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Migration of 8 Heavy Metal Elements in Silver Products for Food Contact
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ABSTRACT: The work aims to investigate the effects of four factors like heavy metal content, food simulants, migration
temperature and migration time on the migration of Ag, As, Pb, Cd, Cr, Ni, Sb and Zn in silver products for food contact.
The samples were respectively immersed in 4% acetic acid and 10% ethanol, 50% ethanol, and 95% ethanol food simu-
lants according to the filling immersion and full immersion methods. Upon the completion of immersion migration, 10 mL
of the immersion liquid was extracted and measured by ICP-AES. Among the 8 heavy metal elements, Ag, Cr, Ni and Zn
were detected and the migration amount of heavy metal elements increased with the increase of the content of this element
in silver products for food contact. The migration of heavy metal elements in 10% ethanol, 50% ethanol and 95% ethanol
food simulants was low, and the migration of heavy metal elements in 4% acetic acid food simulants significantly in-
creased. The migration of 8 metal elements gradually increased with the increase of the immersion temperature and the
extension of the immersion time. The migration of 8 heavy metal elements in silver products for food contact is related to

the content of this element in silver products. Silver products for food contact have a large hidden danger of quality and
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safety when coming into contact with acidic foods, which can easily lead to excessive levels of Ag and Cr in food. This

study provides theoretical support for increasing the trading and sales of silver tableware and improving the commercial

sales of silver tableware, puts forward reasonable suggestions for regulatory authorities to discover potential product

safety risks in a timely manner, and provides reference data for the limited index of migration of heavy metal elements in

silver products for food contact.
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OB R R BUR B PR E RS 1—6 IR - Ag brifE R
I RERE N 0, 0.1, 0.5, 1.0, 2.0, 5.0 mg/L; Cd
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Tab.1 Sample types, migration conditions and food simulants
1 e A8 i 422 it s |1 T e 8 i 2 s VR | - SN
wpeg  DUIRBURERMIE - BURRBURERARL o meansn  aasme g
Wi 0.5<1<2 70 < <100 LR (4%) A
w|H NT 1<0.5 70 < 0<100 FrA B 2 ZWE(20%) Eotaia
BT 1<0.5 70 < <100 L TE(95%) 2R
AR 05<t<?2 20< <40 Vi 2
WH RS LTE(50%) "
ki 2<1<10 20<6<40 T
AR 0.5<t<2 70 < H<100 N TR
AR FEBRPE £ i LT (10%) B
R 2<1<10 70 <0<100 R
*k2 BRLESWEL. ZEFE. RHR
Tab.2 Analysis line, linear equation and detection limit of each element
TLE ST /nm LR FHIC R EL oz R /(mg L)

Ag 328.068 ¥Y=1.0004X-0.0005 0.9999 0.010

As 193.759 Y=1.0061.X-0.0017 0.9999 0.010

Pb 220.353 Y=0.9986.X-0.0004 0.9997 0.010

Cd 226.502 ¥Y=0.9956X+0.0009 0.9999 0.001

Cr 283.563 Y=1.0038X-0.0011 0.9995 0.003

Ni 221.647 Y=1.002X-0.0006 0.9999 0.002

Sb 206.833 Y=1.0004X—-0.0001 0.9999 0.010

Zn 213.856 Y=0.9764X-0.0037 0.9998 0.010

®3 TEARSEAREMRARISPTHNESETZIRERLNE

Tab.3 Detection value of heavy metal migration in silver products for food contact with different silver content mg/L
ke Ag As Pb Cd Cr Ni Sb Zn

ERH 1 (99.0%) 0.4287 — — — 0.1543 0.0091 — 0.0796

BRI ##1(99.9%) 0.4513 — — — — 0.0031 — 0.0780

1 (99.99%) 0.4602 — — — — — — 0.0779
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Tab.4 Detection value of heavy metal migration in different food simulants mg/L
ERLAH 1 (99.0%) AL (99.9%) LA (99.99%)

TR m W W LW LW LM LM LR LM LB LB LR
95%)  (50%)  (10%) (4%) 95%)  (50%)  (10%) (4%) 95%)  (50%)  (10%) (4%)

Ag — — 0.0158  0.4296 — — 0.0195  0.4465 — — 0.0248  0.4564

As — — — — — — — — — — — —

Pb — — — — — — — — — — — —

Cd — — — — — — — — — — — —

Cr — — — 0.1555 — — — — — — — —

Ni — — 0.0030  0.0039 — — 0.0025  0.0026 — — — —

Sb — — — — — — — — — — — —
Zn 0.0175 0.0214 0.0326 0.0800 — 0.0276  0.0344 0.0772 — — 0.0250 0.0772

x5 AREIBEETESRETERIBREKRNE
Tab.5 Detection value of heavy metal migration at different migration temperature mg/L
B BRI (99.0%) FRLAH 1 (99.9%) LA (99.99%)

