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# E: BN 2 EEA SR FIAE 7 (inductively coupled plasma mass spectrometry, ICP-MS)il 5 4k
KA 13 FOT R, 0T 13 FhOT R AL B PRSI . ik 4¢13 FOCR PARPRIER W, T
4% TR B AR, FL AN [R) W BE TR S AR MEVR W, e BEIE 22 A8 AR SRR AT EWLA T, 2 lbmiE AR
Mgk, XF 13 FoCR M T . o AR 3 AR EEACE R InAR [mDI SE 5, #Q%@ll&c%%ﬂ%%ﬁo il 20 A4t
REAURE AR 13 FIOCR &, PR 4% 282 . 10% O IR SE Ll AT BRI, 76— 450 T 0 bR 4tk
TR, WETRNITH R, ER R IELRMEEER 0.2~200 pg/L, MHXREIT > 0999, KR
0.0002~0.055 mg/kg . Hll ki 8] it R AE 82.6%~116.9% = [8], #H Xt 45 #fE fi 22 (relative standard deviation,
RSD)1.6%~4.3%, HiFACH 4R . 91, 4 3 FocR & i, LHEMICR, P& A 559 mgke; JLRTE 3
Tl B BB W P A RS B RNBT A 4% 218 > 10% 2B > Sbe, 76 4% B8 P8R I I KO 7% B mT ok
94.4%, £ 10%LBERIT B R KM ICE, THE 40.9%, EREEPIBRRANEHK LR, TBE
6.9%. i ICP-MS L@tk gt 13 FocR, HALMER Y 2% SE00A, 12208 TR 44
b AR Z 0 R BRI 4 HT o A TR AEMRYE B ABTHIR 4% TR 53T, ARl £ S BB R e
T/, UEWIHLRS AU Al AR S £ S, JCR TR KU LA
REEA): BRSBTS, HURAG oK T
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ABSTRACT: Objective To establish a method for the determination of 13 elements in baking paper by
inductively coupled plasma mass spectrometry (ICP-MS), and analyze the migration of 13 elements in several
simulated liquids. Methods The 13 elements standard solutions were diluted sequentially with 4% acetic acid to
prepare mixed standard solution with different concentration. The standard working curve was drawn according to
the selected working conditions. The recoveries and precisions of 13 elements were calculated by standard recovery

tests at high, medium and low concentrations respectively. The content of 13 elements in 20 baking paper samples
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was tested. The 4% acetic acid, 10% ethanol and isooctane were used as the migration simulation solution
respectively. The migration test of elements in baking paper was carried out under certain conditions, and the
migration of elements was determined. Results The linear range of the method was 0.2-200 pg/L, the correlation
coefficient was greater than 0.999, and the detection limit was 0.0002—0.055 mg/kg. The standard recovery rates
were 82.6%—116.9% and relative standard deviations (RSDs) were 1.6%-4.3%. The content of aluminum, barium
and copper in baking paper were relatively high, especially aluminum, with an average content of 559 mg/kg. The
order of element migration in the 3 migration simulation fluids was 4% acetic acid>10% ethanol>isooctane, the
maximum migration of lithium in 4% acetic acid could be as high as 94.4%, the maximum migration of cobalt in
10% ethanol was 40.9%, and the maximum migration of chromium in isooctane was 6.9%. Conclusion ICP-MS
method has the advantages of wide linear range and high sensitivity for the determination of 13 elements in baking
paper, and it is suitable for the determination and analysis of element content and migration in baking paper. The

migration of elements in acid food simulant 4% acetic acid is easier than that in oily food simulant isooctane, which

indicates that the risk of element migration is lower when baking paper contacts oily food.

