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- [19] As
(107°31'37"E  29°51'30"N) 0~20cm 2 mm 100
1
2 mm HAs
x1 TROERBAMR
Table 1 Basic physico-chemical properties of tested soil
pH (g/kg) CEC (cmol/kg) (g/kg) (g/kg) (g/kg) (mg/kg)
8.14 5.74+£0.25 33.83 +1.69 35.51 £0.47 56.57 +£3.34 6.33+0.27 497 +0.97
1.1.2 HAs HAs HAs 2 As
HA
41.21% 10% (Ag-DDC ) As 0.007
<8% FA mg/L R* 0.99
29.29% <5%
e =% F2 As HAESUREE
1.2 Table 2 Sequential extraction procedure of As in soil
1.2.1
12 8 0.5% 1% 3% 5% Ex-As 1 mol/LNH,Cl pH7.0 1:20 25 0.5h
FA HA FO0.5 F1 Al-As 0.5 mol/LNH,F pH 7.0 1:20 25 1h
F3 F5 HOS5 H1 H3 HS 3 1% Fe- As 0.1 mol/L NaOH 1:20 25 17h
Ca- As 0.25 mol/L H,SO4 1:20 25 1h
HA FA HA/FA Res-As
3755713 1 HAs Ex-As As Al As As Fe- As
(CK) HAs As Ca-As As Res-As As
2
20%( ) 1.2.3 As " A;
2 mm 12 HAs aHCO;
As
12 500 ¢ As
Na,HAsO,  ( 98%  NaHAsO,47H,0 ) 0.5 mol/L. NaHCOs
As 80 mg/kg 20% 1525 1.5h
0 15 30 60 90d As As
As 1.3
90 d As Excel 2003  SPSS 17.0
3 3 Origin 8.5
2
1% C FA 1% C HA
5 500 g 21 FA HA As
Na,HAsO, As 0 10 20 2.1.1 FA As
50 110 mg/kg 20% As 80 mg/kg FA
90 d As 1
As As As
3 15 d 30 d
3 Ex-As
1.2.2 As As Ca-As 15 d
(20-21] As 5 Fe-As Al-As  Res-As As
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Ex-As Ca-As (P<0.05) FA Al-As
Fe-As Al-As  Res-As =1% C Al-As
90 d Ex-As (P<0.05) 17.76% FA
FA Ex-As Fe-As
(P<0.05) 1% C 6.29% 8.94% 10.18% 19.03% 28.39% Res-As
Ca-As FA 6.52% ~ FA 11.69%
8.11% <3% C 58.09% FA As Res-As
5% C FA
— 1 CK—@—0.5% C —&— 1% C—W— 3% C —4p— 5% C
40 40¢ 60
35 351
50 §\ \§ %
<30 ~30F R AT— /i ~
S X — X
52 S 255 —F = T
?\; 20 fﬂ’? 20 \i\i ﬁ 30 T,
poagd Kl P
=15 Z 5% g
2 g T, 220
& 10 = lof &
s sl 10
0 . P 0 e 0 e
0 15 30 45 60 75 90 0 15 30 45 60 75 90 15 30 45 60 75 90
ReRa1a] (d) KE SR (d) KE SR (d)
50 70
40 o o o
S £ 50
2 30 = .
R & 40 Y
st fm
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< 7 20 —
O 10 v o
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0 S VAR S 0 .
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1 T[E FA RIMERHTEHS As BISE LLFIRERT 8 AT 1L

Fig. 1 Distribution dynamics of different As species in soils under different amounts of added FA

2.1.2 HA As Ex-As HA
HA As (7 Ca-As HA
2 FA Ex-As Ca-As Fe-As <1% C Ca-As
Res-As Al-As (P<0.05) FA
FA  Al-As 5% C 9.85%
HA  Al-As HA (P<0.05) FA  6.52% FA
As Ex-As Ca-As Al-As Fe-As HA Al-As Fe-As
Res-As Res-As HA FA
90d HA Ex-As HA Al-As (P<0.05)
FA HA Fe-As
<1% C Ex-As 5% C  Fe-As
(P<0.05) 0.5% C 3.56% =3%C Ex-As 40.86% 7.14% HA Res-As
(P<0.05) 5% C 1.2% (P<0.05)
HA As 11.17%
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Fig. 2 Distribution dynamics of different As species in soils under different amounts of added HA

