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B OE AMEEH TR XK PRELSE A B R H AR, R KR - 32 5 VE R 2 A7 56 1k 52 56 40
GEAM T, HOE T M A K . AR MR IR K A7 (HAP)3 Bl UL A& &2 700 %+ SR A BEAL R R . MR R i M
MR R, R EH. 3AOBENEEERS LW pH, 5 CKME, HHA K. £% M
HAP J&7 , /K R W 3530 4 H€ pH 20 W42 % 7 118, 0.51 F1 0.91 A8, 3l 3 Wi 3K 300 + 3 pH 20 W42 T+ T 0.29,
0.81 1 0.63 >80 , {H 7 it =2 WO AR 300 it FH 0 K A HAP A #1LAY 36 pH H IR 2 [m19% , B0 0.91 S AT 0.30 424
O, il FHAE B o A B 1 4 498 pH W BE— 25 B T 0.28 AN AL 3 Al AL B R K R ISR DT A RE 4 v A PL Y A
Ho Ay ms R tE; 3PS EHRMRBURI LA Cd &R, 5 CKRAMMKL, 43K KT
21.84%. 34.08% F120.12%, {BAE 332 50 3% 309 it FH 0 K A HAP &b B () 386 850 Cd 5 8 50 AH [ 4 B 7 /K 6 e 3k 30
A I T, AR e Wt — 2B BRI T 41.76%; A1 K . AR W) R HAP A BT H) 7= i s i R K, (RS CK b3
I, Rk Cd & A I FEAE T 30.00% . 43.33% F1 38.00%, MZATH Cd & &2 B AR T 21.00% . 53.57% FiI
55.90%, Jii FHAE 9k A HAP A BRI B4 . 4% LArid, AWm B E K PR ER T & B Cd 58Uk i .
KBEIE KPRAE; cdisPeiE; Rtk APk 11

I FE AL G KR Tl Al 22 R & AR, AR g e 1A W AR 3R, T [ 1 e 3
M, B AR AR R AR AL, ELIRR AT SRR A AE B, TR A R T RS T A
i, B 2x U B 3 AR R O AR S IREE D K B AR S R B A S ARERE L, RRALEF
Hby 1 XoF A% G2 7K A oA AR A7 A B e ), R sk AT D4R K A 7 T, BRI AE W A R, A
WA BT, B ERR ALY, R e R A R, M A Y s A, Rt
SErFI AR Y, EAEIR E R AR AE)

TIER AR CAVs Y H 4 "8, Wik, WE & T AR SR X Cd 15 3¢ 3 1y 12 5 &%
R EAER, WER A K. R R MR K A (hydroxyapatite, HAP) Jifi il 2] 1 38 J5 55 4 J& A= 90 47 3%
PRI S A0 S X 4 B 15 e DR B ERCR ] RSV R I, A K R R
HAP #{AE$2 = 1 3% pH, 117 pH A94 = BERS I L 3B XS Cd Ay B 07, s~k 46U R 3, A7 K RE
PR KRG ZEAT R Ca 3 B, ) Cdol i 22AT 7R, NI Cd ERE K R YRR s W] IR KL g
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PR R A AR R Az W D) R LA 38 Aok 5 1 L R B B 8 A 45 RT3 S5 ATL i R o 4 S Y,
B AR LA A 80 5 38 T DU AR i KRG X R o0 | Al Y, IR CAERE R TP L & . W
HAP B & % 3 = L3 4 8 W E e ge 109, pdib b e cd 9 & i, HAP X Cd i [l &
TR B AL AP A5G HAP R 1i F Ca®'5 CA* 1Y B 738 i L K HAP S A& Xt Cd i W Bt s e 4h
A H R LI, Wi HAP f5, TEMADMBEBGE M2 A RS, BMEY S HAP
REF= AP RN, SR EI e R AR E .

HAET, KPAVEMIE 2 X MEY A K SR = S ARHEBR R, A B A B fb 18 2 R
Y F 52 4 Hh T B — BB AT S X 38 Cd S et ) B AR O S TR T G B e ke A 9 Al A R K
WAL AEY) 4R S B A ST ST 8 D . AR 9T LARRAR 384 % Cd MEY kR i Cd & &
S EAR, WS T K A AER T b e 2 0kt IR AR R . R R Cd S R AN AT
o Cd LR By, I AT T A e Y SR
1 MRS
1.1 il