KEY WORDS: inductively coupled plasma mass spectrometry; baking paper; element; migration
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PERFATE—F R TR, AFRREmAT, L EA R
BB . BRihbE . mHEE, TR TR TS e
MR G, B AR B2 bk KB Fa At | 78%
UG, il BRSNSk, FEME L AR
HEAE 10%0L F ISR, L5, Ak 20 48, HEkE
TR R L R R IS S, =Rk e i 4 it
HRE K AT 30% 7). WA FE P BERR L 1 KR, s
YU R 2, SR, FREBUE 40E iR A A,
T i 8 T B B B A IR AN [ BRI A RT, T T
YUIY I R 35 AN

e E A ATRA RS AUT AR, FE B AR T AR,
HERFUER A4 GB 4806.8—2016 (& W22 B FhnifE £ ih
B fil PR ACRARAR L Bt ) B 320b v £ 2 T 4
R B 2 FOon R ERE RS TR, AREA <
3.0 mg/kg, M<1.0 mg/kg. FEPFrL, 2017 4RK & 5l
H BRI AR EEIL(EUY10/2011 BB TTIEML(EU) 2017/752M,
XS B 9 MonRMRREEBIT T IRE, o5&
1.0 mg/kg . 8 0.02 mg/kg. %k 48 mg/kg. 41 1.0 mg/kg, 4
0.6 mg/kg. 4%l 0.05 mg/kg. %h 0.6 mg/kg. 4 5.0 mg/kg.
5.0 mg/kg.

PAER, BSR4 T R I A 2 T
BEE T, 2N DA B S AR A L R N S 52, AT
XTHRRET . A% SR FRURBEST TR ik n Ak, I
HEAT T % BN DA E e R 1 s e 1T R
5o PR OIS T — R A AR S R
B R 9 o R RN . MAZT RN T +
JURRH UL B s il AT e R & i, 45 R BoR, BR

il

o Ak, M 7 ROTERA S AR, BRI RS RIE
% 4.34 mg/kg 4 47.4 mg/kg Hi 44.9 mg/kg EF 70.2 mg/kg .
7 2.88 mg/kg.

FORDHAM S Iy 1 7 e okl £ 55 o8 - (A T i
PE TR AR EE L 8L RSE 1 FUTERRTEL, IF
9T T HAEMEE . 3% LR . 15%L B 3 Fads il - i)
BB SRER, JTCRTE 3%CBPERE, WRRLE
(PP)HHYRS 650 ng/kg. RUH “HIRZ “RERR(PET) B
4 pg/kg L RTIEIG T —I528 CIHIER YT I EE 50 pg/ke.

2019 4F, T ST MBS AR 53 e X4 FEISE FE A 50 4t
YRR G R 5 T 7 XU U], W) 1 55 5 e | ATt
e, 4. B, RiEBE ., 4R EIR: 50 #UOT MO GRS
i NEIEHCES AR, R, 8. Ba AFRER
Gl o FTLLUE Y, MR AR | b HAb TR EMEAS A, M
IR B, AEILR NI EEE RN RE LS,

AW 5% M3 45 F B A 55 B F K BT 12 (inductively
coupled plasma mass spectrometry, ICP-MS)Eif i . 1 R
JE BRSNS — R R Bt e 4R 2 T R AT Ik,
TRIT PR A A FoT R TR A, HIRA T et
i AR L AR LR AR 4

1 MR5ERZE

1.1 SRR

NexION1000 Hi, &% #5 & 45 55+ 14 5 3% AL (36 =
PerkinElmer /A w); SHA-C /KIS E IR IR #5(h M = T8
il 1 A PR A F)

JUEFRUERB S 45 (95 GSBG62006-90)., ffi (45
GSBG62027-90) . #l (4 5 GSBG62046-90) . 4% (4w 5
GSBG62002-90) . 48 (4% 5 GSBG62040-90) . %% (4% 5
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GSBG62017-90) . % (4 5 GSBG62021-90) . 4 (4i 5
GSBG62024-90) . £ (45 GSBG62001-90) . % (4w 5
GSBG62019-90) . % (4 5 GSBG62022-90) . #% (4w 5
GSBG62071-90). 4% (4 5 GSBG62043-90), TG 2 i 45 Mk
B 86500 pg/mL, HABITE 1000 ug/mL, 3 [ NEEFSE A
5% [ AN A BRI R0

AT GEEER T 99.99%, Kb HERAURA R H);

