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Determination method of 12 metals in soy sauce by ICP-MS
LI Min, LIAN Xiao-wen, YAO Jing, WANG Jing

( Center for Disease Prevention and Control of Guangdong Province, Guangzhou 511430, China)

Abstract; Objective To establish the rapid and accurate determination method of Al, Cr, Mn, Fe, Ni, Cu, Zn,

As, Se, Cd, Sb., Pb 12 metals in soy sauce by ICP-MS.

Methods Combined with the high salinity properties of soy

sauce, an accurate determination method was established through means of sample matrix dilution, the appropriate isotope .

the He collision cell pattern and internal calibration. Results

The linear range of 12 metals was 0.2 wg/L-1.0 mg/L, r >

0.999, MDL was 0.001-0. 003 mg/L, RSD < 10% , recovery rate was 80% -110% . Conclusion The ICP-MS method

was less interference . accurate, convenient and rapid for determination of metals in soy sauce and other high salt food.
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Table 1  Interference of some isotopes
& 137 % Tk & 137 %% T
52 Cr AOAI‘IZC‘}S CllGo] H 64Zn 24Mg40Ar\40Ar23 NE[I H
Sf‘Cr 40Ar13C\37C1160 788e 38 Ar4()Ar‘4()Ar37C11H
SN 2N, C1\4UA1_180 82g, 1235 C12
0 N; BN Cl, PMgCl 1 g 95 Mo 0
63 Cu 23 NaAOAI'\ 40Ca23 Na 114 Cd 98 Molﬁo
65 Cu 24 Mg4l Ar 75 As 4()Ar35 Cl

F2 WA He S0 & U R M LR AU E S5 R (pg/L)

Table 2 Result of isotopes by conventional mode and He mode

JLE  WHEER Hefix || T#E R He iz
Al 48.9 52.3 4 7Zn 247 263

2 Cr 20. 4 2.8 % Zn 260 278
3Cr 31.5 3.5 5 As <0.10 0.83
3 Mn 292 315 83e 12.70 0.82
*Fe 460 440 82Se 1.30 0.90
BN 50.8 61.9 Hed 0.26 0.27
ONj 79.9 71.2 Hicd 0.27 0.26
S Cu 481 3.5 12Isp, 0.15 0.17
% Cu 2.9 2.5 208 py, 0.40 0.33
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Recovery of 6 internal standard elements

Figure 1
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Table 3 Result of soy sauce with different dilution
JLER i FE 10 i i #% 5 A% i % 2 %
Al 0.523 0.504 0. 496
Cr 0.028 0. 026 0. 026
Mn 3.150 3.320 3.380
Fe 4.400 4.280 4. 180
Ni 0.772 0.725 0. 760
Cu 0.025 0. 024 0.024
Zn 2.780 2. 680 2.730
As 0.008 3 0.009 1 0.008 9
Se 0.009 0 0.008 5 0.008 9
Cd 0.002 6 0.002 6 0.002 4
Sh 0.001 7 0.001 5 0.001 6
Pb 0.003 3 0.003 6 0.003 6

2.5 AREMZE ST LA R
Bl 0.2 ~1 000 we/L A ARAEM 2L, VUG &

[l 2R \He #3022 WARKIE AT E o 450 R WK
U BB v i 2 AH G R A r 193500, 999 DL b 2R R AF .
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Table 4 Regression equation and the detection

limits of the method

B ) % 5k VRS
LR ol 26 Z Rl B R
/(mg/L) /(mg/L)
2TAl y =0.0024x +0. 0072 0.999 4 0.003 0.010
S2¢r ¥ =0.0829x +0. 0042 1.000 0 0.002 0. 006
B Mn  y=0.0504x +0. 1411 0.999 1 0.002 0. 006
FFe y=74.1916x +0. 4824 0.9999  0.003 0.010
ONi y=0.0387x +0.0308 0.9992  0.001 0. 003
Cu  y=0.0550x +0.0201 1.000 0 0.003 0.010
©7n  y=0.0185x +0. 0722 0.999 3 0.003 0.010
As  y=0.0070x + 1. 5655¢ " 0.999 9  0.002 0. 006
82Se  y=1.5442¢ *x +5.0158¢ > 0.9999  0.002 0. 006
"ed y=0.0035x +7. 6913 ° 1.000 0 0.001 0.003
2ISh ¥ =0. 0079« +8. 9027¢ ~° 0.999 8  0.001 0.003
208pl, y =0.0317x +0. 0015 0.999 8  0.001 0.003
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i B 10 AN 2 5 53 2 3 MKHIE 32 00 A A VS {1 )
B A3 0 A v AP A VR B A R T R IRk
JEE A 42 R RE ARG, o VAR B AR BE Y 5 ~ 10 %,
1% RS TR B¢ 10 A% J5 B 2E 47 00 2, [l i % 80% ~
110% 4558 W% 5,

Fe 5 7 v A R

Table 5 Precision and recovery of the method

- -2 {E RSD R WEE [a] i 5
- /(pg/L) /% /(pg/L)  /(pg/L) /%
Al 81.5 6.5 50 129 95
200 275 97
Cr 4.8 3.3 10 15.2 104
50 54.0 98
Mn 246 4.6 200 455 105
500 747 100
Fe 640 2.7 200 845 103
500 1131 98
Ni 86.5 4.4 50 129 85
200 280 97
Cu 4.8 7.0 1 5.7 90
10 15.0 102
Zn 358 5.1 200 566 104
500 843 97
As 1.0 2.2 1 1.9 90
10 11.1 101
Se 1.1 5.1 1 2.1 100
10 11.4 103
Cd 0. 37 1.8 1 1.4 103
10 10. 6 102
Sh 0.19 0.7 1 1.1 91
10 10.1 99
Pb 1.5 2.7 1 2.4 90
10 10. 4 89
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Table 6 Result of soy sauce with different pretreatment

B 1 R 2 B 3

B T B (e HE 8l
T 1 TH % s B TH it T T TH it

Al 1. 10 1. 81 0.516 0.431 0. 826 0. 807
Cr 0. 046 0.032 0. 057 0. 060 0.022 0.022
Mn 6.92 7.01 2.08 1. 85 4. 46 4.42

Fe 11.40 11.20 5.33 5.29 6.09 6.22

Ni 1.16 1.19 0.572 0.512 0. 891 0. 882
Cu 0. 050 0.051 0. 044 0. 042 0.024 0.019
Zn 2.77 2.65 3.46 3.47 3.15 3.03
As 0.0075 0.0070 0.0042 0.0048 0.010 0.010
Se 0.015 0.012 0.0072 0.0074 0.013 0.012
Cd 0.0023 0.0022 0.0058 0.0057 0.0078 0.007 6
Sh 0.0015 0.0018 0.0022 0.0028 0.0072 0.007 4
Pb 0.0051 0.0042 0.0063 0.0067 0.012 0.014
2BH AL 5k
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