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ABSTRACT: The work aims to study the migration law of residual toluene from baking paper to food and investigate the
effect of baking paper microstructure on the migration. In this research, the GC-MS/MS method was used to analyze the
migration law of residual toluene from baking paper into food simulants (olive oil, Tenax-TA) under different conditions
of baking temperature, time, paper quantification, initial toluene content, microwave heating, etc., and the microstructure
changes of baking paper before and after migration. The results showed that, the migration rate varied markedly with the
temperature, with higher temperatures leading to accelerated migration. The longer the migration, the greater the migration rate.
However, after the migration lasted for more than 40 min, the migration rate of toluene into Tenax-TA shifted to a downward
trend significantly. The higher the gram weight of paper, the lower the toluene migration rate. The initial concentration of
toluene in baking paper had no significant effect on the migration rate. The higher the microwave power, the higher the
migration rate. As the microwave time lengthened, the migration rate rose first and then dropped. The scanning electron

microscope (SEM) results suggested that baking at a high temperature could change the internal fiber structure of paper,
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and lead to an increasing size and number of fiber holes. Residual toluene in baking paper migrates to food simulants

under certain conditions. This makes it easier for toluene molecules to pass through the pores into the food, thus accelerating

migration.

KEY WORDS: baking paper; toluene; migration; food simulants

AR, FREBURE L AR AT 10% 0058 B R .
HERFACE — PR B S AC, BFR “Bah4at”, B
RAFA B0 TR . R SR, iz N T IR
SHURE . EAhBERE | RO R B A AR
TR R E M, — St ARSI R T BN
O H v X B S 7o R0 2R I S PR A AR
B BRI . A PR A P R BRI S B
59— S AL Al (DY (H 9 8 3 28 1 R R
Fl, WRESTA IR H IR WYL BRREY E,
MR ARBUE YD, W MR . S RAEBRE
XPRhes . BFRE . MR S5 R g HA — e s, e nligs|
R LSO KU, 4Eak B AR By 1Y £ i 22 FLoIR 45
¥, T RE SR A BN T 5 25 5 2 i FLBR T B
FIES R, g AR R B

TEASCTERL . pifE T, NEPRORE, R AT
TR EE I A AT BRE A, LT AE LY
31 Regulation (EC) No 1935/2004), 2020 4 7 J,
H AT CM/Res (2020) 9 S-H i ™ 3 0 Bl 40 45 4t
Rt EATAREE . ihdE s XA DL
W FhA . BRI TZ, HARBERNEZRA TH
il ek L I B R A R R AT RE R AIG 2 B AUk
SRR R HAAR R RS R BR A A B I S
D5 T, Fity e A BR A R A N B A i SRR R [
Ko FEPEHA SR 817.023.21M ) Horh B 5k B A
MRS 0.6 mg/dm® KRB K& A T ResAP (2005) 2
PRI B A AR A B ] it m =l o 2 Ak T %) B R 3l
) U BRI TS R < 0.01 mg/kg.

T 4 A BT X BT AR 5 B A Y E R AR a7
bR, % 5 HRE R A=Ak A AT E Ak A
A J RS AR ES IR GB 4806.8—2016!'5 QB/T
1014—2010" 5k 52 , B kbR, IR BRI
B AP R Rt BER AR Al o h
GRS L E AR . PR JOLMY RS, £
X700 5% B AR AR AT B A O W AR O ik
i, 1F GB/T 10004—2008"" i T 4 2 F 98 b}
AR AR TR AR B R BRI vk, B AR A
Hr g Ak B e R B R SR D bR . R,
L 248 rp 5 B PR %) M A R ARG T ke = R I ) R 7
S

AR SC LA 4 Sl PR 4G M BESE X 4, WESTEA
[FIHERF IR RS | IhR] . 405k e i . HORBILR IR | Tk
INFREESAE T, 5% B R ) £ S BRI A A RS R
B WA HMBRESEARATE, BB
YRAOLES K4 B 5 ), kg 3 S MR AR 7 A TR R TR

FEMEES M, A A S R A T2 PR
LA BE IR

1 R

1.1 #RENEE

FERRL: BURRAC, FEMANETE A B, PRAR
SERTIN 30, 40, 50 g/m?, Ok H Tk T A b A
fl ARG AR = Ak s R, faalal, E 2R b
A PR F]; Tenax-TA ( PR RIS ), 60~80 H,
fif 2% Buchem BV Al ; #dEh, #2505 BAEH]; &
4li7k, m Millipore #4li/K R G H % o