SEEG K g Atk (B BER 18.25 MQ-cm, 3% [E Millipore 2%
F)); BSER . VKBSER . JOK ZBE. kit EZiEHR
AT B A F)
1.2 KWHE
1.2.1 #HSara

(DT BBRR R4 4%ZBR: 40 mL vKEERRE T
1000 mL A fliH, FH/KERZZEE; 10%Z 8 100 mL JG
KEBEE T 1000 mL AT, FKEREZZIE, 5¥h
Tt BEAL B

QTTE SR E: FEHLEEBULRE AR 0.3 g BT,
T 10 mL WRANAR, 7EH IR LR E Gk i, R
FIET, F 4% RERE 50 mL, FHLIRAL At TE
2 i

3)IEAL AN A2 - A i b s A fof ) 2o A T B ik
FIRE AR, HFE 4% LR . 10% L1, kel E

B . 0.5 g HERFACHE S BT AL 5 mmxS mm 4T, #F
AU A S0 mL R ZE =M, A 20 mL iERBHHIA,
PR AL R TR, SRJE s — AP T KV R
PG PR G AL HE, —EmF RS ORI A, 10% LB S5
FLEMEBRUIRAZET | MG, o 045 pm JERE, H
A%ZTRERZE 25 mL FAL, 4% BRI BRI B
UEEZ . HARAL PR IR UL 1, [ R TR 4 AL

K SR I8 GB/T 6379.2—2004 (&)
PEEEROMERE 5 2 W o bR vED Ry TR
PR FEA T ) (IR GB/T 6379.4—2016 ()5
AR B (ERR B SR %) SN s bRtk
R 7 R A A D0k ) PP A AR SR 5 8% 3ot
F0 I E 7 vk RS B R MRS . HARSEEG 5 R
BUBCRARREAR 0.3 g, LA 13 FhOC R MARMERR R IRV, in
PRitinge 1 fos, #-7e. Ho AR 3 ASKOE i [l i
5, BRI 7 AT, AR SRR 5
122 MBEIELH

H SRR B 55 P IR T AU AR A SR %
1100 W; AW 1.0 L/min, B¥HSAFE 14.0 L/min,
BIA R 0.8 L/min, 4 BRTME 0.02 s, ZhAEE PR
(kinetic energy discrimination, KED)Jll %, WARIETCR 4
(Ge). 4(Rh), %k(Re).

(©)6)

DIARERR (s
@D70°C,2h
B | Q0% EE
i @100 °C, 0.5 h
GMFFEHE 360 °C, 4h

2 mLAYER T

100 °CZT

Fig.1 Migration test procedure

#T1 EBERLEMRRE

Table 1 Standard addition of each element

e KRR CPREKCEIRE BRI
JLE -
/(mg/kg) H/(mg/kg) /(mg/kg)
i 0.2 0.5 2.5
fi 1.0 2.5 12.5
i 1.0 2.5 12.5
i 1.0 25 12,5

A 0.2 0.5 2.5

F 1)
PR LS 0l *Lfﬂ?ﬁ%ﬂlﬁ 5 K
/(mg/kg) 1/(mg/kg) /(mg/kg)
B 0.2 0.5 2.5
kil 1.0 2.5 12.5
i 0.2 0.5 2.5
i 0.2 0.5 2.5
B 1.0 2.5 12.5
kill 1.0 2.5 12.5
Lt 0.2 0.5 2.5
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1.2.3 A7 W &R e 44|

BoUE ARER IR, F A% TR B R RE, Bl i
RIRI B TR A pR e, B, B, Bh L AR B B AT
TCEAMER R RSN E 45 0. 0.2, 1.0, 4.0, 10.0,
40 pg/L, H5. % ML WL B EOTEAMVEE TR SR E
30 0, 1.0, 5.0, 20, 50. 200 pg/L. #%HEBERE 1A
TAESAF, RUCK IR A AR eV W ELHEAT 208, DA R
(X, pg/L)yMHEAEFR, IR NESHE Y(signal strength,
CPS) WY\ALFR, el TAERIZL

