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Abstract: To investigate the migration of phthalic acid ester (PAE) plasticizers in the inner boxes of self-heating hot pots on the market
under heating conditions, a gas chromatography-mass spectrometer (GC-MS) was used to establish the method for detecting 18 types of PAE
plasticizers, and the migration amounts of PAEs in 182 self-heating hot pot inner boxes made of four different materials were tested. Based on
establishing the PAE determination method with standard PAE samples, the inner boxes of self-heating hot pot packages were pre-treated with
reference to the related national standard of China,, and then, the content of PAEs was detected. The results showed that when using the HP-5SMS
quartz capillary column as the separation column, the 18 types of PAEs were separated effectively. The detection limits were 0.005~0.02 pg/mL,
the linear range was 0.05~5.14 pg/mL, the correlation coefficients (R) were all greater than 0.999, the relative standard deviations were less than
10%, and the recovery rates were 92.0%~99.6%. No PAEs were detected in any of the 182 self-heating hot pot inner boxes. In summary, the
established GC-MS method for PAE determination can be characterized by its simplicity, high efficiency, strong practicality, low detection limit,
high precision, and high recovery rate. It is suitable for the rapid detection of PAEs in the inner boxes of self-heating hot pots.
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Table 1 Basic information and monitoring parameters of 18 phthalate compounds

%5 1o 4 AR EXHE 5T EF B T/(mlz) FMWEF/(mlz)y  FREEES
1 ARIKZ W BR — i DMP C1oH;¢04 163 194, 133,77 7.8
2 ARV B = LBs DEP C,H1404 149 222,177,121 8.7
3 ARR = BR — ¥ 7 i DAP C14H,404 149 189, 132,76 9.7
4 ARF P B =T s DIBP  C;¢H,0,4 149 223,205, 167 10.5
5 ARF W B E T s DBP C16H5,04 149 223,205, 121 113
6 AR ZFER (2-FRL) LB DMEP  CyH;506 59 167, 104, 59 11.6
7 AR ZFER— (4-FK-2-%J5) B8 BMPP  CyHj04 149 167,104, 85 123
8 AR _WER— (2-TAK) T DEEP C16H»06 72 176, 149, 104 12.7
9 AR F B R Be DPP C15Hy604 149 237,219, 104 132
10 ARR B LB DHXP  CyHs04 149 251,104, 76 15.4
1 AR W B T AR A Ag BBP C1oH04 149 206, 104, 91 155
12 AR _WER— (2-TAK) T DBEP CyoH3006 149 193, 101, 85 17.0
13 AR P B IR TS DCHP  CyHys04 149 249, 167, 104 17.7
14 AR ZFER = (2-T) Ty DEHP  CyHy0, 167 279, 149, 104 17.8
15 AR B =R By DPHP  CyH 404 225 153, 104, 77 18.0
16 AR P BR = IE s DNOP  CyHss0,4 279 261,167, 149 20.1
17 AR P B = -5 DINP  CyHy04 293 167, 149, 127 215
18 AR =P B = B DNP CyH04 293 167, 149, 85 22.0

METTLER TOLEDO /A & ; &34 HP-5SMS(30 mx250
umx0.25 pm), Agilent; JRHEHFEAS, EE IKA An];

SRS/ RSB (Agilent 7890B/5977A),
EE M AF; BT R (ME204E), it
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A RSO, EE Sigma AH]; HAiKHL
(Milli-Q), [ Millipore A .

XA LS SR, ZAUEN 1 mL/min, #EFE
T B AR IR Y 280 'C, PUZAT IR
JEN 150 °C, EAVIBRES AN 7 min, FHEFETRE
NYIEIRE 60 'C, {#FF 1 min, LL20 ‘C/min FHEE
220 °'C, £RFF 1 min, FELLS ‘C/min FHEE 260 'C, £
¥ 0 min. /5 LA 10 “C/min FOIEEETFE 300 °C, {5FF
3min. RAEFEE N (SIMD BT HE R
£, WNErFm)ilk 1.

