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ERE R M OBXH ¥ % #R% K OF E#E

(ROl BHE R IR R 2 5 TR B, KD 410004)

M OE IR EEEANG YA R, BEOM p R X AR A A S e RS A, DK R AR S
8 TR AMRFHZB (BRI A+ A+ SCERSAF R ) Xt 88 sg (Cd) L 8 (As) BRAFTES LK
KRG BBULZ CARASI R . 255K, i FHHZBRESE & +4EpH 0.19 ~ 0.79 47, PHE 7384 it 3
f122.1% ~ 60.4%; Jiti FHHZBAE 75 M85 K B IR IR IS CA & MK T76.5% ~ 22.9%, et T Cdii R AR
AR NEAE AL A CARIN2.5% ~ 56.5%; JEFIHZBARJEIE M As mMER R A A5 BUA T4k, 570 As &
HHNN2.8% ~ 53.3%, WA A BFEAKT7.0% ~ 39.5%, {847 FHE#124.0 g kg™ I 248 fn 52
AT . KB AEXNCAINEEREAE0.65 ~ 1212, X AsH S % ZTE0.033 ~0.0492 0], &
LCAMBE I KT As; BoeXCAFZERe R, MR R AsHFE 268y K il FHHZBA FEATK REAR
REECIRMASIIAE ST . MEFH0.5 ~2.0 g kg ' WHZB BERRAR/K R B4 07 s CdfIAs & & 7E2 ¢ kg i
K, KREREAK P CAMAs B B KT 0.2 mg kg™, 85 E 5515 e W FR AR

KA EAUMREN; W AN EHR5%E; KiE; 1%
hESES X53 Xk FRIRAD A

FEHHZ4E (Cd) Ffifh (As) FHELEIETGY
FR ) H ™, 3 A B et H iR
HFCAMAsTEMERT DL N P A EIE RN E R,
R FRC TG Yy BRI U7 ik S A BLE BN S T As T 3
AVAEE L I, BT FIEHAEA A (Cd-As)
VSYLRE 8, Re S RIRFEEEl Cd-As A K FEEEFS |
SCELRE H R G Cd-As i Y A RO §il Fn Rl & 4
FIH, R — A iR A D (%) PR () 8, 5% kB,
iR E I N T ESEELE Y RETH
WEAETE S, WRAR T4 B i A A i g
Tt Sk A BB 4R R 3 p L, FRAIK - S e A4
(Pb) . Cd, 8 (Cu) . % (Zn) &&, Wb+
HEh Ph. Cd. Cu. ZnWYEEPEIR G YR

Wl - Ph, Cd, Cu. ZnAZHedS & R,
BEE ISR R RGN, A S A B i R AT i 4
KT RERFHE T R AL R Y AR B g s I
HASTRAFIE A, & Y il AT 58 As B R 47y [
RBOR . TR AP OR , AT A 17 0F
KT — P R K A L A A M R T A 3 L
I3 % — € I & TR S G 2 RAIHZB, K HZB
i FH T Cd—Asi5 G iy A F - v, e AR 2Rk S
¥, WESCHZBX HIERCARAsRIFIE S 5L YE
BNVE LA BxE K fg B ARG 5 CARIAS 52, Ay B E
% [ st [543 P A CA T As, FEARK A RE K i Cd
FAsT &, RFIKECI-AsT5 YK RE - B E RS
VEY & i it 5% |
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1.1 RIeHH

AR EHEMCA W R X (25°48.8'N,
113°06.0'E ) Mz HBERZ (0~20 cm) +
#, B TEEBE AP AN L (Ordinary gleyic
hydragric anthrosols ) , pH}5.60, FHE FscHtim
(CEC) H12.67 cmol kg™, +IELE2.12 g kg™,
2W50.39 ¢ kg™, &42.05 ¢ ke, BRARE73.32
mg kg™, HAHE19.73 mg ke, HALHI123.35
mg kg™'o FHEECAE R A4.11 mg kg™, A HHEMEE
e [ RFRAERY13.74% ; MAs P i4133.48 mg kg ',

