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Synergetic Control of Bioavailability of Pb, Cd and As in the Rice Paddy System

by Combined Amendments

WANG Ying-jie', ZOU Jia-ling', YANG Wen-tao”, ZHOU Hang', LIAO Bo-han'"

(1. College 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)

Abstract : This paper studied the effects of applying two combined amendments LST (limestone + meerschaum + titanium dioxide) and
LSF (limestone + meerschaum + ferric sulfate) at different ratios of 0, 1, 2, 4, 8 and 16 g-kg ™' on bioavailability Pb, Cd and As in
paddy soil and bioaccumulation in rice plants through a pot experiment planting rice. The results indicated that: (DCompared with the
control, applying LST and LSF could both significantly increase soil pH values (P <0.05), and LST increased the soil pH values
more. (@ Applying combined amendments LST and LSF with the amount of 1-16 g-kg ™' decreased exchangeable contents of soil Pb, Cd
and As significantly by 16. 8% -88.3% , 22. 4% -73. 7% , 2. 25%-43. 8% , and 20.2%-86.9% , 20. 7% -51.2% , 18. 0% -55. 1% ,
respectively. LST and LSF significantly decreased contents of Pb, Cd and As of rice root, shoot, husk and brown rice. When the
applying amount of LST and LSF was 16 g-kg™', the contents of Pb, Cd and As in brown rice decreased by 50.7% , 64.7% ,
34.1% , and 40. 7% , 40.7% , 36.2% , respectively. @The ability of rice organs transferring Pb and As was husk > rice straw > root
and that transferring Cd was husk > root > rice straw. The ability to transfer Pb, Cd and As from rice straw to brown rice was Cd > As
>Pb. @Afier applying LST and LSF, a significant positive relationship was observed between contents of Pb, Cd and As in brown rice
and exchangeable contents of these elements in soil. Between contents of Pb, Cd and As in brown rice and soil pH values, there was a
significant negative correlation.

Key words : combined amendment; Pb/Cd/As; soil; rice; bioavailability
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Table 1 Physical and chemical properties of the tested soil

oM CEC As B i%ﬁl‘éﬁ/mg'kg’l
Wi pH

/% /cmol kg ™! /mg-kg ! Pb Cd
i 1 48 6.22 4.55 17.34 210.25 257. 40 3.74
R B AR E( 4% <6.5 — — 40 250 0.3

4 e R R R R A K £ (CaCoy, 3 100 H
i) B OREE T R R A ) SR e
(Mg (H,0),[8Si 0,51, (OH),-8H,0,3t 100 HF) ,
PV TIT DU 4 A T R A W R R ARk
(TiO, , i 100 Hi) Hy [ 25 45 H Ak 2= A BR A w
At BRREK (Fe, (S0,),, 1t 100 HFf) frilsk i vg
ek T A BRAA ml At A AR fh gk FH 2% 28 A
LA 93, H il pa AR FIL AT FRZA FlHR L.

ARG A KA WA R AR DL B R
BRIEAT AL, 31 F P 2H P e R 7] ) B R T 9, s 22
WA KA + TR + A RBR (LST) A KA + 1
WA + BLERER (LSF) DA—72 By F B HEA T IR A5 1 T
2H P ek KA.
1.2 Aokt

FEARRARIAE R MO B R 2 AR Rl K 3
PEER KA 5 AT, AEE NG L 7KL R AR EE
SRR ASRARAS , T AT b X S Ay 2=
AP T B, AR R B 7K et , R AV R] 4, a2
S AESE R 16.8 ~ 17.3°C, 4FE ¥ R K &
1358.6 ~1552.5 mm. KAFFIAEIATE] (4 ~8 ), ik
R IAE 7 ) F Y B R A 28. 0°C 5 AR

JEHBITE 4 H - F BRI 21. 4°C 5 A FRBIREK
2 68.8 ~273.2 mm.

