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Effect of Iron on the Release of Arsenic in FloodedPéddy Soils S =
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Abstract’; Amorﬁhous iron oxides in paddy 5011 are crltlcar adsmbents of arsenic. The boding perfqd during rice cultivatign confibuges
to the reductive, dissolution of these dmorphous iton 0x1dgs which releases sorbed argenic into the paddy soil solution. However szinore
detailed work should be conducted to evaluate guantltatlvely arsenic immobilization, releasey and transformation regulated by metastable
amorphous iron oxides. In previous studies, arsenic in the soil solutlon phase and solid phase were cldssified into F1 ( exchangeable
arsenit) , F2 (specificallyLscu)rbed arsenic ) ,#F3 ( aﬁlorphous _,J-!’on oxide bound arsenic), and F4 ( crystalline iron oxide bound
arsenic) a?:.cording 10 a sequential extraction procedure Wsing reagents of increasing dissolution strength. In this study, soil samples
were collected from the vicinity of a silver smelting plant in Chenzhou, Hunan Province, and the contribution of different arsenic
speciatioln (F1, F2, F3, and F4) to arsenic release during anaerobic enrichment incubation of paddy soil was investigated. Sample
analysis was conducted at the end of the first phase (day 15) and the second phase (day 30). The effects of amorphous iron oxides in
paddy soil on migration and transformation of arsenic were discussed. Results showed significant elevation of dissolved Fe( I ) and
arsenic concentration (P <0.05) in enrichment solutions in the second phase compared with that in the first phase. Arsenic released in
the soil solution in both phases originated from exchangeable arsenic and specifically sorbed arsenic, as indicated by its significantly
positive correlation with F1 and F2 (r=0.73, P <0.05; r=0.657, P <0.05). However, an insignificant positive correlation was
found between the arsenic released and F3. Moreover, HCl-extractable Fe( Il ) was significantly and positively correlated with arsenic
(r=0.577, P<0.05; r=0.613, P<0.05), while amorphous iron oxides were significantly and negatively correlated with arsenic (r
= -0.428, P=0.126; r= -0.564, P <0.05). In conclusion, arsenic in the F1 and F2 fractions acted as the major source of
released arsenic. Despite elevated levels of HCl-extractable Fe( II ) that might result from the slight reductive dissolution of amorphous
iron oxide, the significant negative correlation between dissolved arsenic and amorphous iron oxides indicated that metastable amorphous
iron oxides in anaerobic paddy soil can generally sorb dissolved arsenic effectively, resulting in lower mobility of arsenic. Increasing the
level of amorphous iron oxides in paddy soil is conducive to inactivation of arsenic.

Key words : paddy soil; flooded and anaerobic; soil micro-environment; arsenic; iron
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Table 1  Concentration of different arsenic species and physicochemical properties of paddy soil sampling sites

ESid g REEFI F2 F3 F4 BSYLIN L A o CEC HRS AP soM
b= A /mg-kg ™! /mg-kg ™! /mg-kg ! /mgekg ™! /mgekg ! /gokg ! /emol+kg ™' /mg-kg ™' /mg-kg™! /%
S01  N26°11'34.80", E113°09'11.84" 1 0.873 1.05 16. 16 15.02 71.91 10.43  6.26 4.77 379.29 3.99 1.20
S02  N26°10'58.05", E113°08'33.37" 1 0. 848 2.87 52.23 25.78  119.37 10.18  5.99 5.10 355.57 2.24 6.92
S03  N26°10'37.25", E113°08'55.24" 1 0.948 4.22 23.19 2413 139.32 11.28  6.25 5.20 413.54 2.71 8.43
S04 N26°1208.43", E113°09'40.83" 1 0.346 2.33 56.28 21.78  156.12 1.59  6.87  28.90 352.94 11.04 7.41
S05  N26°11'22.17", E113°09'42.89" 1 1.422 6.16 53.79 20.19  131.27 1213 6.70 9.89 675.74 5.67 5.82
S06  N26°10'35.46", E113°09'37.73" 1 1. 062 3.84 30.15 414 186.51 10.76  5.66 7.46 323.95 4.03 2.89
S07  N26°11'03. 65", E113°08'32.78" 1 0. 609 5.59 26.89 14.22 69.53 9.32 537 5.53 204. 05 2.70 2.51
S08  N26°12'20.97", E113°1022.22" 1 0.744 5.59 27.84 15.80 88.46 10.12 4.6l 4.77 48.05 2.07 1.51
S09  N26°11'35.82", E113°10'45.42" 1 1.591 6.03 31.26 17.54  106.42 9.66  4.30 4.84 57.77 2.29 3.34
S1I0 N26°10'47.23", E113°10'36.64" 1 0.549 111 17.90 14.57 72.63 1237 433 3.31 48.71 1.91 0.33
SI1 N26°11'40.75", E113°09'31.31" 1 1.502 4.88 30.85 10.28 87.58 9.52 3.9 3.84 53.32 3.28 2.78
S12° N26°11'05. 60", E113°09'27.43" 1 0.411 1.51 16. 86 17.01 67.47 13.29  5.23 4.89 117.06 2.20 3.01
SI13 N26°11'08.92", E113°10'15.15" 1 0.552 1.36 15.52 11.37 54.39 14.12 530 1.54 68. 64 2.4 7.48
S14  N26°11°01.95", E113°11'02.94" 1 0.369 0.92 12. 81 15.41 40.47 12.18  4.67 1.43 52.17 2.05 4.72

