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S EFRor Ph A1 Cd i, SR X 28 BF 5 R AR
Sl il LB — Cd 5 Pb Al Cd 5 4%, X F
Z M E G JE (Pb Cd . Cu Fl Zn) & 5 75 Y W WF 5 34 6
A HRIE o AT O T R R A RO 5 A B, A7 AT R
A RCX T P Cd \Cu F1 Zn Z 5155 H9 A
FEAFIEEAOR " IR, AT LA 5 A R 3
AT, WF5EHXE Ph Cd  Cu F1 Zn 2575 9% L3 LA
VENCESIY S EL T AT i E AN DS G i
A S5 T A TH L SR 03 B R I — SE Rl AR

R ik

L1 e

R A DX R T 1985 AR5 5 W wp s R b L
BB T A A2 3 e 5 Y AR R X OR TR
HRUE B B £ 0058, A T e T i s g 1n) A H
H o MDA T AP BT Z X A X, AR 2R
MRAE 15.6 ~18.3C - # /K & AET 400 ~ 1 700 mm,
T 2012 4F 4 A A% s X BT 5 G A% 1 (25°48. 797
N, 113°06. 044" E) #4741 Rk B A48 21808, 1%
IR ] L HEREABRAL PE UL 1

A S A R R O T A R A K A () e T R

BT S BB W AT AR TR AL ) A 5
F 2, KAE AL AR E B AR G R LR T R AR AL
AIRAF) FHE9 5 (s hd, IR RAE R A R 2
A ) AR 93 (A58 A , ) g AR R A BR A W] ) o
1.2 REFHZE

V8 T ol 5 R MRk A A RT3 A e 20 1 Y T
PR A3 57 B e A (LS) o 7 5 4 Ja 5 Y
e FH ot FH 28 e i R ) (LS) 3 /S KR il ol ol A 1
o3 BCE 4 ST KF-(0..00.,0. 45.0. 90 1. 80
kg m ™) REANEMKTFEAHN 9 m* (3 mx 3 m),
FA 3 WAL 36 ANFETT o BT A R B BEMLIX 2 HE
I 03 L S I D e e [ R N e i
B, 2012 4E 4 7 rh Ay AT 2 E B, S A Wik AT
JKAE A R &K L B FE O DU R B3 R 3 AT KRS AR
RRAT o Bl E S BRI A 7 1 S BRE  o

2012 4% 8 J1 rhva) KR B #E B Bl AR 5 b
BEMLR AR 3 MROKREAR IR , & T )2 Je 48 | [al B SR 4
AH L AR B - R o KRS BBk A ] S 80 ==, 4%
3 AT (M ZE 0 A R0) R K R 78 18 K Uk
e, BT S i A BEAE L 105°C X 75 30 min, $R )5 1
70°C T HET 2 AE A /N B 5T HL A K R 45 R e
5C, WOAR B OK T/ BB B HLRY %, 3 100 B JE e
i, I ERORL B DA R A7 Rl . T R 1/ B 2R X
T BERGE 10 H A 100 B JE 0 AR 47 10

1 KEAIEMNERER

Table 1 Basic properties of experimental paddy soil

FH B 7 g e
4 A HLIT OM Ph Cd Cu Zn
pH CEC
Experiment field (gkg™") (mgkg™") (mgkg™") (mg kg™") (mg kg™")
(cemol kg™")
i
5.39 36. 62 19.93 256.7 3.03 43.85 349.4
Paddy field
R gbrife
Class 2 of soil — — — 250 0.3 50 200
National standards
x2 BRFEXRMR
Table 2 Basic properties of amendments
BB R Pb Cd Cu Zn
pH
Amendments (mg kg™") (mgkg™") (mgkg™") (mgkg™")
ENOpe]
5.54 2.75 — — 48. 19
Sepiolite
ey el
9.13 1.63 — — 7.755
Limestone
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1.3 #HF@mam

4% pH FIWR 31 (75 %, PHS-3C) Il 5E , &1
A m(g): V(mL) =1:2.5, P& &R HKE
PR B TR PR A AL I E , 3% CEC R 2R
Bk, R B4 )R P Cd Cu Zn SR E
AK-mEm AN, R AR A S R
MgCL#EH " o K 7 4% %6 4 v 42 J& Pb.Cd, Cu,
Zn T AL % (GB/T 5009-2003) I A A% i
Ve b o 4 S T IR I 43 ' Ol BE 3 (2-2000, Hi-
tachi) 2 ICP-OES(ICP 6300, Thermo ) #E17 % o Jif
A RE 23 A AR AR LA SR v i L 4 (GBW (E) -
070009 ) A1 FE KKk GBW 10045 ( GSB-23) #:47 Ji £
P 34, (6] B A PR AR SR
1.4 HiEAE