AR ok T8 55 R AR TE A, B4R 200 mm
(NAE) , 13 240 mm, FAfi%E 1 4.0 kg, PAAPZH Lok K
Foy M E 6 AWM (0, 1,2, 4, 8,16
gokg ™) HAT0 gokg T (ZS IR IR ) S AR LE Tk R
RIS, AU vk B 8 3 FA7, 36 33 AN Ab B
2014 4 4 H AT /KRS & B [ IS ] 22008 AR Hhoiti
s T B ZH e e R ). B0 R LST A LSF 78 + 3 v
B 15 d 5 B B — S KRG 4 1 AT i R RS
F. Bk TR N EE T K,CO, (32 K,0 i) 0.22
g-kg™', (NH,),PO, (#% P,0, 1155)0.21 g-kg ', JK
Z(# N 50,28 g-kg ™" AKARA: K E AR A K
AN T b R LA, I TG A 245 7 1k B, 2014
E8 H MAIKFI MG REKFERAR 0 ~2 em T
IR RS PRAT
1.3 ARSIy

IKFERE AL EE . A SR K FZE IR K e, B T 5
TAMER ,105°C 2375 30 min, SRJ57E 70°C FHET 5
TE (o FH/INRL G 52 ALK A RS A AR B 7, WA S i oK
IKFEERAL (M, ZE0F L A58 REK) ff FH/INED Ry i
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BEEIE T Tessier B LR IEHFE (R M 1
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1 As T IR AL 1% ( GB/T 5009-2003) . fif f k¢
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TFIRE e AR ) As W R T2 B BE T
FE. TR A AT R v DL S bR E ) T
(GBW(E) -070009) Flifim KoKk GBW 10045 ( GSB-
23) AT BT P 3 AT R R A s e
1.4 FdEgeitothiik

AR B BRSSO  YE + i 22
BT A B R 25 F DI ES AT Duncan 22 8 HEEE T
(P<0.05 il P <0.01) #4751+ 53 4, B H] Excel
2010, SPSS 19. 0 #il Origin 8. 5 JEF7AbH.

2 HBRESW

2.1 AR RIS KRS A 4 pH B Y5200

1k P i 2 P A B 50+ pHL (B A S
55t BEAR EL , b 20 T Bl K 590 78 RS [ e on 2 7K SF
() 35 pH (HI R B LTS (P <0.05). 5
XTI (5. 93) AL, M 1 ~ 16 g-kg ™" A4 L2 K 77
LST 1 LSF, 1+ pH {43 5124 6. 02 ~ 6. 76 F1 6. 04
~6.38, 0T T 0.09 ~0.83 F10.11 ~0.42 4>
Hfy. H LST MifnfE =8 g-kg "I, 1% pH (i 5%}
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e pH (5% IR Z [ 71 i 22 5
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Fig. 1

16

SRR R A b/ ke !
EIP RN R R 27 W35 (P <0.05), R

A BC B R XS K FE AL #E 3% pH BRI
Effect of combined amendments on pH of paddy field soil

2.2 AHRBEFIR I Ph, Cd B As A0 &bk
P

W HFIE 3P Ag S Ph . Cd Al As SR
RV A A . R 2 W LU A2 e
R I8 BR3P Ph ., Cd T As F3SHRES
(P <0.05) , HLFf 5 it FH 2 04 38 fin JHE 35 o 340 37
FEAI. 5 %) BE A EE, b A LST A0 LSF (1 ~ 16
g-kg™"), HHEH Ph, Cd, As IS HS TR HIT
T 16.8% ~88.3% . 22.4% ~73.7% . 2.25% ~
43.8% F 20.2% ~ 86.9% . 20.7% ~ 51.2% .
18.0% ~55.1%.
2.3 AHEH R A KA Y = AT Ph, Cd F
As & w5

23 4 B BRI K RS A W s . m] DA
F o, bt 2H BE ol |7 LST R LSF Jiti fin & % 34 K, /K

F2 ABRKREFIXLEEF Pb, Cd Fl As TS SENF N

Table 2 Effect of two combined amendments on exchangeable Pb, Cd and As in soil

Pb/mg-kg !

