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Determination of 33 kinds of metallic elementsin food aquatic products and
animal tissues by microwave digestion and |CP-M S method
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ABSTRACT: Objective To establish a method for determination of 33 kinds of elements in food by
microwave digestion-ICP-MS and internal standard method. Methods The samples firstly was digested,
acid-driven and volume controlled by nitric acid-hydrogen peroxide via microwave, and then be tested by the
method of ICP-MS. Seven elements were selected as internal standard, which had a good compensation for the
analysis of the signal background and the matrix effect. Furthermore, Helium was used as collision-reaction gas,
which could effectively get rid of the disturbance of multi-atomic ion. Results The detection limit for each
element was 0.005~0.5 g/L, the relative standard deviation (RSD) was 0.58%~4.96%, and the addition standard
recovery was 81.6%~109%. The analysis result of the scallop powder elements was in accordance with the

given standard. Conclusion The method is of convenience, high sensitivity and good reproducibility and it is
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a reliable and efficient method for the analysis of multi-elements in food samples.

KEY WORDS: microwave digestion; inductively coupled plasma mass spectrometry; heavy metals; food safety
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3 R -ICP-MS
s 50 mL, ,
232 BEFH 3 , ;
2 10%, )
233 HewmlE )
ey
33 0.5 234 FikAHIK
mg/L, 0.1 mg/L >
, 11 , o,
3 0.0 1.0 50 10 20
() 30 ng /L ;
, ICP-MS R >0.995 R K,
x1 BRHEBESELRNG
Tablel Reference conditions of microwave digestion
/T
%
1 1600 100 07:00 120 /
2 1600 100 05:00 150 05:00
3 1600 100 10:00 180~190 15:00
*2 ICP-MS{UZHEEH
Table2 |ICP-MSinstrument conditions
Agilent 7700X  ICP-MS
Babbington Piltier 24+0.1 'C
,2.5mm Ni
1550 W 7.5 mm
105 Limin Li6 Sc Ge Y In Tb Bi=1.0 mg/L
1.0ng/mL "Li ¥Y "Ce TI ¥Y>4000,'°Ce>1000 ***TI>1000
Ce0/Ce<1.5% Ce*"/Ce<3.0%
Ge(72) 23-82 ; Bi(209) 202-238 ,
x3 BREMERBPETERE
Table3 Each element of mixed standard solution concentration
1 2 3 4 5 6
(ng/L) 0.0 0.2 1.0 2.0 4.0 6.0
5.0 10 20 30

(ng/L) 0.0 1.0




956 6

D~L:3?G(ﬂg) 5 mL

K= : 5 SmL +1mL
0.005 pg/kg 0.05 pg/kg
0.05 pg/kg 0.005 ng/kg 0.1 pg/kg 0.05
ug/kg 0.05 pg/kg 0.05 pg/kg 0.05 pg/kg
0.5 pg/kg 0.1 pg/kg 0.05 pg/kg 0.05 .. .
32 FEHEIA
ug/kg 0.05 pg/kg 0.05 pg/kg 0.5 ng/kg
0.5 pg/kg 0.5 ng/kg 0.05 pg/kg 0.05 3.2.1 AR, FIEEERE. A ERL L)

o— 11

s 5 5 mL +1 mL

ng/kg 0.05 pg/kg 0.1 ng/kg 0.05 pg/kg ZARFARKR 7
0.05 pg/kg 0.05 pg/kg 0.05 pg/kg 0.05 ’

ug/kg 0.05 pg/kg 0.05 ug/kg 0.05 pug/kg ’ ’
0.1 ug/kg 0.05 pg/kg 0.1 pg/kg 6 ’

3 FR5IHL 6 ,

- o 81.6%~109% , RSD 0.58%~4.96% , R
31 WURHBRFHRME 0.996
, ) R4 BORHEBESERPEFIREEBHLER
Table4 Comparison of microwave digestion and wet digestion

, ) (o) (o)

922 82.5
b
96.5 85.3
s ) 93.0 80.7
96.3 86.9
s 1
97.5 84.2
b b
96.5 112
’ ’ 90.6 84.5
s 4
1 , 5 mL 5 mL 88.6 81.5
1 mL , 5mL 1 mL 94.2 90.6
1 mL , , 5

