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Abstract: [ Objective ] The chemical behavior of cadmium (Cd) and arsenic (As) in paddy soils is opposite to the change in
biological efficiency. This presents serious challenges to the simultaneous control of Cd and As pollution in rice. Previous studies
have found that continuous flooding of Cd polluted fields can reduce the bioavailability of Cd while reducing soil water content
can mitigate the bioavailability of As. However, the forms and availability of Cd and As in the soil-rice system under the process
of drying (oxidation) remain unclear. [ Method ]In this study, continuous sampling during the process of drying (days 0, 3, 5, and
7 of the drying process) under tillering period of rice in a pot experiment was carried out. At the same time the soil samples were
analyzed for pH, Eh, soluble organic carbon, available Cd and As, and the different forms of Cd and As. Also, the plant samples
were analyzed for iron plaque in the rice roots and Cd and As concentration in the rice tissues. [ Result] The results showed that:
during the process of drying, the Cd concentration in all parts of rice tissues increased with a reduction in water content, and the
Cd concentrations in roots and shoots were increased by 109% and 183%, respectively, under the second drying stage (drying for
5 days) compared with the control treatment (P < 0.05). The concentration of As in rice roots decreased firstly and then increased
with the reduction of water content. Compared with the control treatment, the concentration of As in rice roots was decreased by
41.96 mg-kg™ (P < 0.05). Also, the shoot As concentration was decreased by 12% and 18%, respectively, under the second and
third stages of drying (drying for 5 and 7 days) (P < 0.05). The Cd, As and Fe concentrations in the Fe plaque increased by 97%,
16% and 16%, respectively (P < 0.05). With the decrease of soil water content, soil Eh, soil soluble organic carbon, and soil
available Cd extracted by DTPA were increased, but soil pH, soil available As, and soil available Fe extracted by DTPA were
decreased. In addition, reducing soil water content promoted the transformation of residual Cd to acid extractable and reducible
Cd, resulting in the increase of oxidizable As concentration. It was also observed that when the soil moisture content was 33.6%,
the bioavailable Cd and As concentration remained relatively low. [ Conclusion ] Reasonable water management practices can
reduce the bioavailability of Cd and As in soil. This is due to the changing soil Eh, pH, soluble organic carbon and available Fe,
and the promotion of adsorption and fixation of Cd and As by the iron plaque. However, it is worth noting that while exploring
water management methods to reduce the bioavailability of Cd and As, the growth and development of rice cannot be ignored.
Our study contributes to the wealth of knowledge aimed at improving the remediation of Cd and As contaminated soils.

Key words: Cadmium; Arsenic; Drying process; Iron plaque; Cadmium and arsenic speciation
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+HEpH J 4.8, HHLF N 143 gkg ', A K 1.8 gkg !,
SHh 4437 gkg!', @Bl 3.55 gkg', @EN
69.39 gkg ', 2N 4.64 mgkg ', AN 172.52 mgkg .
PR ARG 5 R A 0 7 A SR AL R A BR A R T
AIRRIE L 189, J& W 28 2438 R 3 FHHlr
1.2 MRAE

ARG T 2020 4F 4 A = 6 A h EAER K
VAN AR 5T 35 (b)) AR T . Ak
WIFE EE N 25 em, &8 25 om ¥R Z g b it
fr, SBEMERR S5 kg, BAMMCHES =K, B
PR S — B AR R P Ak o 7 X560 iy 45 20 0 300 it P
N (JRE) 1.96 g. P (BER—% ) 0.82 g Fl K (4 fk
) 1.67 g VEMIEAR, a0 fa] 45 b B %) 45 HRTS it
PRFF—20 IR Ab FRYE K R4 BERSI (RS AR 45 d)
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SR G TE R KAy HARVE T B Brilb AT SeE URE, 4y
FAE AP KR LR AR KR ) R 48.40%
30.33%. 14.27%F1 5.73%KFBEAT + HERFE I RE 5 1)
KA, ETKSEHMBOF YRR 32 C, &
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ES/IE S

F1 BFLETRIRIKEMREZ KR

Table 1 The soil volumetric moisture content and mass moisture
content of each treatment

TR BRE KRR Bkt & KR
Dry days/d Soil volumetric Soil mass moisture/
moisture/% (gkg!)
0 48.36+0.38 504.7£13.2
3 28.30+3.16 399.1+49.0
5 13.58+1.53 213.3+£9.8
7 5.47£1.20 79.9+£26.2