MAH G BRIEBEK A (Cay, (PO,) (OH,, 100H )
Hi ) P R R AE R A IR A RIS WA
(10~40H ) KHAMF ¥ R rbral, hEzZ 4%
Ak A0 2 F BRI . KRR RO = R AR TR
272, J& TR KA A 2 —, Hii e
HEFIOIL A B A 4L

1.2 SEHURFIHG &

WOPE RS FE B B A TR IR - BUKAE RS FE
R, Ak, BT B, ERSRP
T500°C A4 hy KREREFF o, 22100 H S mA
1.0 mol L™ HCHiEFEL h, L3k, HBAiKkkE
nrh R FEEE, AR RAHZB LB

SRR R T RARMERY3.344%, B TS meE KA. WO FISCER AT AR B 2 2 1 2IR A
FEE AT, KRR A A A4 5 1 Bk B, HSEARHE A L .
#z1 AR EREBENER
Table 1 Physical and chemical properties of the tested materials
L e AR
i H & 738 i Eed BAs
IR e AL LIRS Specific surface
pH oM CEC Total Cd Total As
Materials area
(gkg™) (emol kg™) . (mgkg™) (mgkg™)
(m*g™")
F % K A Hydroxyhistidinet 8.21 0 70.90 20.49 0.001 7.10
W1 Zeolite 10.61 0 85.00 44.50 0.001 7.62
HUPERS #F 2k Modified biochar 6.13 57.63 28.93 79.57 0.22 2.30
HEYRFHZB 7.27 21.24 73.00 - 0.05 5.28

Combined amendment HZB

W HFEEBOR AN (BET) Bt5,
Emmerr Teller ( BET ) Procedure, “-” was not detected
1.3 KIBREFER

KA IC G BAE ARG (42250 mm, 5290
mm ) FAEKHE, BE2RE AR TIRAG AR 15
4.0 kg HZBW ET MK (0, 0.5, 1, 2,
4,8, 16 gkg") , HABINELE, 214, 5
THER AW AR IMA AKK, 7EH BEFACRRE T
BAk20 d, RIEHATKFERE R AL . BTN
HALK,CO; 0.22 g kg™ (#£K,0115 ) , (NH,) ;PO,
0.21 g kg™ (#%P,05318 ) , JRE0.28 g kg™' (%N
WE) , AFPNRERKEA T LIREIE, B4
FROK RPLET 1028k, BEALIX RS, &% K
TR MO BB R AR R P S SR b, R koK
WL, WK E R CHIKIRS ~ 4 em; ZrEEI
K15 em, BBHEMAEBHOKEEH; 7 D

“=7 RINKKEM Note: Specific surface area was calculated using the Brurauer

KRS ~ 4 em; 8B MBI TRASHE, #EBKERE
2 em, HARETZ2 d J5HREEM; W mrmeH =
RIZTEE) , FWEIEREDNG . KRR
KK FEHAR MR FRO ~ 2 emAbARBR 38, #H1T)5
SEoT A E
1.4 H@maoHh

T HEHEA PR SR R R SOk [ 9
HOTYEINE o HEURE R} L SR T BRR L R T AR —fL
BB AL 5 ( ASAP2020 V4.02, Micromeritics
AL EED o BIEBCRE N T 1R CA iy
FEIE25, SEPsiE ' AT P A B AF I 45
KFEAE K CAMAs Bk T K fi# (GB/T
5009.15-2003, GB/T 5009.11-2003 ) ; & —Ffi
i i R — - BRR LB (DCB) 1 R R R
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IKFEAR AR R AL . R ICP-AES (ICP 6300,

ThermoA ], FEE) W@ HIEFMSFCIETE, A
SRR 6T (iICE-3500, Thermo’y
A, EE) WEKBEMSTCIETE, AFS-8220
JRF 2t T (bt KA AR A A )

