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Abstract: A method was developed for the determination of the migration amounts of 5 compounds, 1i. e.
aniline, N-methylaniline, 1, 3-diphenylguanidine, 2-mercaptobenzothiazole and benzothiazole in food
contact rubber liners by high performance liquid chromatography — tandem mass spectrometry (HPLC — MS/
MS). The separation of target compounds was performed with an Agilent Poroshell 120EC — C,, column
(3mm X 50 mm, 2.7 um), using 0. 1% (volume fraction) formic acid and acetonitrile solution as mobile
phases by gradient elution. The detection on the analytes was performed with positive electrospray
ionization source under multiple reaction monitoring(MRM) mode, and the quantitation was carried out by
the external standard method. Under the optimized conditions, the calibration curves were linear in the

respective mass concentration ranges, with correlation coefficients (7*) not less than 0. 996 6. The limits
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of detection(LODs, S/N =3) and quantitation(LOQs, S/N =10) were in the ranges of 0. 8 — 20 pg/L and
3-50 pg/l., respectively. The average recoveries for 5 compounds at the spiked levels of 3 — 500 pg/L
were in the range of 93.4%— 112%, with relative standard deviations (RSDs) of 0. 70% — 4. 3%. This
method was used to detect the migration amounts of 5 compounds in 10 kinds of food contact rubber liners
under the three conditions (40 °C for 10 min, 40 °C for 30 min and 40 °C for 120 min). According to the

migration results, 5 compounds in all liners were detected, and the migration amounts of 1, 3-

diphenylguanidine and 2-mercaptobenzothiazole were within the limit range. The detection of
benzothiazole needs attention. The migration amounts of aniline and N-methylaniline were higher than its
migration limit (0. 01 mg/kg) , and the generation of aniline and N-methylaniline must be controlled by
improving the formulation or the process. This method has the advantages of simple operation and high
sensitivity, and it is suitable for the determination of 5 compounds in food contact rubber liners .

Key words: food contact rubber liners; high performance liquid chromatography — tandem mass
spectrometry (HPLC — MS/MS) ; food simulants; migration
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AL TEREER A S o TR SR R RE , — AR AR PP R T S N BRI B A, sk )
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J7) s SEES K MR Ak,
1.2 UE5EE

Agilent 1200 — 6460 7 ERGRAH A — = EEDUARAT H BTG (32 Agilent 24 7)) 5 Milli — Q B4R %
A 25 (GEE Millipore A7) ) 5 AL204 B T4 R (HERFSh — FER 203G APR A H]) 5 UF110plus B s BAETR
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1.3 XWAHE

1.3.1 HSMEAE BRI RN THHERGE, SRR S a7 5 HiEve: HRE
4335 ~ 46 ‘CHY 500 mL B oR/AKTEGEFES ;. HIRER 75 ~ 85 'CHY 500 mL NaOH I (pH 2 ~ 14)TEBEFE ;
R 500 mL H RAKTEBERES; HIRE A 35 ~ 46 °CHY 500 mL BRI (pH 2 ~ 3)id M /o H
THRAY 500 mL B R/AKTETEFES . Uil TR 7EIE BE G - E I T 1 h R TR S5

1.3.2 FRERRES IR TR PRI S FIFRESZ 0. 01 o, LUFR RS 6 o
1 000 mg/L WIbRUERE 67 3; H] 50% BB RARFEATF 2] 5 Mk S Bt 2R EE 43528 3. 5. 10, 20, 50,
80. 100, 200, 500 wg/L FITRATRE TAERH, T4 COKFERL, 7.

1.83.3 UEEIIEEH MLt @ikfE. Agilent Poroshell 120EC = C, (3 mm X 50 mm, 2.7 wm);
Wk 0.4 mL/min; FE: 40 °C; HFEE: I pls WENAE: 0. 1% HEE/KIEH (A) — 25 (B) . BEEEGEE
%Mk 0~0.5min, 90% A; 0.5~ 1.0 min, 90% ~ 10% A; 1.0 ~ 4.5 min, 10% A; 4.5 ~ 6.5 min,
10% ~ 90% A,

ol st BRI S IR (ESD ;. HA 7 EE FAE RIr R 2Ry IR
(MRM); THEYSHREE 290 °C; THE S Liming A1 241 316. 5 Pa(35 psi) 5 #9250 °C;
AR 11 L/min; B HE 3 500 V., Hopth E BB 0E 1,