1.3 HmRERERUNETE

TE 4 YCRFEMN R R K RERLAR ISR, A RK
P25 BT /K BN vh b ARk i, e v A B 4%
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75 CNHET A SRARMYIRE S A [RI, F h B
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J& o PR S, — M HARR TG 20 Bifi&H, 5
— BT 4 CIRRIRA .
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FH BCR 4 S22 B H B Vs V0 aod S 5 25
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PEAHLER (DOC ) KA 0.5 mol-L' K,SO, =242, U
T A WL 23T ( TOC-VWP, H AR B ) il 5 .
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oK. & T 0 d ( RIESIKER
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KTIG% 7 KX+ DTPA ERSH SR FS T
Hofth 45 Ab B, 4295 0 d A BB EHE N 101.74%.
HTIRH 3 KA S KRIWEE T 0d b 35553
T 62.19%F1 66.95% . - HEAT &5 A 75 5 0] 52 BRAH J
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B 4 A i i e T O & B,
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FTETIRSE S KM 7 KA, 9% T 0d4bB
BERRAK 67.41%, V& TR 5 KASE 7 RE-HH
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The concentration of the soil diethylene triamine pentaacetic
acid ( DTPA ) extractable cadmium and available arsenic

Fig. 1
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Table 2 The speciation of the soil cadmium and arsenic

#+H Cd concentration/ ( mg-kg ')

fili & F As concentration/ ( mg-kg ")

ALI‘IE(D
FR PRI AL A CERia FRIAY  MRIBIA® WAEAY WAEARY |
0d 0.88+0.01b 0.19+0.00¢ 0.05+0.00d 3.5240.01a 2.05+0.22b 4.10+0.01c  0.79+0.01c 165.58+0.22b
3d 0.87+0.03b 0.20+0.00c¢ 0.05+0.00¢ 3.5240.03a 1.95+0.20b 4.77+0.07a 0.43+0.13d 165.37+0.37b
2R, 1.51 -3.38 -7.22 -0.09 4.86 -16.37 4522 0.13
5d 0.96+0.02a 0.22+0.01a 0.070.00a 3.3940.03b  1.61+0.04c 3.1140.14d 1.63+0.22a 166.18+0.16a
WD 0% -9.35 ~16.84 —43.51 3.84 21.63 24.15 ~106.46 -0.36
7d 0.93+0.02a 0.21+0.00b 0.06:£0.00b 3.4540.02b 2.75+0.13a 4.43+£0.09b 1.25+0.07b 164.09+0.29¢
WD 0% -5.14 ~11.03 —21.44 2.18 -33.99 -8.00 -59.21 0.90

H: FESAR M ZE (n=3); FIFIAF/NG B8R 2 PR 22 55 K38 3] 8 2K F (P>0.05 ), Note: Means + standard deviation
(n=3). The same lowercase letters in the same column mean the non-significant difference between treatments ( P>0.05 ). (DTreatment; @

Acid extractable fraction; @Reducible fraction; @Oxidizable fraction; GResidual fraction; @Reduced by dry.
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T
IKAEAR R B HAT R R A My B AL 2, AT
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HOKTEIR R G R AL 3% . 2 BENREE +
S 7K AR B IR R AR B4 52 B S0 0 s AR B4

B, BRIETIESE 5 KA, FHAbAS bR 22 5K i 3
(P>0.05), ¥%T 0 d AbFKREHRREBSE SN
522 mgkg . SYET 0d AbHIMLL, ETEE S RIRE
R AR A i TR RN 96.52%. Bl Er K MIREAG, 7K
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Fig.3 The Cd, As and Fe concentration in the iron plaque

32.80%. 43 BEHA P Bl A 1 35 A KR A BRI K R AR
BRI ETH R IR BEAG. P5T 0 d AR FRERARAR & 1>
87.23 gkg's H¥ET o d MLk, # TR 3 KA
7 RPN & W T 16.72%H1 16.29%.
24 EF (S4) IRABEKSHEERWSE

3L

3 i LLEH, KFEZEMR S RS RIS
IKFR AT e 50, 75T 0 d AbF/KAEZEM 43
N Lldmgkg . 5% T 0d AL, FTH
5 KM 7 RAKKEZEM4R & &5 5 W58 T
108.77%H1 52.63% . M 25 iG55 12 I 52 I AH i a9,

B+ E ORI BN AR . TC WK b K RS =5
M A R 11.32 mgkg ' 5% T 0 d ABEA L,
HTE S KHE 7 KRB &4 o 25 T
11.93%7%1 18.46%.

TKAEAR P4 7 A8 b fa S R ZE R AR A — B
T 0d b HKRER NS RN 0.46 mgke . 5k
T 0dAbFEALL, 5 T25 5 KA 7 RAKFR NG
SEMEERINT 182.61%F 165.23%., {HHR KA
it B a0 B 7 3 S AR BRI S5 1S . 95T
W53 KRNI EN 164.92 mgke ', 5% T 0d #
I, BT 20.28%.

