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B OE AMEEHTERBXOKPRELTE CAdG B R AR, R AKFE - 32 5 7E R =M A7 56 1k 52 56 40
AT, R TR A K . YRR LB K A (HAP)3 Blvl WA 52 56T £+ S AR BAL M T . VR 7 5 e
MR R, R AW, 3AOBENEEERS LW pH, 5 CKME, HHA K. £% M
HAP J&7 , /K R W 330 4 58 pH 20 W42 % T 118, 0.51 F1 0.91 A BA 47, 3l 3 Wi 3K 300 + 3 pH 20 W42 T+ T 0.29,
0.81 1 0.63 4~ 87, {H7F it =2 WO AR 30 it FH 0 K A HAP A B AG 36 pHL HE IR 2 B0, B 0.91 S AT 0.30 424
B, it AR ok A P0G 1 38 pH 3 — 2048 & T 0.28 N EALAL; 3 AP FRAE K A ORI A e 4R s L IEAR AL &
Hor A s R e tE s 3P RE B R IK R IA I A Cd & &, 5 CKANEIM L, s BIBEILT
21.84%. 34.08% F120.12%, {BAE i 32 50 30309 it FH A0 0K A1 HAP &b B () + 38 850 Cd 5 8 50 HH [ 4 B 7 /K 6 Wi 3k 30
AP BT A, WA e W gE— 2 REAR T 41.76%; AR . A=) FI HAP AL BEXTVEY) 7= 2 m A K, {H5 CK Ab#
AL, Rk Cd &80 JIFER T 30.00%. 43.33% Fil 38.00%, IS5 Cd & &3 B T 21.00% . 53.57%
55.90%, Jii FHAE 9% A HAP A BRI B4 . 4% LRArd, AWm B E K SR ER T & H Cd 58Uk i .
KiEIE KERAE; cdisprBRE; FAreith; ok IE

I FE AL G KR Tl Al 22 R & AR, AR g i A Y AR 2R, T[] 1 e 5
M, B AR AR o AR 2GR, ELIRR AT SRR A B, TR A R T RO T A
K 23 U ) 3 YRR O AR S IREE D, K B AR S R B A S ARERE L, RRALHF
Hby 1 X6F A% G2 7K A oA AR A A B e ), Rkl AT D4R K A 7 R T, BRI AR A R, A
WA BT, B ERR ALY, R R A R, MO A Y s R, Rt
B AR Y, BRI E R AR AE)

TIER AR CAVs Y H 4 8, Wik, WWE¥ & T AR SR X Cd 15 3¢ 3 1y 12 5 &%
R EAER, BER A K. RV R MR K A (hydroxyapatite, HAP) Jifi il 2] 1 38 J5 55 4 J& 2= 90 47 3%
PRI S A0 S X B 15 e IR B E RO ] REBFRUI R, A K R R
HAP #{AE 2 = 1 3% pH, 117 pH A94& = BERG I SRR XS Cd im0, s~k 46U R 3, A7 K RE
PR KRG ZEAT R Ca i3 B, ) Cdol i 22AT 7R, NI Cd ERE K R YRR s WA KA fiE
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PRI ARG A AR, A Wy D T L2 ek 2 o e O L B 5 5 J AR BRI 0 45 L 1 R A 4 i Y,
B AR LA A 8 5 38 T DA KRG X8 R o0 | Al Y, IR CAERE R TP gL & .
HAP f8 i 35 48 = 1 38 1 4 J8 19 [ 52 e 0, b R se 7S Cd i & i, HAP XF Cd /9 [ 5@ &
TR B AL P A5G HAP R 1i F Ca®'5 CA* 1Y B 738 e L K HAP S A& %t Cd i W Bt s i 4h
LB EM LI, W HAP 5, IR AEEGE M 2R A B ER S, BREY S HAP
REF= AL U RN, SR B E AR E .