2 HERE5HH

2.1 FrERh%

4 1.2.3 Frdrikeshilbri s, SR gy
FENZE 2, EAIMEZS AW 11 K, B 3 fishn i 22 fir it
7 4SO e R R ARG B, e R o TR R R AR B
TR, S5 2, R 2 FTLAE Y, %Ik
FEl92(0.2~200 pg/L), RIBUE S, HHCREBEIRT 0.999, Jr
P46 R 0.0002~0.055 mg/kg, T A A EESR
22 BEESOHERE

MFES BT . L RS ACOE AR 256, Ay
PIAEE RE R ISR, G503 3. R 3 ATAL KT R M
TAR S RTE 82.6%~116.9%Z 8], HIXIH7 e 22 (relative

standard deviation, RSD) & 1.6%~4.3%, % & GB/T
27404—2008 {52502 A ALE A S ARG I ) 1)
FIRLRE, BB R e S .
23 TRAE/LMENRPER
231 HeubE

WAET 20 MR ACRE R 13 MRS &, 4
WFE 4. WNTRTFHEEREE, 8. 9. fINFESE
B, Rk 559, 27.7. 13.3 mg/kg; #%. . BF
Yo B E, 203008 0.14, 0.11, 0.11 mg/kg, MRS H
TLERBENRE, SEREMN 3 MEERSHELIS. 25,
55, %I 1300, 1437, 1407 mg/kg, & REBIEH 3
MEERRE 15 5. 16 5. 17 5, 44510 136, 105,
87.2 mg/kg. (HIRRTEMIE, MBI ETEKE, 20 MG
A 5 ANTE 1000 mgkg VA, 6 DRSS A TR
500~1000 mg/kg 2 [ .
232 EHE

BEAFES T 13 AT RM S A, HHEHITR R
i, WHEITR BB ED 1~6 SHLIFTITB IR,
PR n R St BE, BT RE RN SF, iR
TR ICEN A, iTHE. 6 MEMMNITEEER
W3R 5. NEEWHS, BT ITRAE 3 P
P P T EBIEAHIT AR, WK 2.

F2 AMSHARERE@=11)

Table 2 Linear parameters and detection limits (n=11)

JLE LR AETEIE/(ng/L) AT AR FREL K H B/ (ng/L) Ty A B /(mg/kg)
i 0.2~40 Y=0.006X+0.001 0.9999 0.016 0.003
1 0.2~40 Y=0.002X+0.000 0.9999 0.0012 0.0002
el 1.0~200 Y=0.005X+0.008 0.9999 0.035 0.006

1.0~200 Y=0.032X+0.252 0.9991 0.33 0.055

1.0~200 Y=0.029X+0.060 0.9996 0.016 0.003
i 0.2~40 Y=0.048%+0.008 0.9999 0.0016 0.0003
B3 0.2~40 Y=0.012X+0.001 0.9999 0.045 0.007
il 1.0~200 Y=0.029X+0.058 0.9996 0.0040 0.0007
i 0.2~40 Y=0.013X+0.001 0.9999 0.0099 0.002
b 0.2~40 Y=0.008X+0.001 0.9999 0.0032 0.0005
B 1.0~200 Y=0.024X+0.051 0.9995 0.0028 0.0005
m 1.0~200 Y=0.054X+0.099 0.9998 0.086 0.014
HE 0.2~40 Y=0.085X+0.013 0.9999 0.0087 0.002
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#T3 ERENBEESEER