1.2 377k

12,1 ARRBR A BLH

AR IR IR TN BEAR NS 2 (3.425 mg/mL):
AERAFRILAI R — R A I FEbRvE 5T 0.03491 g T
10 mL B2+, IR e .

AR % R M A IR bR R b R (10275
ng/mL): AERFEELAT 2 — FR R — I N BE AR Al Ak 45
(3425 mg/mL) 150 L, IFCREERE 50mL, 7%
MR

17 PPERZR Z HERIRIR bR AR (10 pg/mL):
HRFEHL 17 FPAR2R — HRREEVRASAE S 1.0 mL, 1EC
WEERE 100mL, JRIFGIES.

122 PAEs A fith &k a9 =

43 MIMERAFZEL 5+ 20+ 100+ 200+ 400 A1 500 uL 17
FRAT A — HFERES VR AR AR (10 pg/mL) AL - H
PR I TS B bRE R VR (10.275 pg/mL), FHHIE Okt
JEARZ 1.0 mL, P 17 FhARR — H RN R bR
WRFES AN 0.05. 0.2 1.04 2.0, 4.0 f15.0 pg/mL,
DA AR 2K — H R M TR FE 43 il 9+ 0.05138
0.2055. 1.028. 2.055. 4.11 1 5.138 pg/mL VAR
HERNZE
123 @RS E

Z GB 5009.156-2016 1 GB 31604.1-2015 [¥14H
FHTE DAL KR ERAARAIE, X 182 4HA% AT
IERRIE, DA E] 10%ZEEAT 100% 5% 3 B
FERAT . FREL 1 g CREFIZE 0.1 mg) 10% B3R
10 mL EL& v, HERIIA 2 mL IECkE, iRieiky
10 min, #&7 10 min, LA 4000 r/min &> 5 min, YL
BT 022 um Nylon 3EME, it GC-MS 43#T; ¥
100% 572 S HEEGE 0.22 um Nylon JEAE, HERFZEL 1.0
mL £ GC-MS 43 #7.

124 GC-MS &4

il 4. (AiEFE: Agilent HP-5MS (30 mx250

umx0.25 pm), ZEFEN 1 mL/min, HEFEIEEEAN

280 C, ¥AFIVIKRISIAIN 7 min, FHEFEF B3 E NPILA
TEE 60 °C, f£%F 1 min, LA 20 C/min FHFEZ 220 C,
fAFF 1 min, FELL 5 “C/min FHEE 260 C, % 0 min.
55 LA 10 'C/min #2300 °C, fi4F 3 min. A
SITRIERE, FEFEEN 1 uL.

JRAGSAE: BRI EL 70 eV BRI
AR E 9 280 °C; PUZATHIRE 150 °C: 3477
;N SIM,

12.5 HIBEHT

FIF Agilent 7890B/5977A AR/ g B FH 4%
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(F.01.00) HdEtrikst, EHIRREL A, R

Data Analysis P HH75 21 (1) 25D (1) 7 M 285 SR AN 5 1)

3 BATEERR > AT
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Fig.1 Total ion chromatograms of 18 PAEs

B EAER ST R AL PAEs FLA 1.
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HHASIG #5321 18 Fl PAEs 2> TEAHZERCK,
FHEARF P & IR R, SRS B S
WAPERUR L o BRI, AR SIS VI S5 AR PE 2154 HP-5MS
BT, TRIRT, BRI QAR s R A
FERHERR IG5 T3 @itk GC-MS 44,
Frf3 18 Fl PAEs L B i L 1. diE 1 ar
1, 18 Fh PAEs BJSEBL T RUFMIATE, X e =T
B AL
2.1.2 R 5 RI AR JRAR 6945 4]
e AL A i e, R
SO B SRR . ARSI R P PR i 425 ik
JRRAN, REGLE TR, B UCECARE RN T
PAEIZERER, BIfFTERE RN . AR 25
JRVCHECARE IR T e &, 7] DU R0/ N E T3
PAEs B 1T 2 N FH T 2R = b, 104G 23 435k

HE A . AT B S R R R 5 G, 5
SO A SEAA AT T 3, A g glon, Bk
B 45 L 22 B A /KT B 5 il 0 AT 2 0 1 sk
5.
213 HKMXFZFTikAb R

