM 149/93 (20)
DEHP 17.715 MRM 149/121 (15)
D4-DBP 11.233 MRM 153/97 (20)
D4;-DEHP 17.697 MRM 153/125 (15)

223,205, 104 FEWETE
167,279, 113 FEWETE
227,209, 108 AEWETE
171,283, 117 7R W TE
223/149 (5) 7RI TE
279/149 (5) AR 5E
227/153 (5) 7RI BT
283/153 (5) 7RI BT

1.4 HIEAIE

By % MassHunter B 12.0.893.1 #4304, R
Microsoft Excel 2017 #1742 & .
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PER B G Evi frR AR I BE S A & T HE R, AR 7 TR
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1k, 15 E PR 045 A B T X e S A 2 A4 T i 1o 2 ]
2, M UERTEE AN EZNE TR 69, N T #ET
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Fig.1  Daughter ions scanning chromatograms from fragment ions of D,-DBP and D4~-DEHP
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Fig.2 Optimization results of various ion pairs at 0.5 pg/mL mass concentration
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23 FHEEN
231 HHTEH., B RfEEHR

5 T T 40 1) TS B s AV Y e PO ) R S T 2%
AT DL B AR5 AR B LR (OX) R A b, LA
H AR5 BRI ARSI 17 38 (Y) AR R 2 AR v T A it
¢k, 15%| DBP il DEHP ek [ 5 F R FIARSC R 5L, 1R
2, 1£ SIM H1 MRM #%X,'F, DBP #il DEHP 7£ 0~1.00 pg/mL
WWHEINPEME LR BRI, MR 2 AT, e AR MTRS
PRUE AR, R FRAR G T ik RS i il R A OC R 2 36 3
0.999 LA |, H#THFTHY GC-MS, HA—E RS Kl
FRL I 1 BRA 2 5E T SE BRSO i S A SRR bl A T
TIFRSEEG I TS 5, DL 3 A5 TR 5 1) A o 5 Wi o 1)
M8 b e %t 07 o AR R PR, LA 10 35 3 R i 1) o
I 7 P MR T K 7 A 3 B Ay RN SRR
JE 75, 155 DBP H1 DEHP R4 Hi FR 4514 0.014 mg/kg
H10.012 mg/kg, EHFRSHIH 0.05 mg/kg F1 0.04 mg/kg,
ST bR R DR, UE B IR S i 1 R SR B,
T A2 S 3 B A I AN 4B 2R
232 HBEAelnirE MR LI

FEBCIERR S G, $RIR 1.3.1 YETAL IR e T
RESRALTE, A3BI7E 020, 0.30. 0.50, 1.00 1 2.00 mg/kg 5

Forvfe B ACE T HEA T INbR BRSBTS 421 T 6 41T
ATSLE, JE I SRS % B A ik i AT, g
3 FiR. RAZEALE MRM #558AGE 2 s Rk 2
95.5%~108.1%, RSDs 4 0.43%~3.70%, i#i /& GB/T 27404—
2008 { SEIE pri I E A AR ) F.1 AESK

X EEAT L, SR A28 AR R MRM A [ i [l i %
FUKG % B8 B B0 T B A v o 2 B 8 T A H A X (SIM,
Horp, R EACET SIM B S B AT E, AR
KT, WikaE d 3T, XA THRT & L 22 i
IS, FF6 LT 24 I TP AR AE T R IR X 2 4 I3
AR A PR S AT REAIG, Ab FARM AT, FET X F45
FHEA BB R, TR, RS
PR MRM #8850, FEARMR KT T R fRE PRI ik 3|
T SIM AN A R BE KT, ARG S T ARV BE KT 5
JETE, KRR R A A R ARG 45 SR B8 Sk v
24 KEBERPBUTNEE

BEALERE 45 HEUTTE 09 KR IOBE &, 20 R AR
J5 i GB 5009.271-—2016 H BRI Jr i e A AR (1) B AL 7
TrE TR, DBP. DEHP (R B 4l e 3. El 4
Fine fE 45 HERAER IR, SRAATT I DBP BKG H 3
N 93.33%, DEHP A H 5 97.78%, 1% FH [ SeAm i 7 i

%2 DBP# DEHP B4 17758, HXEH. RERFIE=R

Table 2 Linear equations, correlation coefficients, limits of detection and limits of quantitation of DBP and DEHP

Ew ke LEEES Wt BR/(mg/kg) 7E 1 [ /(mg/kg)
DBP (SIM) Y=2361.5X+0.035 0.9980 0.100 0.30
DEHP (SIM) Y=1117.8X+0.013 0.9980 0.170 0.50
DBP (MRM) Y=15129.4X+0.095 0.9994 0.014 0.05
DEHP (MRM) Y=1234.1X 0.9992 0.012 0.04
33 DBP # DEHP iR ELE IS B
Table 3 Average recoveries and RSD of DBP and DEHP
&Y B (mgke)  CFYIEICR/%  FE%EE RSDs/% LAY TRINKEE/(mg/kg)  CFIEIFIR% K RSDs/%

0.20 130.1 6.58 0.20 103.4 0.96

0.30 114.5 8.20 0.30 96.3 3.70

(EI]?\;) 0.50 91.8 5.55 (I\]/?II?IF/I) 0.50 108.1 2.27

1.00 62.5 14.30 1.00 95.8 0.92

2.00 103.1 4.85 2.00 95.5 1.15

0.20 87.2 0.66 0.20 97.8 0.43

0.30 120.4 11.60 0.30 101.9 1.00

?S]ih};ll; 0.50 109.3 0.24 (]ﬂii—ﬁ) 0.50 103.9 0.66

1.00 91.8 0.10 1.00 100.2 0.54

2.00 91.4 0.32 2.00 98.0 0.85

e M BRIE N 2 (relative standard deviations, RSDs).
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Fig.3 Determination of DBP in chafing dish substrate samples
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Fig.4 Determination of DEHP in chafing dish substrate samples
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iR BAL RS s T E AR ik . ( BARI AT
ST AR B B AN IR A0 2 RIS 26 ) I R K sk P
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B B0 1.5 mg/kg H10.3 mg/kg I, X1 4 0O (e B
JRUBSE A T AT 4252 K AR YA ) K B FERLBE & R, DBP
B PR SR A L 37.78%, Mid 3 R R Y
ek 7.78%, Hh DBP [{fg K& R EAH 1.53 mg/ke,
T ESOCTE . HA, ST IR R R A DG ARE v A A,
DRIk RO PRl s A G R S s e, 7 8 3 0 590 1 RS 000 R 0 o)
JEnTEJE

3 wiesgie
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SO PR 7 o B o B U, R IR T, SRR
WA R R IE T, Wifl T RAWERAE; fn, g
JRCRE T N AR S PR, A 1 S I AR A R i A,
PR MR (] 1 4R BRAIAELL, kb 1 AE bl S AR A TS
AT RE, TR AN R A [, 4R TT 1 7 ik RS 5 L A

YR JRE 3205 BT R ) = DU AT o3 B0 S 8 v EL A A
A RABE R IR, 18 AT R KRR a2
AT B BRIBAGIN N H O A . FESEBAE AR I Hh R B, K
Wb DBP A6 A, 15 AR R, A
SRR IT 3 — 2 i KA TR Hh A8 — Y R T S A7 RS
W UAR, AR R SRR KRS B, 45 S Al T
Bh AR OB R S AR AR A I T AR, DA T2
T, AN S SR AR A £ i A 7 OB L AL R R A iR
Bl B, R RI R AR LA 4.
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