Cd/mg-kg !

As/mg-kg !

1.952 +£0. 238a
1.625 0. 131b
1.314 £0.061c¢
1. 02 +0. 064d
0.768 0. 111e
0.228 +0. 006f

0.410 0. 070a
0.318 +0.053b

0.28 +0.062b
0.265 +0. 041b
0.261 +0.016b
0.108 0. 010c¢

0. 089 +0.002a
0.087 £0.007a
0.072 0. 003b
0.064 +0.005¢
0.051 +£0.011d
0. 050 0. 001d

ZH ek R A WInE/g-kg ™!
0
1
2
FIRAT + WA + 5Bk (LST) 4
8
16
0
1
2
FIRAT + WL + TR R kAT (LSF) 4
8

1.952 £0.238a
1.558 +0. 173b
1. 300 +0. 190b
0.704 0. 100¢
0.730 0. 088¢
0.256 +0.037d

0.410 =0.070a
0.324 +0.033ab
0.325 +0. 016ab
0.255 +0. 063be
0.215 +£0.091¢
0.200 +0. 032¢

0. 089 +0. 002a
0. 068 +0. 006b
0.073 0. 004b
0. 060 +0. 005¢
0.044 +0.010d
0. 040 +0. 000d
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4007

FEAEY) RS F T3 (B LST At i % /K R 2k ) &
R A0 IE A B2 T LSF Al N3k 16 g-kg ™'
A 7K R A e 5 0] IR 22 () AR 3 25 5
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Table 3 Effects of LST and LSF on biomass of rice plants

ZH e ek B AR A i YR/
/g kg ™! LST LSF
0 55.94 +2.83a 55.9 £2.83b
1 68.13 +5.36a 78.00 +36.03ab
2 69.22 +12.23a 81.54 +11.19ab
4 73.90 +10.23a 72.40 +11.51ab
8 66.32 +11.91a 82.50 +17.05ab
16 72.18 +8.34a 95.23 +18.04a

PP TC 2 R A6 KA AR Ph, Cd Fil As
FRA —E R (B 2). BiE AR R LST
Jita FH S 3 0, KB 45 8L Ph, Cd Al As 7 i 334
WA, S0 BEAR LE  REK H Ph ., Cd T As & 41 5]
MEAR T 25.7% ~50.7% . 28.2% ~64.7% F111.2%
~34.19% , ] kK TR Ph Al Cd A FRARRCR 2 H 3
WY, As BYREARSCR R 225 #85¢H Pb, Cd Al As
B HIEIRT 8.6% ~78.7% . 43.9% ~81.6%
F4.4% ~41.0% , o Cd A FRAIRRUR el 8.3
£t rh Ph, Cd R As BB BRI T 15.0% ~
34.5% . 18.5% ~73.3% 1 10.6% ~44.1% , Hrh
Pb REARAICR A2 s AT Ph, Cd Tl As & &40
MEAR T 20.5% ~41.8% . 47.2% ~61.0% F113. 5%
~28.6% . FHILAT UL, ZHBC ek B ) LST XK R4 47
Cd MREARASCR BT, AR Oy Ph, T As (1 B ARRICR
B SRR | FEABEK Ph, Cd Fl As 7%
X R A 25 S (P <0.05).

ZHFL R A7) LSF X 7K 45347 Ph, Cd Fil As 7%
TR 5 2 2 B R LST AL 5 % BRA HE, Y
EHE R 1 ~16 g-kg " BF, K&K H Ph, Cd Fl As 7%
BB T 8.9% ~40.7% . 22.3% ~40. 7% il
16.3% ~36.2% ,4%5¢ % Pb, Cd Fll As 7543 51 [
T 15.4% ~51.8% . 28.9% ~79.6% F13.0% ~
45.9% , 2% Ph, Cd Ml As S BIFFEIKT 3.9%
~53.5% . 7.2% ~70.3% 1 24.0% ~49.8% , M
Pb, Cd Fl As & & 50 WP T 8.8% ~ 58.5% .
23.1% ~69.8% F15.8% ~38. 1% . AL PME & | 25
M AFEHEEK T Ph, Cd il As &8 50 IR 22 ] 22
SR E (P <0.05).