3 KIBEHEKERERBEIERB/MERRY
Table 3 The cadmium and arsenic concentration in various parts of rice and the transfer coefficients of Cd and As
o Y W/ E LR AR/ -
Ak TF (cq st TF (cammz) ~ TF (aszm - TF (assmee)
(mgkg')  (mgkg') (mgkg!) (mgkg ")

0d 1.14+0.06c  0.46+0.10b 11.32+0.06a 206.88+4.28a 2.55+0.61a 0.09+0.02¢ 0.05+0.001b  0.81+0.01a
3d 1.11£0.07¢ 0.57+0.06b 10.75+0.08a 164.92+23.50b 1.96+0.17ab 0.10+0.01bc 0.06+0.01a 0.62+0.06b

WA RY%  2.63 -24.91 5.04 20.28 23.14 ~11.11 -20.44 23.46
5d 2.38+0.03a 1.30+0.09a 9.97+0.42b 197.34+5.93a 1.83+0.12b 0.13+0.004b 0.05+£0.001b  0.66+0.02b

W EY% ~108.77 —-182.61 11.93 4.61 28.24 —44.44 7.66 18.52
7d 1.744£0.05b  1.22+0.15a 9.23+0.63c¢ 205.12+3.66a 1.44+0.22b 0.24+0.03a 0.05+0.003b  0.60+0.02b

WY —52.63 -165.23 18.46 0.85 43.53 -166.67 17.88 25.93

(DTreatment; @The shoot Cd concentration; @ The root Cd concentration; @The shoot As concentration ; & The root As concentration;

(6 The Cd transfer coefficients of root to shoot; (?)The Cd transfer coefficients of iron plaque to root; @ The As transfer coefficients of root to

shoot; (@The As transfer coefficients of iron plaque to root; (0Reduced by dry.

KT 0 d b AR R IR AR AR N RS R RN
0.09, 57T 0 dabBAMLIL, T 5dME T K

AEEETR TF (Cd MRARE ) BEFE T 44.44%H
166.67% ( P<0.05 ). %1 0d Ab¥ TF ( Cd Z50/4R )
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H2.55, METH S KM 7 K TO 4bH /DT
28.24%F0 43.53% ( P<0.05), 7% 0 d 4bFE TF ( As
/AR ) Ry 0.81, Midx T4 3 K. S5 KRN 7 K
ST 0d BT 23.46%. 18.52%FH1 25.93%
(P<0.05). % T 0 d4bFF TF ( As ZEM-/4R )
0.05, M T 3dAFEET 0 d IR EF T
20.44% ( P<0.05 ).

30 ®

31 EF (84) SiEkiEEmpl RREmEE

YT 5 d b FEK RS ZE M AR A T B A
G300k 2.38 F1 1.30 mg-kg ', BT 0 d Ab3 5T
BT 109%F1 183% ( P<0.05 ), HREVET 7d bR,
55T 0d AbBEAHEL, 43505 T 0.60 F1 0.76 mg-kg
(P<0.05), RUPKFEAIMOE T RIE TIESKE
M b TR, SR AT As R —s K &
B 2 - 498 B 7K o AR IR R AR 2 R IS ANk 1 i R e
T REAR A R H, T K R AR A i 15 12 0 B
KB R BRI RGN . W 5E 2R B R RS B T 4
FUKFERRRTE T), BOMUKFERR R AT, (et K FE
RFLAFOBRBERIE R R 4 i, MM
BT 2R 37K e AR 22 Kk RS 4k 5 K B 2R 0y i 35 4 DG 56
# (r=0.61), [FB}, T4 S5 KA 7 X TF(Cd
ZENF/AR ) BT 0 d AR S 2 U T 28.24% 1
43.53% ( P<0.05), 1fi TF ( Cd fR/483 ) 435 i

KR Soil moisture
ZEM4% Shoot Cd
4 Root Cd
ZEMH Shoot As
AT Root As
BIES DCB-Cd
HHET DCB-As
BREEEK  DCB-Fe
B DTPA-Cd
AR Soil available Fe

-0.07
—0.33

0.31 0.31
0.57
0.56

0.17

—0.02 0.06

0.47
TR Soil available As

TRk &R B it
Soil moisture  Shoot Cd  Root Cd

BT 44.44%H1 166.67% ( P<0.05 ). H It Al $#E30 7K
FE MR 22 1T BELRSHGE ) K R o 3B 56 %, (K& B
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