ME HEMAKREEES PAsTE., EYEER
( bioaccumulation factor, BAF, KR RZTESL
JEEES LEhEGE SR E ) MiiE R
(translocation factor, TF, /K&)5—&RfihE4
J& & B SR — A A JE S = 0 H(E ) AFgECd
FIASTE KRR 4% 30 b i ERURIEERE ) 170 0 J T
R EZF Y i+ (GBW (E) -070009 )
I K KGBW 10045 ( GSB-23) A7 i i 4%
#l, CARAsHIEILZFHN90.0% ~ 110.0% , [5] B} fi

1.5 #iEakE

FIr A EE 2 5% FHMicrosoft Excel 20071 SPSS
19.0#E 478030 M, SCH B 93 B Z HE 0P
{H. KB FEEFNE FDuncan® & iK1k (p <
0.05Fp < 0.01) s3#ras b Bl 2252, SCE AR
FRFRESBAGIHAE L. EIERMOriginPro
8.5HEATALHE

2 45 R

2.1 HZBX HIEE MR M

W20 FI, HZBRE NS +3%pH . CECHI
AHLE SR, 50 ¢ ke i FHRAHL, BEFE it &
M3gm, HIEpHZE B THE T70.19 ~ 0.795.4 ; +-1%
CECEI L&, #inT22.1% ~60.4%; + 1

®2 EAURTIHZBXMTEATIRERBL MRS

Table 2 Effects of application of combined amendment HZB on basic properties of the tested paddy soils

it JH A FHES ¥ 2c 4o HHLBT
Addition amount pH CEC oM

(gkg") (cemol kg™) (gkg")
0 5.80d 13.12d 39.18b
0.5 5.99cd 16.02¢ 40.99ab
1 6.00cd 19.38b 40.66ah
2 6.14bc 20.20ab 41.95ab
4 6.20bc 20.48ab 40.88ab
8 6.34ab 20.93a 43.21ab

16 6.59a 21.04a 41.03ab

e A — BB R A ) Rk e s Ak B R 25 535K 5% 1Y i 35 K S (p < 0.05) , FIa] Note: Values affixed with different lowercase

letter in the same line means significant difference between treatments (p < 0.05) , the same below

A ML A5 b 3R] 25 55O B 3
2.2 HZB3t tI1EFCAFASIRFR SR E M
B1AEExR, HEPHEESECIEEL K
BENT (41.3%~50.5% ) , HIR MRS
(32.2% ~43.3%) , ZJa WM ELDEEE
(10.3% ~10.8%) , FHLLEEZE (51%~ 7.7%)
FT s B, 50 ¢ ke i FH A LL, Bl it H
IR, CARRIEICS & & T T76.5% ~ 22.9%;
AL BB FRES E K T2.5% ~ 56.5%
M5.5% ~35.6%, HFAHEGFEREZS (p <
0.05) ; HEHAMYEAESTHEF AR, Had
TEILRESM, MHEEL6 ¢ kg KPR, +

HER CAFR RIS & i T RAEE 131 me ke ™',
HIEESE&E FFERAM0.31 mg kg™
B4 R R, & 8dmAs £ 2 D5
WA (73.1% ~78.9% ) 116, H WK &%
BAs (17.1% ~ 23.8% ) , ZJG N AIAs
(1.7% ~2.6% ) F4RIAs (0.5% ~1.7%) , &
BeZSAs (0.02% ~ 0.08% ) Frdilkildg/h. 5
0 ¢ ke M FHEAR LE, B2 it AR, L
MRS As AR T A s 52 B S TR B O 186 K At 34
Wi RETE2 ¢ kg KF, SCHS AT ALAS /T
W 5 F AR 10.026 mg kg 'F10.67 mg kg™, T [iE
FEr I N39.5%M37.0%, W5 W # & i 5 g
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. [ Jo-Cd ] Org-Cd B Fe/Mn-Cd 222 Ac-Cd _ [J0-As Ml Ca-As [ Fe-As
o e 100]
5 B z
oy &z 10}
= 2 ks s %
S b
¥ 2t BT 1
a3 / Hg
= IF = 01F
@ Z
2 2
g 0 NN %, S
0 0.5 1 2 4 8 16
HZB Jiti il 5t HZB addition ammount (g kg™') HZB jifi fij it HZB addition ammount (g kg™')