Y LST i fHHE 8 g-kg ™I, K&K Phb, Cd &
094 0. 200 mg-kg ™' F10. 153 mg-kg ™", IKF
T EZRE &5 4P R & AR fE (GB 2762-2012)

H Ph 1 Cd AYFRAE (0. 20 mg-kg ") ; 4 LSF Jifi &
N4 g-kg 'HERER T Cd AR 0. 183 mg-kg 'K
THEZE T I5 YR ERE(GB 2762-2012)
Cd AYBRE (0.20 mg-kg™"). 4E P K5 LST Al LSF
Tt B KB, ROk P As = 4 R 0,534
mg-kg ™ F10. 517 mg-kg ™" AT T E S s
YIRE & b ¥E ( GB 2762-2012) 1 As 1 FR 2 (0. 20
mg-kg™').
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KEBNINT A BN As FLIZ RE ). 58 REOK,
VEHZIRA N T4 SR A As O IZ RE it g
FhZH FL e R AR KA A HBAL Ph, Cd Fl As 548 R4
SEIANER 4 Fr7R. LST Ml 2 ~8 g-kg ' A,
Pb FER TR 12 R B R (P <0.05),
AR 16 g-kg ™' B, Pb 7EA 5t —BE K i #E iz
AR FE LI (P <0.05). 4 LST jifi in & 4 1
g-kg B, Cd FEAR R—2E s R ECK 0. 435, 5%
JE(0.224) M LE 3 B FH(P <0.05) 5 it 8
g kg "B, Cd FEZEM—REMNEIZ RZECH 0. 112, 5
XFHR (0. 192) FH B ZEHFEK (P <0. 05) , TEA 5T —HE

Kz ZECH 1. 953, 5XF A (0. 798 ) AH b i 2% I
FH(P<0.05); As FEMRR—ZEN | XM —>B50 IR
Fe—REK I8 R RGN A [ AT R B 25

JiE AN [ 9e J LSF J5 , Ph 7EAR R —280 | 250}
— AL AT REK I FEHE R B X IR Z R ANAE
R E XS Cd R R0 | B —Re itz
RECGX R Z BN B 22 57 EA Rk
Hd R R, HEEEmm A 2, 4. 8 g-kg™
i}, e —ha K is RS XML B E B A (P <
0.05); As TEZEM—55T , oo —REK 15 R4
5556 B 22 (R ANAAAE S 25 5% itk 2 g-kg ™' A,
As TEAR R — X032 ZEC K 0.020, 5 XF R
(0.027) ML & EF+H(P <0.05).

F4 AREMEMEKFETKBEEM Pb, Cd #1 As HiERH

Table 4  Translocation factor of different parts of rice with different added content levers

e T P e L
i T TR e P T TN e P T TR N
0 0.029+0.011a  0.251+0.076a 0.471 +0.018b 0.224 £0.022bc  0.192 +0.029a 0.798 +0. 156b 0.027 £0.001ab 0.089 +0.014a  0.534 £0. 042a
" 1 0.031£0.010a 0.262+0.062a 0.387 +0.070bc 0.435£0.096a 0. 135 +0.036ab 1.038 +0.268ab 0.029 £0.004a 0.095 +0.010a 0.491 +0. 065a
ER?;@@ 2 0.033+0.009a 0.236+0.035a 0.338 +0.068¢ 0.333 +0.039ab 0. 127 +0.023ab 1.054 +0.493ab 0.025 £0.004ab 0. 101 +0. 043a 0. 601 +0. 200a
ﬁ:];ﬂ{ktj‘ 4 0.031 £0.006a 0.204 +0.046a 0.407 +0.054bc 0.217 £0. 101be 0. 189 +0.033a 1.052 +0.232ab 0.020 £0.006b  0.12+0.041a  0.542 £0.097a
8 0.034 £0.011a 0.198 £0.025a 0.367 +0.042c¢ 0.198 £0.065bc 0.112+0.038b 1.953 +1.123a 0.025 £0.002ab 0.092 +0. 009a 0.541 £0.031a