TERAISRIR 2544, H GC-MS 73411 18 Ff
PAEs AR, DLAMREE R . LS LAY =k
FENREARRR, X8 T RN AR I ERR
HERIZE, 7930 18 B PAEs I PE LR (R 2). £
IR, 18 Fl PAEs MZRMER R RIF, HHRFRE (R)
BIRTF 0999, ZEMEVEREIN 0.05~5.14 pg/mL, LA,
G5 KT 3 A5 7S X P & VA PR, LA
Wi WA 5 KT 10 s 75 B St L R 2 e v e
R, SR 746 H PRAE 0.005~0.02 pg/L 2 [8], & &
FRTE 0.02~0.04 pg/L Z I8, BULAT I, T 7R st

Wt AT RE S, R REAFAE IR G I P AN IR TIERA B R
7% 2 18 T PAEs HYZRIME X B FNT5 A IR
Table 2 Linear relationships and method detection limits of 18 PAEs

By A K FAE HAZFH/R  EMEEE/(ug/ml)  FEAER/(ug/ml) ik EEFR/(ug/mL)
1 DMP Y=354144.02*X 0.99937 0.05~5.0 0.01 0.03
2 DEP Y=440031.24*X 0.99956 0.05~5.0 0.01 0.03
3 DAP Y=116125.15*X 0.99917 0.0514~5.14 0.01 0.03
4 DIBP  Y=686497.36*X 0.99913 0.05~5.0 0.005 0.02
5 DBP Y=741868.06*X 0.99909 0.05~5.0 0.005 0.02
6 DMEP  Y=36135.83*X 0.99962 0.05~5.0 0.01 0.03
7 BMPP  Y=362775.90*X 0.9992 0.05~5.0 0.01 0.04
8 DEEP Y=76757.39*X 0.9993 0.05~5.0 0.01 0.03
9 DPP Y=746754.53*X 0.99934 0.05~5.0 0.01 0.03
10 DHXP  Y=568189.78*X 0.99913 0.05~5.0 0.01 0.03
11 BBP Y=240133.71*X 0.99909 0.05~5.0 0.01 0.03
12 DBEP Y=71215.32%X 0.99922 0.05~5.0 0.02 0.04
13 DCHP  Y=443985.66*X 0.99907 0.05~5.0 0.01 0.03
14 DEHP  Y=412615.74*X 0.99907 0.05~5.0 0.01 0.03
15 DPHP  Y=248367.11*X 0.99991 0.05~5.0 0.01 0.03
16  DNOP  Y=433493.48*X 0.99943 0.05~5.0 0.005 0.02
17 DINP Y=19386.94*X 0.9992 0.05~5.0 0.02 0.04
18 DNP Y=311886.23*X 0.99959 0.05~5.0 0.02 0.04

18 P A RICRAE 92.0%~99.5% 2 (8], AN FRE (R
7£ (RSD) 7 0.32%~0.99% 2 [8]; X+ 100% 57 ¥ Hiis
SN 3 NANFIREE K 18 #f PAEs, NS i 18 Rl HI EIUACR 95.9%~99.6% » AT AR (i 2
K FEE 6 XS, 19RITNERBERAREZR (R (RSD) 0.77%~2.23%. R\ZITIERFGIRE T4
3). %3 MR SR, %7 T 10% LB T Ko

214 ©REEHREE
TE 10% LEEFT 100% 57 b A i Al
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Table 3 Spiked recoveries and precisions of 18 PAES (n=6)

- = %/%  RSD/% = %/%  RSD/% IR LE A RSD/%
e FELR - : .
AP 0.05 pg BT 0.5 g FAmRKE: 1pg