H: 0-Cd: FRERCI, Org-Cd: HHLLALEC, Fe/Mn-Cd: BRIEZERC, Ac-Cd: RIBIEEC, 0-As: FRETAs, Ca-As: 5
HIAs, Fe—As: BMAs, Al-As: FA%IAs, Ex—As: 5 As Note: 0-Cd: residual Cd, Org-Cd: organic-bound Cd, Fe/Mn-Cd:
Fe/Mn-bound Cd, Ac-Cd: acid soluble Cd, O-As: residual As, Ca—As: Ca—bound As, Fe—As: Fe-bound As, Al-As: Al-bound
As, Ex—As: exchangeable As
Pl KA A 2 R ADA + Srh i & 25 2 1 i 5 e

Fig. 1 Effects of application of the combined amendment on contents of various fractions of Cd and As in the soils after harvesting

K, SABEFEDEES (p < 0.05) ; 3 90.14 mg kg™, 0.17 mg kg™, [RIRHET
BRARASHEE M =M R E S EZWRMIM T 02mgke, REIEFENNIG YR ERME.

9.0% ~29.0%; 55K As FIFR I 25 As o 20 B4 K HZB it X /K R 00 A e (g e 4 RS
T2.8%~53.3%HM2.6% ~7.9%; MAsFEILEE WTHE) HF KGR, NEK3ITEHR, HZB
Ak JtE M AE0.5 ~ 8 ¢ kg ' 2 (0], FEAT ARG H = 22 5%
2.3 HZBX/KiEBEICAFAsREY S B0 ANEE, HA5ENEEKE16 ¢ ke G REA FIRE 5

BE & HZBHE H &8, KE&HMmCdsE PREE R,

EYMKFAMHZBEY (F£3) o S5ZME, B 24 HZBMKEEEHFIZCAINASHIF T

Rz BIEMBE KT CdE &5 BT 4 8 E R R R R KRR R P,
21.2% ~44.7% . 29.5% ~82.1% . 33.3% ~61.1%F1 MR FR il 1d A FiEBz i 2K AEZE 25307, XAt
38.6% ~75.0%. HZBTE0.5 g kg MEIH AT LI R ESE MM T IS E 1 b apny e
EREIOKREATAPCAER (p < 0.05) 5 {HE  HHERE (BAF) HT I KB LN EERE S
iR AR, AR, AR PR ZRA  BAREN, EEREMA, WMESENE SRR
BE (p > 0.05) . HZBREREKE R CAF I ), s 28 (TF) W FIEAL KRG & 507 2 1]
T2.1%~44.3%, 1616 ¢ ke MHERHRERIAFN12.45 ST ESIBNZEE S, 8 250K, ULUTZE

mg kg™ (X 4 (19 5 1 fE T
HZ B Jiti FH XS 7K R 25 T 0 2R BLA s A 125 52 ) RAPRKFEMRACINEERT (BAF,)

(£3), HE R PAsHscHASTHE (K1) 2 #0.65~1.21, AsEEZRE (BAF,, ) £
AR . 0.5~2 ¢ kg ' MEFHEXRELIE . 2 0.033~0.0492Z8 ., 50 ¢ kg 'MEfHEAM L, HZB
. EMABEK AT RARRMAEN, AIaRIBEIt AT BAF A WM B, 2540 B R 22 70N
53.2 %~ 65.3%., 10.9% ~30.9% . 25.0% ~ 42.4% (p > 0.05) ; BAF, WI70.5~2 g kg '4bH R4
M3.6% ~64.7%; HTE4 ~16 g kg RFFRIEK T W/, RS Rl A S0 N K, A5 Ab B ) 25 54
B AsE R . LRP AL AT AT R REE,
YIHAER, BEIEA10.4% ~37.3%. FAF R B/R THZBAS AL FECA , AsHR B
MHZBTE2 g kg KFHE, BOKPCAdRMAsT  BERR, RAEZE ZHERFEULAL

http: //pedologica. issas. ac. cn



1580 + 1 2 Eile 53 &

R3 HIBWKIBEIA P CAFAsS ERKBEYESHE N

Table 3 Effects of application of combined amendment HZB on contents of Cd and As in and biomass of various rice organs