®5 TREIHEMBSRHEBSRILLE

Table5 The comparison of different digestion solution dissolve

5 mL 5 mL +1 mL 5 mL +1 mL +1 mL
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Table6 Spiked recoveries, relative standard deviations and linear relationships
(ng/L) (%) RSD(%) R
1 103 2.67
Li 2 108 1.55 Y=0.0051X+0.0117 1.0000
10 98.7 475
1 104 4.58
Be 2 107 3.04 Y=0.0024X+0.00336 1.0000
10 101 4.02
1 84.9 3.98
\Y 2 100 430 Y=0.0024X+0.00336 0.9966
10 83.4 3.35
1 106 3.60
Cr 2 96.0 4.49 Y=0.0022X+0.00063 1.0000
10 106 3.23
2 102 4.08
Mn 4 99.6 4.77 Y=0.0305X+0.0064 0.9988
10 93.0 4.83
1 104 2.09
Co 2 85.6 2.09 Y=0.0257X+2.3429E-004 0.9976
10 92.8 2.78
2 96.3 4.51
Ni 4 97.4 4.72 Y=0.0046X+5.2470E-004 0.9998
10 105 3.17
2 88.3 3.95
Cu 4 96.8 1.57 Y=0.0758X+0.0220 0.9982
10 107 3.17
2 94.4 1.46
Zn 5 97.8 4.28 Y=0.0202X+0.0439 0.9990
20 98.2 4.96
1 89.6 4.87
Ga 2 90.4 4.42 Y=0.1205X+0.0052 0.9962
10 108 2.05
1 96.4 1.75
As 2 92.8 4.08 Y=0.0187%+4.0919E-004 1.0000
10 108 1.98
1 90.4 431
Se 5 93.2 3.49 Y=0.0016X+3.4121E-004 0.9999
10 95.6 3.01
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(ng/L) (%) RSD(%) R
1 95.8 3.48

Rb 2 96.6 3.22 Y=0.1423X+0.0049 0.9974
10 104 3.28
2 98.5 491

Sr 5 91.8 3.48 Y=0.0253X+0.0059 0.9975
10 106 2.21
1 105 3.59

U 2 84.9 1.71 Y=0.0218X+0.00005419 0.9993
10 86.6 391
1 105 2.04

Ag 2 85.0 2.56 Y=0.0086X+0.0003111 0.9991
10 107 0.941
1 93.6 3.77

Cd 2 96.5 2.55 Y=0.0021X+0.0002142 1.0000
10 107 1.77
1 106 3.20

Cs 2 82.9 1.48 Y=0.0024X+0.0008151 0.9964
10 101 3.54
2 92.9 4.26

Ba 10 105 2.33 Y=0.0023X+0.0019 0.9993
15 91.8 4.81
0.1 105 2.58

Hg 2 83.4 2.58 Y=8.5437E-004X+0.0006597 0.9960
2.5 104 2.20
1 104 2.15

Tl 2 81.6 1.84 Y=0.0190X+0.000663 0.9998
10 109 2.17
1 90.8 2.80

Pb 2 89.2 1.94 Y=0.0239X+0.0040 0.9997
20 90.5 2.78
5000 96.5 4.58

Na 10000 99.3 4.57 Y=10.0868X+4.5971 0.9997
20000 97.4 2.24
5000 104 0.979

Mg 10000 96.1 1.86 Y=5.0954X+0.0716 0.9998
20000 92.7 0.580
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(ng/L) (%) RSD(%) R
5000 94.2 1.30
K 10000 104 0.979 Y=5.7240X+0.3606 0.9999
20000 102 1.04
5000 108 0.598
Ca 10000 97.4 2.24 Y=0.0192X+0.0439 0.9999
20000 93.4 0.654
100 102 4.02
Fe 5000 85.0 2.10 Y=71.1799X+0.5414 0.9998
10000 84.0 1.19
R7 BEVRNEESRERIERR
Table7 Comparison of standard material measured value and standard value
(ngrkg) (ng/kg) (ng/kg) (ng/kg)
3.82 3.6+0.6 18.8 19.2+1.2
11.8 12+1 0.061 0.066+£0.016
0.61 0.62+0.06 4637 4600400
739 750+90 0.24 0.29+0.08
1.12 1.06+0.06 0.11 0.12
0.042 0.047+0.006 4.9 5.1+0.3
0.29 0.28+0.07 0.013 0.014
1.29 1.34+0.18 1.46 1.5£0.3
41 41+0.5 0.12 0.13
47 40+7 5.8 6
11230 115004600 2.8 2.5+0.4
1795 1740+60 7.1 7.3£1.3
0.35 0.36+0.1 73 75+3
3.2.2 ICP-MS B LA ahia 4 AT Ha9H %
) ) Li Sc Ge Y In Tb
Bi ,
He,
’ 33 FARIERAE
>
«C ) ; ’
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