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Abstract The speciatons of the heavy metals (Cuy Cd Cy Pb and Zn) mn paddy soils under the ricewheat rotation
cultivation n Chengdu Phin were detem ined w ith the dhen ical fractonat bn m ethod The contents of heavy m etals i seeds
of both rice and wheat grovn n these soils at the same sanpling sitesw ere also determm ned to estin ate the bioavaihb ility of
these heavy metal fractons Statistical analyses including correlatbon analysis and multiple lnear regression revealed that

concentratbns of Cy Cu Ph and Zn in all the paddy soils decreased in the b llow ing order R esidue> Bound to Oganic
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M atter> Bound to Iron and M anganese Ox des> Bound to Caibonates> Exchangeable while that for Cd decreased n a
different order Bound to Iron and M anganese Oxiles> Resdue> Bound to Caibonates> Bound to O iganic Matter>
Exchangeable Regarding the hbile fractns ( sum of all fractons exclud ng the residue), the content of Cd is the h ighest
while that br Cr the bwest n those paddy soils Except for Cr the contents of the labile fractions of all the heavy metals
studied were correlated w ith heir total contents This is especially tme for Cd w ith the correhtion between the total content
of Cd and that of all fractons significant at a 9% confidence level Significant correlatbns at 9% to 9% confience
levels were also found between the content of the fraction “ Bound to Iron and M anganese Oxdes” or “ Bound to Oganic
M atter” and the total contents for Cu and Zn and beween he content of “ Exchangeable” or “ Bound to Iron and
M anganese O xides” fractbn and he total content for Ph Relatve to the nat bnal standards on heavy metals n foods by the
Ch nese M i stry of Health the contents of Cd Cr Cu and Pb in the wheat seeds exceed the upper Im it by 14 71%
8.7 6 500 and 17 40, respectvely In the rre seeds however only the contents of Pb and Cd were over the
upper lim its (by 10 90 and 8 70%, respectively). The specntion of these heavymetals n he paddy soils apparently
affected the accunulaton of he different heavy metals in the seeds of wheat and rice but the exact effect varied br
different elen ents For exanple regarding the regresson coefficients n these multiple Inear regression equatons the
content of Cd in seeds of both rice and wheatw ere positively rehted to the contents of all labile fractions of Cd except wo
fractions “Bound to Iron andM anganese O xides” and “ Bound to Organic M atter”, while a negative correlation w as found
betw een the Cd contents i seeds and these wo fractbns The content of Cu n the seeds of rice and wheat was highly
correlated to that of the Exchangeable Cu but also related to that of the Cu fractbn bound to caibonate as well The
correlatbn between the content of Pb in the seeds and any lab ile fractbnswasweak and no difference w as found betv een the
varbus fractons n thisregard Finally, there wasno significant relationsh p beween the content of Zn in the seeds and that

of any fractons of Zn n the paddy soils

KeyW ords riceswheat rotation paddy soil heavymetal foms accumulaton effect
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[1516] , . ( 1 )
: 1. 0000g  25ml \ ImolL” 'MgCh 8ml(fH =7 0), 18C
200 /mn 1h : , : (2
1 OmoL 'NaAc8ml HAc pH=15), 20C 200 /mn
1 5h 100 /min 16h , .
: (3) : 0. 04mol.” 'NH,OH * HC1 HAc(4 5moll ')
20m] 96C 3h( 10m n 1), , ,
: (4) : 0. 02moL” 'HNO33m] 30%  H,0, 5m 1(HNO; pH
=2), 8T 1 5h( 10m in 1) 3% H,0, 3ml 83C
1 1h( 10m n 1) 3 2moll”'NH,A ¢5m1
20m ] 20C , 10h , 4
[20]’ 4 [17]
HNO-HCD, ,CuZn ICPAES(IRIS htrepil ) , Cd Pb Cr
, 10 (GBW 07403) : :
EXCEL SPSS1L 0
2
21
1 , , Cr ,Cd CdPb Cr
Cu Zn , 5
1
Table1 Descriptive statistics of the total content of heavym etals in Chengdu Phin
Elment M ean(mgkg 1) Sd Varance Skew nes Kurtosis D stribu tion
Cd 0. 27 Q16 0 65 0. 06 - 136
Cu 35. 51 10 28 0 31 0. 98 316
Pb 67. 04 27 77 0 50 0. 21 - 126
Cr 106. 26 41 59 042 0. 78 -0 05
Zn A 01 21 33 023 -0 15 -0 65

