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W OE: By RS A B AR R o AR A S A S b 8 Fh AR R (L Bl FRE L A
BB B, BDIRER IS, BE LS gLATERRMV)VE N Y, B R S B TR T
#:(inductively coupled plasma mass spectrometry, ICP-MS)Il & #4415 & Sk 3 fih FH 5 v 8 Fh &R TR TR
o ER 8 Mt R EMAMNEELE 1~100 pg/L, JFEMHRTE 0.01~0.9 pgkg ZIE, IbrEARLE
90.3%~106.0%, A M & M AR UE 22 (n=T)FE 1.3%~3.4%Z ], Xt 10 #LycHibf o & Sk izl FH St 8 Fh 4
JBICEMER R TI, KBS FOTEG . M. B SRS AR . &R Tk v LIERI S A BB
er AR 8 A A EICER G L B BR L AL B R B BRI, KNSR R TR B,
KRIRIFICRE T
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Migration analysis of 8 metal elements in copper-based food contact
products by inductively coupled plasma mass spectrometry

LU Chun-Qiang’, ZHOU Yao-Bin, Yang Jian-Ping

(Shanghai Institute of Quality Inspection and Technical Reseach, Shanghai 201114, China)

ABSTRACT: Objective To establish a method ofanalysis of 8 migratory metal elements (Cu, As, Cd, Pb, Bi,
Ni, Sn and Sb) in copper-based food contact products by inductively coupled plasma mass spectrometry.
Methods Citric acid (0.5%, m:V) was used as food simulate, and the 8 migratory metal elements in copper-based
food contact products were determined by inductively coupled plasma mass spectrometry (ICP-MS). Results Linear
relationships of 8 metal elements were ranged from 1 to 100 pg/L. The detection limits of 8 metal elements were
ranged from 0.01 to 0.9 pg/kg, the recoveries were in the ranged of 90.3%-106.0%, and The relative standard
deviation (n=7) of the repeatability test was between 1.3% and 3.4%. The migration of 8 elements in 10 batches
of copper food contact products was tested and found to be detected in 5 elements (Cu, As, Pb, Ni, Sn).
Conclusion The method can accurately determine the migrations of 8 metal elements (Cu, As, Cd, Pb, Bi, Ni, Sn
and Sb) in copper-based food contact products, the migration amount of most elements decrease gradually with the

increasing of migration times.
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A LA R 1 S R A B, O A i VR BORS 95
(A Jag i LU, DS S0 A 50, B A B L
B A REET A, SR T CELAE S A ) B B A T i 7E
KECLAMWTZHEM . HAl, tid b i
il i DA Tl 2l oy F2 B2 R, Sl S48 S04, LR I 2% 5
AL LB B B BB OCRY HGa TR R
PISN, M NSNS . B 8. B AEon R0, st
JCRAE S R B bl B Wy hiE B8, BRI IGE
P —ER)E, AR EAHET. B LE gk
KEBTEARZW; SEEBUGNE. Mg, Gt
B ZR 50 Mg R AR A P BE 2 Al I RE AL 5 S A 1T Bk
M . e H R SR g2 bR T H e drEAh, TRt B A
PEE N IRBE L B 2 BRIRSE N & A E R . GB
4806.9-2016!"pxtix 3 FioCR B AR E TR,
WX . 8. B BETRIR, Bitd kA BRHER,
Bl BB ANELT TR, Hil ARG E
AR, WM 2 5 5048 #1)R) (European  Directorate for
the Quality of Medicines & Health Care, EDQM)) fi { &F
FHAE £ ah 2 fb b4 8E Sl i i & B 5 A 4 95 (CM
Res(2013)9)) whxfifi, 5. #. 8. 8. 8. BEEICRM
TREE THREME" . AT R e e R R EA A
ARSI EE, GB 4806.9-2016M THLE “4: & bHRL A &
(B WA AR BRI b, Bt 4 T A B A ML T2 R R AN
a4 MR G4, UAEIREZNGEMBRIER .
SRIMTIX — ROIEARBAE Al B AN P& T iz 60, i
Yy BAF 2277 bR 2 B R A5 v e A B R O R R
L R RRIR O 2R, AT BB AAAE U A A 2 5 i 1 42 4
UG

A58 @ N T — i LA R S A S A 5T )
(inductively coupled plasma mass spectrometry, ICP-MS)ill
FEHIM BT SR A S 8 RIOTR G, AL HR. Y. 8.
B9, BhHTERME R S T R = 0 ik R A s
BIAE 10 HEPH R BT B e fil ot P T R IS S A
TR A TR R AR A

2 MREREE

2.1 U5

PE 300D sy ki A 45 1 F IR L (E I PE 24
), L 9 L S %

S ALKt Milli-Q 4K 2535 Milliore 23 )

il

B EaiK, BER=182 MQecm; ZILEIR S
WEVE W (1 /L, B KA 648 & F AR Bl it oh
L), BRI MR dLg s, B Riga
B D)

