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Fig. 1 Distribution of trial fields
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2 FR5WE 1 SHASFHEHCIMAs B
a Table 1 Total cadmium and arsenic content in paddy

21 LRHEFHNHESCERE field during different periods mg-kg!
1 KSR I A HHY) Cd R As 5 174 e e

AR, RAFERIAR MARE R L2 "o 5 13 16 1400 1405 1428
WESE TS e KU P, BEAS I, Bl RH IR D 116 113 113 1320 1362 1401
JAS 258 0 B R A R BT B, ek FI 106 108 115 1706 1406  14.15
FAMAE CARMB AT RZIMILREER 071 106 100 107 1684 1349 1383
(P<0.05). 4 4 Jm S e B . o GE) SI 112 L1l 101 1566 1325 1337
JRCA 2 [R] 0 JC 8.3 22 5% (P<0.05)- Bl 110 109 099 1519 1324 1332
2.2 FEUMEIX DTPA RNESEEMMNEE 100 112 102 1576 1307 13.94

D BEAeAt BT DTPA SR CAARUPEMEE 0z 107 112 100 1396 1281 1285
o KRERORRETI . oy BEM . A DTPA g 105 1 097 402 1277 1144
B2 Cd e BN 18] 2(a) Bron, AR 3 B2 099 110 095 1676 1141 1117

2 4y BEIW I A - Cd vk B TR R,
JE DR AT B S K RS K R A R, A BE MK RS W KRR B AR AR, W KRR BB v T LA AR R K R R i
FEAJE Cd RPN, R CK X, &R BHR 1 Cd W TR T 20.3%~43.2%, S1. S2 fEAb3H
I A B A AR RO, T F LR F2 76 B0 A0 B AL R i, HL D R AT R T I A b R R
PR T Y pH AN A B R TR Y, DR B R Cd AR e L TR B R AT R R AT S
Cd JE BB R £ UTUE , T LA B[R] B

2) flifL A1 KL X DTPA $HL As A 20 AIRE I o KRS RORL 3] . 20 B8 . b A9 DTPA = H )
S35 As HeBE AN E 2(b) B, 25 A BE L IR TR 0 ST X As Tk BB A BRI R R A R AR, Hib s
SR BR I2 R 38 As W AR B S CK R HE— 2. B CK M HL, 454116 8 F1 X 4R
A SR BE R, B4R TP AEROEEN As i, WA ERCA S As B 3E R TR0 R 1E
o B2 MR FI S FB =X As BA LS S B MR B Em, Wik, o DIAChARBZE
FORESE £ . JAERR ., WA . AXEWR G . N SR E MR RE D R £ B DTPA $2H Cd B 3L
PR
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Fig.2 Concentration of heavy metal in DTPA leaching liquid



2694 ok L OB ¥ M F13 %
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Fig. 3 Changes of Cd and As speciation in soils treated with amendments
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24 HIRIBAMBRAIEN

ANTRME Z AR S SR pH ANEE 2 Bz o ZEBRETINT, pH f e A e BEAR U T W A R >t
WA >V B SR L, ok s b5 R W R HER) pH R MIBg A T e 7eor BET R A, 2R
FARHE BE S A - S0 pH 972 A B B EEAR SR I — 2k, REBE R pH 5 CK AR —3, HR
SRR AL IS 1) 3 pH XA AN [ R B8 i 818 B w8 B0 B2 MR O N3 Wl 0 oy >V 9 £0 A>T £ >
T B

