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1.2 MEHEE :
Optima 7300 DV 3
( PerkinElmer ); SpeedWave MWS- 2 %% _l;j :ﬁ-‘%\l

4 ( Berghof ); Milli-Q Direct8
( Millipore  ); BSI10 2.1 AR R KRG LE
( Sartorius ) ICP-AES
1.3 ME7F & 2~3
0.500 g ( ) ’ ’
, 6.0 mL HNO; 1.0 mL H,0,, 3
, ’ 2.2 A SR MR A PR 8 Ak
40°C , , HNO; HClI HF H,SO, H;PO, H,0,
25.0 mL , 3~4 ,
> ) ) , , HNO;
(sl H,0,
¢ b, NO,
R ICP-AES , , [16].
) 2, HNO;-H,0,
% 1 ICP-AES MEMIIESH
Tab.1 Operating parameters of the ICP-AES
RF
(kW) (MPa) (L/min) (L/min) (L/min) (mL/min) (s)
1.3 95.0 15.0 0.2 0.8 1.5 20
* 2 nENEREHEZNERAEREXRK , HNO; H,0,
Tab.2 Linear regression equation of different elements
and their correlation coefficients
R , Lis(3%) ,
Se A=2426C-24.7 0.999 781 ( 5)
Fe A=229900C-3153.7 0.999 503 )
Mn A=596700C-1932.4 0.999 971 3 , 6
Zn 4=123200C-411.8 0.999 712 SPSS (18]
Ca A=207400C-2660.9 0.999 818 7 7 R R Se Mn Zn
Mg A=22410C-428.5 0.999 626 Ca Mg Cr As ,
Sr A=182700C+1405.2 0.999 993 HNO, H,0,
As A=1908C-11.4 0.999 931 ’ 4 B C D: Cu ’
Cd A=94170C+383.7 0.999 885 H,0, HNO,
Cr A=86430C+417.1 0.999 945
Cu A=258900C-567.6 0.999 974 ’ B 4 D G Fe
Pb A=12210C-51.9 0.999 967 Sr ’
Ni A=61090C+288.2 0.999 860 HNO; H;0, ’
A B D C
R R A3B3C,Ds, HNO;
, 17l 6.0mL H,0, 1.0 mL
4 170°C 20 min
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®3 13 MHRMNERK
Tab.3 Analytical wavelength of 13 elements
Se Fe Mn Zn Ca Mg Sr
(nm) 196.026 259.939 257.610 213.857 317.933 279.077 407.771
As Cd Cr Cu Pb Ni
(nm) 188.979 226.502 267.716 324.752 220.353 231.604
x4 WKHEBRER
Tab.4 Process of microwave digestion for samples
(C) (MPa) (min) (min) (%)
140 5.0 5 5 90
5.0 90
50 0 1 10 0
x5 WMEHBREXKKAZRSKTE
Tab.5 Factors and levels used in orthogonal array design
A HNO; (mL) B H,0, (mL) C (C) D (min)
1 4.0 0.6 160 10
2 5.0 0.8 170 15
6.0 1.0 180 20
® 6 WKHBREXREARMIBER@0=23)
Tab.6 The orthogonal array design and experimental results (n = 3)
(ng/g)
A B C D Se Fe Mn Zn Ca Mg Sr As Cd Cr Cu Pb Ni
1 1 1 1 1 0.613 8259 0.102 4.256 166.8 94.59 1.007 0.360 ND 0.011 1.145 ND ND
2 1 2 2 2 0965 9300 0.120 7.219 205.8 102.1 1.087 0.405 ND 0.048 1957 ND ND
3 1 3 3 3 0950 9.331 0.132 6941 188.1 105.8 1.181 0.532 ND 0.098 1.638 ND ND
4 2 1 2 3 0743 7.629 0.223 4913 173.0 97.56 1.061 0.506 ND 0.032 1400 ND ND
5 2 2 3 1 0.824 8.072 0.203 5481 185.0 101.6 1.208 0.585 ND 0.058 1.848 ND ND
6 2 3 1 2 0.898 8470 0.294 4.775 1855 1042 1.279 0.684 ND 0.087 1.520 ND ND
7 31 3 2 1.074 9402 0.211 6.252 189.3 107.2 1.225 0.600 ND 0.131 1.866 ND ND
8 32 1 3 1.169 9.614 0.301 7.362 205.7 111.6 1.353 0.686 ND 0.105 2.514 ND ND
9 3 3 2 1 1350 9.820 0.337 8360 230.6 123.1 1599 0.721 ND 0.163 2.012 ND ND
ND:
Mn s
, 8 )
, 9 13 s 10
R P 9 10 R
9 , A (HNO; ) Mn Mg Ca R Se
As (P 0.01), 4 (HNO; ) B Zn Fe Mn Sr Cu ,
(H,0, ) (P 0.05), s
C( ) D ) Mn (o] ,
, , A As Cd Cr Pb
B C D, HNO; H,0,
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Tab. 8 Results of variance analysis for Mn experimental results of orthogonal array design