= 10°C 30°C 50°C 70°C 100°C 10°C 30°C S50°C 70°C 100°C 10°C 30°C 50°C 70°C 100°C
Ag 0.0672 0.0883 0.1609 0.4287 0.6403 0.0711 0.1139 0.1607 0.4403 0.6583 0.0985 0.1403 0.2117 0.4961 0.8089

As — — — — — — — — — — — — — — —

Pb — — — — — — — — — — — — — — —

Cd — — — — — — — — — — — — — — —
Cr 0.0432 0.0534 0.0584 0.0656 0.0824 0.0401 0.0495 0.0552 0.0622 0.0766 0.0373 0.0472 0.0536 0.0576 0.0713
Ni — — — 0.0038 0.0052 — — — 0.0024 0.0047 — — — — 0.0028

Sb — — — — — — — — — — — — — — —
Zn — 0.0118 0.0518 0.0832 0.1100 — 0.0132 0.0339 0.0764 0.0854 — — 0.0164 0.0752 0.0836
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Tab.6 Detection value of heavy metal migration for different migration time mg/L
FRLAH 1 (99.0%) FRLAH 5 (99.9%) LA (99.99%)
05h Ih 3h S5h 10h 05h 1h 3h 5h 1I0h 05h 1h 3h 5h 10h

JLEK

Ag 0.0136 0.0449 0.4078 0.4832 0.5410 0.0339 0.1262 0.4388 0.5706 0.6928 0.0687 0.2069 0.4969 0.7681 0.9872
As — — — — — — — — — — — — — — —
Pb — — — — — — — — — — — — — — —
Cd — — — — — — — — — — — — — — —
Cr 0.0655 0.0690 0.0643 0.0652 0.0626 0.0615 0.0654 0.0646 0.0696 0.0607 0.0677 0.0679 0.0664 0.0697 0.0658
Ni — — 0.0035 0.0033 0.0032 — — 0.0024 0.0024 0.0026 — — — — —
Sb — — — — — — — — — — — — — — —
Zn 0.0118 0.0354 0.0844 0.0935 0.1289 0.0166 0.0252 0.0749 0.0764 0.1057 0.0117 0.0265 0.0750 0.0753 0.0992
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Tab.7 Determination results of reusable silver products for food contact

mg/L

R (99.0%) R (99.99%)
LRI FIWIEH  F2RIB BIWETE O 1IRI® H2WIER B 3RIEE
Ag Ag Ag Cr Cr Cr
I Z@ﬁ(lﬁt)‘g))gcoj b, 0.2359 0.1921 0.2037 0.0746 0.0652 0.0639
1T LR (4%), 1 h, 70 °C 0.0462 0.0254 0.0163 0.0407 0.0386 0.0388
I LR (4%), 6 h, 40 °C 0.1573 0.0694 0.0421 0.0555 — —

Ag, Cr [WEBE LN, MEETHILE A
wahn, REERZMT Ag, Cr BT EASER,
HAFB A Cr iT R AR, RIGFE T
BHEER, Ag, CrilBEHLSE 1 GBI M
I 7 25 5 AR 4R

HAl, B a2 il 4 8 A4 Rk K il i v B 4 FR i
ARG GB 4806.9—2016¢ & i & & E bRl £ i
Pt FH 4 AT RE R ) B f s, Hodb (UOBlE T
As, Cd, Pb MFREFEIR, MARX Ag, Cr WiTHEE
AR EAR . TR AML. I, I Ag iEBh
M GB 5749—2006 { LE 3R K DA bR ) UL E
Ag FREFEFRIN 4.7 f5%. 0.9 f%. 3.14%; TRAML.
I, I CriF#a R GB 5749—2006 { A= 3Gk A T
HEbRiE ) HELE Cr BREFEFRIY 1.5 5. 0.9 f%. 1.1
P, AR T GB 31604.49—2016( &5 22 H & hnife £
it 22 Ak FH 4 J AR B ) USICT B A e PR R
XU IR it AR AT AR A B A o R, EL A
SR fh L A 100 R 2 ot R S ] 42k R £
B, Ag, Cr Gy =g, AR £ il ik

PORMFAE R R 2 2 s, X Ag, Crik %t
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AN AR NS U] VT INRE S o

3 H%iE

H LR SRR 99.0%, 99.9%, 99.99%HIE
AR ARG S AVE AR S, BEARS BB
Y. ERRE TR X 4 MR EXT Ag, As, Pb,
Cd, Cr, Ni, Sb, Zn RN, 455 EH, 8
M GJEITR T Ag, Cr, Ni, Zn i, HiZ#h
HE4R TR MRS 5 & AA e il
FEFEFE Ml PE & . B B AR RR PR & L 4
J&ITCR TR BB T A AT B RAI 5 B R M 1 i B
EEEILR BT, T3 & & 5 nT aE i
K, EEUSCEY B I Ml FH R ot Rz 3 BH R 4%
5 CRE A e R T i G o ) 2 i PR
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i Ag, Crilitn, Mol M R HLA B9 2 % 5 A0
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