HAl, KFERAEMIR EZCEXEY A K SR SRHER R m, A B R A sl 15 2 R
(I 5 4 v B — PR AR X ) - 48 Cd Ja )R] 1 [ AR, L TR R 2 45 G Dl F 5 i A 7 X K R
WAL AEY) 4R S B A ST ST 8 D . AR 9T LARRAR 384 %5 Cd MFEY kR i Cd & &
S EAR, WS T K A VER R b s 2 Rkt IR AR IR . R R Cd S R A ST
o Cd LR B, I T A e Y SR A
1 MR5ER%

1.1 it

SLEY T 2017 4 4 H—2018 4F 6 A 75 8 BT 5L K 2 B0 (0 K 52 Cd 15 P e N i A7 . 5
55 1 J T A 2R KPR R S X, ARP R K 2958 1100 mm, PSR 0~37 C, R8T
WRFEE. WA, LR A ECEAFNEY, g E RERFar#E, AR
e, FHOAMAIRKITHAK, KEZAH 12m’h", FMHKERESE 20 m*h™", 7K Z 0 3
R AC L, /D i 1) S0 M IR AL . KRV IR VTR 4 Cd Er ol 275 mgkg s A+
HEPRALPERT . pH b 6.02, AL &N 6782 gkg!, & Cd &N 0510 mgkg”, AR Cd &N
0.163 mg-kg ',

S AR AR K A A Yl E UK RS SRR TR 66, LR RINRY = R 2 S KA SRR, R A% T SR TR R Y
o)z AR SR AR, SEES B R AR A K . AR HAP. A K B S R T T A B 32 AR S AR A BR
ANEIREE, R TEREAK, 4 Cd &N 0112 mgkg s AW s P RS IR IR B AR B R A, R
FRETeReH, SR 60 HifiHfS, 4 Cd &M 0240 mgkg'; HAP i il I s 3L B B A7
FRAFIHEML, 4 Cd & 0.184 mgkg ™'

1.2 gt

K RRAE ORFE-IMSR ) MR ZTF BN, fAAFMEE IS T BE. &8
44 AbBE KR A SCHER T gy e U B T s T it N i (b By ik e R R L AR 1)
AR E 6 RER, LR/NXIL2440, BA/PNXEBR 5 mx4 m=20 m*, 48— G5 I BEHLHE
G (NX AT E WL 1),

x1 ABFEREEFIRE . ‘
Table 1 Treatment methods and dosage of
remediation agents l

\ e BRI NS .
wogs sy COUHE RS L\

(kg-hm™) FURT /ke
1 Tt 25 — _
2 AR 1200 2.52
3 73 4005 8.41 =
4 BB AT 5655 11.86 1 EBRXHEE

Fig. 1 Layout of test area
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S NX Z [ 2B s AR BR B, JEDAOR R 35, Bk /DX Z IR K . BRI . AN A
B, @B HEMREKRE, KBRS N 747x3051, 3L210 %k, fEKRERAWEE, BT
H oK 4, BIAEE AR IM SR, RS/ DX YT SR P 2 B Ol 90 Bk o SEIR A il B AR ST B AT 4 —
HA, DUS SRR TR 2E, $em L gm 45 R ] ok
13 HRRESHR

FE iR SR B R B KRR A AT . KRS R I SR SR ) 3 A e AT . K AR AR AT, R
LY HNTR A RZE B34 KRR, 8 SRR RE A LR/ h R 2
HRE LA, BEANKAEYR S, FBCRE TSR A 5 B R B S 0.5 kg MR FE S . RER T
BRI SRR RS T AR T IRT, UG &, FRFES T 75 CHT, 5 wF s
= H .

43¢ pH >R A PB-10 &Y pH i 3040 I, 4= AT BL DT % ok P A% R A0 A R TR s A Ak
Cd 7 Kk H DTPA W2 $&-47 S5 50 5 7 RO 43 D 6 BE VR POV I -+ B 5 R FH 1K - SR 1 T i
FERLRE 5 R F A R - SRR L™ T, Cd & i il IR IO % (Y (Z23300) & .

FE S e DL 38 1 53 o3 A bR E ) it GBWO07428(GSS-14) . - HEA RS PR EY) it GBWO07460(ASA-
9). A WL AT 4 W AR HEY) JBi—— VO 1] KK GBW10044(GSB-22) 1E Jy % BEZH , [R5 & 25 (140 . AT
R InAR Y S5 it 3 Cd . B3R CAd AR MFEK L SRR Cd SR T R . I
FEfh Cd [BISRN 95.6%~105.1%, AFRiFE i Cd BNy 97.7%~102.1%.