16 0.033+0.009a 0.079 +0.016a 1.079 £0.000a 0.172 +0.067¢

0. 145 +0.062ab 1.512 +0.000ab 0.021 +0.004ab 0.105+0.061a  0.639 +0.216a

A+ B B

0
|
Bk
(ISF) 4
8

0.029 +£0.011a 0.251 £0.076a 0.471 £0.018a 0.224 +0.022a
0.027 £0.007a 0.257 +0.133a  0.512+0.063a 0.272+0.072a
0.025+0.002a 0.233+0.045a 0.472£0.062a 0.273 +0. 149a
0.038 £0.016a 0.227 +0.091a 0.555 £0.222a 0.219 +0.031a
0.034£0.018a  0.259 +0.077a  0.501 £0. 101a 0.257 +0. 095a
16 0.038 £0.026a 0.305+0.230a 0.643 £0.219a 0.201 +0.087a

0.192+0.029a 0.798 £0.156¢ 0.027 £0.001a  0.089 +0.014a
0.155+0.054a 0.868 +0. 106bc 0.022 +0.002ab 0. 111 +0.038a
0.115+0.027a 1.398 £0.355ab 0.020 £0.003b 0. 127 +0.012a
0.139+£0.014a 1.720 £0.484a 0.021 +0.004ab 0. 109 +0.008a
0.125+0.049a 1.630£0.278a 0.022 +0.006ab 0. 098 0. 006a
0.196 +0. 148a  1.336 +0.275abc0. 022 +0. 002ab  0.096 +0.017a

0.534 +0.042a
0.520 £0. 204a
0.484 +0. 063a
0.522 +0.038a
0.571 +0. 053a
0.652 £0. 184a

2.5 MK Ph, Cd FlAs S5 I pH (8, 25H#k:
A Pb., Cd I As & & A9FHIME

Jit 9 e £ FiE 4 B 77 LST 1 LSF % 3% 1% pH
{HLL S Ph, Cd Fl As A 2840385 7 2 52 ) il 2 (3%
2), A BF KRG 4538467 Ph, Cd A1 As 7 5 A8 4k b 2
(I 2). IBF9E HHER pH {H L) 2 Pb, Cd 1 As 2 Hk
BEEXKFERE KT Ph, Cd FIl As S AR, 2>
SR AR AEAR DG (3R 5) . 25 R R it HIZH 1T

MR A LST 1 LSF, K FekE K Ph, Cd F1 As &3
544 pH HBME R 2 - 0.518,
-0.571, —-0.605 Fl —0.836, —0.800, —0.794,
BB E R AR (n =18, ryes =
0.468, r, o =0.590) 5 Jiti F P A 20 B ok K7, /K
Bk Ph, Cd Fl As &40l 5 HIEACH S Sz
] A7 76 M 58 35 1 IE AH G OC R, A IC R B Ik
0.850 . 0. 843, 0.830 F10.909 . 0. 828 . 0. 926.