1) F1 RSN AS 25 R0, F2 O R eL SR IS ml, F3 SR T B k4 & A,
TR W =102, 5) $RHG ST 28t (CEC) R BaCly Bk ; 1 0A HUBCR HI B A BRI ML TS ;

HRRIR IR SR

EA(F3) M 0.2 mol-L™" (NH, )C()/H(IO
(pH =3.0) BEVRILA 1:25 T BRI FIRY
4 by SEEIIAE A A (F4) ISR 0. 2ol - L
(NH,), C,0,/H,€,0; F1 0.1 mol-L~" CoHy O {tm_
W (PH 3.0)4 Tﬁ%m@%mm ﬂﬁ 6%¢
#?hﬁ.E$ iﬁ@%%%ﬁ?ﬁﬁ%ﬂ%
mol - L.~} Na@l % et , UﬁﬁﬂiﬁﬁﬁF%a
il %%Mhﬂ¢-hmmr3mwmm**mﬁ
2545 min H;F&ﬂ%omumﬁﬁﬁ@uﬁ@
VLA v E I S FilFH 29 B S0 AL 50 1 0759
SRR 1F 30 TR LA R vk b R R i, LR
5% GRIKFT 5% U IR ML S Bl ( V) ik i/, FF2%
AR T2 ( AFS-52) #4702

+HETEE MR 2.0 mol-L™' (NH,),C,0,
W (pH =3.0+0.02) DL HHESHBUR N 1:50
7E20°C F#EEHR 2 b2 SRR BCE(1T) 195
MrRF 5 mmol-L~" HCI $2H, ¥ .0 Bt ik )5

AR LA HEPES %%FF%QEiEEltﬁiib“ﬂ. (530
WU, KIRIIRAWAES 000 romin ~" B0 8 B

L5 ES 15 min, FERPE BJEWH 0.22 pm m,aﬂ;
U Hoh, gaduEny BERWH TR e
Fiks Bk,
(UV-1800, &) 43 Hrill
1.4 Bt

ARMFFE R SPSS19. 0 Ge it 4 A k43 A ik A 7
B E T 2000, 24 P<0.05 B, MEHE, &
WA B3

,/\

IR A0 23 SOt B T

F4 25 R gE A A, 38 pH {EAH 0. 01 mol -1~ CaCl,
SR = S R 414 - A R 1 -

2 RS ) S 7~

2.1 WP A~
mngﬂ KM e R RS, AN
W R, W‘m&%ﬁ%f@¢ TR wa%
——&|E“iﬁii?§T & i (£ <0.05), H 803, S04
S05 . S08. S09., sm%nsn e B R, A AR
1.34, 1.36, 0.96, 1.08, 1.42, 1.10 I 1.74
Cmge L7 FRE, F MBS R — B AL £,
Fe? YR EH 2 (P <0.05) , H.I4IEAH L T 6l
AR IR, UEAIR A5 T A T KA L8k
PV A T i R R, X AT BB 5 S R R LAY
P MK B AR 2R T /KA = A T A S HP A AR R
WA SV e SR Sl A B A 5 SR A — B TR
X5 2 SR S IR SR K A B R BUKAS +
TR T30 A R 20k b 7K R A 2 s SR R G B A T A
5.
2.2 JKAE AN RIS A X A RS A BT R
& 3 Al 5, n+mw5ﬁAm&i%%%
WH R R A S AR R R By B FNEE —
&m%%ﬁ“%ﬁr—on6p<0%%m—
0. 630, P <0.05. F /K RE LA i B ik 3= 2ok IR T

F AT A A (F1) L J@ W B S (F2) , FTE
BAFE, JGHEALE PO} IVEHF 5% g W Bk & fh
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