SEEE A SR &, S8 5 AT
WA AM . WA e, SeamiEsE, Wik T Y,
FE S AR K 1 B 43 46 BERH R PR IR A iR M i
e NOE TN P
22 ZEWHE

FE S5 Uk AR A ph P, SRR LK TE, AR
(T S SEEI

BRI 4218 GB 4806.9-2016 £ il A E F kxR
WE B 4 AR Bl UMY, S g/L AR
P B AL

FE SR AT B S0 45 1 RIS R B G R
40 °C, 2 h; JNFASAEFHE ™8R 100 °C, 2 he XHF
RANET= b, A IR MY, W FIER AR
AR 6 dm®/L A B S . 458 LR SRR Sk T
3UGERIAR, FH R B R W E I
2.3 ICP-MS {{FEITESH

SR TSMRME: 18 Limin; SHBhA A% E: 1.20 L/min;
ZALSMRIRAE: 0.95 L/min; S 1300 W; fiffE < (A
)i 0.7 mL/min; WSS 0.5 mL/min, #E#
FER. PN R E, 250 PCu, PAs,
HICd\ 208Pb\ 209Bi\ ()ONi\ llxsnﬂ;u 121SbO

3 HRED

31 EHik

KR NFREIEBRAARE S 3R R, %5 20 pg/L 114
Sc. Ge. In. Re. Y RAHIRUERBAE A NIRER . KA
R (collision mode, KED)iHE: “Ar, *°Cl & 1-%F As ¥
T, AL R, AT RO S S A
SR RS, ML IR BREE AR R 0.7 mL/min. 'P.
%02, YTi'% 1 PCu B Y IE kR B A KO A 5
(dynamic reaction cell, DRC)JH .

3.2 fRfERZSK LR

PL 2% TR (V:-V)IE IR T 1 /L MEZ L RIRA
PREE R EZE 1 mg/L, RIS o/L B8R IS H%
RAR VA R R R, AR R RS 0.1,
5. 10, 20, 40, 80. 100 pg/L, X b 3RFRMEH AR U
frimst, HEMESHLE 1. KHRE XChRRBEN 3
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5 B 28 M5 i BT T PR RR b, SEER N E S HIE W 11 3.3 FHEESMMERER

U, Vs B AE (b M 2% (standard. deviation, SD)HY 3 X7 G IR AT AL, 2R3 2, 7
A T B i (3G AGE H B, DA i DL 11 2 P Oy JCE A X FRME (R 22 (relative standard deviation, RSD){EYE
Dkg/L(ED 1 g/l 5 1 pglkg SFEDIATIIL, MIIRER 3003 4002 . PRESAMEIRERT 3 AR RIS I
W& 1. B, S5 N3 3 R, ICRTE 90.3%~106.0%2 [f] .

R1 KMEEFHFE. EXARBFREHR

Table 1 Linear regression equations, correlation coefficients and limits of detection

JLHE LT (ng/L) K H B/ (ng/kg) LI FHRE R B () B
Cu 1~100 0.9 Y=0.0523X-0.001 0.9997 DRC
As 1~100 03 Y=0.0021X-0.002 0.9998 KED
cd 1~100 0.01 Y=0.0003X 0.9998 STD
Pb 1~100 0.2 Y=0.0037X+0.002 0.9998 STD
Bi 1~100 0.1 Y=0.0054X~0.006 0.9998 STD
Ni 1~100 0.5 Y=0.0049X-0.010 1.0000 STD
Sn 1~100 0.1 Y=0.0012X-0.003 0.9991 STD
Sb 1~100 0.05 Y=0.0011X 0.9993 STD

®2 EEMHARERNM=T)
Table 2 Results of the repeated test (n=7)