ST 2017 4 4 H—2018 4F 6 H A5 Pl 8 5 B0 (0 oK 52 Cd 15 G i e s N itE A7, 52
55 1 J8 T A 2R KU IR S X, AR BB K R 2958 1100 mm, PSR 0~37 C, LR
WRFEE. s, LR A ECECENEY, g E REREFar#E, AR
e, FHOAMBEIRKITHAK, KEZAK 12w’ h", FMHKERESE 20 m*h™', K Z 0 3#
IR AC L, /D i 1) S0 M IR AL . KRV IR U 4 Cd Er ol 275 mgkg s A+
HEPRALPE T . pH o 6.02, AT &K 6782 gkg!, & Cd &N 0510 mgkg!, AR Cd&EH
0.163 mg-kg ',

S AR A K A Y L E LK RS SRR TR 66, IR RINRY = R 2 S KA SRR, R A% i SR TR R 2
Wy iz AR SR AR . SCES B R AR A K . AR HAP. A K B S R T T A B 32 AR S AR A BR
INEAREBE, MTEEAA K, A CdER N 0112 mgkg s AWk PE B KA IR IR A B &, R
FREseReH, M 60 B, 4 Cd &M 0240 mgkeg'; HAP i il B0 s LB B A7
BN FIEML, 4 Cd & 0.184 mgkg ™'

1.2 gt

K RAAE ORFE-MRE ) MR ZTFBN, AAFMEE RIS T BE . &8
44 AbFE KR A SCHER T g gy e U B E T it N B (b By ik e R R L AR 1)
AR E 6 RER, LR/NXIL2440, BA/PNXIEBR 5 mx4 m=20 m*, 48— G5 I HLHE
G (NX AT E WL 1),

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

\ e BRI NS .
wogs s COUHE RS L\

(kg-hm™) FURI: /ke
1 Tt 25 — _
2 AR 1200 2.52
3 L7/ 4005 8.41 =
4 BRI AT 5655 11.86 1 EBRXHEE

Fig. 1 Layout of test area



430 TR KSR A S 5 791

SR NX Z (B 2B s AR BR B, JEDAOR R 35, B b/ NI Z IR K . BRI . AN A
B, B HEMREKRE, KBRS N 717x3051, 3L210 %k, fEKRERAWE G, BT
H oK 4, BRGS0 SR, RS /N YT SR P 2 B Ol 90 Bk o SEIR A il B AR ST B AT 4 —
HA, DUS SRR SRR 2E, $em L gm a5 R ] ok
13 HRRESHR

FE iR SR B R B KR AR AT . KRS R SR SR ) 3 A e R AT . K AR AR AT, R
LY HNTR A RZE EHE 34 KRR, 8 SRR RE A LR /N P R 2
FRE 1A, BEANXAEYR G, FBCRE TR A 5 B R B S 0.5 kg MR FES . REM T
ORI SRR RS T ARKMAE TR, UG &, FORFES T 75 CHT, 5 oF s
= H.

43¢ pH >R A PB-10 B! pH i 340G I, 4= HE A BL DT % ok FH 4% R A0 A R T R s A Ak
Cd 7 oKk H DTPA W2 $&-41 S5 0 5 7 RO 43 D 6 BE VA POV 2, -+ B 5 R FH 1K - SR 1 T i
FERLRE S R T A R - SRR L T, Cd & i il R IO % (Y (Z23300) & .

FE S e DL A 38 53 A A bR E ) it GBWO07428(GSS-14) . - A RS SR EY) it GBWO07460(ASA-
9). A=W LT 43 BT AR HEY) JBi—— VO 1] KK GBW10044(GSB-22) 1E Jy % BEZH , [AIAF 15 & 25 (140 . PAT
R nAR Y S5 it 4 Cd . B3R CAd AR AREK L SRR Cd SR T R . I
FEfh Cd RIS 95.6%~105.1%, AFRIFE i Cd Bl 97.7%~102.1%.

FIt A3 8 35 % I Microsoft Excel 2010 1 SPSS 19.0 #H 47 I Ge it 4r b, & b AR R 78 R 8K
P 6] 22 5 23 (P<0.05), >k OriginPro 8.5 4b#

