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Abstract: Arsenic concentration species and bicarbonate concentration on arsenic uptake were investigated to e—
valuate the feasibility of arsenic removal from high arsenic groundwater using hyperaccumulator Pteris vittata L. by
hydroponic experiments. As( I1I) or As( V) solutions at concentrations between 0. 1 and 100 mg*L™ were used. In
HCO, treatments the concentration of HCO,in solutions was in the range of 0.5 and 20 mmol*L" with 5.0 mgeL"
As(IIT) or As( V). Results showed that Pteris vittata L. could tolerate high-concentration arsenic. When As con-
centration was up to 100 mgeL” removal efficiency of As by Pteris vittata L. reached 80%. Arsenic uptake of
Pteris vittata L. was higher in As( III) treatments than that in As( V) treatments. Contents of As species in plants
were in association with that in solution. The ratio of As( V) to total As in plants of As( V) treatments was higher

than that of As(III) treatments. High concentrations of HCO; (20 mmol*L™) had no significant effect on root bio—
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mass while it inhibited the growth of fronds. Moreover high concentrations of HCO;resulted in great suppression in

plant As uptake regardless of As( III) and As( V) treatments.

Keywords: Pteris vittata L. ; arsenic species; hyperaccumulator; high As groundwater; bicarbonate
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1 ( Materials and methods)

( Pteris vittata L.)

15 ~20 em
0.25 Hoagland R
3 1
25°C ~28C
50% ~ 80% 14 h
300 wmol*m™*s™( ) o
1.2
1
2~4 ¢
As(III)  As(V) NaAsO, Na,HAsO,.
500 mL 3d
50 mL
1.2.1
10 d As(III)  As(V)
0.1.1.0.10 100 mg-L’ o
1.2.2 HCO;
10 d As( 1II) As
(V) 5 mgeL* KHCO, HCO;
0.5.2.0 20 mmol+L" 0.05
mol*L”  HCl  0.01 mol*L" NaOH pH
pH
7.2 o
1.3
1.3.1
0.45 pm
( ICP-OES) ( Thermo iCAP 6300)
1.3.2



3 N 421
72 h 65°C 3 o
V( HNO,)
. V(HCIO,) 5:1 2 ( Results)
. 0.45 pm icp- 21
OES  As 2. 1.1
(GSV2) ’
1.3.3
S0°C
13
36 h °
0.01 ~0.02 g 0.025 ~ ° !
0.050g 10 mL : 5 mL 0.1 100 mg-L’
( . 1:9) 2 he 5 ( P>0.84) . As( 1)
000 r*min” 15 min (1.77£0.29) (1.86+0.39) ¢
L As( 1I1) As( V)
B B ( HPLC-HG- . 10 mgeL*  As(III)
AFS) As ) (1.86+0.39) g As( V) (1.59 x0.
1.4 40) g-
; As( 1II)
1 ( )
Table 1  Plant biomass in treatments of different As concentrations and species ( on the basis of dry mass)
A Al ) As(Il)  /(mgeg”) As(V)  /(mgeg?)
0.1 0.47 £0.10 1.30 £0.24 1.77 £0.29 0.40 £0.04 1.03 £0.27 1.40 £0.25
1.0 0.48 £0.05 1.33+£0.28 1.81+£0.23 0.43£0.15 1.05£0.15 1.48 £0.23
10 0.46 £0.06 1.39 £0.37 1.86 £0.39 0.47 £0.05 1.12+£0.33 1.59 £0.40
100 0.47 £0.05 1.35+0.17 1.82 +£0.19 0.38 £0.15 1.21 £0.39 1.59 £0.39
2.1.2 (V) 2.6%.3.8%-4.8% 7.5% As
(111 .
10 d As
(oI As(V) As o 2 10d
2 As( 110) Table 2 Arsenic concentrations in solution after
100 mg*L" 10 d 82. treatment with Pteris vittata L. for 10 days
1% ; As( V) 100 mgeL" 104
74.6% . 1.0 10 mge  ® (mer1 ) /(mgel) 1%
L 51.8%  64.3% 0.1 0.026 +0.007 73.7
. 0.1 mg'L4 70% . As(TI) 1.0 0.38 +0.11 61.6
(ot 01 R
L) o 0.1 0.028 +0.006 71.7
S wo b e
° 0.1.1.0.10 100 mg- 100 25.447.71 74.6