FEALAS . TSQ 9000 < AH 3% - — 5 PU AT i
X (GC-MS/MS ), Bt 7% d (El) BT, FEE
KHERBHE AT TG-5 MS 3% (30 mx0.25 mmx
0.25 pm ), Thermo scientific; STI6R = # & 14 B L,
FEB IR BHE A |] s BS124S B TR, FELHHT
£E 115 202-OAB fH IR THAH , R IR A R
A ; N-EVAP-112 & H 3 A Wk 45 1L, £ H
Organomation A F ; QYC-C iFA MM (#81mm ),
Ve 2L ARG BRA R ik, ErER;
Merlin 3 % S F B 6EE, KR REHR,
1.2 Ak
1.2.1 RREMYHNEZERIBRE

HR b el 4% 1) SEBRAS A5 1, BEREEAR I S
TR AT IR

AR : M4 DIN EN 143389, 3%:4% Tenax-TA
(PSR RS ) /RN AR E ALY, Tenax-TA I
50K N R A N 4 g/dm?, BEHERAATE
BIRL AR N 2.5 em BITEACRE, A AT B 1 ZE ()
PR ( BAR 2.5 cm) H, B Ml o) blCE
YEMMFREL 0.196 4 g Tenax-TA, 41F4l T-HEkE 40K
T, FTLEO%E, BTFEBEAFTHTIRR,

PRSI . ARYE EU No 102011817, e Petas
THAE R IR B AT T B 00 K MR AR
TEEAN 81 mm BT b, maE A A i AR
Yy (RS ), B 5 40k 0 R e i, 4Rk
FEERARRI (RP R BB ) 4 6 dm?/L.
1.2.1.1 BRI B £

AT 2 B L o B rh R R AR A L, P UL
HEATHURRTERE T M RS0 o K Dbl A& 4 A RE
JFBIAE 150, 175, 200, 225, 250 °C F #EFTiE #4156,



a4k oW

LD, e MR IR B PR A A B I RS A - 87 -

RSN 30 mint™, 22 J5 0 5 B 2K ] Tenax-TA &
g R PR
1.2.1.2  iER ] A4

A& EU No. 1020111 % GB 31604.1—2016!"*)
FIRLRE , LUK RS PRl R O, 3B i) 8] 4331 16 4
10, 20, 30, 40, 50, 60 min, TR K 200 °C,
W HE o ) 2 R h RS 3
1.2.1.3 TR INHAGE RS S5 i e 4

I HIAE 800, 600, 400 W % H TR N #4756
Wk ] %#E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 min,
5 B F R ] [E AR Tenax-TA HEYITRLIE M .
1.2.1.4 ITIBENITE

EBRITR AKX

= 100%

0
Kb M OBEBR; C N R EHIY R
Tk, mg/m’; Co WAER TR S EE, mg/m’,
1.2.2 BRMUWEFE

1.2.2.1  BRyE L il

FRUEREA W . FREL 1000 mg CKSAAZE 0.000 1 g)
FOR, A N-N U 2 Bt DMA 3E 45 2 100 mL,
i s B B R B A 10 mg/mL Y A5 A

PR TAEW : AR EG & 10.0, 5.0, 1.0,
0.5. 0.1, 0.01. 0.001 mL AZEHY, i DMA
FEA R 10 mL, FRifE TARRWE 730512 10.0.5.0.1.0,
0.5. 0.1, 0.01. 0.001 mg/mL,

A3 I A RV B BR HEV WA 10 pL F R0 23
A, #E, 7E 100 °CF AN 30 min, HRIWiEs SAARME
T GC-MS/MS il 5E .
1.2.2.2 U414

%S R TG-S MS (@i (30 mx0.25 mmx
0.25 pm ); HEAE RN 200 °C; Zriibbh 10 0 1;
WA RWEAS, WHH 1.0 mL/min; AR THRFET MW)

BIRE 60 °C, f£4F 2 min, L 20 °C/min FHE £ 180 °C,
PR4%F 2 min; SEAERFRH 1 mL,

RIS BT IR (BB i T2 7R );
U RER N 70 eV HLEIREE N 230 °C; PUZAFIE
150 °C ALHIZIRAE Hy 250 °C ; TEHIAEIR ] A 4 min;;
PEPEZZ SOV W ( MRM ) #5K

A o T 25 oF A 4 A 0F . T 25 O 7 £l 3R % N
100 °C, “FAHFE] % 30 min; #EREEFIEEE K 120 °C,
FEHZRIRE N 140 °C, JNFERFE] R 1 min; SEREARFR
4 1mL,
1.2.2.3  HIRE R

B T OR AR . BUGEER ARRE S 0.01 m?,
Bt BT 2 10 mmx 10 mm B9 H, A 20 mL TS
i, #E, 7E 100 CCHEENI 30 min f5, #1T
GC-MS/MS 4, 5455 2L mg/m? i1,

