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Speciation Analysis of Arsenic in Soil Sampies

ZHANG Jing LIU Xiao-duan™ JIANG Lin
National Research Center for Geoanalysis Beijing 100037 China

Abstract A new method for analysis of four arsenic species of As I As V  methanearsonic acid MAA and
dimethyl arsenic acid DMA in soil samples was developed. Phosphoric acid was chosen as the extractant and two
techniques of ultrasonic wave and water bath were used for extracting the arsenic species from soil samples. lon
chromatography-hydride generation-atomic fluorescence spectrometry was used for the determination of arsenic
species. The recovery of the method was 72.0% ~ 105.4% with precision of 2.61% ~8.19% RSD n =5 . The
analytical results from the study showed that the extraction efficiency by water bath was remarkably superior to that
by ultrasonic wave. And the results also showed that the main arsenic species in soils were inorganic arsenic such
as arsenate and arsenite in which As V was in abundant and no organic arsenic was detected.
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KQ -500DB Fig.1 Chromatogram of four arsenic species
40 kHz 500 W in standard solution
SA -10
- 1.2
IC - HG - AFS IC LC - 1.2.1
10ATVP 50 pL 0.1840 ¢
77251 Rheodyne Cotati CA CH,; ,AsO,H =99.0% Fluka Chemie GmbH
USA Hamilton PRP - CH -9471 Buchs USA 100 mL
- X100 250 mm x 4.1 mm 100 mL
i.d. 10 pm 100 mL 1000 mg/L
25 mmx2.3 mmi.d. 12 ~20 pum  HCI 0.3893 ¢
KBH, Q CH;AsNa,0,- 6H,0 99. 0% Chem Service
100 mL
HG - AFS 100 mL 100 mL
1000 mg/L.
SA - 10 As V 0.4160 ¢
Na,HAsO,- 7H,0 Sigma — aldrich
1 4 100 mL 100
1 mL 100 mL
1000 mg/L
1 SA-10 As I 1000 mg/L As Il
Table 1 ~ Working parameters of SA-10 speciation analyzer ¢=10% HNO,
Hamilton PRP - X100 1000 mg/L
250 mm x4.1 mm i.d. 10 um 10 me/1.
" 15 mmol/I, NH, ZH'PO4 pH 6.0 —
1 mL/min g
50 wL 100 plL 2 mL 100 mL
KBH, 15 ¢/1. 5 /L KOH 200 ng/ml.
e ‘ 4.5 ml/min | L2
HCl @ =7% 6.0 ml/min e
193.7 nm NH, ,HPO,
270V 1.9808 g 1000 ml.
100 mA
AFS 0 ¢ =10% pH 6.0
400 mL/min 0.2 um
600 ml./min 15 min
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1.2.3 2 v
H,PO, Table 2 The orthogonal experiment result of As speciation in soil
0.3 mol/L 0.6 mol/L 1.0 mol/L pH b2 3 4 5 6 7 8 9
ml/L 0.3 0.6 1.0 03 06 1.0 03 06 10
1.30 1.08  0.90 Lol 1 2 2 2 a3 s
1.3 mo 10 2 30 20 30 10 30 10 2
sl opge - - - - - - - - -
GSS =31 GSS -32 Pbasm s m
MMA pgg - - - - - - oo
GSS -33 GSS -34 AV s 381 544 699 3.88 6.16 7.20 4.80 5.10 7.35
GSS - 35 p/e 381 5.4 6,99 3.8 6.16 7.20 4.80 5.10 7.35
1.4 % 26,24 37.50 48.21 26.79 42.50 49.67 33.08 35.15 50.68
200 ng/ml. 02.55 10 © * -
20 25 mL. 50 mL 0.25 mol/L H;PO, 3
010 20 40 80 100 Table 3 The range analysis of the orthogonal experiment
ng/mL
2 A B C
I 0.373 0.287 0.37
2.1 if 0.397 0.384 0.383
0.2000 g 10 mL m 0.396 0.495 0.413
53 2oL R 0.024 0.208 0.043
1 5 mL 3 mL 3
2 mL Ry >R. >R,
2500 r/min 20 >
min 0.2 um >
2.2
H, PO,
2 H, PO, 0.3 mol/L
1.0 mol/L
]—‘9 34 1
1% 1 mol/L
2.3
2 21 H,PO, 1.0 mol/L 30 min
2
GSS -35 w 14.5+0.8 pg/'g
3
2
As V DMA 50. 68%
1.0 mol/L H,PO,
3.1
3 0.2000 ¢ 10 mL
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H, PO,
100 °C 3h 2500 r/min
20 min 0.2 pm
3.2
100 °C 3h 1 3
3
As As 1% 2
As 2
4 2
1
2 As
4

