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(GBW08517), 1 mL 11, v 25.0 mL
HNO; H,0, ( , , R
), N9300233 (10 mg/L, , ,
PerkinElmer ), (1 000 mg/L,
), 1.3.3
( 18.2 MQ-cm) 0.200 ¢ ,
1.2 ’fng’-%b’té’ 5.0 mL HNO; 1.0 mL H;0,,
Optima 7300 DV ’ I ’
( PerkinElmer ), SpeedWave MWS-4 ’ 40°C ’ ’
( Berghof ), EG35A plus 5.0 mL ’
( ), TM-0912P 34 ’ ’
( ),
DHG-9053A (
). Milli-Q Direct 8 ( x 1 HRERIER
Millipore ), BS110 ( Sartorius Tab.1 Conditions for microwave digestion of samples
) (C) . .
1.3 7‘5_/2 (MPa) (min) (min) (%)
140 5.0 5 5 90
1.3.1 180 5.0 5 20 90
0.200 g 100 mL 50 0 1 10 0
550C 6h 1 mL 1.3.4
(L1, Vv 25.0 mL )
5 5 3 >
1.3.2
0.200 ¢ 100 mL 2
, 5 mL HNO; 1 mL H,0,, 1.3.5
, , (160 £20)C
R 240°C s 3
F 212 FREFD TR ER K
Tab.2 Analytical wavelength of 12 elements
Se Fe Mn Zn Ca Mg
(nm) 196.026 259.939 257.610 213.857 317.933 279.077
P As Cd Cr Cu Pb
(nm) 213.617 188.979 226.502 267.716 324.752 220.353
% 3 ICP-OES MEWITIESY
Tab.3 Operating parameters of the ICP-OES
RF ( )
(kW) (MPa) (L/min) (L/min) (L/min) (mL/min) (s) (s) ()
1.3 95.0 15.0 0.2 0.8 1.5 20 5 3
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1.3.6 ,
ICP-OES : ,
( 3,
( 2), ICP-OES
( ) ,
, 4
F 4 ERXEHEAFENEELRL

Tab.4 Linear regression equation and correlated coeffi-
cient of each element

HNO; HCI HF H,O0, ),

>

R (
Se A=1209C-5.5 0.999866 s >
Fe A=49090C-350.7 0.999460 , ,
Mn A=395800C-116.8 0.999989 , ,
Zn A=23940C+69.4 0.999537
Ca A=96920C-8801.0 0.999386
Mg A=174500C-4857.7 0.999608 ,
P A=1849C-12.8 0.999999 '
As A=1271C-4.4 0.999893 ’
Cd A=25930C+91.5 0.999456 2123
Cr A=64030C+196.5 0.999921 3 ’
Cu A=90680C+108.1 0.999974 (6
Pb A=6527C-42.6 0.999639
F 6 3 MIHMAENNRSILE
Tab.6 The comparision of advantages and disadvan-
1.3.7 tages between dry, wet and microwave digestions
12 R , 3
, 5 (mL) 1~2 5~6 5~6
0.0003~0.0215 mg/L (h) 4~6 6~8 1~2
&5 12 MITRERAK T R(me/L) () 10~20 =10 12
Tab.5 Detection limits of the elements (mg/L) (kW) 10~16 1620 et
Se Fe Mn Zn Ca Mg
0.0215 0.0024 0.0003 0.0015 0.0123 0.0015
P As Cd Cr Cu Pb
0.0207 0.0118 0.0012 0.0015 0.0015 0.0059
6 )
1.3.8 ,
) [18-20]
’ 12 ( ) (As
2 EREH He ) .

2.1 3FH M B E AR 5 IR
2.1.1 ’

B
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, 3 ,
, 3
, , , RSD 0.29%~2.63% ,
s , , s Fe As
, Pb ,
[22—23]’ (AS Hg ) , ,
R R 3.91%, ; Se As
Cr , RSD
, , , 0.99%~4.49% , ,
[22-23]; , ’ : ’
(As Hg ) ; 12 )
, 2.1.4
, 3
, 8 8 ,
, ( ) 73.4%~104.6%,
78.1%~103.8%,
2.1.3 87.3%~103.6%
(GBW08517),
5 ,
13.1, 1.3.2, 1.3.3 , '
, 6
, ’ RSD | 2.2 EFRAESRE
7 , RSD
0.87%~3.91% , RSD 0.99%~ 3 ,  ICP-OES
4.49% , RSD 0.29%~2.63% Se Fe Mn Zn Ca Mg P As Cd Cr
.3 Cu Pbl2 9

R T FREIEBAZNETIRENRNESE R (ng/g) (n=6)

Tab.7 The determination results of Laminaria Japonica Aresch with different pretreatment methods(pg/g) (n = 6)

