511 5510 1 B 2 4 o iR A A Vol. 11 No. 10
2020 45 Journal of Food Safety and Quality May , 2020

WA, BRI, RO, XAt
(LV9A E bk S T be, #58  330001)

I T =1 e VA SN R = N iR SR T [ R A = T /3 1 S A e R SN TN I 7 S I - 3
TR B ORAK., 4%L . 10%L 1, 20%205 . 50%ZFEA 95%Z BE(V:V)VE K& sh Bl ikt 1
TR, SRR VA TR Hh 6 0 1) 22 Sk B R IR A R b 38 =X, DRARAER S EOM L0 4500, f)a ol i B A 55
BTSRRI E A AR 6 i Rt R A, R SRR 8 R T N G
R RAE, HIEREORT 0.999, kRN 0.3~9.0 ug/ke, FEMSEINAR EICE A 86.5%~109.1%, AHXTFRHE
25 R 1.0%~8.3%. L& LI ILGIE Y THAE, T a4, R iR, S8R0 GB 9685-2016 ( & il &
S FARE B SRR B PV AR (8 P AR ) Xof 4 8 o0 3 AR A BR R RL A ARSI T R, R B b kb el
Keifil i v Z2 0 42 @ JC AR LB T — s s aT A T A T B

KBRIA: T Ah AR R S RS G A AR BB R

Determination of barium, cobalt, copper, iron, lithium and manganese
migration in food contact materials and products by inductively
coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of barium, cobalt, copper, iron,
lithium and manganese migration in food contact materials and products by inductively coupled plasma mass
spectrometry. Methods Water, 4% acetic acid, 10% ethanol, 20% ethanol, 50% ethanol and 95% ethanol (V:V) were
used as food simulators for migration test. Different pretreatment methods were selected for the sample solution
according to the difference of the matrix, the instrument parameters and experimental conditions were optimized, and
finally the content of 6 metal elements in the migration sample solution was determined by inductively coupled
plasma mass spectrometry. Results Each metal element had a good linear relationship within a certain concentration
range, and the correlation coefficients were greater than 0.99. The limits of detection of the method were 0.3—
9.0 ng/kg, the average recovery rates of the sample spiked were 86.5%—-109.1%, and the relative standard deviations
were 1.0%—-8.3%. Conclusion The determination method is simple and easy to operate, stable and reliable, the
detection limit is low, and it can totally meet the determination requirement of GB 9685-2016 National food safety
standard-Sandard for the use of additives for food contact materials and products for special restriction on metallic
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elements. It provides an efficient and feasible detection method for the migration of various metal elements in food

contact materials and products.

KEY WORDS: food contact materials and products; inductively coupled plasma mass spectrometry; migration of

metallic elements
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Table 1 Mixed element standard series solution

PRt RSN/ (ng/L)

Fes JLH
£ 1 F51 2 #5513 £ 4 51 5 #5416
1 Ba 0 2.00 5.00 10.0 50.0 100
2 Co 0 1.00 2.00 5.00 10.0 50.0
3 Cu 0 2.00 5.00 10.0 50.0 100
4 Fe 0 10.0 50.0 100 200 400
5 Li 0 2.00 5.00 10.0 50.0 100
6 Mn 0 2.00 5.00 10.0 50.0 100
®2 ICP-MS IS
Table 2 ICP-MS instrument parameter
PEE 2 28 & = 28
LIRS 1500 W FAbE RN A
TR 15 L/min SRR ARIUHE e
FA A= 0.97 L/min AR k% (peak hopping)
B 1.2 L/min TR S RiEL 3
KA 3.5 mL/min A 75 = Jik oh A RIS
S ERE 2°C HEWH 3
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CNICHIXFEBE 0.93%) T4, Rt FEA = B2 A4 45
B OZn(FIXF FHE 27.98%). WFRICE “Sc 1 ' Rh
Xif 2 BE H 2 100%, ' PIn(HI F2 1 4.29%) 47 ORI
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Wn, Ge(HIXFFHE 20.38%) 2% 5] *Zn(AHXF FFE 0.63%)
BT, PGe(MHXF F B 27.31%) 2% 5| Fe(H ¥} 4
91.75%) ' SO(HH % 3= B 99.76%) 19 T #, "*Ge(H X F B
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Table 3 Selection of the mass-to-charge ratio of the test element
and the internal standard element