Cd 7 & Contents of Cd As 1 Contents of As A= ¥k Biomass
it (mgkg™) (mgkg™) (DW g pot™)
Addition amount {1 bk i e Bk i} i}
(gkg) Lron RE = 752 Brown Lron UEEE Y Brown a4 Fei 2
plaque Roots  Straw Husk e plaque Roots Straw  Husk e Grain Straw
0 8.63b  4.76a 0.78a 0.18a 0.44a 3753a  6.06a 5.83a 0.67a 0.28ab 47.20a 47.37a
0.5 8.81b 3.75b  0.55b 0.12b  0.27b 1755¢  5.40a 4.33b  0.55bc  0.27ab 42.83ab  45.63a
1 8.47b 3.73b  0.46¢ 0.12b  0.25b 1390¢  5.36a 4.37b  0.54bed 0.17c¢ 40.30abec  42.73a
2 9.05b 3.63bc 0.31d 0.08b  0.14c 1304¢  4.19a 3.36¢c  0.60ab  0.17c 40.27abc  40.50ab
4 9.89b 3.21be 0.21e 0.07b  0.14c¢ 1541¢  5.13a 4.76b  0.50bed 0.31a 37.23be 37.50ab
8 10.33ab  3.09bc 0.22¢ 0.07b  0.12¢ 2741b  5.80a 4.73b  0.42d 0.28ab 35.50bc  36.53ab
16 12.45a  2.63¢  0.14f 0.08b 0.1lc 4160a 6.12a 5.10ab 0.47cd  0.25b 33.70c 31.50b

%4 HZBXCAFASTEKIEP ESEEERIZIN

Table 4 Effects of application of combined amendment HZB on bioaccumulation and translocation factors of Cd and As in

various rice organs

it cd As
Addition
amount  BAF " TF..,*  TF,."  TF.."  TF.,” BAF,° TF,.°” TF.." TF,..° TF,.."°
(gkg")
0 1.21a 0.55a 0.16ab 0.24b 2.48a 0.049a 0.002¢ 0.98a 0.11b 0.42¢d
0.5 0.96ab 0.35he 0.19a 0.22b 2.24a 0.043a 0.003ab  0.81a 0.13b 0.50hc
1 0.93ab 0.44h 0.13be 0.27h 2.21a 0.043a 0.004a 0.84a 0.12b 0.33de
2 0.90ab 0.36be 0.10cd 0.26h 1.90a 0.033a 0.004a 0.86a 0.19a 0.28¢
4 0.79b 0.38bc 0.06ce 0.32b 2.08a 0.038a 0.004ab  1.06a 0.11b 0.62ab
8 0.76bh 0.27¢ 0.08cde  0.33b 1.77a 0.046a 0.003¢ 0.83a 0.09h 0.67a
16 0.65b 0.29¢ 0.04e 0.57a 1.56a 0.049a 0.003¢ 0.87a 0.09h 0.53hc

E: ORRCAYEERE: Q CARRYMERRNELIZE REG OCIRREZEMMEEZ R DCAETERFRNEIE R
GCdBre EREK ML IZ R OMRASHTERE; DAMEREEMR AN IE REG OAMAR B2 W52 78 QAsZEnt
ERTIEZ RZEG OASS 7 ERKNTEZ 250 Note: DCd bioaccumulation factor of rice root; @translocation factor of Cd from
iron plaque to roots; @translocation factor of Cd from roots to straw; @translocation factor of Cd from straw to husk; Gtranslocation
factor of Cd from husk to brown rice; @ As bioaccumulation factor of rice root; (Dtranslocation factor of As from iron plaque to roots;
®translocation factor of As from roots to straw; @translocation factor of As from straw to husk; (Otranslocation factor of As from husk to

brown rice

BEREAK MW iz R M. dmR4nT I, KABCd, 2.5 KIBEEAFCA. AsEESHTIEPRER

AsHIB 5538 RBBRTE o fh, HABH/NF1, H SHER
HTF K (2.48~1.77) , TF,._ W3EH /h Ffi 5 HZBjifi FH & 38 n, 3 cd. AsIAF