2 #HR512
2.1 3MIEEFIFLIE pH RN RS SIS

Kl 2(a) WL T A K . AW HAP Ab B S + 38 pH A9 484k .tk nl 0L, SRAI 3 A ab S, K
T2 FIh =8 2= 13 pH 39 W R T & . 40 S Xt AR EL, oGk . AWk f HAP J5, 7K FS
WA+ 58 pH AR T T 118, 0.51 M1 0.91 AN A7, I A2y SR 3k, 488 pH 2T T 0.29. 0.81 il
0.63 5L, 3 FAEEAE K RACVESRME T, SHHNL CK Z [AI 377 7F 3 22 57 (P<0.05). {H 3 51Xt
3 Ffah B 4 48 pH AE AR VERT IS A A4k T LR B, A KRN HAP b5 09 + 3 pH 3 11 9%, B0 b
0.91 NF10.30 Bfi, WiAE A AL BRI, 438 pH K R WOk 01 ) g — A 4 7 0.28 N BAf . itk al
W, A B A HAP 76 S5 B 8] 9 45 T 48 pH B 85O S8y, (5 & 1 K 50bE RS e MR I AR W o
B A KN E R, KR AT PR A K OH 5 1 HAP K fifJe , &R Pod-, Higud—
WM Gk RIE, ATAEHPO; . HLPO,, Zad fR = A K OHP, i L — 3% 35 ] 7 J st 1] 9 i £
HpH FHiEr; feEfE, — W T R gGE A E g e, e HIEA LT RS O — 0 A KA B
HASKMaEse, KEgZmae), 13 pH BWi R ; M HAP B S, YEW A Kot B rh S ol
KREBEREEE TP, FEHAP M5 + 58 pH 76 W S8 = B By, 5256 45 51 51 4 06 55 P Al
CUT 2BV I 58 45 AR AW Ab BEAT A5+ 38 pH K AR E R RN AT RE R . AW m & H KET YK
gy, HEEWE &S HE A A ILIRR (COO—) Fl—O—Z5 Rl S B 5 4k, 24 A= 75 Jiti in 21 +
B E, KA EE RIS PR R, SR H AP A A B, AT 4R e
XRRIGZ vh e ST, TRUEAE K A ERS , T pH R R .

 2(b) S T AN R AR PR S R EEA HUR & ARtk . RTILAGINA K . AR R A HAP J5, KAE S
AR S EIAERS, SEiAT 68.66~95.23 grkg . AW HAL I FEEA ML B S CK Z [ fF
PR 255 (P<0.05), MURIE 57.89%. MR FE& AR LA YRS CK ML, AR, EYxr
XFESEA LB TR R, X AT AR R BT A R JEOR R R ST A 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 3IMBEFINLIRE Cd RBEY Cd KIS
P 3 S e 7 3 ik BT 0% Cd & RS2 . 18] 3(a) RO T A K L AR B FN HAP 3 Fh ik B S
2 RYOGHR I R34 Cd SRR, AT UL 3 A b X R R4 Cd S A W R . A KR Pk
ARG, 2 FBOGR B HE4 Cd & R T CROAREE . KRR ICARINI A 4R = T 5.22% 1 12.97%, il
S 73 B B2 5 1 11.24% F1 41.21%; HAP ARFRS , 2 YOI -4 Cd & B EEAR, 7000
1% 29.10% F19.71%. AWy HRAL IS 2 75 £ 34> Cd & 5 5 A RO I CK 22 8] 7776 8. 35 2% 57 (P<0.05).
ARSI N JE i A T BT FHAE K X S 0 K, TR b Cd B B, 5% 2.75 mgrkg ™, TiA1 K
AR Wy oAb B AT BE 4 19 o X E R K TP Cd B IR, A e 4 Cd & R CK AR B BT
T, Herp A= Wy e S5 60 R B RE 0 (A IX AR AR BE N WS . 18] 4 Bk 1T 3 Fh b BES REARAEYI B9 Cd IR BE
A LAE Y, 3 FhAk BT RE R AR AR P X Cd AW, AT A5 1 h B AF A 4 Cd & i s T CK A3
HAP Ab PR 13+ 384 Cd S HEFEAT, JEIFATEE ) Cd B+ 5 HAP fA& h i M & B s+ R A B 58
2 DL R W E R HAP Gl i NP, A5 5 22 i ad R A RE S8 A BRI Cd B 7o
&1 3(b) e e 7 A7 K ARk A HAP 3 AU LS 2 ZRIR I - A AL Cd & AR . AT LR K
R, 3 A AL PR REFRAR A Cd Y& &, S CKAH L, k. AE¥ % Fl HAP 4k 2
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Fig. 3 Effects of three treatments on soil Cd content
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J&  AKREBCH + 5 35 Cd 23 BIFEAR T 21.84% 2or X
34.08% Fil 20.12%, 255 % % (P<0.05). 7E i3 i
WOk, 3 FPARBE S AR Cd & BN AR LA
FRFANTR] : 55K [ A 37 K e i 2R 30 i+ 398 4%
Cd &HEM, A KM HAPAH S/ MR e T
38.64% F1 49.40%, i 4= ¥ oAb B j o — 26 F
K 41.76%. A1 K . A=) 5 Fl HAP 3 Ff 4k K
B2k W A 2 Cd & & 5 A X R
CK Z M fF7F ik 3 22 7 (P<0.05). 7K FF U AR I , CK FilR KB HAP
3FPAL IS A S Cd & R E AL, R AR
H 3 AP B 0 pH YA 4R, 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 1R - MR R S T ) B R fer A R B, SR Xt Cd YW FFFRE F7 5 A= 8 T LAGE o R R L e
- 2 B 1 BRF T T AL W B Cd B PO T HAP G a3 I A W BRF R B T A2 e A AR Cd A Rk
PECO R SEU AR, A KR HAP A0 35 ) 584G 280 Cd % 1t 55 A [ Ah 3 78 7K A MG 3R 00 B A K i
FEETE, B TX R CK, WA ma s, HEAR Cd SRS —2 TR X 54 KM HAP 4b
P— BRI fE, 4 pH S EB RIVE A &, 1 5 pH 25 58 h Cd A 20k EZ N R 2 —P7;
[F] B HAP 3= 258 W B AL 5 2 Cd, AL W] T3 i DOVE ML, 53 S B 58K 73 28 A KB 1Y
AREVE R Cd I B, X WA feE DA Cd S EEH EAWERZ —, LmEiR 54
W S RIS A5 AR s AR R TR IE R E TR, A c BT, S5 8EETRAE
L FAERCY, R R E A . BeAh, AR BRI SRR A B, TE R R I AR,
I REA RUREAR L HE Cd IR i, X IFI T A YR BB A BRAR 18 50 Cd 1 & &=
23 3MEEFIEMTERFFRGS Cd S ERF N

