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Effect of different digestion methods on the deter mination of inorganic
elementsin aquatic products by inductively coupled plasma
mass spectrometry
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ABSTRACT: Objective To investigate the effects of 3 kinds of digestion methods (high pressure
closed-vessel digestion, microwave digestion and platen heating digestion) on analysis of inorganic element in
the national standard reference material laver (GBW10023), scallop (GBW10024) and prawn (GBW10050).
Method Three kinds of national standard reference material mentioned above were digested respectively with
3 methods and were analyzed for 9 types of elements (Pb, Cd, Cr, As, Sn, Ni, Cu, Mn, and Sr) by inductively
coupled plasma mass spectrometry (ICP-MS) under its optimized model. The result was compared with the

reference value and the recovery of each element measured. Results The results suggested that the testing
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value of 3 methods brought into correspondence with standard value in certified reference material. Basically,

anyone of 3 digestion methods was valid, but the microwave digestion was the most complete method and its

digestion solution was most clarified, and it suffered minimal environmental interference, the measured value is

closer to the reference value. The recovery is also substantially between 90%~105%, which was preferable.

The laver standard material had the remaining residue both in the other 2 digestion methods. Correlative

coefficient of the calibration curves was over 0.999 by using ICP-MS determination of 9 types of elements. The

sensitivity and accuracy of ICP-MS were satisfied. Conclusion The method of microwave digestion was first

recommended to digest the aquatic product such as scallop, prawn, laver and so on.

KEY WORDS: high pressure closed-vessel digestion; microwave digestion; wet digestion; inductively

coupled plasma mass spectrometry
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Fz1 WA
Tablel Thereagentsused inthe experiment

GBW10023
GBW10050
GBW10024
27 10 mg/L Sigma
1000 mg/L Sigma
100 mg/L Sigma
10 mg/L PerkinElmer
1 ug/L PerkinElmer
>99.99%
2 ZWHTAMEENEE
Table2 Themain instrumentsfor the experiment
DRC I PerkinElmer
CEM
(Labtech)
[8,9]
; >0 mL, 2.3 ERESIR
223 BROKHR 9
0.2~0.5 g( 0.0001 g) ’ ’
[10]
5 mL 1 mL >
b b 3 ?
7] 10 mg/L 1 mg/L,
, , , 0.5 mL
, 100 C mg/L ,
30 min 2 min~5 min, mL 1 mg/L ,

25 mL

50 mL, ;

1
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Table3 The microwave digestion procedure .
Tb Ho Bi 1%
/W 10 pg/L
/C /min /min HE 5
1 800 120 10 5
2 1200 150 5 10 =5 FNTEREVEARTE
3 1600 180 5 . Table5 Therecommended mass number and internal
standard of elements
(GBW10023)

Cr 52
) SC 45

( ) Mn 55

, Ni 60
, Cu 63 Ge 73

As 75

24 {LBHIEY sr 8
(ICP-MS) Cd 111 Rh 103

4 Sn 118
Pb 208 Bi 209

#z4 ICP-MSSIESH
Table4 Theinstrument parametersof ICP-MS

(RF) 1500 W
15.00 L/min
0.92 L/min
1.2 L/min

Ryton

2 mL/min

20 rpm
1 min
6.0V
1000 V
-1800 V

3
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*6 3MAENBNICP-MSMERESSEME(N=7)
Table6 Three methods of scallop by icp-ms deter mination value and reference valug(n=7)

X RSD X RSD X RSD
Pb 0.16 0.29 0.22 2.6 0.15 0.2 (0.12) / 10
Cd 1.18 1.86 1.24 2.15 1.12 1.16 1.06 0.1 107
Cr 0.33 5.80 0.36 8.32 0.31 2.15 0.28 0.07 10°
As 4.0 3.64 4.62 6.26 4.1 2.79 3.6 0.6 10°
Sn 0.15 0.52 0.11 4.01 0.12 0.41 (0.13) / 10°
Ni 0.35 1.92 0.41 2.79 0.33 0.14 0.29 0.08 10°
Cu 1.42 3.12 1.61 2.63 1.39 2.52 1.34 0.18 10°
Mn 20.1 5.56 20.9 7.87 19.6 0.32 19.2 1.2 10
Sr 6.21 1.03 6.82 4.13 6.6 1.80 6.5 0.4 10°

®7 3MAEMKE ICP-MSHMEESSEME(N=7)
Table7 Three methods of prawn icp-ms deter mination value and reference value (n=7)