B0 T B 4 2R X P M = A e 22, B
AR R 3 F DS AN Duncan 2 8 L#CTE (p
<0.05 F1 p <0.01) #4758 104, b A Excel 2010
I SPSS 19.0 #EfTAbHE,
2

+
45

R

2.1 HARERF LS T HEBAERRELER
BREGENIM

3 A R LS X3 AN KA i b 4 R

®3 ARYRF LS MEHITHEEREAER

EEFR R, NF R A LLE H, BEE LS 3 &
(34,3 A KA & B+ HE G pH  CEC 24 1fif 5 % #
ESPIY =R N T TR 1N iS4 R (A N T D)
HEAR L K RE A2 5 E AR 9 SR I A 93 L3 pH
ArlEEn T 1.11 ~1.95.0. 87 ~1.78 Fi10.54 ~1. 64
ASBANT o 3 AR R4 Ak B 2 8] AE A W Y 22
SE(p <0.01) . CEC 4 %%} B8 (0. 00 kg m™*)
WahNT 42.8% ~91.4% .0.6% ~ 164. 8% F118. 8% ~
74.9% A LS % b 45 K F i (0. 90 kg m ™ ?)
o SH AL 93 L3 CEC 55X B2 ) 47 7EA)
FH 25T LS WA R A (1,80 kg m 7)) #
15 e CEC 5 B M A 7 7E e i 1 25 5%
ST R, SRR LS Wit 5 + 4 pH
CEC Z |A] 47 16 ) & 3% M £k P A C 6 &R (R, =
0.944 ,R;,. =0.641;n =12,R; ,, =0.501), o]
U, B HEAT ML AN, 76 R R s LS 3
PR T 8 pH A1 CEC, A [R] K A3 & A 22 ) 6 90
14 75 TR A — 3

FE A3 A AL C 2 R R LS X 3 A K A L Al
+ 4 Pb Cd \Cu I Zn (9 52 e 25 75t 5 i Bk 3% (%
4) o B SR TR0 30,3 A4S K R S Rl -
A4S Ph Cd, Cu il Zn & BB #TFE AR, 24 LS
WA AE 0.00 ~1.80 kg m 1,3 A K e it Al 1 45
H1 Pb Cd . Cu Hl Zn (138 #4855 KA BIREAR T

kAl

Table 3  Effects of combined amendment on basic properties of paddy soil

TR FE A . BRI . FH B 38 e it CEC EERIN
Addition amounts of combined pH
Varieties of rice (cmol kg" ) OM(g kg’1 )
amendment( kg m ~ 2)

A G 0. 00 5.38£0.09D 14.53 +3.55Bb 35.92+7.51a
Huanghuazhan 0.45 6.49 £0.08C 20.75 +4.61ABab 41.19 £9.33a
0. 90 6.76 £0. 13B 23.25 +4. 60ABa 35.91 4. 84a
1. 80 7.33 0. 13A 27.82 £3.74Aa 36.43 £1.51a
£iho 2 0. 00 5.37 0. 08C 18.84 +3.08C 39.67 2. 19a
Fengyou 9 0.45 6.24 0. 18B 18.95 +1.72C 39.95 3. 68a
0. 90 6.55=0.17B 36.64 +5. 888 34.87 £2. 54a
1.80 7.15 £0.33A 49.88 +5.98A 40.28 +1.33a
1 ) 93 0. 00 5.43 £0.03D 20.24 £2.83C 34.27 £2. 44a
Il You 93 0.45 5.97 0. 13C 24.05 £3. 69BC 32.84 £5.57a
0. 90 6.42 0. 06B 29.38 +3. 11AB 34.85 +3.32a
1.80 7.07 £0. 17A 35.39 +4.44A 42.05 £9.03a

T B J5 AN ) 7 B 2R 22 5 0 3, Hoh RS T RE SRR AR 3 2% 7 (p < 0.01) /NG5 B\ R 3% 22 5% (p <0.05) , F [ Note: The different

letters indicate significant difference,the capital letters indicate extremely significant difference at p <0. 01, and the lowercase letters indicate significant

differences at p <0. 05, the same below
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9.86.0.63.0.58 F123.81 mg kg ™', £ KF&IE 4 5 H
99. 1% 98.4% .69.9% F1 99.9% , 7 4 & v i i A%
W LS(0.45 kg m ™) B 42 5 R4 9 B L
Pb Cd Cu F1 Zn W24 28 & 5 7 A B3 (p <0.01)