(0.002~0.004) ; £ALFREXTCAR T2 RECH R GKEEAITMTCd, AsTEai Bai (&
TFeasn >TFeiis > TFeu > TFeu.., FAsHI¥:iE & 1, £3) . THEPCIRIZERESEL KASKIHE
BOHTE, . >TF, ., > TF_, >TF, .. SRR RO T, i R KR
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WAL G, Astrim S HER, 2 AT AR 2
Br (R5) o 4PREW, Rk, 50, EMFRA
HCd & 5 R CAMR 4R BUS & i Z [ A7 A 2t
IERRKER (HRRB WS ) o BEKFIZEM T As
T 5 RIE R S A s E AP TE R BUE A O OE R
(p < 0.05) , BFeh AT 75 ZAAFELANE ARG

(p < 0.01) , MREREBEPAET LS ZAFELMIE
K (p < 0.01) , MREPAHEGZLMNKR
AW XERY, ALRP KRR WACA. AsTH
O R CARR RIS | As SRS & B A
TEARSGE s BURERT S, L CARRR BUSFIAS
ACHRAS T MR, WBERPC . ATk,

RS KBEHMMAPCA. AsBESLIEPCI. ASBRISLIENHEXRRE

Table 5 Correlation coefficients of Cd and As contents in various rice organs and the contents of various extractable forms of Cd and As

in the soil
TR ERIRGECd e SR As
Acid soluble Cd in soil Exchangeable As in soil

kA Cd/As Cd/As in brown rice 0.850" 0.531°A

B Cd/As Cd/As in husk 0.840" -0.594"

2 Cd/As Cd/As in straw 0.864" 0.475"A

WA HCd/As Cd/As in roots 0.740™ 0.415

WEYEFCd/As Cd/As in iron plaque -0.400 0.699"

e *Fs R RRp <0.05Fp <0.01BEKF, n=21, rys=0.433, ry=0.549; AR Hrie s Tt tr il &
Note: * Significant at p <0.05, ** Significant at p <0.01, n=21, rys=0.433, 7,,,=0.549, A exponent correlation

3 W B

Whox W], BEEHZBREH R L, HiEd
CARIRAAIE AR A TR AL . A WA Bk
0 TR P JUAS 5 B R R A, TR X AR A A BR AR R
WA &5 . APLES RS S A —E R i
L HANEGE SRR (K1) o Rz —2
HZBRE W1 L EpH (R2) , a7 LKA
Xl IE FLTAT B G B RE ), A g
Mgk (Fe) FfR (Mn) %58 T 50H 45 G IR
LG, NESREE TR T2 A0
AU O AR T R AR R A R s R R
SEWE KA1 RES LM h CAJE LR THT 45 5 W R AL 3T
Y WA AT AR R B CdT Y SRR
oS A — 2 AP, A YL RIS ™ A iR A
5 R AR R TG PEA SRS S, B T 2
B A AR AT S G S T
RN BERE S 1, K A LA A Cd A it
BEAk, Bt s A AT ¢ b 2 i ARG O, B Al ) BRI
WY E G Jm b, RN &S AE RERT, REEA
M e T 2% S VR S R R R Cd
B RE I OMER PR 45 5 W, 2 T B A 3 v U
Cd ", BRI A Rt

