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Chemical speciation and bioaccessibility of arsenate in soil as influenced by humic acids

WANG Jun'?, WANG Qing—qing'*’, WEI Shi—qgiang"**"

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

Abstract: The speciation and bioaccessibility of heavy metals in soil are influenced by humic acids (HAs ), which exist widely in the envi-
ronment. An in vitro experiment was carried out to elucidate the effects of the two active components of HAs (fulvic acid, FA; and humic
acid, HA ) and the HA/FA ratio on the speciation and bioaccessibility of arsenate (As) in soils. The relationship between the bioaccessibility
and transformation of As in soils, as influenced by HAs, was analyzed. The results showed that HAs could increase the allocation proportion
of Ex—As in soil at an application dosage of <1%(as carbon, C, basis). FA could observably promote the transformation of soil As from Al-
As and Fe—As forms to Res—As species, and the effects were enhanced with an increase in the FA dosage. However, HA showed a weaker or
even reversed role in affecting such a transformation process at the highest usage of 5% C. FA and HA at 3% C usage could increase the
bioaccessibility of soil As in the gastric phase. The bioaccessibility of soil As in the small intestinal phase was always enhanced by HA and

FA regardless of their usage levels. HAs with different HA/FA ratios always enhanced the bioaccessibility of soil As in both gastric and small

Wi HEE.2017-01-10

EEET: £ R(1990—), 5 AL K B LA A, T2 NIRRT P2 =05 . E-mail : 375977242@qq.com

*EEEE TR E-mail : sqwei@swu.edu.cn

HEWA . HEARRFRAH (41171198) ; FH % FHE 5L 15(20122X07104-003 )

Project supported: The National Natural Science Foundation of China(41171198); The National Science and Technology Major Project of the Ministry of
Science and Technology of China(2012ZX07104-003 )



E R IEHIRR R LML S T 1125

intestinal phases at a constant usage of 1% C; the degree of the effect was related to the HA/FA ratio, with a maximum bioaccessibility of

soil As in the gastric phase and a minimum bioaccessibility of soil As in the small intestinal phase at HA/FA ratios of 5/5 and 7/3, respec—

tively. The bioaccessibility of soil As was strongly linked to As speciation in soil as influenced by HAs. Ex—As and Ca—As forms were found

to have significantly positive contributions to the bioaccessible As in the gastric phase, with Ex—As being greater than Ca—As per unit, and

only Ca—As showed a significant positive contribution to the bioaccessibility of soil As in the small intestinal phase.

Keywords: humic acids; bioaccessibility; arsenic; species; humic acid; fulvic acid
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Table 1 The basic physical and chemical properties of tested soil
44 pH AHLE /g kg CEC/cmol -kg™ B Felg-kg™ B Allg-kg™ Ji Calg kg™ Ji As/mg-kg™
YRS 8.14 5.74+0.25 33.83+1.69 35.51£0.47 56.57+£3.34 5.33+0.27 4.97+£0.97
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Table 2 Sequential extraction procedure of arsenic in soil

U FEHGH

R

Ex-As(ZEH3 As)
Al-As(412 As)
Fe—As(4:%1 As)
Ca-As(£57 As)

Res-As(BRIEDS As)

1 mol-L" NH,CI1

0.5 mol-L™" NH,F
0.1 mol-L™" NaOH
0.25 mol - L H,S0,

pH 7.0, L3k 1:20,25 CIR3% 0.5 h
pH 7.0, 13 kL 1:20,25 CIR¥ 1 h
I H 1:20,25 C #7317 h
Wik 1:20,25 °C 7% 1 h
WA
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Figure 3 The distribution of As species in soil at different amounts
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Table 3 The fitting parameters of every As species changing with

exogenous As amount at different HAs added

FA HA
As JEZS
a k R? a k R?

Ex-As 0.38 0.061 0.986 1 0.20 0.030  0.996 3
Al-As 0.72 0.241 0.959 6 0.28 0.189 09919
Fe-As 1.33 0.405 0.985 1 1.62 0.453 0.991 7
Ca-As 0.48 0.092 0.939 8 0.36 0.067 0.975 7
Res—As 1.57 0.240 09889 2.20 0.195 0.973 8
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Figure 4 The bioaccessibility of As in soil at different HAs added

2.2.2 13 As AT AYES As TR RCA G R
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WrB AT b As S As IR IEEZ A B
FAEARSAE, B HAs AFES 3 h A My ml 451k As
TrRREE AU As SRR, L3R4
PRI e As BRTEAS As LR FRBALE R, IR
M A AT 5P As Frm i EEES, K HES B
BUEYIMT T As SRS HEAS As TR TEA
PH43HT, a5 e 5 fin . 76 B B Bos - 54 el 45
Tk As HA W E52 W TE 8302 Ex—-As Fll Ca-As,
BRI IEA M, B Ex—As XY AT 451 As
[ TTHR L Ca—As K. TEMABYEL X T4 AW nT 451 As
SN i 2 10 5E Ca—As,

R4 TEDEYTAYE As FES As UERTEEN
XML (N=20)
Table 4 Correlation analyses of the amount of bioavailability As

and every As species value( N=20)

i H Ex-As Al-As Fe-As Ca-As Res-As
== 0.776%* 0.796%* 0.669%* 0.787%* 0.585%*
W B 0.533* 0.694%* 0.659%* 0.749%* 0.726%*

T R B WA DG (P<0.05) 5+ R BAT ML 3 5 4 etk
(P<0.01), R,
Note: *Indicates significant differences among treatments; ** Indicates

great significant differences among treatments. The same below.

xS HIBEWMAIGH As 5 As WEREHIZ T EIFZHT(VN=20)
Table 5 Pluralistic regressive analyses of the amount of

bioavailability As and As species value( N=20)

WiH EymalEyiy:= R?
BB y=—4.787+4.702x,+%+3.383x,%* 0.860
i715pE S y=2.527+3.352x,%% 0.561

200,20 A3 B Ex—As I Ca-As,

Note :x; and x, are representing the Ex—As and Ca—As respectively.

3 iFig

AHE5EH HAs B9 BRI 2 4140 FA F1 HA 3458
Xt 45 As BRI, (AFTRZ S 9 VE
RO FNSR A AR, 5 FA FHA 2546 Rk B4
AR, HEH HAs W3 2 R0 5 Z«HL B i 4R 1
ARG, 5 TTHURIARA T8 A IL-ToHLE &
YIst 5 TCHLAL 53 P R S Ra I B 5 IR U A, AT
O - S 1 5 TP R N R e 0 Y A R 2
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