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Effects of Calcium Compounds on Uptake and Accumulation of Cd and Pb by Rice and Its Mechanism in

Polluted Soils
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Abstract: Different types of calcium compounds(Ca0, CaCOs, CaSO,) were applied in Alluvial Paddy Soil(APS) and Reddish Yellow Paddy

Soil(RPS) polluted by cadmium(Cd) and lead(Ph) to study the uptake and accumulation of Cd and Pb by rice and its mechanism through a
pot experiment. The results showed that pH value was increased significantly after CaO and CaCOj; being applied in APS. Available Cd in soil
was significantly lessened and Cd content in brown rice was decreased by 26.3% when application of CaO reached 0.36 g Ca-kg™. Cd content
in brown rice was declined by 23.7%(P<0.05) and 18.4%(P<0.05) after CaC0O5(0.24 gCa-kg™)and CaS0,(0.24 gCa-kg™) being applied in
APS respectively. The change trend of soil pH value affected by application of Ca0O, CaCO; and CaSO, in RPS was the same as that in APS.

Available Cd in soil was decreased remarkably when application of CaO reached 0.24 gCa-kg™. But Cd content in brown rice was increased
by 34.5%( P<0.05) as the application of CaO was amounted to 0.36 gCa+kg™. Available Pb in soil was increased remarkably, and Pb in brown
rice was increased by 41.7% with the application of CaO up to 0.48 gCa-kg™. There were no significant differences of Cd or Pb contents in
brown rice among application of Ca0, CaCO; and CaSO, with equivalent calcium(0.24 gCa+kg™) in those two soils. It was illustrated that
there was slight effect of pH on uptake and accumulation of Cd and Pb by rice at 0.24 gCa-kg™ application due to relative low pH change a—
mong the three equivalent calcium treatments. It could conclude that the types and amount of Ca compounds should be considered rationally
to control the uptake and accumulation of Cd and Pb according to content of Cd, Pb and pH in polluted soil.

Keywords: calcium compounds; heavy metal pollution; brown rice; Cd; Pb

B %5 H 87 :2009-05-13

E&WA . W ERHE R H (2006BAD17B06,2007BAD8IB11)

YEE T NI IE(1979—), 5 B+, BB SE 5L, FEBEWFFE 7 Al A &8 3F 58 . E-mail: liuzhaobing_168@yahoo.com.cn
BIEE . 2% E-mail : jixionghui@sohu.com



F298% 1M

& A W OB OB % % R 79

Wi T A Y R & J , 32 Tl = 3 " Akl
ESHSEW, RERHAIERES RGNS A
HETEE A VORIR I, 1980 4E R ERZ Tk =% "5
Yk T FH R 266.7 T hm?, 1992 4E3E % 1 000 J5
hn?, T BRI E4R B AR E it 0.2 12
hm?, Hodr Cd . Pb /YL R IBY, RAE, BIFg4 &
ETH XAEHLHEPb S8R 52.4~1 021 mg-kg, b
F2EE R H A S E R 0.6~37.0 f%; 13 Cd
GEH 2.8~51.3 mg kg, HIFREE 23~572 %9,
Cd.Pb FIAEZEM IS Y, WS S WEE S
BHEANM, X N RSB EE . WmEeislAK,
5| R IS5 0R , DL ROV B R S8 AR B O AL e
TOLEMNA R, EET e m s LA, mm
Hm—HIEANKE, X EHEENLREMHERS
TR, 51 B I RSP 2 5 RO L B R S5
B RRART,