86 The data w as the statistic, ana lysis of 86 soil smples in the ble
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-1 -1
2 2lmgkg L 37mgkg 330 1 460, Cr Cu Q 8%
0 6&%
, Cd
200 , Cg Q 9% Pb
-1 -1 -1
3. 29mgkg So , Cu Zn Q0 77mgkg 1 96mgkg
2%
> : Cd Pb 7n
, 10% , Cd 32 21%;
-1 -1
Cu Cr , L 24mgkg 1 52mgkg
3 4% 1 4%
2 Cd Cu Pb Cr Zn
Tablk 2 Desriptive statktics of different fooms of Cd Cu Ph Cr and Zn in soil
Fom E lam ent M ean( mgkg™ ') S D. P recent Skew. Kurt
Ex Cd 0 03 (V07 10. 11% 1 47 129
Cu Q0 24 Q10 0. 68% -0 06 022
Pb 2 21 093 3. 30k -0 02 Q0 54
Cr Q0 88 0 38 0. 8% Q0 26 - 042
Zn 1 37 068 1. 46% Q0 66 Q0 56
R C Cd Q 05 Q06 19. 8%% 2 39 475
Cu a 77 0 38 2 1P L 05 140
Pb 329 L 4 4. 91% Q0 50 Q90
Cr 1 03 Q19 0. 9P Q0 53 - 025
Zn 1 96 Q73 2. 0&% 123 184
R IM. Cd Q 09 (V0 32 21% 152 196
Cu 124 1 28 3. 4% 2 55 8 49
Pb 8 53 37 12. 7% -0 05 -072
Cr 152 0 1. 43% 0 64 Q0 30
Zn 10 22 6 46 10. 8%% 1 10 Q0 56
B.OM Cd 0 03 Q0 01 10. 4% 1 88 4 52
Cu 6 30 4 2 17. 7%6 L 39 2 51
Pb 13 38 345 19. 96% Q0 23 021
Cr 4 40 1 40 4. 1% Q 00 -011
Zn 12 62 4 80 13. 4% Q 39 Q033
Re Cd Q 07 011 27. 3% 2 11 393
Cu 26 96 11 39 75. 9% 223 6 43
Pb 39 63 38 15 59. 1% - 023 -0 84
Cr 98 43 47 10 92. 63% 0 62 Q77
Zn 67 84 22 16 72 16% 1 34 189
Ex Exchangeabl, R C. Bound to Cartbonates B. IM. Bound to Iron and M anganese Oxides R O.

