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Solidification effect of complex iron-containing materials on soil arsenic
during different growth stages of rice and its safety study
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ABSTRACT: Objective To study the effect of completed iron-containing materials on the solidification of arsenic
in soil and its effect on rice quality and safety. Methods Different arsenic background soils in Yunnan province
were selected, and pot experiments with different concentrations of completed iron-containing materials were set up.
The arsenic speciation of soils in different stages of rice growth was determined by soil arsenic grading continuous
extraction method, and the content of arsenic in the grain after rice ripening was detected. Results ~With the growth

of rice, the content of acid extractable arsenic, reducible arsenic and oxidizable arsenic in soil with high risk of
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arsenic will change. The change of acid extractable arsenic and reducible arsenic showed a trend of first decreasing and

then increasing, which generally reached the peak at the heading stage and the filling stage of rice. However, there was

no significant change of soil residue arsenic in the high arsenic risk test group. In the low-arsenic risk group, soil acid

extracted arsenic, reducible arsenic and oxidizable arsenic increased first and then decreased, and the content was the

highest at booting stage or heading stage. Moreover, the content of soil residual arsenic decreased with the increase of

iron content. Conclusion Adding 0.10 g-kg™' iron material can control the effective state of arsenic in rice soil

fertility during the period of change, and has a tendency to reduce, which can effectively increase the residual state

arsenic content at the same time and the curing effect of arsenic. The arsenic content in rice grains is the lowest, but

the effect of using iron-containing materials alone on the arsenic content of rice grains is not significant (P>0.05).

KEY WORDS: rice; arsenic forms; growth stages; arsenic solidification of soil
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BT R ARLE A DL RS SR L, BRI B,
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721 mg-kg™s AN 0.10 gkg™ W 4SS BR AR A2
AR, R TR ERCES A RN AT A DA A S S T v U R A B
TERNREIA BT SR B WEAE, 43514 0.18 mg-kg™ 1 0.13 mg-kg™;
A EAL SRR B T I B AN Fn 0.15 g-kg™!
AT ERA R A3 AL FEER nT RIS i REAAR, 6
FRHA R R, 0.15 mg-kg ™', RTAJFAS A eI 2 f
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x1 HRATEERE
Table 1 Test of soil background value
st AL AM@INIE @BCLPIh) 2MEAK) B As TR e A b Y XU o (B
Ng-kg™) 1% /(mg-kg™) 1% /(mg-kg™) GB15618-2018
A 6.42 37.4 0.148 770 1.06 29.70 JKH pH<5.5,30 mg-kg™
B 5.09 334 0.224 1144 3.06 119.03 JKH 5.5 <pH<6.5,30 mg-kg ™'

T A L XURAR -8, B AL DA XU 5 s L

=2

HEBSHRMBELTRSE

Table 2 Content of basic elements in complex iron-bearing materials

oH (A Fe i) 4L P i) A Crit) (LA Cu i) (s As i)
/(mg-kg™) /(mg-kg™) /(mg-kg™) /(mg-kg™) /(mg-kg™)
KA R YA R 425 152850 84.865 1.0645 1.5295 6.432
#=3 TEMESESRIENGE
Table 3 Sequential extraction procedures for fractionation of arsenic in soil
ENENZS B PRSI SSR” DRk
AL 1 W RS (R T B IS ) 0.05 mol-L™'(NH,),SO, 20°C, R 4h  1:40
T AR (AT R R A 0.05 mol-L™'NH4H,PO, 20°C, #ik% 16h  1:25
ToE TE 155 45 S8k 4n ok _ ) 0.2 mol-L™" BLER %k, pH 3.25
AETD RS X2 0.2 mol-L™ B FRH;, pH3.25 B0l 20°C, % 4h 125 mol'L 2%, pH 3.25,

BREK LML G CTEAL)

SSR: 1:12.5, #Y6HRYS 10 min

{E: SSR: H it S IR IR0 LU AEL
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A RIS B B PT SRS | m] 8 A AT ] 4
SIS R EE ST A4, MBS E R A QSN
30 5. REINGEARITHMRAEHE BO B T HREBCS R & 74
BEWIRAR 0.17 mgkg™!, B2 K] T4 0.52 mgkg™!, 22
U % 2 0.28 mg-kg !, MBI PR EFFE 0.54 mg-kg !,
W TR R 0.23 mgkg™'; AR FASHR S 30/ G
G FHEERM 0.24 mgke!, SR F XTI E
0.43 mg-kg™"; A SAALASTBE S KRG KB W T, FEuE
WA R 3.08 mg-ke ™ ETHRUGH AN 0.05 g kg™ MR
HKARIETYAEL BI AbFR, FRATHRECERPTE 0.3 mg-ke ' /MR
JE RS nTR RSN A 4> BRI S B RAR, SRR ik
FRARME 0.16 mgkg, HEEKWI ML E BT, =
0.68 mg-kg™' o AI 4 1k A5 A 7E 4 R U)o 28 48 [ = A AR
0.63 mgkg ', ZJ5 Lt IR S A MK B B T =
4.40 mg-kg™' o FIRURUS AN 0.1 g-kg™ MR ARk
b B2 AbFE, R AT LA A EENIA) 0.20 me-kg ' 2718 E
T, HohZ2 A KIS BN 2, ZJRRUEE 042 mgkg ' /£
Ao PR JEASARE AR B A AR, T R A
KRR 0.15 mg-kg™' . ATAALSIISETE 0.9 mgke™
RS, w015 g-kg ™ W KA TR A kM
KL B3 ARFHE, R AT AR IR 5L e T R BRI T R A
HIBHAS BN, fem (L PRAE 2528 K 0.74 mg-kg ™!, HefiffE
NHENR 0.14 mg-kg™' . TR JFEASAITE 0.4 mgkg BRI
g, ARSI RS R THMMAEESE, k&l
i%3.95 mgkg ™',

g5 LR, RO 3R I A R S b RIS T LA
BEBEKREEFRAE RN (S 8 . 2RI, 22
SRR MRS it (R E KRS HE 0T R S S A
AL ALY B SRR, L AR TR XU A