>

Se Fe Mn Zn Ca Mg
RSD RSD RSD RSD RSD RSD
0.060 1.06  210.5 1.12 40.55 1.20 27.84 1.12 22795 0.87 10880  1.11
0.074  2.53 211.3 0.99 41.03 1.43 27.54 1.01 22800 1.16 10890  1.25
0.063 0.78 216.9 0.91 41.49 0.71 27.89 0.68 22790 0.92 10910 1.13
0.062£0.009 215£19 42.1£2.3 27.9£0.9 22800+12 1090048
P As Cd Cr Cu Pb
RSD RSD RSD RSD RSD RSD
4599 1.45 8.16 3.91 1.056 1.76 0.700 2.99 4.732 1.24 1.260 3.45
4600 1.88 10.37 2.27 1.036 1.06 0.719 4.49 4.786 1.65 1.298 3.80
4601 0.77 12.90 0.46 1.068 0.30 0.639 2.63 4.897 0.35 1.302 0.29
4600£2 13.9+2.4 1.1440.11 0.63+0.08 5.01+0.32 1.4140.12
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£ 8 REMBAZHIFERE (n=3)

Tab.8 The recovery rate of different pretreatment methods (n = 3)

(ng/g) (ng/g) (%)
(ng/g)

Se 0.948 1.049 1.123 2.0 2.698 2.823 2.908 87.5 88.7 89.3
Fe 2553 263.9 265.6 300 530.3 537.0 540.2 91.7 91.0 91.5
Mn 20.67 20.55 21.80 50 64.5 66.1 67.9 87.7 91.1 92.2
Zn 49.41 50.34 49.86 50 100.6 95.2 95.3 102.4 89.7 90.9
Ca 12800 12320 12110 10000 22900 22480 22000 101.0 101.6 989
Mg 8846 8836 8838 10000 18025 18140 18128 91.8 93.0 92.9
P 2379 2373 2371 2000 4089 4066 4166 85.5 84.7 89.8
As 6.860 13.09 17.81 10 14.2 20.9 26.9 73.4 78.1 90.9
cd 1.142 1.130 1.156 2.0 2.852 2.772 2.901 85.5 82.1 87.3
Cr 0.881 0.874 0.890 2.0 2.669 2.950 2.962 89.4 103.8  103.6
Cu 4.509 2.509 2.426 2.0 6.600 4.286 4.232 104.6 88.9 90.3
Pb 1.422 1.506 1.532 2.0 3.062 3.188 3.390 82.0 84.1 92.9

x9 BHEHERAREMBAZHNELER (TRE, ng/g) (n=3)

Tab.9 The content of elements in Thallus laminariae with different pretreatment methods (dry weight, pg/g) (n=3)

Se Fe Mn Zn Ca Mg
0.948 255.3 20.67 49.41 12800 8846
1.049 263.9 20.55 50.34 12320 8836
1.123 265.6 21.80 49.86 12110 8838
P As Cd Cr Cu Pb
2369 6.860 1.142 0.881 4.509 1.422
2373 13.09 1.130 0.874 2.509 1.506
2371 17.81 1.156 0.890 2.426 1.532
9 , , Fe Ca As Cu 4
As R R
, As ,
s 3 s
S As S 0.87%~3.91%, 0.99%~4.49%, 0.29%~2.63%,
s As 73.4%~104.6%, 78.1%~103.8%, 87.3%~
9 5 Ca Cu 103.6% 5
Fe Ca Cu R S
3 i
3
s ICP-OES [1] R . [J1.
12 s , 1995, 11(5): 23-24.
> , [2] . [M].
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Comparison of three pretreatment methods for the determina-
tion of 12 elements in Thallus laminariae by ICP-OES

SUN Ling-ling, SONG Jin-ming, LIN Qiang, YU Ying
(Analytical Center of Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)
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Abstract: Three sample pretreatment methods, including dry ashing, wet and microwave digestion, had been com-
pared in determination of 12 elements (Se, Fe, Mn, Zn, Ca, Mg, P, As, Cd, Cr, Cu and Pb) in Thallus Laminariae by
inductively coupled with plasma-optical emission spectrometry (ICP-OES). The results indicated that different di-
gestion methods had some influences on the results of the determined elements. Dry ashing had obvious negative
deviation on the volatile elements, such as As. Because adding more digestion reagents, wet digestion had larger
reagent blank for low content trace elements. Compared to dry ashing and wet digestion, microwave digestion was a
rapid and efficient method for sample decomposition, offering more significant advantages, such as more con-
venient, less acid consuming and good precision, accuracy and recovery rate. The relative standard deviations of
determination for trace elements by ICP-OES after microwave digestion were between 0.29%~2.63% and the
recovery rates were in the range of 87.3%~103.6%. Microwave digestion was proved to be suitable for pretreating

Thallus Laminariae as well as other marine biological samples.
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