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Effect of sulfur on the bioavailability of arsenic in soil and its accumulation in rice plant(Oryza sativa L.)

70U Li—na', DAI Yu—xia', QIU Wei-di’>, ZHANG Shu', ZHAO Jia—wei’, TANG Xian—jin"", SHI Ji-yan', XU Jian—-ming'

(1.College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China; 2.Shanghai Keling Analytical Technolo-
gy Co., Ltd, Shanghai 200123, China; 3.College of Environment, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract: In order to investigate the effect of sulfur on the migration and transformation of arsenic (As) in soil-tice system, different forms
of sulfur were applied to the exogenous As—contaminated soil. Soil solution was collected during the whole growth period, and rice plants
were collected at the maturing stage. The effect of sulfur on the mobility and bioavailability of As and the influence on As accumulation in
rice was examined. The results showed that the microorganisms played an important role in affecting the mobility of Fe ( Il ) and As in soil
solution, and there was a great difference between sterilization treatment and non—sterilization treatment. The addition of sulfur reduced the
mobility of As in the rhizosphere and non—rhizosphere soil solution, reduced the concentration of As( Il ), and thus reduced the toxicity of
As. Sulfur also reduced As bioavailability in the rhizosphere soil. With the same sulfur content, Na,SO, was more effective than S’. The
growth of rice was also promoted and more iron plaque was formed on the root surface. The addition of sulfur reduced As accumulation in
rice shoots to a certain extent. However, excess sulfur might increase the accumulation of As in rice.
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Figure 1 Diagram of rice cultivation
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Figure 2 The Fe( Il ) concentration of soil pore water under

different treatments( A : thizosphere, B: bulk, C : sterilization)
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Lowercase letters indicate the significance among the different treatments over the same period (P<0.05)
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Figure 3 The Fe( Il ) concentration of soil pore water under different treatments during the rice growing stage

(A :rhizosphere, B: bulk, C : sterilization )
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Figure 4 The total As concentration of soil pore water under

different treatments (A : thizosphere, B: bulk , C : sterilization )
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Figure 5 The total As concentration of soil pore water under different treatments during the rice growing stage

(A: rhizosphere, B:bulk, C: sterilization)
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Figure 6 The As species of soil pore water under different treatments during the rice growing stage (A : thizosphere, B: bulk, C :sterilization )

FLBR BRI i i A /K R 25 i B A A T R,
CK Ab > 25 Wi BR AN AL BE b ~25 . B R AR
IIEBA X FEH I As 7RSI . R BB AT
TR 2 BN T KRR P As, v R R 1 B R Ak B
T KRR P Y As 21355 1.72 mg-kg ™'
26 FEIMETABREKETLEEE

R 2 M R FH AC A #1207 AR A7 R B, R 8 e i
PEWOE  As Fe FIS O & it QN 2 R . BLTAR AR

T 2 T AR R R ACA HEEUS Fe 1055 2, R R
EEIARIME AN T ACA FEHUS Fe (& HHBEAT 5 5] 2
FAKF- o ARIGLZR TN B ERIN T ACA B
As, HRHER 3T LLLZ I, K AR R A ACA 2GS As
FTACA $2 UGS Fe S22 3 1EAHIC (7=0.831, P<0.01) -
T 25 A S 0 e 1 T LR TR A ACA FR IS S,
Jf H ACA 3R IUA S 5 ACA 2 HUA As (7=0.818, P<
0.01) F1 ACA 2 HUE Fe (r=0.865, P<0.01) ¥ 5 4% i 2



1443

TR 55« XA A AP S K R S 5

w2
Z
=4
ks
w
Z
(=2
el
wn
(=
2
wn
=
w
K
o
9/UOTIORI] YIRS JO oFBIUDIo [ bkl
3 o
Z
=
R
s
\ N
5
] gz 2
S AN © £
=
5
=

\.\..K
= Aty ~

301
5
0
5

10f
5
0

183« SwyuonenUAOU0D SY F( SV

Kb 3 Treatments

0/ /UOTIORIJ ORI JO 9FRIUSIII ]

a.ﬁ\\\\\\\\\\\\\\\\\\\\\“\\\\\\\\\\\\\\\\w
=~ Hnaaay 7

g 1

-8+ Suyuonenuaouod sy [k

SV

1508 SONS 150NS

Kb FH Treatments

508

CK

ﬂ‘iﬁ Treatments

\\\\\&7

S50NS 150NS

1508

Kb ¥ Treatments

508

CK

% [UOTIORLJ [DRD JO OFRIUII] [ig) 1]

B0 4
= Ay ©

0
5
0
5t
10
5
0

-8+ Sw/uonenUeOU0d SY F(NASY

Qb Treatments

A2 Nr3 Bra BFs

O r1

TEAS As & BEAEA R A FR A HAT 22522 53 (P<0.05)