A RS IASR A

Pl 1 RREAEFTIN A4, B AL R R 2%

3.2 T[R4 BRTHEAZKFE I8 RE S A 2 i FFiE

KFEAF AT A E 3 4 R R S Fak
EAMZEER, 5 4R 5T TR BRI AL KA 47 B8
Wi ZEAERH. ZREEA . AR L ER A e
9.55%. 10.81%. 14.52%. 12.94%F 17.78%, kit ASFHTEK
T EEmT . ZRAEHA ., 2R . Sl . SR 0] o e A
MY 90.78% . 88.83%. 84.10%. 86.61%7F1 81.67%., 45 EFH
H 4 v ] SR I A HE Y R T > 2 R > S A > 2 R
K> BRI, SR SR Ry 4 BEM> 2546 K 0> Hh fe 0>
ZORMSVERO . WL, KRERPA I R D R E . A
SR sk i S AR, X SRS SIS
ARSI KFE A K R B S RAEANEYE 2, JELIEKR
BT & e e o PR B R T SRIBCS A 0 L i, S
Bl e 5 gy, HAR SR A SR . i 1AL
Tt AT DR R 90 2 R v T X X e A T T 4 7 ek
AL R A 4370 & AR 2 T o LI XU 21
A0, Al, A2 Fl A3 B0 BEIING A3 £ B 238 mah, 78
ZEAE R | ZEREN | SRR R IR S X 2 B R B T N4
A BB R A 1IN - BB A A I R A A
RS, TN 0.15 gkg™ RIZSA RIS AR A3 IR IGA 48
BOR, (HAE A BEIA A BT AR A 0y 2RI . A
0.10 g-kg ™' FEARE A2 IRBLLFFIEIUR T A3, HAEKH
AF AR E . Fidied Bo. Bl. B2 1 B3 7E/K
FEAN TR AR T 0 P 0 3958 A e B R I AR [, 40580
ZEFEMNFIRESZ A B0, B1. B2 il B3 iRIAL Y HEFA T
DRSS TR AR, IR R o b B E
it R G 4 A A B S AR AR, X nT R S R XU 1
b L SEZS L Sy S p =R S S B S YRy 12 S i g 79 %y s D K= LN
W IR FELSCR AN B3 (P>0.05), 157 Bdt— 0T

B. wi KU 4

B B b et L ek s A ) O3 Al R AE (n=3)

Fig.l1 Distribution of arsenic in soil residue state in A and B groups with different concentration of iron-bearing materials during rice growing
period (n=3)
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3.3 FHRMRIRRTRE S 2N

TS IMAS [R] 9 BE 1) 5 AR X K ARG Rk P il 35 6 152
WA FFTE 22 S o LT XU AR Y A 2 S XU 4 s Y
B A iseAb B, KRR b A i R B B A
TR HE Y B I A, (LRI 0.15 gkg™!
A B PRUCR B T R o AN S B S b e
IKAERPRL AR 5 A — R R AE I A B3, sk 5.
LIRS R JEE o A Sl ey, o v N 55
FERHHE J7 0.10 g-kg ™" IEAFAKERL P A B 5 1 R AR

R5 IKEFRPHEEMW=3)

Table S Arsenic content in rice grain

AhER RPRIRR AR/ (me/kg)  ABFE RIS R /(mg/kg)

A0 2.279+0.0097" BO 8.954+0.0080°
Al 1.964+0.0019" Bl 8.151+0.0032°
A2 1.769£0.0067° B2 6.228+0.0027°
A3 1.859+0.0041° B3 13.899+0.3571°

W AT R F2E 7 8% (P<0.05), MR FRAAARERARH
(P>0.05).

4 &

it BCR #2212 ik T2 — i I 2= pa A HH 3
BRI 0 BRI . AR SGE AT R85 5 &
BRADBIXT KRS - e IR e AT 400, 45 2R R TEK
FEPMERI, ATIRBCSRRIZRE SRR 2E R, FRiEAm
di A Y 90.78%, AT ERHCGSH L il A2 1Y 9.55%, TE4%
NKFEEFN, ety EZ LR E S (81.67%~
90.78%) A &, HUE T A AL >R 1T 3R B> T iR A,
ARSI A AR, X S ARPR S ARAR B A S S KA
AT A B AT RS G AL A 45 SRAR ), B 3o A5 it 7K A
AR RS DIk SRR KRS I A B
TEA, AR FRATHEEUSHE . Rl JE A KA s
Tt K R A KB & AR AR Ak, X T RE SR KRR AR K f e
R R A A+ AL AR, S A KA R
B 3045 A 2 B A 22 5 2420 8 i 0 2% 14 B i sk ol
ZRARREP>0.05). [AE;, —sba g Pgg ) fEH 11
R TES SRR R 2 F RS YIA G . KRR 2 H R
JGE P Ay BT 30 JE 2 Tf > R ] 2 RS > 1T AR AL A > B i 7S
i, AR RS B RSR N — PR R, BARTE
- BERE S P B R AR, RS S Wb KR R R R SR Y
o F i RS, B phsm, [t B 5 TR R IRk, 7k
25 A2 0 - s mT A SRS Y 5 AR A RE BB R N K R
(AN A7 T REE o ACS 048 SRl 3R BH A AR i 5 kA X A
DKFFRLA R 2 1t AR FHAS 135 (P>0.05).
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