A S B4 ( Tenax-TA ) B 2E & 18 A I 42

TR RG, ¥ Tenax-TA B T ZE W IR E T,
A 10 mL 5#2E%E, A $EH 30 min, ##E 10 min
Ja, RWES, HRFHERZE 1 mL, i 0.22 um
JEEE , B S50 L FHiA S i, &E, 7E 100 °C
T 30 min J5, FH GC-MS/MS {88 AT o

THPEE ALY RGO B A R
MR R R D)5, FREL 5.0 g 285 iR R 56 oA
Biih & F 10 mL HZEEOEH, A 5.0 mL F2E5¢E,
YR 10 min J5 , F & 38 R B0 HLEE 4 500 r/min
G T B0 10 min, B HUT A be A< U2 B T 5] e
b B 5.0 mL SEbe RS AR 2 Wk, /IF 3
WSRO, 2R Wk4n, M 1.0 mL 5k
%, BT, A 50 L T s R, % E,
1E 100 °C R A4 30 min J5 #4700 %E .
1.2.3 RKEERNE

28 GB/T 6672—20012% 75 v 1l 52 4% ik JE B
1.2.4 KKEEEMNE

$2 18 GB/T 451.2—2002P" 75 B0 & 400k & 7
1.2.5 HAMEE (SEM) o

B AR 5 mm=3 mm FIHLRGARRES, 256 L FE .
W4, TE 500 f5RARECT, WERAUK IO
1.2.6 HiEAIE

% JH Origin 2021 1 SPSS 27.0 fE & 3 #4755+ 4>
M, FrAS s R 3 YA TR 6 200 1 - 3418

2 HRE5HMH

2.1 FHikEN
211 ZRMXR. RUHR, EEMR

e 1.2.2 W5k, RAHMrE R, DIGgEHHA
RNARAR, BRI B R A bR TR RN, 453
[EEFEN y=6 302x+147.69, FIAAE 0.001 ~ 10.0 mg/m’
WM R, MIERB (RP) 4 0.999 3; FIH 3 1%
fEHEEE (S/IN) THEKHBR (LOD ), 10 f5{FM: it
HERR (LOQ), LOD {i% 0.001 0 mg/m*, LOQ
{5~ 0.003 3 mg/m’,
212 RBEE. MirEKZER

Fi BB GB/T 27404—20082 By H0 5 4T ks [ i
RIS, RIC “=IKFEARTAT” sk, B 3 ASKF
W (0.001, 0.01, 1.0 mg/mL) #EATHNbR, 250
6 UCFATIRIG O H4ME, 25502 1, HER4URES b
FA 2R [ % 91.2% ~ 94.8%, AHXTFRME 2% (RSD)
H 2.6% ~5.1%; Tenax-TA H IR ERFy 92.5% ~
95.1%, RSD H 2.7% ~ 5.4% ; Hrii i v B 2 [l g %k
89.3% ~ 93.7%, RSD ki 2.8% ~5.7%, LI ¥4
GB/T 27404—2008 AY2K, Bh IR 7 AR 27 T 4



- 88 - [ % T’ 2023 4 10 A
F1 BEEERKERSHEXMIRERZE (1=6)
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Fig.l Toluene migration rates of baking paper at
different temperature (20 min)
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Fig2 Toluene migration rates of baking
paper under different time (200 °C)
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B 30 g/m’ FERIIERS R T 22.5%H1 27.7%.
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Fig.3 Toluene migration rates of different
qualitative samples (200 °C, 20 min)
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Tab.2 Initial toluene content in different baking paper
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Fig.4 Toluene migration rates of samples
with different residual initial
toluene content (200 °C, 20 min)
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Fig.5 Toluene migration rates of baking
paper into Tenax-TA under different
microwave power
T FRFORMFEBEIIRT , IHORE 5 2RE R R 2%
FwENE, BEKFHN0.05,

2.3 WYEHIRAE

KEKE L O SE BT BRI AR ST
FE A R — 52 ), TS5 e it # . A
TR M 2 B S R X AL e 4 P S AR O 5 A Y
Ak, RAERBEEAURIETTE . B 6a HARL
A BRAGRE A (XTRR ), & 6b 2L Tenax-TA F#%ll
Yy, 4t 200 °C. 20 min HEET IS, 40K AV TEOMZ5H
M 6 TT LB Y, AR LZead ab B ) 485k PN BT 2 HE 51
INE%, M mEMEE S, SXIRAMEL, 4Ukit
LA LB RS AT ISR, B2, It AH
THRENFFCEDRTREE, H1 T8RRI



.90 - 2023 45 10 H
a RALE (XHR) b #LkEE (200°C. 20 min)
K6 HLRRAURE S L B IR
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