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[l 3 88.7%~99.8%, FAX AR HEMR 7= N 1.81%~8.38% (n=6), KRN 0.03~03 pg/L, EEIEN 0.1~
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Simultaneous determination of the migration of 16 metal elements
in metal products for food contact by inductively coupled
plasma mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous detection of 16 metal elements migration (under
acidic conditions) in metal products for food contact by inductively coupled plasma mass spectrometry (ICP-MS).
Methods Combined with the actual contact conditions, the metal products for food contact were boiled in 4% acetic
acid solution for 30 minutes and repeated 3 times. Totally 2 suitable internal standard elements were selected, and 16
elements were detected simultaneously by inductively coupled plasma mass spectrometry. Results Each element
had a good linear relationship within a certain concentration range, and the correlation coefficients were greater than
0.999. The recovery rates of standard addition were 88.7%-99.8%, and the relative standard deviation were
1.81%—-8.38% (n=6). The limits of detection were 0.03—-0.3 pg/L, and the limits of quantitation were 0.1-0.9 pg/L.
Conclusion This method is accurate and precise, and is suitable for the detection of the migration of 16 metal
elements in metal products for food contact.

KEY WORDS: metal products for food contact; inductively coupled plasma mass spectrometry; metal elements;

migration

*EWAEE: PR, R TARIN, FEWTETT B A G a2kl . E-mail: 1ilinlin1003@163.com

*Corresponding author: LI Lin-Lin, Senior Engineer, Shandong Institute for Product Quality Inspection, No.31000 Jingshi Dong Road, Jinan
250101, China. E-mail: lilinlin1003@163.com



5 20 3]

VRLW], 2 LB G S B AR B0 R 2 Sk il PG R Al b 16 g ROc R iz i 7305

il

1 5

SRS B . EWARTT . E S DA B
A, (EFRIGERE i ELE A, e R, B
MR . B . W, © B IR E AT H
e HAET R AT . WEESECE, BAZT
ZAUERR, B B BT R WA RE SR R R P L
FIEATIA . XS RE B ARG T RE AR,
F& B A RN R K A A S A e B i A O
£ A FR ) [ GEAR HERTASES B AL At 4 S M T 45
JR R LA T AR

f£ GB 4806.9-2016 { b %4 FEEbRE £ Sl H
S IEATRE R ) HI R A SR T B
AL PR BRI IR, A AR N HBUE TR, L BT
RIS, AT 4@ il i b i Hofh A F ORISR L
BB, RGN ORL ML BRL BRL BE . BESEBMUE, WiTE
GB 5749-2006 { =15 1R FIAK TAERE ) B A B IC 4R
BUE TR, XEICRAME TR, B ALES
XF A R s e, 224 B il AR R LA BRUR,
AR X SRR oAb 7 S A A, AR LA AR AR
V4T J 35 b, Ay AP A B 2 2 i P 4 a8 il v 16 R4
J&IC R MR S A R I 1 A T R ST, H AT &
FICE MR RIR RN 5 B A e L L R T
Wi ISR A SR AT . B A SR T
PR, B A s TR O A R R, K
TG, LeMETE R TE Rl H H AR A o B
S B A T 1 T A £ B s L Y 16 A
JRICE BB S AR A, R AR 5 R oG R IR A AL,
PL 4% B8 0B SRR, e bR 4 h)s, Hh A R A
S5 B AR TR A b A 4 SR R S AL AN RS A
Bk 3w WA R HEAT TR, (RIS T L B B HR .

B OR.BRL BEL B RGN BHL B PR BR. BR. BFSEOC
R Eh, BOYRWME R 12 b i B ) b A
DGR, AR T IFIEIZIEH] o i 24 KBS W, Ol £ ah 442
AR AL TR

2 MREREE

21 UESEHF

7500CX Hi SR A 55 1 PR AN (35 I 2418 28 ] );
GL124 KK BE 0.1 mg, FEZRIWIRM AR A IR
VNCIDE

A% TR (V:V, EERAR); HRtgkad, 15
[E Merck A H); ZICEMERTR: #. 8. #%. @, i
KoL BB B L WL L BRL B BRORE
100 mg/L, FEFREBZEHFFREL); NRTTRIERIR: H.
B E 1000 mg/L, HhETHREHEDFTE BE)

BT B B 2R AR AE 10% Al iR i 12 h, i
Z ALK E T I T

ST B it FH 4 1 it oA S 30 S BRGAE
2.2 HmBE

EEAFERERES . BEEBEGMTF LN 350
BMREANEN . G4 BRI b TRE S 75258, i i
GB 31604.1-2015 { & 5h LA ERbRE & Sk R ]
st X 3 06 30 00 ) (T s ol R 42 i A 2 T B R L
(SIV)BFATIIERE, 25 5 3 2510 Sh S Bt FH 245, e85 4% LR
VW (A0 B 30 min, ZIRMKE 24 h, T 3 WE
ALY
23 tRERZRILE