RS KBERAKBPb, CAFMAsEEESHTE pH EURTHESENHEEXREH(1)
Table 5 Correlation coefficient of Pb, Cd and As concentrations of unpolished rice and pH & exchangeable Pb, Cd and As of soil (r)

— — — T pH (DB el o

SR B ) KRR K i T o o As
Ph -0.518* 0.850 ** - -

FIRA + WA + S ALER (1ST) cd ~0.571° - 0.8437 N
As -0.605* — — 0.830 ™"
Ph -0.836* 0.909 ** — -

TR + WA + BURR B (LSF) cd -0.800" - 08287 -
As —-0.794 ** — — 0.926 ™

1) = Rl = = A3 BIFR P <0.05 Fl P <0.01 BEKT n=18, ry s =0.468, ryo =0.590
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P Ca’ X EE R E T HAHIUEN, 2 55%
SRR ZR 1 I SO S5 U0 A A %o B R Y I
W, U8R T AR I dEE VR IR R Tk
FE R RR 0> it FH AL B ok R R T T 3
pH {A, B + 3¢ pH A1 TH &, 5 00 H a7 1 3
PR LE HL A 14 4 I 25 TR MR 3G, 55 Akt
iy Fe . Mn 5515 OH - 25 RIS Y
S E 4 R T 2 B B 5 AT R AT
THES KA R AR Nk
W, A C i R AR A + T (it FH BE A S B
AR ESERASS R, B R BT
W AR A S it FH 7 A 2 B 2 R ) LST N LSF
BEHEE T HIE ) P, Cd S SR (£ 2)
52—

Jiti F LST 1 LSF & 2 FEA% T H 58P As (2EY)
AR, i As A AR EREZ. —F
Tf] , 358 pH (R M, HIEXT As AW B % | 358
VP As SRR PO A —Jr T, AR kAR
FIRRIR 4 34 RE 45 o L 98 X As 1Y W BRE . F 5% 3%
B KR pH AR 3 A As oA B Ry Al
R 1 WSS T 40k Tio, Xk () An
(V) WL BRAT R, 25 SRR B 99K TiO, £€ pH 1 ~
10 JEFEI X As (I ) AT As( V) BYR BFR AT 34 99 9% .
A BF ST T AR Tio, X As( I ) Al R, 45
LW, TEV T pH (o4 8.0 I 2k AU Tio, nl¥s
As( 1) 2 f B B R Bk X 38 As 19 [ % MLEE 2
H T Fe’ SR ERAR A FL DT 1 D R AR5
e Bt P A T 2 R R it P 3, 48 pH (i
B3 LT As AR WA R ARG, X S R
NHIRFFEEE A AT RESE R R Tio, T As (1
W R L B2 Fe TEZERT As A A MR IR B 2 K T
pH A HE AL ) 5.

PP ZH C ek K50 B9 AN [R) kB2 AR 38R P AT As
FEKFEAS AL i s RECH A 7E—REK > 2B —4
5t > R R 250 YLK RE & FEAL X Ph AT As 1FE
BRESIRATE > ZEM > R R Cd 7TEKFEAS ALY
HAn RECA R St REK > RAR 250 > -4
FE UK R4 TR AL R Cd BEE s RE S A 5T > R
F > 2Bl WASE I BEKEE 2 Ph, Cd Fl As [ EE
J1ARaE. JKFGE T Ph, Cd Fl As A 52 BREK 12

Z30 Cd W5 T Ph A As, DL /KRR R TG £ Y
B BETIARIA], 3 45 B 4 A A B 9 45 SR — 2. Bl
FHPFPZEAC o K57 LST A1 LSF jife FH 42 A 38 i, Ph
Cd fll As TEA TR KR iE RBLE F 2R (£
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i (K 2) , UL BC R A% Ph, Cd Fl As B9H0 I
YEH 2R AEAE b A 2 S K AE A8 5
Hiafie 1R SLEL.

BT K FERE K T Ph . Cd Fll As & 28401
A I, AR A 4 B R R0 2 (K R K R P
Cd F1 As &0 RS, IFH Ph, Cd &AL T
FE TG R R S AR E (GB 2762-2012) fHEH T
BERX 4 As V5w el NIRRT Y As &
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4 i
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2 KRR AR I BE K412 Ph Cd Fl As HYRE
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