F2 TEEBUMEMNTL
Table 2 Changes of basic physical and chemical properties of soil

brEr Fea oH AR meke) M Emeke)  AMT@kgh o O
(cmol-kg ™)
CK 6.02+£0.01 33.9+10.2 148+6 32.1+0.8 7.53+0.01
D 5.91+0.07 29.3+2.2 165+0 30.5+0.3 7.74+0.07
F1 6.93+0.04 42.0+4.2 142425 28.3+5.6 9.16+0.03
AZ1 7.61£0.01 25.149.1 137£10 27.6+4.5 7.66+:0.30
S1 6.99+0.05 27.4+6.0 204+4 22.842.7 8.41+0.64
B
B1 6.19+0.13 28.7+6.0 164+15 24.0+0.1 8.75+0.01
F2 6.95+£0.01 119+27.5 170+£5 27.1+4.2 9.38+0.13
AZ2 7.30+0.25 31.1+4.7 292+4 23.7+1.1 8.424+0.55
S2 7.36+0.13 38.3+0.5 320+4 20.0+1.1 9.714+0.02
B2 6.23+0.08 28.4+6.4 33043 26.1+0.1 8.92+0.13
CK 5.60+0.03 15.9+£1.0 88.6+£0.2 36.9+0.2 6.10+£0.30
D 5.40+0.12 17.3£3.3 81.8+4.8 27.6£5.2 7.70+£1.30
F1 5.934+0.04 26.9+1.8 84.7£3.9 30.1£5.3 7.04+1.16
AZ1 6.86+0.02 14.8+0.3 85.5+1.1 38.24+2.3 7.60+0.20
S1 6.49+0.11 14.7+£1.8 86.6+9.6 29.3+0.5 9.80+0.20
SVEEY
B1 6.55+0.00 17.2+0.1 77.1£0.1 34.34+0.6 7.14+0.74
F2 6.35+0.01 35.0+4.7 85.6+£8.4 22.84+6.9 5.00+0.40
AZ2 6.47+0.03 33.0+2.3 74.0+£0.2 14.84+7.4 5.30+0.10
S2 6.38+£0.02 22.1+0.1 96.5+7.4 33.9+1.0 5.50+0.30
B2 5.92+0.01 34.1+0.4 73.7+£3.0 34.1+8.9 6.64+0.04
CK 5.89+0.01 21.3+5.9 95.8+14.9 21.9+3.8 5.88+0.04
D 5.62+0.02 20.7+0.3 106+4.2 33.1£1.8 6.24+0.04
F1 6.18+0.02 45.5+£3.4 86.0+£3.5 34.44+2.0 7.74+1.30
AZ1 6.64+0.01 21.5+0.9 89.0+0.1 35.7+4.8 6.14+£0.30
S1 6.33+£0.21 19.5+0.4 95.443.3 35.840.9 6.27+0.19
]
B1 6.29+0.02 9.90+0.6 94.4+11.8 30.2+4.5 6.27+0.19
F2 6.27+0.04 41.5+2.7 87.8+1.7 31.3+0.2 5.11£0.19
AZ2 7.07£0.02 26.1+0.7 98.24+8.7 23.4+6.4 5.11£0.19
S2 6.93+0.08 23.6+1.0 101+£5.4 22.2+1.5 6.76+0.10

B2 6.59+0.06 29.6+0.8 76.9+£0.2 15.043.6 8.32+0.49
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TR TR BT R R A R IR AR, R A AR A B AR Y[R
B, AR, HAEEA AT 2P CdIE BUTTED . ARHE MRk B 5 4 398 0 s 30wl
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WG R i A, K 50 B R )8 L ) A8 A 5 T ] P R R R R R b M AL i, LR B E M R
5, A CK —3.

ARG E MRS, HEAMA A S RWNE 2 PR, RN, HEEMRANSTES T
BEWI A RGN, HEH TR R BGOSR TR EME G, R, B2 MR St
AZ2, S2. B2AbERE, KM MMM A SRS CK A L B . B AR, & RE
A EME LS, RHEEEARARA S RS AN BAM LR A BEEES, XULIBE M RN
JERSERE P, AR AT RS AR, S —BrtR)E, SWE 15 A AL KR

AL SR 0y A, FOXT R A 2 05 E R P ARRHE A R B S
T EYR S EMEL 2 N, EREY, 2B8EMESUM S2AB)E, KEHMAEILRS S
CK AHELA FIr TR, 13X 38 B Aok (i FH 0 I 5 ) filf - SR A ML b o TR0 BEM], & 415050 B Y
AN &5 CKAH L IEA 3 25 55 7E AT, B B2 b3S I /A HLE & & 5 CK A
LA BT R, HABEM BB S A& HEAILR & &S CK LA B EE R

