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Influencing factors and migration rules of 14 kinds of heavy
metals in tableware

TANG Shali WANG Jin REN Jiefang ZHOU Xuejun YE Pengcheng

(Zhejiang Institute of Product Quality and Safety Science, Hangzhou, Zhejiang 310018, China)

Abstract: [ Objective] This study focus on exploring the factors affecting the migration of 14 heavy metal elements such as Ag, As and
Pb in tableware and the migration patterns of each element. [ Methods] Silver tableware was chosen as an example, and the following
parameters were chosen: silver purities (92.50%, 99.00%, 99.90%, 99.99%)
acid, 4% acetic acid, tea), soaking temperatures (20, 40, 70 °C), and soaking times (0.5, 1.0, 6.0, 12.0, 24.0 h), to design mixed level

, food simulants (drinking water, 10% ethanol, 5 g/L citric

orthogonal experiments and perform data analysis using range and analysis of variance methods. [ Results| All 14 heavy metal elements
were detected, and with the increase of silver purity, the migration amount of Ag element also increased. When the food simulant was
acidic or in the presence of ethanol, the migration of various elements in food simulants was relatively high, and with the increase of
soaking time and soaking temperature, the migration of each element showed a certain increasing trend. [ Conclusion] When silver
tableware products are exposed to acidic or alcoholic foods for a long time, the migration of heavy metal elements is relatively high, posing
significant safety hazards.

Keywords: silver tableware; heavy metals; migration volume; inductively coupled plasma emission spectrometer (ICP-OES)
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Table 1 Experimental condition
A P4l C Bl DR
KF y B 12 5L 1/ B/
1 92.50 [V OLiVIN 20 0.5
2 99.00 10% LB W 40 1.0
3 99.90 5 g/ LATIERRIEK 70 6.0
4 99.99 49 LW 40(BUKF) 12,0
5 99.90(47KF) AEK T0(4KF) - 24.0
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T o Ay JE A TR A W R R v RS e, (DB T e A
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6.0,12.0, 24 ho iF % 58 B $2 B 10 mL 2 ¥ i) H ICP-
OESM g ik fErp 14 FOC R R &8, Hoh 109 4 R
R R LA K 2B R DUARFR 2 Bk 5% (R
W E 452 10 mL /I 2,
1.3.6 e Fik

(DAY TAERMS % Rk BRI RN 1300 W,
AN A R, F AR 0.7 L/min, i By SR &

B 2748 | 2024 (£ S B | RBSHM

0.5 L/min, 5§ 8 F & < &t 12 L/min, 45 #7 % 3 &
1.5 mL/min, 23R B [8] 60 s, M 7 i A il o

(2) MIZR LR PR 5 7 vk K B - 22 1 12 b )
o YA RER R K b 1 A0 R 46 DA ST 4% 0 2 R A A R
2R TE R — 0 IR ZS A TR LR, T AR O 22 2
o BRI 26 2) o 43 B B RE 28 R R AL U RE , LA
B o h A AR A O R I . DEEAS 0 3 Bk YU
oI A I ARG R

K2 BRLEMEEREHR

Table 2 Linearity and detection limit of each element
i R33N éﬁ'éﬂ?ﬁlﬁl/ 2 b W E MR *ﬁH".FEI/ Y,
nm (mg-L.™ ) (mgeL. ")

Ag 328.068 0.1~5.0 y=1102 664.322x+7 651.656 99 0.999 989 0.001 0.887 5
As 193.696 0.02~1.00 y=3300.479 672x+26.610 40 0.999 873 0.01 5.3427
Cr 267.716 0.02~1.00 y=695424.777x+309.217 99 0.999 998 0.001 0.724 6
Pb 220.353 0.02~1.00 y=23757.638 9r—15.245 97 0.999 991 0.002 2.043 3
Cd 228.802 0.005~0.100  y=2377 462.678x—97.965 26 0.999 879 0.001 0.9134
Sb 206.836 0.02~1.00 y=373 116.5632x—27.140 44 0.999 991 0.01 2.4368
Zn 206.200 0.02~1.00 y=73889.413 1x+53.055 03 0.999 998 0.01 5.289 4
Ni 231.604 0.02~1.00 y=184 212.195x+240.291 31 0.999 960 0.002 0.552 3
Ba 233.527 0.1~5.0 y=656 324.228x+17 905.047 2 0.999 855 0.001 1.8551
Cu 327.393 0.1~5.0 y=958 653.0640x—1 527.403 1 0.999 982 0.000 5 1.024 4
Fe 238.204 0.1~5.0 y=443 746.9510+11 457.870 8 0.999 880 0.004 1.114 4
Li 670.784 0.1~5.0 y=280 107 597.3x— 3 843 793.4 0.998 235 0.000 1 1.009 4
Mn 257.610 0.1~5.0 y=4902 572.432x+84 728.873 9 0.999 964 0.000 5 0.557 0
Al 396.153 0.1~5.0 y=764 854.2120— 27 588.174 0.999 864 0.003 0.649 7
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Table 4 Orthogonal experimental range analysis results