Fit A3 8 35 5% I Microsoft Excel 2010 1 SPSS 19.0 #H 47 I Ge it oM, & bR [ 7B R 8K
P 6] 22 5 2 3 (P<0.05), >k OriginPro 8.5 4b#

2 #HR51R
2.1 3MEEFIFLIE pH REN RS SIS

Kl 2(a) WL T A K . AW HAP kb B JS + 38 pH A9 484k .tk nl 0L, SRA 3 A b )S , K
T2 FIh =8 2= 13 pH 39 W R T & . 0 S Xt AR EL, Gk . A9k f HAP J5, 7K FS
WO 58 pH AR T T 118, 0.51 F10.91 AN A7, I AE v SR 3k , + 48 pH 2 TH T 0.29. 0.81 il
0.63 5L, 3 FAEEAE K BACVESME T, SHHNL CK Z [AI 377 7F 35 22 5 (P<0.05). {H 43 51Xt
3 Ffah B 4 88 pH AE AR VE RIS AR 4b 0T LR B, A KRN HAP b3S 09 + 3 pH 3 11 9% , R0 b
0.91 N F10.30 BfE, WiAEY A AL BRI, 43 pH &K R WOk 01 ) g — A 42 75 0.28 N EAf . itk al
W, A B A HAP 76 S5 B 8] 9 45 T 48 pH B 85O S B Ar, (H 5 3 1 R A5obE RS e MR I AR W o
B A K E R s, K AT PR A K OH 5 1 HAP K iR, &R pod-, Higud—
WM —GoKRIE, ATAEHPO; . H,PO,, Zad B = A K OHP, JiF L — 3% 35 ] 7 J st 1] 9 i £
HpH FHEr; feEfE, — W T R gGE A e e, e RIEA LT RS 00— A KA B
HASKMEse, KEZmae), 13 pH BWiR%; M HAP ACBRS , YEW A Kot B v & ol
KREBERELE TP, FEHAP A5 + 48 pH 76 W S8 = B By, 5256 45 51 51 4 06 55 P Al
CUT 2PV I 58 45 AR, A=W Ab BT A5+ 398 pH K AR E R RN AT RE R . AW m & A KET YK
gy, HEEWE &S HS S A ILIRR (COO—) Fl—O—Z5 Rl S B, 57 4k, 24 A= By 5 Jiti in 21 +
B E, KA EE RIS PR R, 5P . AP AR A B, AT 4R e -
YRR GZ vh e J1, TRUEAE K A ERTS , T pH B R .

F 2(b) S TSR AR PR S E A HUR & = AR fE . RTILAG N A K . AR A HAP 5, KRS
AR S RIAERS, SREiAT 68.66~95.23 g-kg . AW HALIE HEEA MR B 5 CK Z W AF
75 53 2 5 (P<0.05), HIWEIE 57.89%. KR4SRI G HLT S CK A H, BRI AR K. YK
XFESEA AL TR R, XA RRE R BT A R JEOR R R ST, AR B A LR O R A
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Fig. 2 Changes in pH and organic matter content of soil after three treatments

22 3MEEFINLIES Cd REY CdHIEN

3 RT3 A BEXT 3 Cd AR . K 3(a) KB T A K . AR s A HAP 3 Fh Ak S
2 BRI 4 od SRRk, AT UL 3 Al ah B 2 4 Cd S W BRI, £ KR R
AEPRIE, 2 AR 4 Cd SR T CK AL . K RS 20 4 8 T 5.22% F1 12.97%, il
SR 4 0 30 T 11.24% F1 41.21%; HAP AN, 2 BRI 584 Cd & Rk, 2%
1% 29.10% A1 9.71%. LY HALFRJG 2 7 3 4 Cd & & 5 M 0 X IR CK 22 [8l 77 78 i % 22 57 (P<0.05),
ARSI K JR 14 BT E R K 35 S K, KT Cd Wk EE R, 1R E) 2.75 mgke !, A K
FA: Wy Jie Ak 35 AT fig 45 38 0 - X R K rh Cd Ry IR B, fiTAS 34 Cd & R CK A EEA T
T, om0 W B RE ) A S AR T A G BT 4 SR T 3 R A FR S REARVEYIY Cd YR EE
ATLVE 3 A B REREARME Y X Cd e, M4 E 8P B A 4 Cd & e T CK AR,
HAP 4b 315 + 384 Cd & H AR, RN ATRE N Cd B 15 HAP S i M & @B 7+ kR8s 752
22 D) Kk [ RE 7 HAP S af s N, (A5 20 T A2 BN B 78 2 B Cd B 7.