P2 RMET AR Y A HAP Ab P 5 A K R0 SEAT 19 7= i Ol o 1l U 3 ol A 380 X6 e oK A 7
SRR PRI AN R . 5XTIE CK AR, A K. A5 HAP Ab 3RS, FEK R0 5K 7= it 5 4H
CK Z [ ANFFFE I 3 22 5% (P>0.05), Uil 3 A BN S mfEY) = ar, R8T (B i m A&
Hi 395 Y XU 45 bR GRAT) ) (GB 15618-2018) H X6 T M 4k XU 075 16 (8, {EL{IG T XU 45 skl 41 114
A FH Hb 22 4 R g 2EK

S BB T K . Aok A HAP A B S R K A AT op Cd MR R 00 . Al D 3 Fif ik 1 H BE o
TR B 32k b Cd & & . 5 CKAMIEL, B K . A=W Fl HAP J&, FEoKHh Cd & & 2 1 %
il 1 30.00%. 43.33% F138.00%, 3K Cd & it 40 BEAK T 21.00% . 53.57% F1 55.90%. E4¥) 7%
I HAP LB, KA SRR Cd & i 5 MR CK 22 [l 77 7 i 3 22 1 (P<0.05). 3 Fh b B4 fiE R
) B2 2 BRI AR OR AN Sk b Cd AR R, HLARFR S A K b Cd Rk B & v Z B R b, HIFEK
FE R KGR L pH, FEAR L 4
Cd A=A &b, DT80 VR P i v Cd 1Y)
MR, AWxiBir A g r AN CdE &

Fnct

N

.

HRAEY P Cd it (mg - kg™')

-
%
-

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

. - . VsE | Fek ik TSR (T )

(AR K S, [ B 3K RS Cd 2 AR X %5 - i
21 [39] b o 5 CK 12 379+1.40a 2 985+0.41a
B R Cd WM R R, WA, H T A . s otel
- . ) +2. +().
TS T 08 FH 0 25 0 3 2 BB S e T s, G i ¢ ‘
e A . A L [ Yk 11 679+2.18 2 617+0.94
o AT P SiY, SifES Cd B R E A IR 8 ‘ §
HAP 11 923+0.69a 2 801+0.59a

FRT AR 20 i B rp B T g — 22 AR Cd 1
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VE W) FF R TP (1 A2 . HAPAL B8 A8k + 56 &L 057
Cd & e 24 A, (HAT RE W8 2D i = ¥
X Cd R R, JE K AT BB SR . HAP B9t hn i 2%
P P AR WA RS CE N A, A
R AT TR S T AR ) ) 3R TH 45 R4 B W R Cd™Y;
[ ASF, Aol 2 W 7 A o A ™ A A R A AR
YIRS 5 Cd & R b BB A E M, W
MR Cd [ 78 T3 rh, BHAS I SEAR R X Cd 1y
W, e 2D SRk CAR R R LR— oy ]
3 ZEip i

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