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ICP-AES : Varian VistalPRO  ICP-AES( CCD ICP-AES) . .
14 .
ICP-MS Agilent 7700X RF 1550 W 2 C 8.0 mm
0.95 Lemin ' 15 Lemin ' 0.10 Lemin ' 5
1.0s 0.1 remin ™'
1.2
(65%) . (40%) . ( ); (Cd-Pb.Ag.U.TI Mo
10 mgeL™' ). : (18.2 MQe*cm ).
MESS-3.
1.3
1.3.1
’ 15
(Si0,)

6HF + Si0,—H,SiF, +2H,0

3HF + H,BO,—HBF,0H +2H,0
HF + HBF,OH—HBF, + H,0

5% ICP 0
B _ 17
1.3.2
ICPAES:  USGS G2 GSR-1.GSR-2.GSR-3.GSR4.GSR-5.GSD-12
: Al\Fe.K.Mg.Na. Ca.Ti.P.Ba\Mn. V. Sr.Zn. Cu. Cr.Ni
Co.
ICP-MS: 0.5.25.50.75.100 pgeL"'
:Pb.U.Mo.TI.Cd Ag.
1.3.3
0.1500 g 100 mL 6 mL 1.5 mL
15 min. 8 mL 5%
10 min.
200
110 C ;
1.4
(23°04°36" N 113°28° E)
1. 30 em 20 em 10 cm 3 ecm
7
2
2.1
4 5

ICP-AES  ICP-MS . 5 N
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Fig.1 Location of sampling sites in the Pearl River

1 MESS-3  ICP-AES
Table 1 Results of determination and spiked recoveries of standard material MESS-3 by ICP-AES
/ RSD/
1 2 3 4 5 % %
Al mgeg ™! 88.1 94.0 90.0 87.6 85.5 89.1 85.9 103.7 3.6
Fe 43.2 46.0 42.7 42.5 41.3 43.2 43.4 99.5 4.0
K 29.0 30.9 30.1 28.5 28.0 29.3 26.0" 112.7 4.1
Mg 18.4 19.5 18.9 18.4 17.8 18.6 16.0" 116.2 3.3
Na 15.9 17.2 16.4 15.9 15.4 16.2 16.0" 101.1 4.0
Ca 14.7 15.7 14.7 14.5 14.3 14.8 14.7 100.5 3.6
Ti 4.0 4.4 4.2 4.2 4.0 4.1 4.4 93.9 3.5
P 1.2 1.2 1.2 1.2 1.2 1.2 1.2° 100.0 2.8
Ba peeg ! 976.0 1042.6 1012.3 986. 4 959.8 995.4 — — 3.3
Mn 311.4 334.1 336.7 315.6 315.5 322.7 324 99.6 3.7
A% 246.7 262.7 243.1 246.0 237.6 247.2 243 101.7 3.8
Sr 136.2 145.1 136.4 133.0 133.3 136.8 129 106.0 3.6
Zn 156.9 166.2 162. 1 157.8 156.1 159.8 159 100.5 2.6
Cu 32.4 34.9 34.0 32.4 31.9 33.1 33.9 97.7 3.8
Cr 95.4 103.0 100.5 96.6 93.8 97.8 105 93.2 3.9
Ni 42.6 51.5 54.0 47.9 44.5 48.1 46.9 102.5 9.8
Co 15.3 14.9 16.5 15.7 15.4 15.6 14.4 108. 1 4.0
- ( MESS -3 ).
2 MESS-3  ICP-MS
Table 2 Results of determination and spiked recoveries of standard material MESS-3 by 1CP-MS
/(pgg™') RSD
1 2 3 4 5 1% 1%
Pb 19.28 20.11 20.09 19.84 19.22 19.71 21.1 93.4 2.2
U 3.35 3.56 3.70 3.62 3.53 3.55 4" 88.8 3.7
Mo 2.87 2.76 2.92 2.71 2.74 2.80 2.78 100.6 3.2
Tl 0.84 0.81 0.97 0.94 0.86 0.88 0.90 97.8 7.7
cd 0.25 0.26 0.25 0.24 0.24 0.25 0.24 103.8 3.3
Ag 0.20 0.21 0.20 0.20 0.18 0.20 0.18 111.1 6.0
L ( MESS-3 ).