EHE-HYRGETS, BELBEGYREA ZHEE.
Pt . —ERE LK IR AR T Y s R
FEEE S A R A R M TR LR AR 5ER Y B, B
e ™ E 5 Y 14 (> 4 000 mg-kg™)  MEY KR E
W A e A R R R R IR AED, K RETE R
FEMREIEY , R E ) ZFHE, X 7 #h X 6
HE, M EERERLSRER5IREATKER R ED B
iR, EE R RCEREIRE R, —H
*®, HAA KPR H ES B Y - bk
W Cd AR 3G I, ISP AE E NS E A K E /Y
AHEHRIE, (B BT S 2 4 AEXT 138 pH A9
BEAERRELSRVASMZWTE , ¥ K& Ca>E YL
BRI, REFURH— BRI ESRITY, R
BIEHA K, MU G s i g i 38 T A RE
AREY), B FBELCRBAEY B E SR . AR
PIARE pH Z514F Cd.Pb {5 4% /431 U2 H fnLr # i 0
PR L, FIAZRFAGRIMAR RS EY
(Ca0,CaC0;,CaS0,) B & , %3] pH Fl Ca? Xt 7K
TR SRR B Cd . Pb s S HAE ML, T hE
LB T5 Y B3 ERR A 2 4 = - A TR AL
WK

1 #RExR*E

1.1 K 118

B+ R B W R A E TR X Cd,
Pb J5 YL /K 8 + (BB UL 41 6 T A LT 308 ) FIBi g
BB E Cd.Pb {54 MKRE L RIS sh I LAY
W), HEEREFZXT B . T 5 mm 5 RF
A, HEEATR R WL 1,
1.2 #hikkTE

IKFE SR OH AL 31 5. KBEERTEESR
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RITEBI R LIRS B M E AT, iR E
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Table 2 Design of the experiments

KRB Qb3 AR/ kg? M Ca B/g-kg!
Ca-0  AiESLED 0 0

Ca-1 Ca0 0.17 0.12

Ca-2 Ca0 0.33 0.24

Ca-3 Ca0 0.50 0.36

Ca—4 Ca0 0.67 0.48

Ca—C CaCO, 0.60 0.24

Ca-S  CaSO,-2H,0 1.02 0.24

1.3.2 #ES T

IKAEWOIR S % L SRR A FEAT O . L3R
Cd.Pb 3R HNO:-HCIO,~HF {3 . AR Cd,
Pb FIAZHM: Ca fi FIBTEE 1000 %E , 4B AT 18
B, A Cd.Pb KA DTPA $2EU™, 2 #ithk Ca R H]
LRERER (kY 5 min), FHAZIRITHEEE
Cd.Pb 3% Fl HNO,-HCIO, }EIETH A , FAtm i) o it

® 1 il HEB R
Table 1 Physical and chemical properties of the tested soils

e H HHLE/ WA N/ B/ ALK/ £ Cd/ £8Py BHECH BHEPY ek Ca/
P g-kg” mg-kg" mg kg mg kg mg-kg mg-kg" mg-kg mg kg g-kg”
BRE 504 36.6 348 33.0 242 2.93 66.9 0.25 8.49 115
aER 720 224 131 5.0 76.0 6.27 347 291 119 1.67
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kg™ B -3 pH ik 3] T B E K. 7E pH B3k
TR L B YR b3 CaO X 1338 pH 520 5 > B
2 ,WE CaO jiti R3S m+5 pH EF, Mt &
9 0.12 gCa-kg™ B Xf 33 pH A5 5t £ 3% 2 W 2%
PEIK - ; CaCO, i I 0.24 gCa-kg™ B W42 785 1358
pH BB EVEARCR
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# 6.00

5.00

4.00
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iz

2.1.2 +HEAA Cd.Pb

Fi AR R RS A W) , BRI A 3
Cd FrERMH MR LEE(E 2), Bk CaS0,4b,
Jiti FHl CaO I CaCOs ¥ HIEA M Cd SBWE —E
SR, Hop it CaO RRICR BN B R, B 25 ot
BB, AU H AR Cd R TR, Bk
H I CaO i fiE35%) 0.36 gCa-kg™ B, +IHEAMS
Cd & & o BRREIR T 22.3%(P<0.05) ; 2T # {6 I CaO
F&EH 024 gCa-kg BF, THEAHES Cd 2R
MR T 21.4%(P<0.05),{H}if CaO % 0.48 g Ca-kg
B, BEAUS G FERNA LA BEE, X 5%
B EAS 15 pH 8558 8 BP/KIAS Cd i A TR
R AR,