F1 SHEEWHBGSESE

Table 1  Mass spectrometric parameters of 5 compounds

Compound Retention time(min) Precursor ion(m/z) Product ion(m/)  Residence time(ms) DP(V) CE(eV)
ANICHRE) 2.23 94. 1 77.1,51.0° 20 80 21, 37

NMA (N-H B2 ) 2.68 108. 1 93.17, 66. 1 20 80 17, 33
DPG(—ZK) 3. 46 212.1 119.07, 77. 1 20 108 21, 40
MBT (2-%5 5L - BE M ) 3.99 168.0 135.07, 124.0 20 136 25,25
BT (R IFHEME) 4.06 136.0 109.0, 65.0° 20 80 30, 40

*quantitative ion
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BE(pg/L)s ey A ERIBTRIRE (ne/L) ;s N ARRAEE Vo LIIRIBRSAT(L) ;. St 58
B O FEAR AR (dm?) 5 S, AWt SEbr i FORHLEO AR (dm®) 5 m Rt SEBR il JBOR AL AR AR B o
MRS R (kg) , BN 1 kg/LAG HARBUWREAM R TR 1000 AR50,
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1.4.2 ZREWTHEFE HESYARNIAESEIRIN G EFZ, i R RIEE (TTC) #17
ZAEVERE™ . FIH Toxtree 2K (v2. 6. 13) XL S 3E1T Cramer 25444328, Cramer 1 | 11 | T 2849 5%
M) 224 BIE S A 1.8 0.54, 0.09 mg/(person-day) o HE 4 58 £ 5 24 St B BRS) (FDA) G &
FEAAT A0 XU DA 7 VAo R A 728 2 1A o
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SrZEEE T S P S RSB A EE (APCD A ESTFAY IE 2 5 0 Tt Fema Ry, %
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1) S ML EPITR AR, (EESE . ESITFHNET, S 7 —Builkdiihe 88 1 Q1; Ffi)G, B
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Fig. 1 Multiple reaction monitoring chromatograms of 5 compounds
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Hpt il B — N B R PR APEC R, HRARE ) IANT0.996 6, Fah IRAIE & R 735
0.8 ~ 20 pg/LAI3 ~ 50 /L, R RZINER
2 SEMEAWIAIESSL . Kb SE s TR

Table 2 Linear parameters, detection limits and quantitation limits of 5 compounds

Compound Linear equation Linear range (g/L.) Correlation coefficient(r*) LOD(we/L.) LOQ(pg/L)
ANI y =46 147.47x - 37 033.43 3 ~100 0.9999 0.8 3
NMA y =47 921. 44x — 128 320. 30 10 ~ 200 0.999 8 1 10
DPG y =47255.72x - 104 413. 30 10 ~ 200 0.999 4 1 10
MBT y=2890.27x -3 204.97 20 ~ 500 0.999 8 10 20

BT y=297.59% — 62.99 50 ~ 500 0.996 6 20 50

2.4 MEYRKENIRERE
SR FBRUE IIN 06 R 7 R I ] S e A 00 0E . DL SSRI (50% %) A 2SRRS4 TR InAS
[e] i B K S 3 A b AR IR IOT A 4514 (40 °C 120 min) BEATIIARIDS 525ty 263 Wl %0, 55
A IAE 3 AN IMIFRACE T B3 I A 93. 4% ~ 112%, A FRIEMRZZ(RSD, n=6)40.70% ~ 4. 3%,
15 2 8 BT T IR A DG BLK
3 SHMEEY AR EMSCR AR bR 22 (n = 6)

Table 3 Recoveries and relative standard deviations(n = 6) of 5 compounds standard solution

Compound Spiked (wg/L) Recovery(%) RSD (%)
ANI 3, 10, 100 102, 97.5, 101 1.6,1.7, 1.5
NMA 10, 20, 200 111, 103, 102 0.70, 1.2, 1.4
DPG 10, 20, 200 112, 99.8, 101 0.95, 1.0, 0. 86
MBT 20, 200, 500 100, 102, 103 2.7,0.77,0.75
BT 50, 200, 500 100, 93. 4, 101 2.8,4.3,0.74