Table 4  Extracting condition of As species by water bath

14 /mL /% /%
5 60.36
1 72.21
5 11.85
10 77.63
2 83.20
5 5.57

1.0 mol/L. H,PO, 100 °C
3h 1 2 1
10 mL 2 5
mL 2 0.2 pm
3.3
GSS -
35 5
92.0% ~101.6%
As
m As 'V As I
As 'V As I
8.4% As 'V 189.6%
5 1. 0 mol/L
H,PO,
— 182 —

As I As 'V
5
Table 5 Recovery of arsenic speciation with 1.0 mol/L H,PO,
wy/ pg g
R/ %
As I - 2.50 0.21 8.4
DMA - 2.50 2.30 92.0
MMA - 2.50 2.54 101.6
As 'V 13.54 2.50 18.28 189.6
5 0.1 mol/L 10

%)

Table 6 Recovery of arsenic species extracted

with H; PO, and auxiliary agents

wy/ pg g

R/ %

1.0 mol/L Hypo, A5 I 0.43 50 221 712
oy DMA - 50 2.60  104.0
MR Vi V7 - 50 230 92.0

As 'V 12.51
As I 0.12
1.0 mol/L H;PO, DMA _
+10 g/L MMA -
As 'V 12.77

50 15.03 100.8
50 0.87 30.0
50 2.46 98.4
.50 2.34 93.6
50 16.66  155.6

S S S SIS I SIS

6
As I As V
0.1 mol/L
71.2% ~ 104.0%

3.4

1.0
mol/L. H;PO, 0.1 mol/L
GSS -35 n=
5 7 RSD

9% 5.00 pg/g

72.0% ~105.4%
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Table 7 Precision and recovery tests of the method

1

As onE e RSD/%
%
0.310.340.350.340.31 0.3 5.42
As I 3.693.603.623.353.63  3.60 4.00 %0
DMA 4.414.624.434.664.44 451 261 02
MMA 4.424.404.364.423.93  4.30 4.95 °0-0
v 11.0410.9410.92 1120 11.20 11.06 110
5.694.835.355.664.81  5.27 8.19
0 As 5.00 g/
4
GSS -31 GSS-32
GSS -33 GSS -34
1 mol/L H,PO, +0.1 mol/L
1 10 mL 2
5 mL
8 9
8
Table 8 Determination of arsenic species in
Standard Reference samples
w As / pgog 7!
/%
As T DMA MMAAs V. YAs  As
6SS31 0.76 - -  4.82 5.59 5.97:0.35 93.54
€SS32 2.75 - -  6.63 9.38 10.9x0.4 86.09
6S$33 3.51 - -  6.57 10.08 13.1£0.9 76.94
6SS34 0.33 - - 10.33 10.66 15.9+1.0 67.03
@ T As As T DMA MMA As V
As
5
1.0 mol/L H,PO, 0.1 mol/L
100 C
5
4 72.0% ~105. 4%

RSD 2.61% ~8.19%
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Table 9  Recovery of arsenic species in

Standard Reference samples

As Il DMA MMA As V

ue’s  0.76 - - 4.82
5.00 5.00 500 5.00
GSS -31 ne'e
pg/s 441 440 4.60  10.19
% 73.03  87.91 91.92 107.31
we’s | 2.75 - - 6.63
¢ 500 500 500 5.00
GSS -32 ne/e
pg/s  6.74  4.88 490 12.78
% 79.86  97.63 97.95 123.02
ug/s  3.51 - - 6.57
¢ 500 500 500 5.00
GSS -33 ne'e
ug/e  8.05  4.98 435  12.27
% 90.86 99.59 86.92 114.1
ug’s  0.33 - ~ 10.33
o 5.00 5.00 5.00 5.00
GSS - 34 ne's
ug/e  3.88  4.59  4.81  16.82
% 7105 91.71  96.12 129.71
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