BH 2 7 2 S i ] DA R il 8 - el . A B R AS e BH S IO BE 1 o S TRIE 52 61 Ak B S 45
9 B B 7 ac ¥ B Q6 2 o o FERE IR A3 BEIN AR 4318 S R Rk B AS f BH S 1 A8 4 i A i
., S5 CKAHREZES, MR, R4 B2 AMEHE F oy CK LR KER,
HIFEHETEREtE S RENHEE T, HEFSEEPNESEE FRAELHED, XulBE
AR 05 A e ) (] P A BH B - 3c i i S I T, &l — Bl s, PHE Fac i AR b
SR 2 BN BEAT 16 2 MR B A9 2 16 R 4 ) K
25 KFE~E

AR 7 B S SR B bR 7558 & 4 T 12000 O st
B RIS RR , AR R R AR L 10000}

R % R B EL R, ARG E MR35 E so00|

KR B A P 4 T, 4 2L 1 KR 7 2 ol

TEAE 2 5, 25 (16 HR AL BF 75 7= B 8 800 §4m

kghm 2, 28455 MR FIIG , KAS O BE4S 7 =]

YA TR AR s s m, HoepoS1, BIL S2 A0 2000

F1Ab B A S 45 7 bk de g o 28 0 RRAL Y T 7CK D Fl AZISI Bl F2 AZ2S2 B2
B EN 6466 kg-hm 2, [ B2 4, 65 kR AL 5
AEPRIS , KFE B9 T 48 5 8 YA AS R AR B s 1 B4 FREEMHNLERKENT=

s, Hodr F2. S2 1 F1Ab¥ 5 00 T4 5 & &% Fig. 4 Yield of rice treated with different restoration materials
B, B 7549, 7400, 7160 kgthm 2, 43S0 FE 16.74% . 14.43% . 10.72%. 7K A8 54 77 B S5 PR AT
REJE I M IE B MRS ff T Cd 4 K R A K AR L2 M B i s - 39 pH DA T L 5 0 ) 8 T
IR, BEREYAERKMOTEICE, 456 U & it i B0 v A, R 3E ) = T e A vk
B, ARTRENEEER . wokiba Wiz . ZouR MR RIRIT AR, M4 & KRS i = 1B,
26 KEELEREEE

A HE 5 i S B 2 LK R mT & B3R 43 1 7 4 0 5 1 mT LA 2 AR & o KR T &
3 Cd & ANE 5(a) iR, 25 M R KRR AT & &R 20 9P 38 Cd & & o (B m i e &) B
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HbRIfEH (0.20 mg-kg™) (9 3.4 £, F2 4B S /KR AT & FHER 4319 Cd & fedi, P& &7 0.19 mgkg ™,
e (RIS RE ) P A, A MR 35 0934 Cd & & 248 A XA
WEPD ) F2 A KR AT R 0 Cd S CK MIEL R T 72%, 5 MENG 255 fii ] A9 i 15 42
ORGSR R AL, F2 AL B A & R Cd AR A S SR A e, Nk, JHERI AR
HLFR AT 2 8 B 7] DL R R U0TE [ E CdP, B2 Al AZ2 4b B S /KR Al & FH 20 5 KA EE 0 51 F &
T 46% 1 38%, FCRBA BRI, B 4 0] fE R kB s W I K AR R I ed, A kA T
A Sl ok 2 i e B AL Sk AL A B BY, F1ARFR)S , KRS AT ER 4 0 Cd 8N 0.42 mgkg !,
S5REEREES, HAGEMEOAMURE. XUIE—EuEn, SnaEike, B20
B E RS, B MR R BN FE AR R AR L, 18 MR B B X 5 R RHE
SRR R R

KRG AT LIRS As SR S(b) s, 25 X BEZH /KRS vl 22 TR 20 60 As &8 0.12 mgkg !,
R (RIS YRR ) B AR (0.20 mgkg Y, & A R AL BEE L JK RS AT A R A Y
As F Y 012 mgkg !, As & A AR