+ R R IRAEIE S B As, AR 3 R
F/MRIR B A As > FEAIAs > FHATAs > Fi A As
> BRI AS As, T 4R PR MERPEAS 10 i
HZBX HiEh £ B A S RBA T (£4)
B it o G, TR K S B A A
SETRERT G, AR At 2 IR B
HFRHE TR, FRELEE KA AR FT o b ¥ & K
BEPIE T RERSRE I A A A s 1) RV 10 AT
RIAsHG AL, JEMEAS H P RIAs T | R K
PEFE FF e R0 A7 8 B 5 B AL B B R Y T3k
A, XFAsHAAERGWHHER, GeiSds -1 rh
AsBEFREEESL P sah, SOrERS R R & &
R ORIEFNER I S A E BRI R0 5 As LN 4
A0 AT E AR As, X2 S8R A s A A R
TRER BRI . (HE, HHEpHXT -3 AT P 42
KA, pHBE AT PEOR 12 Y HZ B 7
0.5~2 g kg '}, HIEpHAMAHE (£2) , K
P HZ B [ £k A0 B A s RLR K F 16 AL AsRLR ,  32F i
B T LErp e S As S (K1) 5 2MHZBJE A
WHiAH4 ~ 16 g kg "B, THEpHKIRERE, 1
PG AL As 2 TRk EAL BT g As, DR 4= 8 v
TS As T B AR A A R b2 B TR -

HZBRY i S K Cd & R AEAR R 1, PHIR
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FLHE AOKFEAR AR, SEMBRAL TR R . 2GS 5E
e i, AT RORhCdEat (R3) , 5
IS E W 5105 122 MZhous = —E, REREE
T KEAs, (VAP REEEKRBIERN (F£3),
X5 Liu % 1" FlHossain 2 2 szub 4t BAMSF . &
HIHZBE 1 L 5h Asia ERIAFE 4L, )
A RCERRAR, I T BRI T B 1 T
RIS SRR E LI As T i 2 e AR R
BB AT &, W AKRIRNAsT &, &X
FEARE K As i) 2R

WS KRR B X CAE 4 R EUE0.65 ~ 1.21
Z I, XFAsIE £ RZEAE0.033 ~0.049 2 7], X
KRR A CA E LRI KT As, LK
0.5~2 g kg™ HZBJtiH, 7T 7] B} R AR K A5 AR & Xt
Cd. AsfEFERE, BIaT ]I R AR KR X CA AT A
& FERE T o KR 45 B X 4 A B e 2
AN, EARTE T, B2 BRI CAd s REL
R, AT HA R Cdik iz EREK Y
A1 MABZEMNAHE B ZBHEL, WHRA
$ia AsTRE ) o, RERE T 2 10 AsTa) R A
B, LIRS, KRR BRI EE T K
CAFIAs, (EALA L EB4> CAFNA s o AR 2k 5 i3
ZKFERE AR, PR AR e Ak R K A B A CA T A
) FEZHAL . HZBWHH, i Zicd. BEAMW
AsEBETEM B, BMHMBRRNEiE, WK
L HIIERRAR T B s Cd . Asiy R,

SEY R & BIHZBIE AR 8 ¢ ke I XK FE W)
AR, X5 HEHE AR B i A IR AT
AR A AR A HZB 2 HE— 0 2 i AR R
o, MR R E SRRl P Ak,
FEAF pe e AR HC IO i 72 v kA T AT A9 — 34045
BRI E R 0, TR M F K RS 9 2R K

LA K], KFELIACD, AsTES -
38 v R 2 B Cd B 1 IS #7485 As Bt [B) A7 76 AH G
P (ES) , BIKLERCAMASEY A E, 1T
PIFEAR K AR HE b &3 Cd. AsPrd, H+3Ecd
FA s 19 A= WA 01 Bl R85 25 R 1 U As 2 25 5%
(o AR HZ Bl it 88 K B IR C d A= 0 A R 3
SRR, (AR R WS T R EpH, R
TAsHIEMAERNE, 0.5~2 g kg™ HZBRYMGEH , [A]
ARG T R CARA S AR, FRAR T KA
o B XFCd, AsHY BRFL. 782 ¢ ke i, RS
K CARAs & R TF0.2 mg k™', BRIEEE

AT YL IR AR . R, RN E HZBAE 1 4
pHIS ST . 3R AsBE TR AL I A 5w, T4k
PRI CAFIAs, LUk 3] [ i R CA A s A=
WA BERRR, IRk Cd, AsE® AT 1T
fy, X AEHCd-AsE A5 YL fg - He et T
A fig.