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F P
0.057* 6 0.010 118.779 0.008
0.411 1 0.411 5114.701 0.000**
A 0.044 2 0.022 273.598 0.004**
B 0.009 2 0.004 54.353 0.018*
C 0.005 2 0.002 28.386 0.034*
D( ) 0.000 2 8.033E-5
0.468 9
0.057 8
ST R2=0.997( R*=10.989); *P < 0.05, ;**¥P <0.01,
*9 10 MTREXRBRERFENTX
Tab.9 P values of 10 elements in variance analysis
P Se Mn Zn Ca Mg Sr As Cr Cu
A 0.014 0.011 0.004 0.031 0.037 0.018 0.023 0.006 0.019 0.012
B 0.035 0.042 0.018 0.049 0.041 0.031 0.033 0.015 0.040 0.012
C 0.136 0.034 0.080 0.082 0.186 0.231 0.167
D 0.195 0.235 0.127
* 10 BFEYHERT 13 MTRERIE BERE, pg/s) (n=3)
Tab.10 Concentrations of 13 elements in different organism samples (fresh, pg/g) (n = 3)
Se Fe Mn Zn Ca Mg Sr As Cd Cr Cu Pb Ni
1.734 14.69 0.509 9.385 280.6 175.7 4.777 0.783 ND 0.205 2.862 ND ND
1.612 3944 2886 4.573 2755 1079 12.02 0.450 ND 0.088 1.120 0.805 ND
1.616 4.010 0.359 1.593 7412 197.5 2.824 ND ND 0.088 2.010 0.405 ND
1.498 2.006 0.607 21.82 189.9 410.8 2.773 0.150 0.432 0.063 1.766 ND 0.118
1.294 1145 4592 130.2 272.6 3798 2902 ND 0953 0.135 12.29 0.684 0.062
1.205 3.273 3.105 11.14 5757 3330 2.800 ND 0480 0278 1443 ND 0.088
1.266 4953 1437 9.611 1690 530.0 37.54 ND 0.082 0.040 5981 ND 0.050
1.676 8.644 5496 7.387 4985 1667 50.04 ND 0.801 0.132 6.597 0.530 0.115
:ND
GB 2762-2012 , (221 pp
[20] 8 ’ ’
10 , [23]
As s Cd ,
Pb ® 11 EBERATSLYRE
( 11 As , Tab.11 Maximum limits for contaminants in sea foods
, , (mg/kg)
, Cd Cr Pb As
21 g4 0.1 2.0 0.5 0.1
2.0 2.0 1.0 0.5
’ 0.5 2.0 0.5 0.5
30 /2014 / 38 / 8
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5 > 5 R 2.3.2
23 FIEHERE ( )
2.3.1 6 RSD -,
12 , 3 12 R RSD
, 13 0.30%~2.55%,
0.0010~0.0468 ng/g
F 12 ESRnREMRERE
Tab.12 Relative standard deviations of the elements
Se Fe Mn Zn Ca Mg Sr As Cd Cr Cu Pb Ni
RSD (%) 0.79 0.85 0.30 1.00 0.89 0.32 0.94 1.19 1.59 1.48 0.34 2.55 1.02
13 SZSTERUR. BEREXNRERE
Tab.3 Detection limits, recoveries and RSD of the method
(ng/g) (ng/g) (%) (ng/g)
Se 1.0 2.0 4.0 1.03 1.88 3.93 103.0 94.0 98.3 0.0457
Fe 1.0 2.0 4.0 1.01 1.99 4.19 101.0 99.5 104.8 0.0036
Mn 1.0 2.0 4.0 0.98 1.92 3.87 98.0 96.0 96.8 0.0018
Zn 1.0 2.0 4.0 0.95 1.87 3.91 95.0 93.5 97.8 0.0012
Ca 20 40 60 18.6 41.1 57.9 93.0 102.8 96.5 0.0011
Mg 20 40 60 20.7 38.3 58.7 103.5 95.8 97.8 0.0010
Sr 1.0 2.0 4.0 0.94 2.07 3.80 94.0 103.5 95.0 0.0026
As 1.0 2.0 4.0 0.92 1.89 3.81 92.0 94.5 95.3 0.0410
Cd 1.0 2.0 4.0 0.94 1.91 3.76 94.0 95.5 94.0 0.0044
Cr 1.0 2.0 4.0 0.93 2.03 4.11 93.0 101.5 102.8 0.0101
Cu 1.0 2.0 4.0 0.95 1.93 3.85 95.0 96.5 96.3 0.0020
Pb 1.0 2.0 4.0 0.94 1.96 3.85 94.0 98.0 96.3 0.0468
Ni 1.0 2.0 4.0 0.92 1.88 3.90 92.0 94.0 97.5 0.0013
2.3.3 92.0%~104.8%, 0.0010~
5 0.0468 pg/L
5 3 5 8 Ca Mg
3 S s 92.0%~ s Se Zn Fe Mn Sr Cu
104.8%, 13 s
. As Cd Cr Pb ,
3 £ i
s ICP-AES 8 -ICP-AES
13 s
13 : :
HNO3 6.0 mL H202
1.0 mL 170°C
20 min 13
0.999, 0.30%~2.55%, [1] s s ICP-MS
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Optimization of microwave digestion conditions for 13 elem-