1 Al.Fe.K.Mg.Na.Ca.Ti.P.Ba-Mn.V.Sr.Zn.Cu.Cr.Ni  Co
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93.2%—116.2% . Ni (9.82%)
2.6%—4.1% . 2 Pb.U.Mo.TI.Cd Ag 88.8%—111.1%
2.2%—7.7% . ICP-MS As  Se .
MESS-3 AP ClY
“YAr7ClT PAst TSe” (As 190% Se
1000%) . JICP-MS As.Se Co
1
1 2 JICP-AES ICP-MS 23
2.2
7 23 2.
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Fig.2 Metal concentrations in sediments at different depths
Al.Fe.K.Mg.Na.Ca.Ti P . 105. 6—126. 7.53. 0—61. 0.23. 7—26. 3.
6.9—7.6.3.2—4.7.4.9—7.3.5.1—5.6  2.1—2.6 mg*g ™ '; Ba.Mn.V.Sr.Zn.Cu.Cr.Ni.Co.Pb.
U.Mo- TI. Cd Ag 0 551.3—633.4.624. 7—796. 92.112. 6—135.7.77. 1—87. 0.

923.2—1451.3.393. 3—758.0.175. 7—232. 0.87. 6—114. 1.19. 5—26. 2.173. 9—220. 1.8. 3—10. 7.
6.0—14.6.1.2—1.5.2.4—3.9  1.0—2.6 pg-g~'.
Cheung " Cd.Cr.Cu-Ni.Pb  Zn
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7.2—7.8.23.8—59.7.49.3—69.0.42. 1—65. 1.167. 7—264.2  267.7—426.0 pgeg '.Niu "

Cd. Cr. Cu.Pb Zn 1.15.50. 7.
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Fig.3 Comparison of heavy metal concentrations

Cai ™ Cd.Cu.Pb  Zn
0.54.396.57 1213 pgeg”’ 1.74.357.134 1190 pgeg '.Dai *°
Cd~Cr.Ni.Pb.Cu Zn 7.0—
13.0.45.8—78.4.49.3—95.5.57.5—109.3.131.2—394.5  783.4—3096.3 pg*g . »
( ) Cu.Zn.Pb.Cd.Cr Ni
289.43.723.62.145.75.3.48.105.54  86.92 pgeg .
. 3 Cu.
/n.Pb  Cr . 1 2 km.
107 km’ 80.6
45—50 20 2006