Table 3 Accuracy and precision results

o AR S 36 (K F) AR S 56 (Fh E] K TR 2B (R 7K )
JLE AN/ (mg/kg)
ISR /% RSD/% ISR % RSD/% [l /% RSD/%

il 0.11 86.2~96.7 3.5 98.2~104.4 2.6 107.0~115.9 3.3
ik 0.01 91.5~101.8 2.8 98.6~101.5 3.2 106.6~116.9 2.6
Gl 7.00 93.2~105.8 3.4 95.7~104.3 3.5 92.5~110.9 3.1
i 0.11 83.1~98.8 2.1 86.0~101.6 2.5 92.3~101.6 2.4
G 0.98 82.6~93.5 42 88.5~94.6 3.8 86.9~98.4 3.2
i 0.01 84.0~93.5 3.1 88.0~90.9 2.9 89.4~96.9 2.4
B 0.44 94.3~102.8 2.6 87.1~96.4 2.8 89.4~96.6 2.5
& 1.26 85.0~96.3 2.7 85.6~105.8 4.1 92.2~98.2 2.9
fi 0.07 85.6~103.8 3.5 86.9~95.1 2.5 87.0~95.9 3.7
& 0.02 86.9~101.2 1.6 88.7~102.3 1.8 89.7~103.4 2.1
B 0.02 91.5~107.1 4.3 89.8~105.2 3.2 87.9~104.6 35
il 0.55 91.5~102.9 2.1 86.7~101.5 2.5 94.5~101.9 2.8
1t 1.42 86.7~98.5 3.0 85.3~96.4 2.7 87.5~101.2 2.9

R4 HEAERPTRNIE

Table 4 The content of elements in a sample of baking paper

K ICE M 7/ (mg/kg)
PSS

il 551 il 5% i i ol il fif 7 i 2l H M
1 0.57 0.14 1273 3.78 8.54 1.61 1.28 6.87 0.37 0.11 0.12 3.12 0.39 1300
2 090 0.15 1371 2.11 5.36 0.29 0.89 49.5 0.19 0.11 0.24 6.53 0.07 1437
3 0.29 0.12 1112 1.50 3.07 0.32 0.57 5.07 0.24 0.12 4.85 3.53 0.08 1132
4 0.36 0.11 515 2.03 3.56 0.68 0.74 15.9 0.21 0.10 0.13 9.53 0.03 548
5 0.21 0.13 1096 2.06 7.09 0.44 0.84 12.3 0.18 0.12 0.19 287 0.47 1407
6 0.39 0.13 1213 1.92 1.52 0.42 0.77 10.0 0.19 0.11 0.13 61.5 0.10 1290
7 0.17 0.10 297 5.93 3.77 0.65 2.69 49.5 0.44 0.11 0.15 349 0.07 395
8 0.14 0.11 697 6.42 3.23 0.43 1.93 19.8 0.29 0.11 0.12 15.6 0.22 745
9 0.31 0.11 319 3.65 6.36 0.44 1.15 5.06 0.30 0.14 0.12 14.9 0.41 352
10 0.32 0.11 173 3.98 4.37 0.58 1.51 6.73 0.36 0.12 0.10 8.64 0.12 200
11 0.19 0.10 253 2.00 4.53 0.30 0.86 6.30 0.23 0.13 0.13 9.79 0.27 278
12 0.17 0.11 146 1.46 4.40 0.52 0.61 2.64 0.49 0.11 21.5 4.15 0.00 182
13 0.24 0.11 519 3.06 2.09 0.32 1.17 8.72 0.32 0.11 0.17 8.61 0.05 544
14 0.24 0.11 117 5.51 4.40 0.51 2.16 8.05 0.41 0.13 0.16 9.50 0.20 148
15 0.17 0.11 110 7.20 5.02 1.30 2.65 5.47 0.44 0.11 0.16 3.49 0.00 136
16 0.15 0.11 68.7 6.59 3.88 0.89 2.68 17.8 0.41 0.11 0.14 3.07 0.05 105
17 0.14 0.10 40.5 2.10 4.69 0.27 0.81 13.8 0.15 0.10 0.12 24.5 0.00 87.2
18 0.17 0.11 995 5.31 2.73 0.55 2.16 9.91 0.34 0.11 0.14 32.9 0.04 1049
19 0.17 0.10 502 12.07 2.89 0.69 3.57 7.59 0.65 0.10 0.16 10.8 0.00 541
20 024 012 376 293 305 051 109 501 027 011 014 227 0.3 392