2.5 IBIWHER

FEIE “1.3. 47 SR TER LT, R AL TN 10 P2 T E . B 2A WIS, 104
FERHI ANLEE 3R A4 PR, HIETIERBMR R (0. 01 mg/kg) , HAIEFEEAE40 °C 120 min
IR, 350,34 me/kg; HIEI2BRIAL, 8 MM NMA TE 3 MBS A4 T )8R, 7E40 °C 120 min
EBEMFI50.03 ~ 2. 18 mg/kg, WA R4FIRIOARKEH . HRAEAH SR EIR, ANTFI NMA B9 H 6
NRTELERRRXUBS: , 5 e i B T, A BSOS 7 B T 2R 45 1] ANTFI NMA A A%

0.40

Rt ANI Rl NMA
v r2 U r2
NN i 204 RN R3
030 KR4 B2 R4
go.zo- g
5 1.0
= =
0.10
. o i H%ﬁ |/

10 30 120

t/min t/min
2 BB (R1 ~ R10) R N-H B 1) 50% 2 iR RS
Fig. 2 Migration amounts of ANI and NMA from rubber liners(R1 — R10) to 50% ethanol
X T SMLALAE (1) DPG F MBT NI 55 3 YT F S2 a2 RORPEH (1613) . BHIEI 3A |4, DPGAXAE
RItEH, HAE3INERS S FRRERR. vTREAE D A r= Al AR T BB % % 254 e ) (o =g
K. HE3BRIZI, MBTHE40 C 10 min BB A F AR 2 me/kg FIFRAE; MBT 1] 50% L EEH TS &
R 1T A5 I 1) B9 ZE R TG B, 7 40 °C 30 min F140 °C 120 min JEFE5E T 10 MRS B TR B B A8 it
8 mg/kg FUBRAA . HHUMLRT DL, MBTHEA BASICATE R Hl i i ] , AR, Him N TERr R
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B3 AL (R1 ~ R10) H ZZRIIVRH 2- 3 B2 e [u] 50% L g i) iAo &
Fig. 3 Migration amounts of DPG and MBT from rubber liners(R1 = R10) to 50% ethanol
BT[] 50% & [ i) JEF% Sl AL I Ta) 9 S AT G I (&1 4) o Dt OB Ak ) £ it SRS, AR
vl J R B4R R (2016) 7, HEAE A G H YR EWIIENE 40,30 kge HIFR(2), Bk 10 Rkt
BT T2 50% SBER iR KIEFS B 2 2 PAE A R N5 4, 452880, A7 8 Fhtek il bty BT, AHRZ Y
EDI )8 i 224 B{E (0. 09 mg/(person-day) ), X AR A e E R T REVESR B, TR

3.0 [IR1  The first migration test 3.0 [IR1 The second migration test 3.0 9 [ JR1 The third migration test
ZR2 L R2 )
RR3 ~
Z20 20 P04
0 a0 20
£ £ £
£ 101 < 1.0 2 101
0 - 0 0
t/min t/min t/min
K4 ARREEEREE FERED (R ~ R10) H2EI e ] 50% £ F%E 0 iE R &
Fig. 4 Migration amounts of BT from rubber liners(R1 — R10) to 50% ethanol at different migration test
a4 FRIFUEM) 2 A A 45 R
Table 4 The safe assessment results of BT
Sample R1 R2 R3 R4 RS R6 R7 R8 R9 R10
Max migration amount(mg/kg) 0.79 0.73 0.71 — 1. 44 1.73 0.52 0. 45 - 0.56
EDI(mg/(person-day)) 0.24 0.22 0.21 - 0.43 0.52 0.16 0.14 - 0.17

*no detected

oF [ — AR W el 3 3 25 U 5 AT P SE B 5T W et v S AL S 1) 50% S IF I RS ML . 5 RN,
Bl O RN, Btk vb 5 R S 00T B AR AR E , MRS BU/DEH . X T SML AR
A ANTFINMA , i 60 KA K DPGFIMBT 6 60 AR, HEEREEEN, ©ev#.,
3 &

AR SCIENT. T VRO B R — HR BRI ) I B ek AR et b 5 R S U ik o 0Tk
HATEAER B . REUES . EEVEF SRR, S RACTERAbRE b R E TR IR 220K, BAE
SRV AP, W oA e SR G BT B R A SR AR AR IR AR SRR . R %7 2060 T8 10 Fh e ik
17 VBT S5, Ikt b ST G YA T, —2RIIOR 2-5i 28 e me 1Y) 1T 7% SR R 2
W H el ZRIFHEME AR I R T e ORTE s R . N-HIEORIEM TR B TICB IR &, AUk
BC 7 B 2R A AR B
SE K
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