S0, XHIAE 93 3 Ph Cd,Cu il Zn [958 #e 25 %
HPERE (p < 0.05) 50, LS ¥Rk b ik
(0.90 kg m ™) WA XFI4E 93 3 rf Cd 1 Zn f 5
BE RN B (p <0.01) #Hi,

*4 ARYRFISHIEHESGEXZHSEENFIN
Table 4 Effects of combined amendment on concentrations of exchangeable heavy metals in soil
- LB RS o - cd u n
Addition amounts of combined
Varieties of rice (mg kg™") (mg kg™") (mg kg™") (mg kg™")
amendment( kg m ~?)

A 0. 00 4.24 £0.55Aa 0.55 +£0. 10Aa 0.59 £0.08Aa 23.84 +0.26Aa
Huanghuazhan 0.45 0.11 £0.01Bb 0.06 +0.01Bb 0.35 £0.01Bb 3.05 £0.55Bb
0.90 0. 05 £0. 003Bb 0.02 £0.01Bb 0.27 £0. 04Bbc 1.42 £0.38Cc
1. 80 0.01 +0.01Bb 0.01 £0. 004Bb 0.23 £0.07Bc 0.03 £0.01Dd
FLo 5 0. 00 9.95 £0. 88Aa 0.64 £0.01Aa 0.83 £0. 13Aa 20.33 +3.33Aa
Fengyou 9 0.45 0.60 £0.36Bb 0.06 +0.02Bb 0.54 £0.01Bb 6.50 £1.45Bb
0.90 0.15 +0. 04Bb 0.04 £0.01Cc 0.36 +0.05Cc 2.38 +0. 14Cc
1. 80 0.09 +0.01Bb 0.01 £0.01Dd 0.25 +£0.03Cd 0.75 £0. 18Cc
I 93 0.00 5.77 £0.29Aa 0.39 £0.02Aa 0.66 0. 11Aa 23.69 £0.57Aa
I'You 93 0.45 0.63 +0. 05Bb 0.27 0. 11Ab 0.36 £0.19Ab  19.33 £3.06Ab
0.90 0.15 +0. 06Cc 0.07 £0.01Bc 0.39 £0. 17Ab 6.17 +4.46Bc
1. 80 0.02 £0.02Cc 0.05 £0. 02Bc 0.27 £0.07Ab 0.39 £0.29Bd

2.2 ARYMRFLS MABrEERELEAEREX
hRENEI

AR i FH 28 e ek R ) LS X oK A 7 i A —
AW (K 1) . AT LA L3 A KRS &L R e 76
RASIN LS () +- 3 ™ 50 H W 0 i 22 5 0T R
wAEd > MIL93 >F09 5. BEE LS jifi ] & 13
o, AR SRR 9 5 i R T IR R R R )
FEEIN T 10. 4% F135.3% i DA 93 /=& 82— &
AR a2 0™ T 23.2% ,3 i Fh s b # Z
(B AN 2 7 (p >0.05)

50 [ #5 4k 5 Huanghuazhan
Y #11:95 Fengyou 9

T a I 493 MYou93 2

£ 40

=
I 20 a
Lo
gg .&.; a a
N 8 a a 7

| '

=

0.00 0.45 0.90 1.80
ZHL B R AR o

Addition amount of combined amendment (kg m™)
ZH P R AR NS 3 Ff K R 7 A Y R )

Effects of combined amendment on rice yields

1

Fig. 1

K12 Sy 2 e ek R 77 LS X 3 Aok fgkE K b 4R
Pb Cd . Cu F1 Zn WUt BB 20, ZEAR M LS 19+
Berh 3 A OKFE S FP TR RO [R] 6 4 B
HPUE AR R BN AR B 2 AT RLE
485X Cd Cu Al Zn B EE LR MillfE 93 Xf Pb
M m TEESMFEL 9 5. ME LS iy
L3 ASUKFERER o P A Cd 1 & BB EREAIK, Pb %
AR T 9. 4% ~35.6% .5.3%~31.8% .27.8%
~55.8% ,Cd S A HIEAE T 56.2%~66.9% .29. 0%
~36.3% 23.2%~43.8% . LS By N XF #46 5 RE ok
h Cd F 5 R AR AR B 8, 224t L b 0. 45 kg m ™ 7
P55 %of B (A7 A 38 25 5 T Y T i R 0..90 kg
m P, 40 9 BRI 93 Rk b Cd Fr 5 R = )
FAAE B 225 LS F Aot P (1. 80 kg m ™) REAE R AR
9 SREKH Cd & (0.195 mg kg ™) 35 3 [H 5 £ v
15 PR EEARME(0. 20 mg kg ™) LR, [ 2 ik Al LA
F L LS XT3 AN KA S AR K Cu A —
P HIVE XY LS i R 0.45 ~ 1.8 kg m *H,3 4~
IKFEPRE K Cu &5t 4 HIREAR T 8. 1%~ 14.8% 23. 6%
~26.2% 25.9%~37.4% ,LS Wyjiti FHxHEE K Zn S
e N IRTA) A
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K2 dIRCH RN 3 Fok R RE K o 58 R