4 45 ©

Jiti FHHZBREHE &5 4 pH 0.19 ~ 0.79 9437,
FIHECECHEIN22.1% ~ 60.4% , Jita FHHZ B i 2 B
BCAE BT 6.5% ~22.9%, {2t T Cdin e
RUSHEEAE , A PLEE G CAEIN2.5% ~ 56.5%;
S, R 1 A s ] eV R S A A AR A s B
Han2.8% ~ 53.3%, Wl {38 S As & AR
7.0% ~39.5%, {H4jifi L4 ¢ kg BF 0] 23
N H S As iy KABR AR CAIE £ REE
0.65 ~ 1.212[8], X} Ash &4 RZE1£0.033 ~ 0.049
ZIE, HECINMEEN R TEEAs, HHZBIE
K FEAR R X CARIAs B & /e J1 . 7R KRG 45 H AL
o, B Cd s e ik, MR R X AsH)
Mg k. HHEPRIBREACIE B MZHE
AsEH Y 5RO P CA . AsF &8 17 764 &
KFR, BAFHRAE T EHECARAs B EWA 80Pk
HZBJifi FI 5 7E0.5 ~ 2 g kg™ /KF, TR wf AR 1
gehcd, AsWA AR, B RRAIRRE K T Cd
MAsE &, 2 ¢ kg KFB, A8 THE
Ak, ROk Cd. AsT a2 3014 mg kg™
0.17 mg kg™, [AIAHET0.2 mg kg™, KF|IEKEMH
15 YRR AR . ESCBRARY AR = v, AT AR 4 AR
AT Y AR B, it S R A HZBOR VA #E TS G
+ 4.
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Effect of Combined Soil Amendment Regulating Chemical Forms of Cadmium
and Arsenic in Paddy Soil and Their Bioaccumulation and Translocation in Rice

GU Jiaofeng ZHOU Hang YANG Wentao ZEN Min PENG Peiqin ZHANG Ping LIAO Bohan'
( College of Environment Science and Engineering, Central South University of Forestry and Technology, Changsha 410004,

China )

Abstract For remediation of paddy soil complexly contaminated with cadmium and arsenic, a pot
experiment with rice planting in the paddy soil collected from southern Hunan Province, China, was
conducted to study effects of a combined soil amendment, HZB ( hydroxyhistidinet + zeolite + biochar )
on chemical forms of Cd and As in the tested soil and on accumulation and translocation of Cd and As in
rice. Results show that application of HZB significantly increased soil pH (by 0.19 ~ 0.79 ) and soil CEC
(by 22.1% ~ 60.4% ) . In addition, it reduced the content of labile soil acid soluble Cd by 6.5% ~22.9%
by promoting transformation of soil Cd from soluble to insoluble ones. As a result, the content of soil organic
Cd increased by 2.5% ~ 56.5%. Application of HZB also promoted transformation of soil As from soluble to
insoluble, thus increasing the content of calcium-bonded As by 2.8% ~ 53.3%, and reducing the content
of soil exchangeable As by 7.0% ~39.5%. However, when the application rate of HZB reached beyond
4.0 g kg™', the content of soil exchangeable As turned upwards again. It was found in this experiment that Cd
bioaccumulation factor ( BAF ) of rice roots varied in the range of 0.65 ~ 1.21, while As BAF in the range
of 0.033 ~0.049, showing obviously that bioaccumulation capacity of the plants was greater for Cd than for

As; that among various rice organs, rice husk was the highest in Cd transferring capacity, while root was in
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As transferring capacity; that application of HZB decreased the Cd and As bioaccumulation capacity of rice
roots; that the application of, HZB at a rate of 0. 5~0.2 g kg™ could significantly lower Cd and As contents
in various rice organs; and that when 2 g kg™' of HZB was applied, Cd and As contents in brown rice were
both lower than 0.2 mg kg™', meeting the requirement set in the National Food Standards ( GB 2762-2012 ) .
Key words Combined soil amendment; Cadmium and arsenic; Chemical form analysis;

Bioaccumulation and translocation; Rice; Paddy soil
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