Bound to O rganicM atter Re

Residue=

Total- Ex = BC -B, IM. -B. OM N= 86



3 893
) ) 10%
Cd Cu Pb Zn Cr 4
, 4 1%
, Cd , 50% ,
Cg 9o Cu Zn , T0%
, Cr Cu Pb Zn >
> > > ; Cd
> > > >
3
Table3 Correhtion coefficient between the content of total and different fomm s of the heavy m etals
E lam ents Ex R C B. IM. B. O. M. Re
Cd 0. 90 0 81" 0 84 0.45" 058
Cu 0. 23 Q12 0 34 067" 074"
Pb 0. 32° 0 08 029 0. 10 096"
Cr -0 16 Q 05 Q26 0. 14 1 00"
Zn -0.08 025 0 32 0. 46" 082"
“# 7 and “* * 7 indicated significance at % and 1% level respectively N = 86
2
Pearson ( 3) ,
Cr , , Cd 5
Cd ; Cu  Zn
; Pb
« 3
22 -
- (4
,Pb Cd , ,
, L76 169 , Pb
Cd 10 & , Pb  Cd 17 40%
14. 70%, . ) ( ) cd Pb
4 -
Table4 Description statistic of heavymetals in seeds of rice and wheat
Elment Crop R ange M ean (mgkg™!) S D Excess sandard ratio (% )
Pb W heat 021~ 1 76 0. 75 Q 40 17 40
Rice 012~ 1 71 0. 65 Q0 38 10 90
Cr W heat 0 18~ 2 7 0. 74 Q 57 8 70
Rice 0. 01~ 0 50 0. 18 Q 10 Q 00
Cd W heat 0. 03~ 0 23 0. 09 Q0 04 14 71
Rice 001~ 02 0 11 Q 06 8 70
Cu W heat 337~ 13 20 6. 72 2 47 6 50
Rice 2 21~ 7 57 4. 71 111 Q 00
Zn W heat 23. 60~ 46 70 32 36 553 Q 00
Rice 13. 94~ 29 19 19. 71 2 80 Q 00

GB14%1-94 GB13106:81; N

The pollution evaluaton criterion of heavy m etak for the seeds of cropp GB15201-94 GB15199-94 GB14935-9%4;

=46
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Table5 Regression equations betw een heavym etals content in seeds of rice or wheatand speciation in soils

E kment Crop R egression equation F

W heat Y=0 08+ 0 76X,+ 026X, -0 49X;+0 05X, 2 10°
td R e Y=0 04+ 1 42X,+ 008X, + Q 23X, -0 52X, 8 35"
W heat Y=-024+ 048X ,+ 008X, +0Q 12X, +0 07X, 5 10™
Cr Rice Y=-005+ 0 03X,+ 015X, +0Q 04X, 3. 60°

. Wheat Y=15 63+ 10 4X -1 83X,+0Q 19X, 217
Cu Rice Y=3 14+ 3 23X+ 133X,-003X;-0 03X, 2237

b W heat Y=0 37+ 0 15X,- 005X, + 0 02, 2 60°
R e Y=022+ 0 04X,- 002X,-Q 02X;+0 04X, 4 40"

7 W h eat Y=26 67+ 1 51X |+ 0Q 78X, -0 18X,;+ 0 24X, L 36
Rice Y=17. 74+ 0 56X |- Q 17X, -0 04X,+ 0 20X, L 52

Y indicated the content of heavy metals in the seed ofwheat or rice X, X, X;, X, indiated the different speciation content of exchangeable bound
o catbonates bound to ton and manganese oxides bound to organicm atter in the paddy s0il respectively * and* * indicaled the significance at5%

and Yo level respectively The regression coefficients which less than 0. 01 were not listed m the equatons N = 46

5 s Zn
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Cd Cd Cd
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( 0
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Tessier , Table 6 Correhtion coefficientbetween the content of heavy m etals
18] , in the ricewheat seeds and the soil
Comp Cd Cr Pb Cu Zn

W heat 0198 -0017 0 058 0038 -0114
Rice 0 5327 -0.014 0 120 0. 068 Q0 081

. ’ x indicated the significance at 1% ; N = 46
’ [21]
( + + + )
, Cd R 700, Ph
40% , Cx &% 5 Cd>
’ Cd Pb ,
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Pb 20
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[20]
4
(1 (Cd Cr Pb Cu Zn) , Cr , Cd ,
CdPb CrCu 7Zn Cd 4 ( 70%
)» ( %% )i Cd , (
32 1% ) ( ) , Cd , Cr )
: Cd> Pb> Zn> Cu> Cr
(2 - .5 Pb Cd Pb
17 %o ( ) 10 90% ( ), Cd 14 71% ( ) 8 70% ( )
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( , ,
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