& 3(b) LML T A K . AW a% A HAP 3 FhAb B S 2 Z Ui 3icdh) + 30 % od S a8k . Al WAEK
AW, 3 A AL B RERRAL E A A CA W & i, S5XT I CK AL, A K. B il HAP 4b 28
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Fig. 3 Effects of three treatments on soil Cd content
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J&  KREBCH +- 5 3 Cd 23 BIFEAR T 21.84% 2or X
34.08% il 20.12%, 255 % % (P<0.05). 7E i3 i
WOk, 3 FPALBE S AR Cd & RN AR LA
FIEANTR] : 5 K [ 4 37 K e i 2R 30 ik 398 4%
Cd &HEM, A KM HAPAF S/ M= T
38.64% F1 49.40%, i 4= ¥y e fb B j o — 26 F
K 41.76%. A1 K . A=) B Fl HAP 3 Ff b K
B2k W A A Cd & & S5 A X R
CK Z M fF7E ik 3 22 7 (P<0.05). 7K FF U AR I , CK FilR KB HAP
3FAL IS A S Cd &R R E AL, R AR
H3 AP b B 5 pH YA E4R S, T pH A9 B4 3MHMUEEEREYPCAHNEE
%ﬁﬁﬁ%ﬂfﬁ cd B"]ﬁi%ﬁﬁl‘@[“ 14.34] VS Ej‘f( Fig. 4 Cd content in the whole plant after three treatments
AV 1 - MR R S T ) B e fer A R B, SR T Cd YW FFFRE F7 5 AW AT LAGE i 9 R R R L e
- A B 0 BRF T T AL W B Cd B TR0 T HAP G a3 I A W BRF R B T2 e AR Cd A Rk
PECO RS SRR, A KR HAP Ab 35 (%) 384G 280 Cd % w5t 55 A (7] Ah 3 78 7K e AL 3R 00 B A K
FERTE, B TX R CK, WA mab s, HEAR Cd SR SE—2 TR X 54 KM HAP 4b
P— BRI fE, 4 pH S B RIVE A &, 1 5 pH 25 i + 58 h Cd A 20 EZ N R 2 —P7;
[F] B HAP 3= 258 W FEAIL I 5 2 Cd, 3z AL 7] i i DOVE ML=, 5 3 S B 58K 3 28 A0 KB 1Y
AREVE R Cd I B, XA feE LA Cd S EEH EAWERZ —, SLmEiR 54
W S A RIE ST A AR s M AE W R TR IE M A, BA c BTN, S 8EE T RAE
L FAERCY, B R E A5 . BeAh, FRAR BRI ST IR A B, 7E KRR NI AR
Y IREA UL Cd 2 i, X WIFI T4 YR BB A BRAR 18 50 Cd i & &=
2.3 3MEEFIEMTERIFRS Cd S ERF N

P2 RMET AR Y A HAP Ab PR S A K R ST 19 7= i Ol o 1T U 3 ol A 380X e oK 1 7
SRR PRI AN R . 5XTI CK AR, A K. AW HAP Rb 3RS, FEK R0 SEFF 7= it 5 4H
CK Z [ ANFFFE I 3 22 57 (P>0.05), Uil 3 b BN S mfEY) =, K8 T (R HEMEE fm A
Hh 395 e XU 45 bR GRAT) ) (GB 15618-2018) H X6 T M 4k XU 075 16 (8, {ELAIG T XU 45 skl 41 114
A FH Hb 22 4 R g EEK

S BB T K . Ak i HAP A B S R K R S AT op Cd AR R B0 . AT D 3 Ff ik #LH BE
TR B 32k b Cd & 5. 5 CKAMIEL, B K . A=W Fl HAP J&, FEokHh Cd & & 2 3 %
iK1 30.00%. 43.33% F138.00%, 3K H Cd & it 40 BEAK T 21.00% . 53.57% F1 55.90%. E4) 7%
I HAP A B, KA SE R A Cd & i 5 A1 CK 22 [l 77 7 i & 22 1 (P<0.05). 3 FhAb B4 fiE R
) B2 B B RE R ANl Sk b Cd AR R, HLARFR S A K b Cd ik Bl & v Z R b, HIFEK
FER KGR L pH, FEAR L 4
Cd A=A &b, DT80 VR P i v Cd 1Y)
MR, AWxiBrAfir L EARNCd & &

Fnt

N

.