SIHTLR iviigea WHRITR
Ba 137 1R/ In
Co 59 Ge/'Rh
Cu 63 "Ge /'"™Rh
Fe 56 3¢ /Ge
Li 7 #Sc
Mn 55 ¢ /*Ge

R4 SARMEMZNEMEER. HXRE BERMEER

Table 4 Linear range of standard curves, correlation coefficients, limits of detection and limits of quantification for each element

ALY LR LAEVEF/(ug/L) ety =yt LHMHERE BHBR/(gkg) R/ (ng/kg)
Ba 0~100 Y=8.65x107*X~1.58x107* 0.9999 1.5 5.0
Co 0~50.0 Y=9.03x1072X-6.27x107" 0.9998 0.3 1.0
0. Cu 0~100 Y=1.17x10""X-4.45x107> 0.9999 0.6 2.0
Fe 0~400 Y=9.49x107°X~7.82x10™* 0.9997 9.0 30
Li 0~100 Y=1.06x10"2X~1.78x10"" 0.9999 1.5 5.0
Mn 0~100 Y=2.28x1072X-3.53x107 0.9999 0.9 3.0
Ba 0~100 ¥=9.04x107*X-7.00x10"° 0.9998 1.5 5.0
Co 0~50.0 ¥=9.02x1072X-1.79x107> 0.9997 0.3 1.0
K2R Cu 0~100 Y=1.06x10""X-2.81x107 0.9999 0.6 2.0
Fe 0~400 Y=8.60x107°X+2.22x107 0.9993 9.0 30
Li 0~100 Y=9.29x10°X+8.31x10™* 0.9998 1.5 5.0
Mn 0~100 Y=1.99x1072X-2.25x107* 0.9999 0.9 3.0
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15.0 F1 50 pg/kg, HhiocZE RN 1.0.3.0 F110.0 pg/ke, 4
TEEBIMAKFH 2.0, 6.0 F1 20.0 pg/kg, BILEGFMAKF K
30.0. 90.0 1 300.0 pg/kg, HILERMAFEH 5.0, 15.0
50.0 pg/kg, FRICE AT H 3.0, 9.0 F130.0 pgrkg. 5
JCFR 1478 B SAy 2o A 1 Pl e T e o b o7 i e BT PR % o Y
FAEWRRE, HARARR AR S B S GE RS R
R, #:H FREEARE T AL GB 9685-2016 it 5% C Fhxt 4 @ u £ 4
SRR R E A T oRUOL MREAT A 45 0 RAEAR R b R A
JEECREZES, SERANE S B, B AL ML Bk AR

ICR MEB AR R 86.5%~109.1%, AHXT AR
W 22 (relative standard deviation, RSD)E [E A 1.0%~8.3%,
¥4 GB/T 27404-2008 { 52560 2 Jot B 45 i 0T £ b BLAL A
) PR S F ORI X [T AR RIORS 25 B R
3.4 EERHEEmIE

Xof 7 3 LR A B B SR A R 2 R (PET)
ik . ROMPEVRE . RINGECPPVESR . FET
BT BRI A% R . K. 10%LBE . 20%2. 1, 50% B
N 95% I WS A T AT RS 5000, TR RS AR I T 1k
ER B BATRIAL R, ICP-MS JE, MELERNE 6. G
ZIELEFI/NT GB 9685-2016 Fit 5% C FRx 48 e K4

) BR AR AE

RS ERARE 4%ZE. KNZEERR DR MR R ERREEE (n=6)

Table 5 Recoveries and precisions of metallic elements in 4% acetic acid, water, and ethanol-based food simulants (n=6)