L' As(II) As
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8
2.1.3 As( V) As( V) 70% v As( 1)
61% ~80% o
As( II1) As( V) As( V)
o As( V) As( V) o
0.1 100 mg-L” As( 1) As( D)  54% ~
70.9 113 mg-kg” 60% ; As( V) As(III)  46% ~51% .
1 630.4 480 mg-kg ( 1), As(V) As( 110) .
As( 1) As(V) o
30004 EBAS-H T EISY
) [ITTT] AsV-3tt T &5 43
| SNaAs-i B R
. ( / 25001 EAsV-it E#ES N
) o 0.1 100 mg* gu §|
. < 2000 N
L As( 1IT) 1.40 2.37 As & §::
~ \ii
(V) 1.59 2.73. = 15001 N
5 H NG \=
6000 & 10001 : §E §E
B T I L H \
<00 (T 4t b 3543 500 g §§ §E
o 04 H 7 IRH HINE
40001 01 1 10 10 01 1
%n As(II) ‘ .
Iﬁ",._.éll, 3 0004 AsiefE/(mg - 1)
4 I
H I ?
g 20004 7% Fig. 2 Effect of initial As concentration and As species
1 _ % on arsenic species distribution in Pteris vittata L.
7
/
] /
= 7 é - 2.2 HCO;
L e T
01 1 10 100 0.1 110 100 2.2.1 HCO;
AS(IIT) As(V)
AsHEFE /(mg - 1) HCO; HCO;
1 ( 3). As
Fig. 1 Effect of initial As concentration and As species (110) 0.52 g 0.59
on arsenic uptake by Pteris vittata L. go HCO; 2.0
mmol * " HCO;
2.1.4 2.0 mmol*L" o As( V)
As( I1I)
As(II)  As( V) o 2.2.2 HCO;
As(III)  As(V) o HCO;
As( TII) 0.1 100 mgL* HCO;
As( 1II) 42% 51%; As( V) ( 3), As( I0) 10 d
1 100 mg+ L 0.5.2.0 20 mmol-L' HCO;
As( 1) 19% 32% 0.1 56% \51%  45% 4d
mgel”  As(II)  38%. 2 As 0.5 mmol*L* HCO;  As(1II)
(V) 61% ~9B% . 3.40 mgel! RN%; 4 10d
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3 HCO; ( )
Table 3 Plant biomass in HCO, treatments at different concentrations (on the basis of dry mass)
. oo 5 oo
HEO,~ /(mge L) As( 1II) /(mgeg™) As( V) /(mgeg™)
0.5 0.52 +£0.26 0.88 £0.28 1.40 £0.25 0.35+0.11 0.97 £0.30 1.34 £0.40
2.0 0.59 £0.08 0.97 £0.19 1.59 £0.24 0.39 £0.12 1.16 £0.28 1.55£0.17
20 0.57 £0.15 0.79 £0.36 1.36 £0.44 0.33 +£0.21 0.68 +£0.30 1.02 £0.14
24% As( V) o As(V) As( III)
As( TIT) o As( III) o
HCO; 20 mmol*L* As( V) o
2 o HCO;
4 HCO;
o Table 4  Effect of HCO,™ concentration on
arsenic uptake by Pteris vittata L.
—B— ASITI-0.5 HCO,~  / As As
—o— AsIlI-2.0 As
* —a— ASllI-20 (mmol+L) /(mgeg®)  /(mgeg?)
--0--- AsV-0.5 0.5 1.450 £0.232 0.170 £0.011 8.52
++0-+r AsV-2.0
Ace AsV_20 As( 11I) 2.0 0.940 £0.161 0. 111 +£0.032 8.50
1 mmol + L 20 0.530 +0.153 0.101 =0.007 5.22
771 0.5 1.140 £0.201 0.084 +0.013 13.6
E As( V) 2.0 0.738 £0.177 0.064 £0.011 11.6
2 20 0.432 £0.149 0.049 +0.016  8.83
3 ( Discussion)
2]
3.1
0 2 L6 8 10
i R)/d
3 HCO; 13 0.
Fig. 3 Effect of HCO, concentration 1 ~100 mg* L’
on As removal from solution by Pteris vittata L.
2.2.3 HCOy As( TI0) 4 As( 1)
HCO; 6d As( 1I0)
o HCO; As(V) o
o As(III) As( V)
( 4.
As( TII) 1 450 mg*kg® 530 mg* As( V) As(Im) " .
kg 63.5%; 170 mg* (0.25 mmol*L')  As(V) P
kg™ 101 mgekg” 41.2%
HCO; ( / As( V) As(10) .
) ( b, HCO, As(V)
HCO; 0.5 mmol L’ 20 mmol *L.” . As( III) As( 1II)

3.6  8.83. HCO; 54% ~60% As(V) 46% ~51% .
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o Huang " EXAFS
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