20 cm N

2.3
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(1) 7 (1):
I, =log, C,/(KxB,) (1
C, n B, K
( 1.5) N
A, =5 6 4<I,, <
5 5 31, <4 4 2<l,, <3 3
<l <2 2 0<1,,, <1 1 i1y, <0 0
3% 3 Cd Ag
5 Cd Ag Cd;
Cu Zn 3—4 4 ;
Pb Mo 3 ;CruNi U 1—2
2 U :Co V. Tl  Fe
1 ; AI.Mn.Ba.K.Mg.Sr.Ca Na 0
Cd>Ag>Cu>Zn>Pb>Mo>Cr>Ni>U>Co >
V > Tl > Fe.
3
Table 3  Index of geoaccumulation ( /,,,) in sediments at different depths
/em /
0—3 3—6 6—9 9—12 12—15 15—18 18—21 (ngg™)
Cd 4.03 4.35 4.30 4.49 4.73 4.57 4.49 0.098
Ag 3.75 3.87 4.12 4.32 5.12 3.87 4.12 0.05
Cu 3.77 4.34 3.98 3.93 3.39 3.46 3.73 25
/n 3.29 3.77 3.25 3.47 3.13 3.12 3.18 71
Pb 2.54 2.88 2.66 2.87 2.56 2.73 2.71 20
Mo 2.00 2.74 2.29 2.15 1.42 2.15 2.00 1.5
Cr 1.75 2.14 1.99 1.91 1.89 1.86 1.90 35
Ni 1.55 1.93 1.83 1.71 1.65 1.74 1.71 20
U 1.35 1.10 1.25 1.21 1.03 1.02 0.98 2.8
Co 0.42 0.79 0.62 0.49 0.42 0.49 0.55 10
0.33 0.54 0.53 0.44 0.60 0.53 0.52 60
Tl -0.03 0.32 0.32 0.42 0.32 0.32 0.32 0.75
Fe 0.01 0.22 0.14 0.09 0.14 0.12 0.10 35000
Al -0.19 0.04 0.07 -0.03 0.01 -0.04 -0.04 80400
Mn -0.53 -0.22 -0.33 -0.29 -0.18 -0.24 -0.26 600
Ba -0.58 -0.38 -0.46 -0.56 -0.56 -0.56 -0.48 550.00
K -0.81 -0.68 -0.69 -0.83 -0.76 -0.77 -0.95 28000
Mg -1.53 -1.39 -1.47 -1.53 -1.39 -1.43 -1.43 13300
Sr -2.71 -2.59 -2.68 -2.75 -2.73 -2.73 -2.7 350
Ca -3.20 -2.62 -2.79 -2.77 -2.91 -2.88 -2.84 30000
Na -3.21 -3.27 -3.59 -3.81 -3.76 -3.76 -3.81 28900
3
- - N ICPAES  ICP-MS

23 ( Al.Fe.K.Mg.Na.Ca.Ti.P.BaMn.V.Sr.Zn.Cu.Cr.Ni.Co.Pb.U. Mo+
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MESS-3 N
Zn.Cu.Pb
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Cd Ag Cu Zn Cd >Ag>Cu>Zn>

Pb>Mo>Cr>Ni>U>Co>V >Tl>Fe.
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Research and application of microwave assisted digestion procedure for
the determination of 23 elements in sediments by ICP-AES/ICP-MS

LIU Zhuli' > LI Jie'? YANG Yongqiang"" CHEN Fanrong' WU Shijun'

(1. Key laboratory of Mineralogy and Metallogeny Guangzhou Institute of Geochemistry Chinese Academy of Sciences

Guangzhou 510640 China; 2. University of Chinese Academy of Sciences Beijing 100049 China)

ABSTRACT

Closed +vessel microwave digestion of sediments assisted by HNO, + HF + H,BO, were used to determine
the recoveries of 23 elements using ICP-AES and ICP-MS including Al Fe K Mg Na Ca Ti P Ba
Mn V Sr Zn Cu Cr Ni Co Pb U Mo Tl Cd and Ag. The elements loss and contamination were
commendably decreased using this method without any evaporation centrifugation or/and filtration.
Furthermore the accuracy of the experiments was also improved perfectly. A certified reference material
( MESS-3) was digested using this method and determined using ICP-AES and ICP-MS. Calculated recoveries
and repeatabilities confirmed the good performance of the procedures adopted. This method was then applied to
sediment core samples obtained from the Guangzhou section of the Pearl River. The concentrations of Zn Cu
Pb and Cr were much higher than those previous studies reported in the same region and were close to the
contents of these metals in municipal sewage sludge. Therefore it can be concluded that the main source of
these heavy metals is probably from municipal sewage sludge. Geo-accumulation index (/,,) was used to
assess the pollution degree of heavy metals. The results indicated that Cd and Ag had the highest /., values
followed by Cu and Zn and the pollution degree of heavy metals was in the order of Cd > Ag > Cu >Zn >Pb >
Mo >Cr>Ni>U>Co>V >Tl>Fe.

Keywords: microwave digestion ICP-AES ICP-MS Guangzhou section of the Pearl River index of

geoaccumulation.



