Vol.28,No.6

28 B 6 S s : 22
& B B Jun, » 2007

ENVIRONMENTAL SCIENCE

MRFAMERELIBEEFSTREENN SNERR

R, 9K A

Crpr AR PR B - 3 LRI S8 BT ARV SR8 97 5 92 0 R B0 B R TS e 3, JE it 100081

FEE R AL WFFC T R 5 675 e w00 - wp it O 2R A HIUAE S 0 A ) /N el S8 A2 0 7 AR B RO o 3 R R B T
A pH SR E M 25 SR 0, it o R, /NS Brassica chinensis Linn)EF] 3 Z=0 AL 49 7= 1 400 Sl 2 4 v, PR BE 1 IR A =
FEARR , T DUF AR R0 AT AR IC e PR 258 SR B U, 385 7 170 9% LA L5 50 1R 7710 S0 it 3 8 /I ¥ob S5 00 60 6 A0 MR S A A0 2 PR 2830 SR BB T, g i
P e 22 3K R DR A it o R R S B (R A e S 080D , TORAE WG S VA B R 3k 45 5 75 R A A8 A S v 25 184 T, [
I pH AR A S [T B BT v /0N il S 5 R R AL 2 280K T (0 R WAL R 20, Ut W R 7 - 8 v (R0 88 B P B A K it FH A 2K BRI B i
RE BRI A K A HUIEEC it Ge 08 2 2 32 M a5 267 B s e LI A%, 50 AT LE, 18 S 4075 B30 52 5
13.5 fi5 s B S G I RAAE v 2.4 1%

KRR R T N 3R 4 B AT OY Ol R AL

PESES: X53 XEKFRIRED: A XEHS:0250-3301(2007)06-1361-06

Effects and Mechanism of Amendments on Remediation of Cd-Zn Contaminated
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Abstract: Amendments are widely applied in agricultural soils to improve soil quality and crop yield. Effects of three amendments, lime,
manure; and sepiolite on cadmium (Cd) and zinc (Zn) bioavailability in contaminated paddy soils were studied by pot experiment with
cultivating rape. There were eight treatments; including lime; manure; and sepiolite separately applied and combined with others in
contaminated soil. The biomass yield of rape was investigated after harvest. The amounts of absorbed Cd and Zn in harvested rape with
application amendments were determined. Besides soil pH, different forms of Cd and Zn in the conducted soils were also measured. Results
showed that the yield of rape increased after amendments application. The treatment of lime and manure co-application showed the highest
increasing yield by more than 170% comparing with no amendments application in the eight treatments. The amount of absorbed Cd and Zn in
rape decreased after the three amendments application. Lime application showed the best effect to decrease the heavy metal content in rape
when amendments were separately applied. Howevers sepiolite could hardly decrease the content in rape after separately applied in
contaminated soil. It was mainly due to the decrease of exchangeable Cd and Zn, which was available for rape, after lime application. Soil pH
in these treatments increased in response. Accordingly, the carbonate combined and the Fe-Mn oxide fractions, which were unavailable in soil
for rape> increased greatly. The uptake coefficient of Cd was higher than that of Zn. It indicated that Cd was more movable in soil and lime
application could obviously decrease the uptake coefficient. The remediation efficiency was significantly improved in the treatment of co-
application with lime and manure in Cd-Zn contaminated paddy soil. Compared with control (CKD, it increased 13.5 times for Cd and 2.4
times for Zn respectively.
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Table 1 ~ Basic properties of the three kinds amendments used

BURA HH/gkg™! A Nigekg™! 4= Plgekg™! Cd/mg*kg™" Zn/mg*kg ™" Pb/mg kg~ Cu/mg*kg™" Ni/mg*kg !
VEVR 3 0.02 0.004 0.16 1.23 0.58 0.02 0.93

AP 20 19.54 27.60 0.28 673.9 4.32 149.8 6.69

SR ST 4 0.02 0.06 0 2.69 0 2.745 3.35
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A s @LOMUit A A HLAE ) s © LSt A A< Fl i
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IRNEHUERER AT . A THEST 3 ik K576 1 43
NEJ I sem, 53 T 4 AN Tois G B 3 FhAs
[ 5 R A R AR B, BRAS I E 4 g A1, Hopr i ik
.