DMP 10% B3 98.6 0.71 98.2 0.89 99.3 0.32
100%F-F 4% 973 2.01 984 1.10 99.6 0.84
DEP 10% 2B 98.5 0.87 96.8 0.78 98.3 0.48
100%F-F k% 97.3 1.99 97.5 1.43 97.9 0.86
DAP 10% B3 94.5 0.82 96.7 0.84 98.7 0.38
100%5FF 4% 97.6 1.98 97.8 121 994 0.85
DIBP 10% B3 99.2 0.97 99.4 0.84 993 0.50
100%53-F 1% 98.1 1.87 98.2 1.05 98.6 0.79
DEP 10% B3 993 0.92 98.7 0.94 99.5 0.39
100%5FF 4% 98.3 1.96 97.6 1.02 99.1 0.80
10% B3 96.9 0.92 974 0.79 98.6 0.42

DMEP o
100%F-F 4% 98.1 1.87 98.3 0.98 993 0.79
10% 2.2 94.9 0.84 95.9 0.79 984 0.35

BMPP o
100%5FF 4% 974 2.13 98.4 1.24 97.9 0.82
10% B3 95.8 0.85 98.9 0.86 97.9 0.38

DEEP o
100%F-F 4% 96.9 2.06 984 122 98.9 0.88
PP 10% B3 99.2 0.87 99.4 0.96 975 0.41
100%53F 1% 975 2.02 98.1 1.36 97.8 0.79
10% B3 98.8 0.72 98.9 0.78 98.6 0.49

DHXP o
100%5FF 4% 98.0 2.14 98.0 1.29 98.8 0.85
BBP 10% B3 98.2 0.74 974 0.92 98.9 0.44
100%53F 1% 96.8 1.96 97.2 1.30 99.0 0.79
10% 2.5 95.8 0.76 97.3 0.89 99.0 0.47

DBEP o
100%F5-F k% 97.9 223 98.6 1.09 98.2 0.77
10% B3 98.6 0.88 97.9 0.92 99.3 0.56

DCHP o
100%F-F 4% 98.2 1.79 984 1.14 99.1 0.86
10% B2 98.1 0.83 98.6 0.88 994 0.39

DEHP .
100%F-F k% 98.0 1.86 98.9 1.26 98.7 0.88
10% 2.5 97.8 0.79 98.2 0.72 99.0 0.42

DPHP ]
100%5FF 4% 98.6 1.96 99.0 1.34 99.1 0.79
10% B3 98.1 0.94 98.1 0.76 98.2 0.41

DNOP o
100%53F 1% 97.8 2.01 97.8 1.45 98.6 0.77
ol 10% B3 92.0 0.96 96.9 0.93 974 0.33
100%5FF 4% 95.9 1.89 97.9 1.45 98.7 0.78
10% B3 97.2 0.99 97.8 0.98 97.7 0.37
100%F-F 4% 97.2 2.11 98.2 1.62 98.2 0.81

22 EHKHA & T PAEs Byl €

FKH UL E 271 PAEs [ GC-MS € J7i2s, %t
T AN S AR AA SR 1) 182 FHLI 1 Tk 4 N B e 52
AT PAEs iEFEE3HATAEI, RILFTINARIT 182

HLRFE T, Rk PAEs BULED.
ARSI R R E RN &R PP AL, X Fh
FORFRT T SZ I E 110 C AR, i B # R & 1
iR EARET 100 Co 1X7]
PAEs iERE I 3B A o B UG AT DIAHEI, 7EFhAE A 2

REE FENEARKLE
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SEHL T PRI 18 A PAEs HARMELEWINIA Ry
5, 18 MR W RREERLAIE 0.05~5.14 png/mL
JoEINZME R, & FRAE 0.02~0.04 pg/L ZI4], #H
SFFERZERSD)AINT 10%. FEFR 10% 2B K%
A 100% 572 HENREEURT PAEs Frite S 758 ST
GC-MS Frill F7iEFEA b, A4 B 3k i i R Sy
Mo, R 182 IR M S E KX bRt GB
5009.156-2016 1 GB 31604.1-2015 BEATHE S ALFE I
SE L PAEs i, 182 HLIKFE AR H PAEs 28
&, v WAEKT 100 CEM4 N EMAEMFEE
#OKEATG PAEs ITRN. iz, ASCESLM] PAEs
WA GC-MS W J7iE, HAREESRL, St
o, R PRAG. RS RIS R A, EHTE
PO LR N & PAEs (I BRGEASI .
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