Fig. 2 Effects of combined amendment on contents of heavy metal in brown rice
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FE R R N ZH C 2 R R LS x4 B Ak T
PR T WA (R 3) R AR Y A e
DR EREMCERA) . XT3 A KFE o Fl25 b 31 1
BhE SRS T RS 5 pH #H 4T T AE S
Br B 3), ATLLE N, & 11 pH (3%, -5
7S Pb.Cd Cu fl Zn & & 1 ZREK, Pb FI Cd %8
e F 5 1 pH Z 8] Y47 16 10 35 10 /F eR EROH
5@3%\,1{ ARk R, =0.945 F1 RY, =0.911 (n =
12,R),, =0.507) , ifii Cu Fl Zn 35¥e 75 & it 5 + 1%
pH 22 [ 77 7 M . 3 A9 10 B9 28 PR A G 56 R (R, =
0.813 R} =0.941;n =12 R, , =0.507), + 4% pH
1E5.50 ~6.25 0, 524745 Pb . Cd . Cu Ml Zn & A
JRIREAR ;s S pH KT 6.25 W), X Fi B AIG i 32 i
POV, ¥ HE Ph A Cd 524 28 B = BH SR X

Z 25 opb ecd 110 =
5~ 08 m o
sy )
NEg O Ew
(EE 5t 106~ =2 g
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K25 10 104 B 5 E
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Fig. 3 Correlations of soil pH and concentrations of soil

exchangeable heavy metals

H(InC) , 13 pH B H 2R X8 (In (pH) ) F AT AT LA
KB, Pb Il Cd 24 5 B H AR X B (InC) 5 £

http : //pedologica. issas. ac. cn



560 + b

5 pH 19 B AR X EL (In(pH) ) Z [B) XA E B 25 1 1
ML PEASESE R (F 4), deE REH 90 Ry, =
0.945 I R2, = 0.911(n=12,R>,, =0.507) ,

O In(Cp,)
AIn(Cey)

A =091
A A

LA ASPD Znd B R B
in natural logarithm (InC)
(=]

The Pb and Zn concentraions of soil exchangeable

_2_

A
_4_

a
_6 1 1 1 1 1 1 1
1.65 1.70 1.75 180 1.85 190 195 2.00

E3EpHA X HE
Soil pH values in natural logarithm (In(pH))
Kl 4 L3 pH A EUE (In(pH) ) 5 - HEFE & )8 S e 7s
F R R (InC) 1 R AR
Fig. 4  Correlations of soil pH and concentrations of soil

exchangeable heavy metals in natural logarithm
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s E S 1 CEC Z ) B 77 76 5 o B G K &%
Ry %IK R, =0.412 R., = 0.438 R. =0.499 Fi
R, =0.341(n =12,R; , =0.332, R, ,, =0.507),
H agerh Ph Cd, Cu I Zn 52 #8285 55 5 B H K % 4
(InC), +3E CEC LA A X B (In(CEC) ) a] LUKk 3R,
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Fig. 5 Correlations of soil CEC and concentrations of soil

exchangeable heavy metals
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Fig. 6 Correlations of soil CEC and concentrations of soil

exchangeable heavy metals in natural logarithm

5 CEC # HARX B (In (CEC) ) Z [0} ¥ 47 1 1B & 1Y)
TR SESE R (B 6) P REL RT3 W RS, =
0.412 R}, = 0.438 R, =0.499 fl R, =0.341(n =
12,R?  =0.332,R>,, =0.507) ,
2.5 ZTHEEAEBRAPESCESENXER

e bt A e el R ) LS, W 25 AR T E 4
J& Pb . Cd . Cu 1 Zn 2455 (K 4) 5% 3 4K A
i AR K H Pb  Cd  Cu AT Zn (Wi B4R T 1
FHYREm (B 2) . 3 AUKAE & RS K o Ph Cd
Cu F i AARXE(InCyy ) 5 H L HE T &
B H AR B (InC oy ) AFAE R ZE (p < 0.05) BLAK
F(p<0.01) MM LMK K HR, M FA 9 5k
K Zn 5 R EL 5 L 1 AR AN R 1 R A
TEMR B R PEA LKL R (R = 0.658) (£ 5),
L5 PR AT B8 2 A [] K AR i Fhowt 5 4 Jm 22 (] i AR R
HAZSM, 14,5 Pb fil Cd FFHMHITE AR, Zn
BKFEMEEARTFENMEICRZ —, K]
Pb . Cd % & MR > T H X RE K Zn R W38
FEN