X RSD X RSD X RSD
Pb 0.22 0.25 0.29 2.19 0.23 1.18 0.20 0.05 10°
Cd 0.038 0.36 0.041 1.44 0.039 1.90 0.039 0.002 10°
Cr 0.40 3.1 0.45 1.22 0.36 0.9 0.35 0.11 10
As 2.8 1.2 2.88 2.11 2.65 1.8 (2.5) / 10°
Sn 0.027 2.09 0.025 0.36 0.023 0.65 (0.024) / 10°
Ni 0.23 0.22 0.26 2.94 0.24 1.2 (0.23) / 10
Cu 10.5 1.8 11.2 7.74 10.8 1.93 10.3 0.7 10°
Mn 9.0 1.16 9.3 42 9.1 1.51 8.9 0.3 10°

Sr 21 0.62 22 1.29 20 0.65 20 2 10°
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*8 3MAEMNEKIEICP-MSMERESSEME(N=7)
Table8 Three methods of laver by |CP-M S deter mination value and reference value(n=7)

( )
X RSD X RSD X RSD
Pb 2.12 0.39 232 1.03 2.1 0.41 2.05 0.15 10
cd 0.58 5.62 0.61 5.21 0.60 4.15 0.57 0.05 10°
Cr 2.62 45 2.66 2.36 2.6 0.95 2.4 0.4 10
As 30.1 1.75 349 243 283 0.82 27 6 10
Sn 0.16 0.82 0.15 1.21 0.18 1.12 (0.2) / 10
Ni 2.41 2.1 2.95 5.65 2.41 3.23 225 0.18 10
Cu 13.2 4.12 15.2 8.15 13.0 3.1 12.2 1.1 10
Mn 69.1 0.3 73.2 3.6 68.5 0.16 68 3 10
Sr 23.7 1.2 21.9 5.25 225 0.45 24 2 10
3
b 9 10 b
8 R s 90%~105% s
, (As) 105%, 10%,
13l 9 Cu Mn R s
Cd ,
100r A A
27 =R R 3
32 EfESBER 90| 0 AT
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3 3 <\[[ if"
« 25
85.2%~112.3% 1 , m o 40) s
'
- k<l
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20| %!
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14 10 :fﬁ
. 85% U o L= N 55 N\ I i .
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60%, <90% >105% ELSAEL
9 b 1 3
> Fig. 1 The recovery interval distribution of 3 kinds of

[11] digestion methods
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R 9 FRERS ST BRNAR R EE K L5 R (n=3)
Table9 Therecovery experiment results of national standard reference material (n=3)
Pb 102.6 99.1 98.2 107.5 100.2 99.6 100.8 99.2 102.7
Cd 99.5 102.3 100.5 96.2 101.5 98.5 97.2 105.8 103.5
Cr 88.6 95.3 87.3 85.2 953 105.3 95.6 94.1 102.3
As 108.2 108.6 104.9 105.1 89.8 107.6 104.9 92.5 108.9
Sn 103.9 92.6 98.3 95.1 99.6 94.5 96.3 95.6 104.5
Ni 100.3 95.8 97.8 102.3 93.1 95.8 102.5 91.3 99.8
Cu 102.5 103.2 110.6 105.9 105.4 112.3 93.5 99.1 109.7
Mn 99.5 94.3 101.0 100.6 91.3 105.6 105.3 98.7 94.1
Sr 104.6 100.6 99.5 99.3 94.5 102.9 101.8 102.3 97.9
10 RN KEREYSEFRAE G IR B R E 45 2R (n=3)
Table 10 Therecovery experiment results of actual scallop and prawn
RSD RSD RSD RSD RSD RSD
Pb 102.5 0.2 98.9 2.1 107.5 1.9 101.8 3.9 101.6 0.2 98.7 3.1
Cd 99.6 3.2 92.5 1.6 103.3 2.6 953 4.1 99.1 32 99.2 0.8
Cr 90.1 8.5 89.3 5.6 105.8 8.3 110.6 9.8 102.6 4.5 103.5 3.9
As 106.9 4.3 104.9 8.6 109.5 10.2 108.9 11.3 106.5 5.1 106.2 4.3
Sn 95.5 6.2 95.8 1.7 100.5 4.2 105.5 2.6 95.3 2.1 95.8 0.6
Ni 98.5 0.9 101.8 3.6 91.6 8.6 88.9 5.9 92.3 2.9 99.7 2.6
Cu 105.6 2.3 96.7 4.6 105.2 5.5 106.5 23 99.5 0.9 98.9 1.1
Mn 92.5 1.6 98.5 0.9 99.9 5.6 95.8 5.1 102.4 1.1 101.3 1.1
Sr 103.9 3.1 95.2 1.1 105.6 4.9 106.5 6.3 100.5 1.2 97.5 2.3
4 & SE 3w
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