£ T PN WK 1/(ng/kg) UK S 2/(ng/kg) WK 3/(ng/kg)
EL ] ES /(ng/kg) IR/ % RSD/% IR/ % RSD/% Il I /% RSD/%
v 98.4,102.6, 97.4, 100.7, 95.6, 92.6, 95.4,102.3,101.2,
Ba A 000, 1016, 102.4 2.2 90.5,100.7,97.3 4.3 101.0,97.9,95.2 3
. 97.8,101.0, 96.7, 98.0, 94.3, 90.0, 91.3,98.6,98.5,
Co A 908 1019,993 20 88.3,99.3, 94.3 o 98.2,94.9,90.6 *
" 84.5, 88.0, 84.5, 97.59 2.7, 87.8, 92.8,100.1, 98.9,
G MR s 865,890 21 85.7,95.5,91.0 o 98.1,96.4,93.2 2
AL 94.3,98.7,97.1 101.6,94.7,92.7 94.8,102.0, 103.8
Fooo REHE 06 1009, 1032 33 88.6, 101.6, 96.2 >3 101.6, 98.5, 94.0 4'1
. " 101.8, 100.4, 97.2, 102.3,95.6,92.4, 95.5,101.8,101.2,
Li AR 020 1008 1050 20 90.1,101.5, 97.6 >0 100.2,97.0,93.3 *
i 98.7, 100.7, 94.0, 98.9,93.8, 89.7, 94.4,101.3, 100.9,
Mn A 60987, 100.0 24 88.3,100.8, 95.4 52 100.2,95.8, 93.8 33
" 103.0,99.1, 96.0, 97.0,93.0, 96.1, 97.1,95.0, 90.0,
Ba AR 3 041, 1041 46 98.0, 99.0, 93.1 26 94.0, 89.9, 99.0 >
" 97.9, 102.0, 101.0, 98.1,97.1,98.9, 96.1,97.1,95.9,
Co A 93.8,94.1, 96.9 3.5 94.1,95.2,96.1 1.9 102.0, 98.1, 97.0 23
. 104.1,97.9,98.1, 94.0,95.0, 94.9, 91.1,97.9,95.0,
" Cu AR 9510, 7105.0,99.1 39 94.9,101.0, 100.1 32 97.1,99.1,94.0 31
. 105.0,97.9,92.1, 103.9,95.9,93.9, 101.1,97.1,95.9,
Fe R 00 069, 96,1 44 92.1,94.9.93.0 43 104.1, 89.9, 100.1 >0
4 e 95.1,103.9,93.0, 95.9,95.9, 103.9, 101.1,92.1, 102.0,
Li AR 506 1050, 93.0 >4 98.1,104.9,93.1 48 96.0,94.0,104.0 +
" 98.1,100.9, 105.1, 96.1,100.0, 100.1, 92.1,101.1, 97.9,
Mn AR 93.0, 103.9, 96.1 47 102.1, 105.1, 98.0 31 95.9, 93.0,92.0 3
e 94.4,95.2,102.8, 100.1, 101.6, 98.3, 96.0,99.2, 96.6,
Ba A i $7.8.98.8. 100.4 5.5 99.5, 95.6, 98.2 2.1 102.1, 95.5, 100.8 28
. 95.4,95.9,99.1, 98.7,102.7, 100.7, 97.6,95.8, 101.1,
Co AWM 595 06 1010 2 10001020, 1017 1 101.4,100.7,98.4 -
. 102.0, 92.0, 96.5, 99.2, 104.0, 99.2, 96.3,98.0,99.3,
) Cu A 98.0.95.0 . 88.5 4.9 99.7,101.5, 102.8 20 101.5,102.2,99.1 22
10%Z 1 94.4,90.5, 86.3 107.7, 109.6, 106.4 103.3,105.7,93.2
Feo AR 050005, 1003 3 0291069, 1127 M1 107101066 1084 F
, " 94.6,97.0, 97.4, 99.5,99.8,99.7, 95.9,98.0,97.3,
Li AR 508 058, 100.6 24 103.1, 100.9, 99.0 1.3 100.0, 96.5, 100.0 18
M St 977, 1017, 1040, 49 100.7, 9.6, 97.3, 23 95.1,97.8, 96.5, 2.8

102.3, 91.0, 96.0

96.0,97.7,102.2

102.4,97.1, 100.6
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B fEOT AR B 1/(ng/kg) WM 2/(pg/kg) BT 3/(ng/ke)
£ E /(ng/kg) /% RSD/% IS /% RSD/% [ /% RSD/%
Ba K T 23 lossssiod Y0 10asorress 32
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oo R R0 TS semeiiiois 52 oleosseos 62
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Table 6 Determination of metallic elements in food contact materials and products
42 )8 TR I SE 45 R (mg/kg)
FE A
Ba Co Cu Fe Li Mn
B3 g i 4%k A Ay 0.0031 0.062 A A A
XA R 2, R (PET) 404 /K K A A A 0.041 EN oA EN oA
R .0 (PE) (Rt [ 10% 2, <A Ay 0.0025 0.053 AA iodat
RN PPYE G 20%Z 1 A A A 0.057 EN oA A
e 2 P 50%Z. 1% AA Ay 0.047 0.087 A 0.0045

Wi 25 VPG O 95% .1 A Ak 0.023 0.13 ARK 0.0056
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