2.1.3 HA/FA As 2.2 As As
As 80 mg/kg HAs(1% C)
HA/FA As (1% C)FA HA
3 Ex-As Ca-As Fe-As  Res-As As(0 ~ 110 mg/kg) 90 d
As 4 As
Al-As As
As FA
90 d HA/FA<3/7 As ALAs Fe-As
Ex-As (P<0.05) Res-As HA
> -
HA/FA=5/5  Ex-As HA/FA As Fe-As  Res-As
- o,
73 Ex-As 1.90% Fe-As Al-As  Res-As 89.96%
HA/FA Ca-As Fx-As Ca-As
- < -
Ex-As HA/FA<3/7 Ca-As FA Ex-As
HA/FA=5/5 Ca-As Al-As
50 mg/kg 5.13% (P<0.05)
Fe-As (P<0.05)
Ca-As 7.40% ~ 10.53%
21.97% ~ 26.76% 37.82% ~ 45.58%
HA Ex-As
Res-As (P<0.05) HA/FA= . . -
5/ Res.As HAJEA 357 270%~4.62%  As =20 mg/kg
- oL ~
Res-As 22.51% Ca-As >-16%
0,
HA/FA<3/7 As 8.82% Al-As Fe-As Res-As As
FA HA/FA=5/5 Al-As
HA Fe-As

http://soils.issas.ac.cn



50

526
— 1 CK—@— 0/10 —&— 3/7—W— 5/5 —— 7/3 —=%— 10/0
40 50 60 r
35
50
30 Y -
S = S
325 230 =%
& & &
iz 2 i iz 304
215 E20 2
< < <20
< 10 - o
m < 10 [ ol
5
0 - . y - y 0 - . - . - . 0 y . - . y .
0 15 30 45 60 75 90 0 15 30 45 60 75 90 0 15 30 45 60 75 90
gt (d) Bt (d) SEFRINTH (d)
40 357
35 30 r
g 30 PR
<—‘§ 25 5 20|
lm 20 o
= g 15
» 15 2
5 % 0¥
@] 10 é
5 5
0 . . L L y y 0 ; ; ; ; ’ ;
0 15 30 45 60 75 90 0 15 30 45 60 75 90
Higristiu) (d) BRIt (d)
3 A HA/FA £HTERES As D ELLHI T L
Fig. 3 Distribution dynamics of different As species in soils under different HA/FA ratios and constant HAs added(1% C)
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Fig. 5 Effects of different HAs treatments on As availability in soils
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Table 3 PRA between bioavailable fraction of As and different As

species
RZ
NaHCO; y=-3.820 +4.068x, + 1.524x, 0.918
X1 X2 Ex-As Ca-As n=22
3
HAs
Ex-As As
As As
Ex-As (221
FA Ex-As (=3% C)
HA Ex-As FA HA
FA HA
As [23]
HA Ex-As
HA As
HA As
HA/FA HA
HA
HA/FA<3/7 HAs Ex-As =5/5

Ex-As
FA HA Al-As  Fe-As
Res-As
HAs
HAs
[24-25]
«C )
[26-27] HAs
HAs HAs As
[28]
HAs  Fe'" Al (29]
Fe’* A" As
Al-As Fe-As
HAs
(4] FA Res-Cd
FA Res-As
As As
As
As As
As
As Al-As Ex-As  Res-As
As
Al-As
Ex-As
As
HA
Al-As FA Al
(291 Fe-As
HAs As
Fe-As
As Fe-As
As Fe-As
As Ex-As
Ca-As Al-As Fe-As Res-As As
[30-31] As
HA <1%C
Ex-As Ca-As
Al-As Fe-As
As FA Ex-As
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Transformation and Bioavailability of Exogenous as in Soil as
Influenced by Humic Acids and Its Active Components

WANG Jun'**, WANG Qingging'*?, JIANG Zhenmao'*?, WEI Shigiang'**"

(1 College of Resources and Environment, Southwest University, Chongging 400716, China; 2 Chongqing Key Laboratory of
Agricultural Resources and Environment, Chongqing 400716, China; 3 Key Laboratory of the Eco-environments in Three
Gorges Reservoir Region, Ministry of Education, Chongging 400716, China)

Abstract: The mobility, bioavailability and toxicity of arsenate (As) in soils are restricted by its species. Humic acids (HAs)
are important factors affecting the fractionation of As in soils. An indoor cultivation experiment was conducted to discuss the
effects of the two active components of HAs (fulvic acid, FA; and humic acid, HA) and HA/FA ratio on the transformation of As
in soils. The results showed that FA and HA had significant effects on different As species in soils, and the influence degree and
direction were connected with HAs concentration, proportion of FA and HA and exogenous arsenic content. FA and HA
with carbon content <1% increased the content of exchangeable As, but HA with carbon content =3% decreased the content of
exchangeable As (Ex-As). FA and HA decreased the content of As combined with aluminum (Al-As) and iron (Fe-As), and
increased residual As (Res-As), and FA was stronger than HA in effect. Under the condition of the same amount of HAs, when
HA/FA =5/5, HAs decreased the content of Ex-As, but when HA/FA<3/7, HAs increased the content of Ex-As. With the
increase of exogenous As content, Al-As increased, Ex-As and Res-As decreased, Fe-As first increased then decreased. Ex-As and
Ca-As had the largest contribution to effective As in soil. HA reduced the effectiveness of exogenous As in soil, but FA in low
concentration (3% C) increased the bioavailability of As to a certain extent. It is important to control the reasonable amount and
active component ratio of organic material when using it as As regulator in soil.

Key words: Humic acids; Arsenic; Species; Humic acid (HA); Fulvic acid (FA); Bioavailability
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