HRAEA R S T R B KT, BE 40 kB 22471 |
BoR 2 S Hfb TR R R AER A L2 1. 4%2,
FREET 100 mL i, ALK

1 RETEMNERIIFR
Table 1 Mixed elements standard series solution

bRk R 50 /(ng/L)

JLRAFR RS

EX I 5 2 #5 3 #5 4 #55 #5 6
x 2.0 0 0.1 0.5 1 5 10
i) 2.0 0 0.1 0.5 1 5 10
it 0.3 0 0.5 1 5 50 100
ki 0.3 0 0.5 1 5 50 100
it 1.0 0 0.5 1 5 50 100
i) 0.3 0 0.5 1 5 50 100
i 0.3 0 0.1 0.5 1 5 10
£/l 0.3 0 0.5 1 5 50 100
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FRAE R B (ng/L)
TLERAK RERE/s
EY I #52 #5413 #5 4 #45 #5416
il 0.3 0 0.5 1 5 50 100
il 0.3 0 0.5 1 5 50 100
i 0.3 0 0.5 1 5 50 100
0.3 0 0.5 1 5 50 100
i 0.3 0 1 5 50 100 500
0.3 0 1 5 50 100 500
B 0.5 0 1 5 50 100 500
i 0.3 1 5 50 100 500 1
4806.9-2016 (£ b 4 fil FH 4x J& A4 R B il ) L GB
3 HR55M

301 (UEIERHMRK

KRG TR BRI, AL TR 15
TR THER & >4500, H75T 2 1T R E>80000, ot
B FE>60000; EALYIE(CeO 155.9/Ce 139.905)<2.5%;
SHL A E (Cet+ 69.9527/Ce 139.905)<3.0%; 5 51408
¥ (Bkgd 220)<3. PRAbJEALE 0 TAE S04 L3R 2.

F2 ICP-MSE&ILIESH
Table 2 ICP-MS instrument parameters

&2 28 &0 28

EIE RIS 1500 W FA i [ERE 2
FEERE s Umin BRI W

UL EL

B 0.8 L/min SRR B
W 0.4 L/min VAIE SN InEE YEAL

AR 4 mL/min R ik s
FALF IR 2°C L -R/€ 3
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31604.1-2015 € £ 2 okt K il 5 2 A% 1 gt ) ) VA
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[ 2 At RSP A0 L ) AL L P T 2 T AR, Tk T L
VSRR I 1 LB 5 55 8 IR TR AR e, A5 ou Bk
TEF PR PEAR S R B R AT (R T 0.999), LI 2ok, A&
W AR H BRI E PR 2 H I GB/T 27404-2008 (2565
5 T LS £ S BRI )RR S PR, ISE 11 R
Al IS TR R E AR ME R 22, /0 i ARSI 221 3
FEAT 10 FEHFEE ARG HE BRI B B, 45 L3 3.
3.4 fOAREIYER
RIETCRIEBREMIREAKE, ®EER. #%. 53171
R TINPRSELE, JNbrik B2 L2 4, 3 FhonZE s i
5 88.7%~99.8%, Ml Z [ 4F . Al X A% i i 2= (relative
standard deviation, RSD)7E 1.81%~8.38%, J5 1 (K455 B Al
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Table 3 The linear equations, correlation coefficients, detection limits and quantitation limits of 16 elements series mixed standard

solutions
TLEARRTF = M B/ (ng/L) 2R R B ()] i L BR/(ng/L) & BR/(ng/L)

/202 0~10 Y=3X-2.715x10* 0.9991 0.04 0.1
B 0~10 Y=3X+0.389x10' 0.9998 0.1 0.3
#/208 0~ 100 Y=4X+3.027x10? 0.9999 0.3 0.9
#/53 0~ 100 Y=3X+7.895x10° 0.9998 0.2 0.5
/75 0~ 100 Y=4X-2.705x10? 0.9999 0.2 0.7
/60 0~ 100 Y=3X-4.301x10? 0.9999 0.3 0.8
B4/121 0~10 Y=4X-3.773x10° 0.9996 0.03 0.1
#1/137 0~ 100 Y=3X+4.481x10* 0.9997 0.2 0.7
/59 0~ 100 Y=4X+9.780x10° 0.9995 0.05 0.6
#1/95 0~ 100 Y=3X+1.905%10° 0.9994 0.07 0.8
5155 0~ 100 Y=4X+2.610x10 0.9993 0.06 0.9
#/7 0~ 100 Y=2X+2.569x10? 0.9997 0.04 0.7
27 0~ 500 Y=2X+6.032x10° 0.9996 0.1 0.8
/56 0~ 500 Y=3X+9.687x10° 0.9999 0.3 0.9
¥E/66 0 ~ 500 Y=3X+7.490x10° 0.9999 0.2 0.6
Hil/63 0~ 500 Y=3X+11.233x10* 0.9998 0.3 0.8

=4 16 T RAMEREYE (n=6)