KRBT & B Cd & i S(a) frn, 25 X B4R AR AT F 8843 Cd iYW R
1.88 mg'kg ™', F2. AZ2 Fl B2 AbBRJS K AF B A W] & R 70 Cd 9P B 5 CK AFfE B & 2 5%, H
H1F2 5 CKAM LTI T 49.5%, TFREIRER K, HpmEE e a8 s, KF WA & -5
Cd 5 CK & KKM 2R

IKFEA T B FHTB 20 0y As & 4 5(b) Frn, F2 5 CK AHEL FRET 31.1%, Bl I F1 5 CK M1
TRET 25.9% M 22.8%. HeBEMEMGH)E, 5 CKEAREFEZES . A8 . BiEE080m
0 BH IR As 3 A KRR AT 43 3 A2, AR . I R B e e, ] 2 R
As HEATKFERA T & FHHE A, R AT BE R iAok . B2+ i 8o sy, - HERY pH 3R TR
F, SHEEMPUEY T As R BIRE, As IEFERE )15 242 =0,
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Fig. 5 Heavy metal content in rice

1) IRHAE Z MR AR L, SRR B8 ORI, BEREA & B 1k Cd #E A KRS AY T & FH R 43
AT &R, WasET KR T4 =5, HHTHEE MG E MR s, BFit, JHEREA
B2 Cd Ml As 15 Ye A H AN AT B o 1 kg-m™> B0 09 8 BEAE 52 RO 0.5 kg-m™ (1% 38 B 500 B8 47

2) i+ BB E cdis ek HIEYEE J1. 0.5 kg-m™ % & (4 1210 1 G A &b BEL1E Cd i A K F&
B R E R AR T & Ry, 3TKRE T A& (3 1 kgm™ £n 090 + S KR+ 4
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i, HOE A BN R B AR S O E

3) Nigih 1 BB 5 Cd is PR IR RE Sy, A R BHL 1k Cd #E A KRS B AT & 43 B0 A
X WA A RS ARRE P B BRI o 1 kgem? Bl A NG BB A B R ROCR L 0.5 kg m™ (9 A5 Bk
ZELCiN A

4) T A by T LARREAR A I 3 vh Cd AT A2 RE T, (HOCIEA RO EH 1L Cd A As 3 A KRR 9l £
PR FUAS A £ AR 23 o 10 A by b B REAR KR 48 ™ 4

5) fif eI Cd BEAK RS B Al IR Ay, R BE Cd M As BE KRB A T TR Ar . P,
R E O0 T A BN ZLH KRS YA AT & R e B, DL/ rp i 4 J 1 S o RO 9 Rk ok
A7 B BRI
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contaminated paddy by five passivators
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Abstract In order to select high cost-effectiveness remediation materials for Cd-As combined contaminated
paddy soil, the field remediation effects of Cd-As in paddy soil by the different combinations of clay minerals
and conditioner(F) were compared, and their remediation effects were verified by rice planting. For the paddy
soils before and after remediation, the available contents and the species distribution of Cd and As in them, their
physical and chemical properties, the yield of rice at maturity and the content of cadmium and arsenic in various
parts of rice were studied. The results showed that the extractable Cd concentration of diethylenetriamine
pentaacetic acid from 100 d remediated paddy soils with different repair materials decreased significantly, which
were compared with the blank control group. The actions of each remediation material could improve the
residual state (RS) of Cd and the organic binding state (OM) of As in soil. The soil pH increased after the
treatment of the remediation materials, and some changes occurred at first for other physical and chemical
properties, while these properties could restored to the level of the blank control group at last. Except for
bentonite treatment with 1 kg-m 2, the dry grain yield per mu of rice increased when paddy was treated by other
materials. After conditioner (F2) remediation, Cd content in edible part of rice was the lowest, and the recovery
rate reached 72.0%. There was no significant difference in As content in edible parts of rice, and the average
contents of Cd and As in grains met the food standard. Conditioner has obvious advantages in field remediation
of Cd-As contaminated paddy soil, while clay minerals are only suitable for remediation of Cd contaminated
paddy soil.

Keywords cadmium contamination; arsenic contamination; paddy soil; clay minerals; farm conditioner;
field remediation
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