JLFE i | A B C D TLE i H A B C D
Ag ky 0.0315 0.1167  0.1581  0.2510 Ni by 0.0106 0 0.0053  0.006 2
ky 0.1502  0.1954  0.2569  0.2505 ky 0.0073  0.0006  0.0095  0.0051
by 04494 04436  0.3296  0.3582 ky 0.0070  0.0010  0.0062  0.007 2
ky 0.2506  0.4810 0.2915 ky 0.0047  0.0053 0.005 4
ks 0.094 3 0.179 9 ks 0.029 9 0.0127
W2 R 0.4809  0.3867  0.1715  0.1783 2% R 0.0059  0.0299  0.0042  0.007 6
B &R FERK A>B>D>C I E W B>D>A>C
As ky 0.0077 0 0.0037  0.007 8 Ba ky 0.0202  0.0015  0.0013 0.0185
by 0.0116  0.0232  0.0097  0.007 2 ky 0.0174  0.0180  0.0269  0.008 1
by 0.0040  0.0116  0.0058  0.0039 ky 0.0063  0.0325  0.0125  0.0099
ky 0.0074 0 0.0115 ky 0.0308  0.0288 0.019 4
ks 0 0.004 4 ks 0 0.025 0
e R 0.0076  0.0232  0.0060  0.007 6 e 2% R 0.0245  0.0325  0.0256  0.0169
HEF K B>A=D>C 2 E W) B>C>A>D
Cr b 0.0013 0 0.0004  0.000 4 Cu ky 9.1386  0.0085  0.0373  0.0208
ky 0.0004  0.0022  0.0006  0.0006 ky 0.2595  0.0163  6.2008  2.6194
by 0.0004  0.0002  0.0007  0.0004 ky 0.0110  2.8335 0.0327  0.3493
k, 0.0004  0.000 4 0.000 7 ky 0.0067  6.226 3 0.024 3
ks 0 0.000 7 ks 0.344 9 6.4156
W22 R 0.0009  0.0022  0.0003  0.0003 W2 R 9.1319  6.2178  6.1681  6.3948
2 3R B>A>C=D 2 ER A>D>B>C
Pb b 0.0067 0 0.0043  0.0020 Fe ky 0.0436 0 0.0195  0.0116
k, 0.0036  0.0103  0.0044  0.0036 ky 0.0185  0.0144  0.0296  0.0250
ks 0.0027  0.0016  0.0002  0.0026 ky 0.0172  0.0432  0.0175  0.0189
k, 0.0016  0.0053 0.0019 ky 0.0092  0.0481 0.0156
ks 0 0.007 1 ks 0 0.034 6
W22 R 0.0051  0.0103  0.0042  0.0052 22 R 0.0344  0.0481 0.0121  0.0230
I # FEW B>D>A>C P2 E R B>A>D>C
Cd b 0 0 0.0005 0 Li ky 0.0003 0 0 0.000 1
ky 0.0005 0 0 0 ky 0 0.0002  0.0002 0
ks 0 0 0 0.000 5 ky 0.0002  0.0001  0.0001  0.0001
by 0 0.000 5 0 ky 0.0003  0.0005 0.000 3
ks 0 0 ks 0 0.000 2
2 0.0005  0.0005  0.0005  0.0005 e 2% R 0.0003  0.0005  0.0002  0.0003
FSlEECR/ e A=B=C=D FIZ ER B>D=A>C
Sh ky 0.0062 0 0.0052  0.0054 | Mn ky 04225 0 0.3691  0.3704
by 0.0052 0 0.006 0 0.006 4 ky 0.3706  0.0014 04147  0.3707
by 0.0059 0 0.0059  0.005 2 ky 04001  0.0028 03707  0.406 2
b, 0.0058  0.0290 0.005 8 k, 0.3692  0.0146 0.400 2
ks 0 0.006 2 ks 2.140 2 0.6117
W2 R 0.0010  0.0290  0.0008  0.0012 e 2% R 0.0533  2.1402  0.0456  0.2413
2 FEW B>D>A>C FIZ ER B>D>A>C
Zn b 0.7542  0.0078  0.0292  0.0272 Al ky 0.0795  0.0249  0.0263  0.0476
ky 0.0451  0.0068  0.3208  0.1637 ky 0.0527  0.0241  0.0568  0.0303
ky 0.0290  0.1620  0.1028  0.0492 ky 0.0683  0.0552  0.0640  0.0877
b, 0.0190  0.5625 0.0300 k, 0.0359  0.0517 0.065 4
ks 0.137 3 0.606 2 ks 0.108 9 0.033 8
W2 R 0.7352  0.5557  0.2916  0.5790 2% R 0.0436  0.0848  0.0377  0.0574
M2 IR A>D>B>C 2 EK B>D>A>C
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FRAE 1 R 2 6 25 SR, AR L AT S I ) 2 oK
o3 2% 55 FH o e G K I TR) 7 R TR A R S AR OK IR
PR 25 4 e, DA f o 4 AT RS R R, T B AR f B
A fa k.