JLE 7 fE/(ng/kg) SEHIE/(ng/kg) RSD/%
Cu 52.0 50.7 51.5 52.9 49.0 50.7 48.6 50.8 3.1
As 48.7 485 49.6 48.4 49.3 46.8 49.1 48.6 1.9
cd 51.7 52.7 53.6 52.4 533 51.9 52.7 52.6 1.3
Pb 49.3 48.1 48.5 47.8 48.3 513 48.6 48.8 2.4
Bi 49.9 50.4 51.9 53.4 493 485 492 50.4 3.4
Ni 48.9 49.8 49.2 47.7 49.9 47.7 49.6 49.0 1.9
Sn 47.5 48.9 48.6 47.9 49.0 46.6 48.2 48.1 1.8
Sb 49.3 48.5 48.9 49.3 492 50.2 52.7 49.7 2.8
%= 3 [ERIRZER(N=7) &k 3
Table 3 Results of the recovery test (n=7) - I A kR 5 6 RSD EES
Gz WEM bR WESE RSD  RICR Nug/kg)  /nghkg)  Kugke) 1% 1%
/(ng/kg) /(ng/kg) /(ng/kg) 1% 1% ND 30 31.5 13 105.0
17 30 28.9 1.3 90.7 Ni ND 60 60.2 25 1003
Cu 1.7 60 62.7 25 101.7
ND 90 93.8 42 104.2
1.7 90 90.3 42 98.4
23 30 29.4 1.3 90.3
ND 30 30.6 1.3 102.0
Bi 2. ) 2. 4.
As ND 60 62.7 25 104.5 ! 3 60 58.9 5 943
ND 90 91.6 42 101.8 23 20 89.7 42 7.1
ND 30 318 13 1060 ND 30 29.6 13 8.7
cd ND 60 62.7 2.5 104.5 Sn ND 60 60.5 25 100.8
ND 90 93.5 42 103.9 ND 90 89.8 42 99.8
ND 30 30.3 13 101.0 ND 30 29.4 1.3 98.0
Pb ND 60 61.8 25 103.0 Sb ND 60 61.3 25 102.2

ND 90 89.2 4.2 99.1 ND 90 88.5 4.2 98.3
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Fig ORI ik 10 HEUCH B BT S Al R aE
173 AT IR I . %8 CM Res(2013)9 BYHLE HEATAE Tk
FRAGE . 8 PR MM IT B mA LWL 4. 45 R,
BrRém . SRABLIAN, M. B B BRBA R E, KRR
TEEK M FEF AR, NE 4 TTLFL: RS
R PE T SRR, B CRITBEE K, WS4
JRAEFRYEIREE T A il A7 L

10 HEREESE R, A 3 HEKFESL RIS . . SRR
iF CM Res(2013)9 B4 BRE, TEILE 5, M2 AR IGE,
WHO il % T—4> 2 mg/L IR FHZK - ) 8 e fle B 1

AR, SR EN ARG Yl i AN 2 A R R, AR
FRES R EWIRE AL, BRA B RARTCRE LIS, i 5
TS 3 FhonZE AR AEMR T B 5 21 T H 10 U SE AR
GB4806.9-2016 #iikk, {HAEZMERYE YR, TR
FRAE(E, WTREXT AR = A XU .

oy i R IR B RS OB AL LA, R 3 4R
W B Al P L R A T, 3 YGRS IR 45 R L3 6.
M 6 ATLLE L, BEEITHUEUNIEZ, Cu,. As, Pb Al Sn
T EEWIL, BorRTIH A EINGEY, X geEH
RERE RN T &R s, MR THMER, S
PRI IC R MT

x4 HRRSIBESNER

Table 4 Analytical results of maximum migration

JLHE Cu As cd Pb Bi Sn Sb
T E/ (mg/ke) 8.821 0.016 ND 0.132 ND 33.182 0.040 ND
7 2% 100.0 20.0 0 80.0 0 30.0 0
x5 HLBERE DL R(@mg/ke)
Table 5 Test results of reference maximum limit (mg/kg)
PITE Cu As Pb Ni
ZHRECH 1 WITB+E 2 iT#) <28 <0.014 <0.07 <0.14
ZHRE R 3 KTH) <4 <0.002 <0.01 <0.07
el B DU CEABL(ER 1 YO +56 2 IITH8) — — — —
BB S AR (R 1 UGERS+4E 2 IRIEH) — 0.019 — —
A A WAEMEEGE 1 RIS 2 KITH) — — 0.227 49.532
I E(E (3R 3 WILH%) 6.817 — — —
il A AR DN E A GRS 3 IRITH8) — — — —
5 A MR 2 LGB 3 IRIEHS) — — 0.087 33.182
F:— FRAKBSHEM, K.
*6 TRIBABEHTETENIRE
Table 6 Migration of the metal elements under different tests
JLFEH it/ (mg/kg)
FE b 44 B TREREL
Cu As cd Pb Bi Ni Sn Sb
%1 T 8.821 ND ND ND ND 0.007 ND ND
5 CE D, 2 h) %2 iE# 7.965 ND ND ND ND 0.004 ND ND
5% 3 iR 6.817 ND ND ND ND 0.005 ND ND
% 1 IRITRE 0.942 0.016 ND ND ND 0.053 ND ND
Hil &4 HR(40 °C, 2 h) 52 Witk 0.320 0.003 ND ND ND 0.055 ND ND
5% 3 iR 0.225 0.002 ND ND ND 0.121 ND ND
% 1 IRIERE 4.818 ND ND 0.132 ND 23.995 0.035 ND
44 WA (40 °C, 2 h) 52 itk 1.805 ND ND 0.095 ND 25.537 0.012 ND
5% 3 iR 0.574 ND ND 0.087 ND 33.182 0.004 ND
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