HMRAEY P Cd it (mg - kg ™)

-
%
-

F2 IMALEREN~E
Table 2 Crop yields after three treatments  kg-hm ™

. - . VsE | Feok it TSR (T )

(AT , [ B 3 B 34 0 K RS Cd e fty A o %5 - .
= 39] b o 5 CK 12 379+1.40a 2 985+0.41a
RO RRAR od RR PR s AN, T A . s otel
S, . Z +2, +0.
TR 5 T 08 FH 0 25 0 3 BB S e T e, G i ‘ ‘
e ALy . A L [ Yk 11 679+2.18 2 617+0.94
g A I E S, Sifig s Cd R E A W IEI B ! :
HAP 11 923+0.69a 2 801+0.59a

BRT AR 20 i BE rp B T g — 2B AR Cd 1




794 ok L B ¥ W 145

VE W) FF kb (1 2 . HAPAL B A8k + 58 & 057
Cd & fEh = 224 Il A, {HAT RE W8 2D il = ¥
X Cd LR, JE K AT BB SR . HAP B9t hn i 2%
Perm LR RUE Y AR R 2R, A
R AT TR S T AR ) ) 3R TH 45 R4 R W R CdPY;
[ RSF, Aol W 7 A o A v ™ A A Rk A AR
YIRS 5 Cd & R b s R E A E M, W
MR Cd [ e 78 T3 rh, BHAT I SEAR R X Cd 1y
W, e 2D SRk CAR R R LR— oy )
3 ZEip .

. Es5 3MAEREMITFNFTCAEE
RS B ) A HAP A SRR L B Fig. 5 Cd content in crop seeds after three treatments

pH# CK ¥ &4 %, H A K HAP 4t 3
(S I SR T A W B Ab B (BRI , 7 KA HAP AL B Y £ 32 pH B A A 1%, HK ARUR
AN T A b

2) AU AW RN HAP AR BRI REHE S K R 2 HEA AL & i, H Ay s R i .

3) A K. R R HAP Ab BRI BB B & BRARK R 2= L e sk Cd & &, B5e1ESS, A JKF HAP
AR A % Cd Er B Bl T, AR W e Ak B A AR BTAR RUR e

4) F A K . AR RN HAP, X RS K R0 SORF 9 7= 5 TG S 5 ), it FH AR 9 ok A HAP R 2L
R AR AR K R AT Cd B it

2 % X M

a [ 7ok
2 W=k

041 %

NN
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Remediation of cadmium pollution in soil by in-situ passivation reduction
technology of water and drought rotation
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Abstract The combination of rice-canola rotation model and in-situ passivation experiment was used to screen
the Cd pollution remediation technologies in the water and drought rotation soil and crop of the southwest
region. This study compared the effects of three common remediation agents: lime, biochar and hydroxyapatite
(HAP) on soil basic physical and chemical properties, crop yield, cadmium absorption and accumulation in seed.
The results showed that the three treatments with these agents could significantly improve the soil pH.
Compared with CK, after the addition of lime, biochar or HAP, the pHs of the remediated soil at rice harvest
time raised by 1.18, 0.51 or 0.91 units, respectively. The remediated soil pHs at rape harvest time raised by 0.29,
0.81 or 0.63 units, respectively. However, the pHs of the soil treated with lime and HAP during the rapeseed
harvest period showed a significant drops by 0.91 and 0.30 units, respectively, and the pH of the soil treated with
biochar further raised by 0.28 units. The three treatments could improve the soil organic matter content at rice
harvest time, and the biochar had the best effect. While these treatments could significantly reduce the effective
Cd content in the soil at rice harvest time by 21.84%, 34.08% and 20.12%, respectively. Compared with the
same treatments during rice harvest period, the effective Cd content in soil treated with lime and HAP during the
rapeseed harvest period increased, while the effective Cd content in soil treated with biochar further decreased
by 41.76%. Lime, biochar or HAP treatment had slight effect on crop yield, but compared with CK treatment,
the Cd contents in rice decreased by 30.00%, 43.33% or 38.00%, and in rapeseed decreased by 21.00%, 53.57%
or 55.90%, respectively. The treatment effects of biochar and HAP was better. In summary, biochar treatment
had the best effect on Cd pollution remediation in farmland with water and drought rotation mode.

Keywords water and drought rotation; cadmium pollution remediation; in situ passivation; seed; soil
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