PIFME IR e AR RIS b SR, A AL
A Pb HETMAPFIAF(E 3), #URH LA Ca0
AR Pb S RITEER W, HEARE L
BEAHES Pb S RFEE CaO Jiti FI 2 A 3G i3 i, 24
CaO jifi FHERIE Z 0.48 gCa-kg' B 1A Pb &
RN, Wi CaCO; 2 CaSO, At FAXT BIFI IR + 18
B P S EM TR ERW, MR SRS
pH 4kSE T+ HA R4S Pb A B i 36 i i) JB R T R
5 Cd iEnAE, RESHEAM Pb BE TR

8.00 - ab b be
d cd

Ca—0 Ca-1 Ca-2 Ca-3 Ca-4 Ca-C Ca-S
e

Ef: EARRIF AR LSD 2 FH IR 57 B3 (P<0.05), T,

1 AR RRRSAL S L5 pH T
Figure 1 The change of pH values after soil was applied with different kinds of calcium compounds
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Figure 2 The change of available Cd contents after soil was applied with different kinds of calcium compounds
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FAARFRRESY)E, THEcHME Ca RN
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AT R EHE 55 PO FHBEF R ATE R
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Ca T EZEFAHE,
22 MEAARREBRELSWIIKIBREK CI.Pb £

sE-A

2.2.1 KFFREK Cd

F7% 3 AT LA H , it FAS RI2E B A5 AL & P vt 7K e
K Cd & BA —Em , (B7EP Fp itk 138 R
AR . BUEH EFEE CaO jifi FH & A3 K 5
Bk Cd & &FEM%, 24 CaO ji & %% 0.36 g Ca-kg™
A, KR RE K Cd 75 & Eb X BE A 26.3%(P<0.05)
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Table 3 The change of Cd and Pb contents in brown rice after soil
was applied with different kinds of calcium compounds(mg-kg™)

W ALY
AEBACHD
FEXK Cd FEX Pb FEk Cd K&K Pb
Ca-0 0.38+0.04a  0.64:0.07a  0.58+0.02cd 1.08:0.10bc
Ca-1  0.3420.03ab  0.55:0.05a  0.55:0.03d  1.040.04c

Ca-2 0.32+0.03ab  0.65+0.06a  0.69+0.09bc 1.25+0.18bc
Ca-3 0.28+0.04bc  0.62+0.07a  0.78+0.06ab  1.33+0.00ab
Ca—4 0.24+0.02¢c  0.64+£0.07a  0.90+0.05a  1.53+0.15a

Ca—-C 0.29+0.05bc  0.64+0.03a  0.66+0.09bcd 1.14+0.19bc
Ca-S 0.31+0.03bc  0.63+0.08a  0.70+0.12bc  1.19+0.17bc

ERPAFIBEEARNEFRAR ISD B2 E LB ERTE
(P<0.05),

5%t BB AH H ,CaC05(0.24 g Ca-kg™) Fl CaS0,(0.24 g
Ca-kg )AL /K FRE K Cd & B ARETR 271 R
23.7%(P<0.05)F1 18.4%( P<0.05) , £L & I8 b it Fi A
AR B A& W) G K FakE K Cd & ER MG, 4
CaO Jii FH&3%%) 0.36 g Ca-kg! B /K FEREKCd H & B
EHEN . 5 XFBEAH L, B CaCO5(0.24 gCa-kg™)F
CaS0,(0.24 gCa-kg™) Ja/KFEREK Cd HEF LFH#
FAEHARIR BN B EKE . BRI EE (Ve )t A

P
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Figure 3 The change of available Pb contents after soil was applied with different kinds of calcium compounds
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Figure 4 The change of exchangeable Ca contents after soil was applied with different kinds of calcium compounds
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Ja/KREREK Pb S EAMAHE , ZERHAARZ
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B I E K RERE K Cd & &, (Hit AR R 2R A 4540
EYXTREK Pb S RITE EF W AEFEAMET, 54
W54k G (5 BR A B, 2T B Y8 _EJiti ] CaO ,CaCO;,
Fl CaSO, JE/KFEREK Cd & &E3G M, i85 75
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