1.3 it

N THE AR EE 3 B G ISR IR
AR IR B, A4 BE 5 220 A B 1 mgekg ™' F1 500
mgekg ™), JBUE 1 DM HBATIRE N AR5 AT Ak
5, Rt 2 kg, LK HI/ED L &1 2 % 7\ IS
&, N. P,Os~ K,O0 I & 43 7 & 0.15+ 0.18+ 0.12
gokg ™"t N AH BV 1) 2 R AR, BlORE /N W C Brassica
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PL N F 7 0 A A R 2
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LB T K, B0 30 min J5 TE B B I0N 8 mL
1 mol/L NaOACCH CH;COOH i pH # 5.0), % ¥t T
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20 mL 0.04 mol/L. NH,OH * HCI({E &L 40 2k 25%
HOAC ), 7£(96 + 3) °C /K 4 Fi 486 h, FFE /K
Bk A E 110 000 ©/min 0030 min.
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LB 1K, B30 min /G E R4 A3 mL 0.02
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Table 2 Dry weight of rape (three harvests)/g*pot ="

Jogl H1ZE HoF ERES
CK — 0.345a 0.479a
L 2.206a 0.698h 2.577cd
oM 2.245a 0.638b 1.701bc
S 0.810d 0.375a 0.502a
LOM 2.715a 0.883cd 2.491cd
1S 2.114b 0.803bed 2.760d
OMS 1.297¢ 0.640b 1.474b
LOMS 2.133b 0.963d 2.427cd

DRIZIECTJEA R TRRR 5% B35 K27 8%, TR

Tos G A3 A HUIE A AR A 1 A2
7R AN SRR R I 2 2 S (R 3D, B A I
% (0 2P b BN TRl e ARG L S AL g 5 i AN
K AETG B3 B U 50 R AR/ il S A7 B
APPSR s e Gl AN SR PV ST v Sl

JE M ELAE R, BEFIA /N it S0 5 4 S I W i, AT 384
= .
%3 RERTEEHEEEYER g pot~!

Table 3 Dry weight of rape in uncontaminated soil/g*pot =

bR F1FE FoF F3F
AN 42, AN 5 1R A 2.315b 0.925b 2.661b
AIES S, LR 2.367b 0.950b 2.958b
AINE S &, A K 2.168ab 0.897ab 2.489ab
AINEEE, i 2.206ab 0.912ab 2.830b
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DRI A it A LA 1) 5 B /b, BRIt N BILIE 7 2F -+
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Fig.1  Absorption content of Cd (a) or Zn (b) in rape after

applying various amendments
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Fig.2  Soil pH with different amendments on paddy soil
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Table 4  Speciation of Cd and Zn in paddy soil after application different amendments/ %

Ak 2 Cd Zn
Exch Carb FeMnOX OM Res Exch Carb FeMnOX oM Res
CK 50.5e 18.0ab 31.3a 0.1labe 0.1a 5.2e 20.6cd 65.7ab 5.8a 2.7a
L 29.1a 24 .9¢ 45.4bc 0.5cd 0.1a 0.4a 16.9bc 74 . 1bc 6.1a 2.5a
oM 37.4bc 17.9ab 43.6abc 0.4d 0.6a 1.5b 15.1ab 75.0bc 6.2a 2.2a
S 44.7de 20.5be 34.0ab 0.0bed 0.8a 4.3d 24.3d 61.4a 6.5a 3.4a
LOM 33.6ab 16.0ab 46.8bc 0.0a 3.5b 0.3a 10.9a 80.5¢ 6.1a 2.3a
LS 37.2be 16.0ab 46.6bc 0.1labc 0.2a 0.3a 11.1a 79.7¢ 6.1a 2.7a
OMS 42.0cd 14.6a 43.0abc 0.1lab 0.2a 2.5¢ 17.3be 72.6bc 5.2a 2.4a
LSOM 32.4ab 18.0ab 48.6¢ 0.6bed 0.3a 0.3a 11.6a 80.3¢c 5.4a 2.4a