2.3 HEHSW
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Table 5 Analysis of variance results of Ag element

orthogonal experiment

H% Hﬁf Al W) Pl iﬂ%
& 1A R 1.537 13 0.118 1.610  0.218
W 0.850 1 0.850  11.577  0.006
A 0.680 3 0.227  3.085  0.072
B 0.673 4 0.168 2290  0.125
C 0.100 2 0.050  0.678  0.527
D 0.085 4 0.021  0.290  0.878
R 0.808 11 0.073
Bt 4.116 25
& IE )5 it 2.344 24

Mg LA E 73, % As . Pb.Cd . Cr.Ni,Sb.Zn Ba.Cu,
Fe.Li.Mn AIBIEAT I 225007 1 H0E PAE L 45 2R L3 6

IR 6 AT LLE L, A CRE S 4l B ) X Cr 76 25 19 52 I B
2 (P<<0.01) , % FoAth o6 2 5% W A K5 B O B3 ) XF
As.Cr.Sb.Ni.Ba,Fe .Mn Jt % B % Wi #% i % (P<<0.01) ,
%f Pb . LiJG % A 0 i 2 (P<C0.05) , % Hoflh oo 2§ i R
K5 C O ML ) X Ba 7o 2 19 5% i A e 2% (P<<0.01) , Xf
oAl T 225 W R K 5 D (IR Y B ] ) %o 38 36 245 SR 52 el S K
L, 2 A B R EESZmE I C.D B 50 A
AN FERERITTE R B>A>C>D, B A8 |
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Table 6 Results of orthogonal experiment analysis of variance

H % Ag As Cr Pb Cd Sb Zn N1 Ba Cu Fe Li Mn Al
A 0.072  0.515  0.005 0.301  0.199 0.604 0.101  0.385 0.008 0.065 0.072 0.097 0.671  0.592
B 0.125  0.006 0 0.013  0.305 0 0.454 0 0.001  0.417  0.004 0.017 0 0.127
C 0.527 0451 0.384 0.424 0.108 0480 0.516 0.609 0.002 0.556 0.973 0.219 0.621 0.419
D 0.878  0.696  0.544  0.340  0.305 0.493 0.379 0.203 0.129 0.398 0.407 0.448 0.452 0.410

FE Al B IR B R R ]

MR J7 25 53 BT 1% 0 A, RS R AT S 35 R e 1 D 3R
e B fre A KT 3 H A 5 i /N B B3R R AR AR S PR
B PR A T 1Y K IR 40 92.50% B SR 4% 2
iR 2 IR 40 °C 2 I A] 24 h,
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AT R K SR AR S s Zn (Cu e R RS B Bl &
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o Cd LiVALJG R & 52 4 I By 52 e A0 X 4870y
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FEFRPE R IE O AR B A AR R Y e e R
FHEEBIUTRBERTIE M.
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3 i
WFIE T FL SR A 25 1 1 A 2 i 63 3 () sl ) 5 4R 4
E i &b Ag.As.Pb.Cd.Cr.Ni,Sb.Zn.Ba.Cu.Fe.Li,

Mn Al 14 F i 42 JE JC R B9 7 5, % TC R IR OC R #L
oK F 0.998, #& R AE 0.001~0.010 mg/L, K % B 7¢
0.552 3%6~5.342 7% , J7 Wk HE B i, T B PELT, Be U 2
H # 4 B EEk

2 2 A3 i 2 bAoA I Ah B R SE N 2k E A 3E 1 A
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4% LR R E 40 C RIEESE 24 h & R AT R K
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