3 T ®

ZH TC e R R LS Y hn Ak 1 458 0 334k B AR
T REMR N, b pH 2R T SR Y
BN —EEHNE, BFREY, LR pH
A2 A AR W R R R S A L B
438 pH JHE , Pb Cd Bl Zn 58 4 25 5 B 7B W A
H Pb.Cd Fl Zn 22355 5 55 13 pH Z W) £7 75 &
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RS EEBRTHTSSENNHE(INC, ) SHAECESENMHE(INC)PXF

Table 5 Correlations of heavy metal concentrations in soil exchangeable fraction and in brown rice in natural logarithm

) K v 4 A B A ST BU (InC )
IR FE b A

g S e A S B B (InC g )

Theheavy metal concentrations of Theheavy metal concentrations of soil exchangeable in natural logarithm (InC ;)

Varieties of rice

brown rice in natural logarithm (InC, )

Pb Cd Cu Zn
B Pb 0.712"*
Huanghuazhan cd 0.780 " *
Cu 0.428 "
Zn 0.256
Ei£9 5 Pb 0.472*
Fengyou 9 cd 0. 656" *
Cu 0.630" "
Zn 0.658""
I £ 93 Pb 0.906 **
1l You 93 cd 0.867 "
Cu 0.219
Zn 0.013

o= M= = 43 530% p<0.05 Flp <0.01 BEKF ,n=12,R} s =0.332,R; ,, =0.507 Note: * and * #* represent significant difference at p

<0.05 and p <0. 01, respectively,and n =12, R} ;s =0.332,R> ;, =0.507
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EFFECTS OF COMBINED AMENDMENT ( LIMESTONE + SEPIOLITE)
ON HEAVY METAL ACCUMULATION IN BROWN RICE

Zhou Xin'?  Zhou Hang'® Zeng Min' Hu Miao' Yang Wentao' Liu Li' Liao Bohan'’

(1 Institute of Environment Science and Engineering ,Central South University of Forestry and Technology ,Changsha 410004 , China)
(2 College of Bioscience and Technology , Hunan Agricultural University ,Changsha 410128 , China)
(3 Hunan Bossco Huyi Environmentel Engineering Co. ,Ltd. ,Changsha 410005 ,China)

Abstract In order to study the effects of applying combined amendment ( prepared by mixing limestone and sepiolite
at a mass ratio of 2: 1 ,LS) on remediation results in heavy metal contaminated paddy soils,a field experiment was conduc-
ted in a paddy soil near a mining area in southern Hunan,China. The experiment results indicated that applying 0 ~ 1. 8 kg
m ~* of LS significantly increased soil pH and CEC,and decreased exchangeable contents of soil Pb,Cd, Cu and Zn. With
increasing in applying amount of LS, the remediation results became more notable. The reduction of exchangeable Pb,Cd,
Cu and Zn was an outcome of rising soil pH,CEC and soil colloid adsorption capacity due to addition of limestone and se-
piolite. Meanwhile, applying LS resulted obviously in reducing contents of Ph,Cd and Cu in brown rice of the three tested
rice varieties ( Hanghuazhan,Fengyou 9,and II You 93 in Chinese system) ,and the maximum reduction of Pb,Cd and Cu
contents in brown rice were 55. 8% ,66.9% ,and 37. 4% ,respectively. However, applying LS had no significant effects on
Zn contents in brown rice. As a result of applying 1.8 kg m > of LS to the paddy soil, the Cd content in brown rice of
Fengyou 9 could be decreased to 0. 195 mg kg ', lower than the limits stipulated in the National Standard GB 27622012,
Maximum Content of Contaminants in Food (0.20 mg kg™'). The reduction of Ph,Cd and Cu accumulation in brown rice
was due to LS reduced exchangeable contents of soil heavy metals,and there were significantly positive linear correlations
between the exchangeable contents of Pb,Cd,Cu in soil and contents of Pb,Cd,Cu in brown rice in natural logarithm.

Key words Remediation; Rice; Heavy metal; Combined amendment; Limestone; Sepiolite
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