FHEFOR ] —Fh

G
FL AR VRS 2 B2 s F3 TR TEAR AL A4S s 4 R B S I 5 S - SRt A

Different letters indicate the significance among the different treatments over the same rice part (P<0.05).

x

F1:non—specifically sorbed As,F2:specifically sorbed As, F3:amorphous iron oxide-bound As, F4:crystalline iron oxide=bound As, F5:residual As

TR T A B A BB 1 As (L FHEASHI N

E7 REFE

(A:1RBREH S 2 ;B AREREL B
Figure 7 Distribution of As fractions in soil treated with different S(A

: RELLFIE)

:thizosphere As percentage,

F

sE: REHEE;

s

B b 51
:thizosphere As concentration, B

;C-AEMRPRER & 85D JF IR

’

:sterilization As percentage)

C:bulk As concentration, D :bulk As percentage, E:sterilization As concentration, I

PRI

5

o

I v As B3 BROR O

B S5k

ARG

H As 5 7KAE As SCAH — € IAISC G R, 38R
TP B EL As KRR B As 35 U OE, As (T

5K FE

RO

2.7 X%

S K AE I
TSN

P2

Hefl sy

N

R RP

R L

P

ikt

ZERI A A As B3 IEA G, T3 As A4k
A 5KFEW I As K HIEE R As M Fe( 1) AY

F

T As

R 7K

3
W 3N, IR TP ) ACA $2HUZA Fe I ACA 12

PEAT AR SRAE A HT

S

A

517

2



1444

1501

ab
120 —

[+
o
o

Length/cm

60 [

Fiimi

a a a
7
N
WAL NN NN\

Hb R 35 Root Hb |7 Shoot
Ock

301

o

A\ RS AR 9
N
7,
7,

O 50s 1508

RN IRERIZ 2R MERYE -
1800
150 a
\5,0 —
= ab & ab |
;EG 120 b ,;7
= a Z
é 90 a 2
6ot b 2
B 7
& 301
h a a a a
= RS
bR 5B Root | # Shoot TE4¥ Shoot
K s0Ns [0 150Ns

ANNF] TR R [ — B AL AL BREH 2 8] HAT i 2 22 5% (P<0.05)
Different letters indicate the significance among the different treatments over the same rice part (2<0.05)

8 FRIFESMEI KBRS ML BRI (A KFERS ;B KFEEHE)

Figure 8 The length and fresh weight of rice plant treated with different S(A :length, B: fresh weight)

2501 [O# Root [ 25 Stem &A M- Leaf N 435% Husk [ K47 Rice

Tm

-

2200 2
i 5 i
<50k |
2877 =
& b

= 30 f

£ 201

g a

o 10

b a

0
CK 508 1508 50NS 150NS
Hb P Treatments

AN S BRI ] — P AL Ak BL2H 22 [R) HAT 1 3 22 57 (P<0.05)
Different letters indicate the significance among the different treatments
over the same rice part(P<0.05)

B9 FEFEREITKEARREEA As HF T
Figure 9 As accumulation in different part of rice plant treated

with different S

Bt A —E R BB LR,
3 g

TEAS TN As (75 3 L3 rh K ARG IR 0000, L
WP Fe (11 )W LB K Bb A KEHA —4

S AR, AT RE R K S Eh BEAR IS MR Fe if
JEg XA N R E SR SRk
JEORETA ) Fe (11 ) 38 51— 2 W & ik R ALY i)
DURR, B0 5 b S0 0 H 138 R3S S TLTE I 58 |, 77K
A B — AR SRR R RR . K AR B
Fe( 1) AWt e K58 E , i IR Y Fe if B
M Ao SARRPRAT A R AR B AR PR 383
(1 Fe (11 ) % B2 HEAR , T BERAR P S PRI 2k — 25410
il 7 Feid Jot, fe gk AR BRI . B R A s
ATFIRRBEREAR T sl g Fe (D) o A5 BRI
H, Fe (D) AT SO 54 B T-52 14, B4R Fe (D) Y 4R AL
I 5 HL S I R SOTU {H Fe () =2 AR W) (19 TE
AATE W 145 Bl W B e e, A 2R A S A ek
HERR R SOT RSN, DRI SO B L 55 4+ e
FA5RI,

ISR R IS 6 Ji T A B PP B As KR
T AE I BT A P As YR JEE 5 v , AR I A ad R A )
I As B I L AR TS B A T K I T A
I KB ST BIMAY As THIR T X 5 Fe( 1D 1972

R2 FREFEEMEI KBRREIEITE (As Fe . S) KRN
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Figure 3 Correlation coefficient among pore water As and Fe in rhizosphere , As fractions in rhizosphere soil and

As accumulation in rice plant under different treatments ( Pearson Correlation )
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