FEE 0.3 0.11 559 4.1 4.2 0.6 1.5 133 0.3 0.11 1.4 27.7 0.14 1300
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Table 5 13 elements’ migration rate in 3 simulated fluids
FIOLRMIEBE /%
WS IBE
ki L1 il % i &l i) il fi fih B m B
10%Z | 20.8 0.8 3.4 7.9 2.8 49 12.0 13 22 13 18.8 9.5 2.4
1% %2/ 358 445 762 138 132 47.0 212 7.0 202 173 455 764 740
SR 1.0 0.8 1.1 2.1 0.2 0.1 0.9 2.1 0.1 0.6 6.1 1.1 1.8
10%Z 8 12.8 0.8 2.6 17.7 12 4.1 11.7 0.0 10.0 2.3 19.2 6.3 72
25 A%Z. B 334 404 808 121 231 204 276 1.5 23.6  23.6 49 559  63.1
FEESE 1.2 0.0 0.8 4.7 0.9 0.8 0.7 0.3 0.6 0.5 0.0 0.4 1.9
10%Z 8 284 1.0 4.1 13.2 2.1 316 13.1 2.4 7.9 49 0.5 12.0 6.1
35 %R 352 9.7 72.1 13.5 8.9 73.1 418 200 13.0 575 0.1 672  57.6
SR 0.2 2.0 1.1 6.9 0.8 0.5 1.6 1.2 0.9 0.3 0.1 0.7 1.4
10%Z W 284 1.0 4.1 13.2 2.1 3.6 13.1 2.4 7.9 4.9 0.5 12.0 6.1
45 %2 352 9.7 72.1 13.5 8.9 73.1 418 200 13.0 575 0.1 672  57.6
FEELE 0.2 2.0 1.1 6.9 0.8 0.5 1.6 1.2 0.9 0.3 0.1 0.7 1.4
10%Z8 375 4.5 23 6.9 3.5 40.9 55 0.8 2.8 1.1 18.7 0.1 1.8
55 A%/ 944 186 869 164 254 828 112 1.9 7.8 11.8 618 218 369

SRk 0.3 1.9 0.3 2.6 1.5

10% .1 11.7 1.1 9.2 2.4 2.3

65 A% TR 20.2 4.4 493 12.3 8.6

SeoE bt 0.1 0.4 0.7 0.5 0.9

0.7 0.9 1.3 0.8 0.2 33 0.0 1.3
1.6 4.6 1.1 2.9 0.4 5.8 0.8
3.0 5.2 2.7 7.0 1.4 8.6 72.2

0.4 1.0 0.3 0.1 0.1 1.6 0.1 1.4

MBS WA EAT, ILRE 4% LR PR K,
TR 20%LL EE 45 4, HEN 57.7%; B ELE
50%LL B 28 A, L EHA 28.2%, ROKMEE 5 SHEMNT
PUTRE R, TAF) 94.4%, B/MERE 3 SREMIBESE, N
0.1%. JCHRTE 10%LEPA —~ERENTE, HTBEE
AT 4% 82, (A 10.3%HFE B BE 20% 0 1, iF
BRTE 10%L) ERIRES 5 29.5%, fMER 5 SFES M4,
EBAE, N 40.9%, TTRERFLRTNEBELR/N, 97.4%
HIRE R RAE S%LA T, MKER 4 SHESNE TR R,
H 6.9%.

MOCERAATE, . & DUCKRMTBERE K, 6 1~
RS AR B BUCELE 4% RTP R R R4
72.2%. 50.5%. 60.1%. % . & . WILFICR TR
WK, 6 MR . AL . THTE 4% BRI Y

SRR RO 13.6%
3 Zig5itie

B 5 A N TR R B A5 R T 9k DN
gerh 13 MOCR SRk . Z IR . PRk |
G BRAE, 76 0.2~200 pg/L JEREIN, MERBH AT
0.999, &MXR R bR B 82.6%~116.9%Z
i), RSD K 1.6%~4.3%, fF& ek, EHFER
Hefib HACh ZROC R I o 38 FIZ TR 20 AR
YURE S AT RS I, A3HT T 45 OCRTE 3 B B B 1
TGN, B5REMITESE 3 FT BRI P T B R
KNBFH 4% 08 > 10% 2 > Fopke, T80 G
BAK, R AGE TR R amt T —%
WA

14.7%. 8.8%. 14.1%.
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Fig.2 Migration test results
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