ents in marine organisms by ICP-AES
SUN Ling-ling, SONG Jin-ming, LIN Qiang, SUN Xuan, YU Ying

(Analytical and Measurement Research Center of Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China)

Received: Aug., 18,2013
Key words: Condition optimization; Microwave digestion; ICP-AES; Determination

Abstract: Herein, thirteen elements including Se, Fe, Mn, Zn, Ca, Mg, Sr, As, Cd, Cr, Cu, Pb and Ni in eight kinds
of marine organisms were determined by using microwave digestion technique, and applying Inductively Coupled
Plasma-Atomic Emission Spectroscopy (ICP-AES). The conditions of microwave digestion were optimized through
orthogonal experiment design. The optimum conditions were as follows: the volume ratio of HNO;-H,0, © 6 © 1,
digestion temperature: 170 ‘C, and digestion time: 20 min. The correlation coefficients of linear regression
equation for all elements were above 0.999. The recovery rate of the method was in the range of 92.0%~104.8%,
and the relative standard deviations were between 0.30% and 2.55%. The detection limit of the method ranged from
0.0010 pg/g to 0.0468 pg/g. The results indicated that the optimized method was convent, sensitivity, accurate and
precision, and also can be used for simultaneous multi-element detection. It was suitable for determination of these

elements in marine organisms, and also provided scientific foundation for evaluation of safety of seafood.
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