Table 4 Standard recoveries of 16 elements (n=6)

JLR AR finkr it/ (ng/L) A RSD/% XA/ (pg/L) S IR %
K 0.25 0.21,0.22,0.23, 0.24, 0.24, 0.26 7.51 0.233 93.3
i 0.25 0.23,0.20, 0.23, 0.21, 0.22, 0.24 6.64 0.221 88.7
5 1.00 1.02,0.95, 0.97, 0.92, 0.88, 0.90 5.42 0.94 93.0
% 1.00 1.06, 1.02, 0.97, 0.94, 0.91, 0.90 6.53 0.967 96.7
fif 0.50 0.56, 0.52, 0.48, 0.46, 0.48, 0.45 8.38 0.492 98.3
] 5.00 5.13,5.05,5.01,4.96,4.92, 4.88 1.82 4.99 99.8
B 5.00 5.13,5.07, 5.03, 4.96, 4.90, 4.72 2.94 4.97 99.4
'fﬁ! 5.00 5.08,5.17, 4.90, 4.85, 4.76, 4.70 3.72 491 98.2
b 1.00 1.10, 1.03, 0.96, 0.93, 0.91, 0.89 8.27 0.97 97.0
4H 1.00 1.10, 0.99, 0.98, 0.99, 0.93, 0.90 6.98 0.98 98.2
b 5.00 5.18,4.97,4.82, 4.88,4.82, 4.76 3.10 4.90 98.1
el 0.50 0.55,0.52,0.51, 0.46, 0.45, 0.48 7.75 0.495 99.0
el 50.0 51.0, 50.5, 49.9, 49.6, 49.0, 48.6 1.81 49.8 99.5
S 50.0 51.8,50.9, 50.1, 49.5, 48.8, 48.1 2.73 49.9 99.7
B 25.0 25.9,25.4,25.0,24.6,24.1,23.9 3.09 24.8 99.3

i 50.0 51.6,50.7,50.1, 49.0, 48.2, 47.9 2.95 49.6 99.2
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3.5 HmlE

Xt 3 FhaEA AT 16 Mot R T BRI TR,
ZER LK 5, 54 GB 4806.9 iy 5 Al 4@ TR
HIFRE: A KT 0.04 mg/L, £ KT 0.05 mg/L, 5EAK
F0.02 mg/L, AKRT 2.0 mg/L, A KT 0.5 mg/L; 6 4
RS HIX 5 FPOCER TR i HE AR AE B i BBl N (B T 1
BRER-2 WS 0.042 mg/L), B 16 FhOCE AL, F s
SRR, 3R . B B B R AR BRL BRI
BhoOHE L BEROIER AR Y, HOhER . B 4. BEINAT
e, BRlAh el BER R, A el
TR, SHENX 3 FocEK, JNHEM . fmEs
KIS fE N B RMERRR, fETEM = e 4
R, TEG R EM, W AR, A ki

SRR B BORRE R RS, (EE ARG R
R A A, B S B M D
T

AHFGERF ICP-MS WE T 3 258 S B ik FH 4 il
(AN BRE 4. B3 FE )Y 16 Pl & Jm TR T i,
ZTFEARRIN 16 FOTR B RAE &R, HAoR
BAROK I BRIS R T 107 pg/L, 16 FhoT R R, s
[T 28 A N, RSD 7E 1.81%~8.38% (n=6), i id kb
BREE, SAEE A gl ageh . 8. PooRT
MR, FE-REBAZLENTEZRE, SUsT
PR EZ MY 4 B T RS T H R W

RS IMERMEMERAD 16 FTERTHERNE(mg/L)

Table 5 Detection value of migration amount of 16 kinds of elements in 3 kinds of metal samples (mg/L)

LI T D I D R B I

AFNEE-1 587/1 0.011  0.121  0.160 0.003 0.006 0.0005 0.005 0.045 0.066 0.009 0.001 0.028 0.457 0.006 0.107 0.129
AFEMNER-2 632/1 0.014 0.087 0.177 0.001 0.008 0.001 0.009 0.069 0.089 0.007 0.004 0.017 0.582 0.008 0.079 0.216
BAEEEE-1 479/0.8 0.007 0.076 0.109 0.002 0.018 0.0004 0.013 3.81 0.034 0.008 0.005 0.039 0.262 0.004 0.223 0.355

FRESAE-2 465/0.8 0010 0.113 0.244 0.004 0.014 0.001 0.018 2.985 0.038 0.015 0.002 0.042 0.192 0.005 0.217 0.678

FTTHM-1 1390/3 0.012 0.097 0221 0.010 0.023 0.004 0.009 0.086 0.127 0.013 0.003 0.022 4.89 0.007 0.346 0.573
T THH-2  1380/3 0.007 0.126 0.176 0.005 0.042 0.002 0.012 0.116 0.119 0.019 0.004 0.048 5.27 0.009 0.389 0.482
st 2018, 30(3): 89-90.
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