1)Exchs Carb~ FeMnOX+ OM« Res 73l f QR AR (A e 5 IR TR R 25 & 8 VL AL S A DLES S BRIk i &

IEAB IR A 2 R JBE , Wi WA 2 B0 ey, 3K o0 31 AE -
TEMER TG 1T, 2, X P03 AT 7%
W6 45 RR W (GR 5D, O 1R BOK T8 I
o A B, U WD AR AE L SRR AR R P LU S 5 0T
¥ s @it FH A0 10 SR W A B BB R UK Tt
P AR IR AR B 1) W WA 2 BRI O % 2 AR i B
RO AR B T35 1 2, 20 3 =5 % 2 M, & A
o8 R AR A A BEARAE W PR 28 R B e » LR AT
HUIE, A I ROCR e 2% . B R TSR B A 5
)5 280 AR AT A IR i 2 AN U AT HUIE AR A R
2.6 il FHAS R S0 R RIS G 318 R I LA
3 /NI SR I AR AR 0 AN L < e W AL B AN —
FEABETUR 3 25/ ith 3¢ A2 7 8 AR AL 1)~
S ACHE I s L 5 it Y o5 18 790 -5 AR it 5 B 510/ il
SRR A B RO R SC AR, T R FH AS 1] 50 R 705 e 3
Je LB AR R 6) .t AN R IR 250 R A7, /il 5
X B < e (R AP B AN [ L DAAN I H 5 R 5099
et AR R R OSCR 1, W AT HLAE.

x5 BT EERATERRTG /RS R R
Table 5 Uptake coefficients of Cd and Zn of rape in paddy

soil applied different amendments

e Cd Zn

WiE HoFE B3FE OWH1FE HoFE W3 E
CK — 1.39d  1.34c — 2.00d  2.53d
L 1.13a 0.99ab 1.01b 1.03d 0.30a  0.35a
oM 2.16c  1.05ab 1.29¢ 1.03d  0.97b  0.91b
S 1.98c  1.26cd 1.20c  1.74e  1.73c 1.65¢
LOM 1.11a  0.91a 0.66a 0.62ab 0.29a  0.32a
S 1.11a  0.99ab 0.98b 0.84c 0.28a  0.3%
OoMS 2.04c  1.35d 1.28c 0.75bc 0.99b  0.92b
LOMS  1.32b  1.1lbe 1.0l1b  0.56a 0.36a  0.35a

FAREATHLIE 5547 A IC it ¥ 358 Cd 12 52 303 1] LA
P 11 ~ 13 £ BHE AR AT LIgd Ry 1.9 ~ 3.8 fifF.

B R ATE S0 e e RO B A
IR A WUE TR AT 5 1R B, it A 2K e A/ il 32 v E 4
e B Ik B85 3% B AERRUE, BRI, A K A LR G
s LRI B STV

*6 MATRAMRMEESRERTIMBR

Table 6  Effect of different amendments on remediation of Cd-Zn contaminated paddy soil

e cd %&% Zn ﬂ&llﬁz% H:‘%% Cd %&% Zn ﬂ&llﬁz% Cd Wi i Zn WU
/mg*kg /mg*kg /g* pot /pg® pot /pg® pot AR FAX A
CK 0.117 95.3 3.90a 0.457 371.7 1.00 1.00
L 0.080 11.6 62.46h 4.997 724.5 10.93 1.95
oM 0.131 36.4 38.26¢ 5.025 1394.1 11.00 3.75
S 0.164 84.0 7.80d 1.279 654.9 2.80 1.76
LOM 0.081 11.5 76.24b 6.176 876.8 13.51 2.36
IS 0.090 12.5 66.90b 6.021 838.5 13.18 2.26
OMS 0.152 38.3 36.85¢ 5.602 1412.7 12.26 3.80
LOMS 0.096 13.1 70.97h 6.789 932.1 14.86 2.51
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