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Estimating of Decadal Accumulation Rates of Heavy Metals in Surface

Rice Soils in the Tai Lake Region of China

Li Lialnqingl , Pan Genxingl o, Zhang Pingjiu1 , Cheng Jie min' , Zhu Qiuhua®, Qiu Duosheng2(1 JIn-
stitute of Resources, Ecosystem and Environment for Agriculture, Nanjing Agricultural University, Nanjing 210095,
China ; 2. Agricultural Extension Service, Wujiang County, Jiangsu 215215, China)

Abstract :Estimation of decadal accumulation of some heavy metals in surface rice soils from the Tai Lake region, south-
ern Jiangsu Province , China was made by means of calculating the monitoring data and/ or analysis data of the archived
soil samples . For the last decade , the estimated annual accumulation rate for Cu or Zn, Pb and Cd was 0.3 ~ 1 mg* (kg
*a) ' 0.2 ~1mg"(kg*a) ' and 0.3 ~3pg*(kg=a) ' respectively, the apparent pollution loading was , therefore , re-
spectively 0.5 ~ 1 kg*(hm?**a) "', 0.5 ~1.0kg*(hm*+a) "', 0.5 ~3.0kg*(hm’=a)"' 0.8 ~10x10 *kg*(hm?
a) ~' . The accumulation rate for the content of available form was shown to be greater than that of total content. The
norr point source pollution maked bigger contribution to the total annual loading for the Pb and Cd than the other source
pollutions , while the Cd loading was prominently higher than those reported in Europe . These results may indicate that
the food safety in this region may be constrained by the soil pollution of these heavy metals at high accumulation rates .
Keywords :rice soil ; Tai Lake region; heavy metals ; accumulation and loading ; soil pollution
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Table 1  Distribution of the sampling sites and the background of the samples[s'f"“’]
la /cm
/20 1998/20 Cu, Zn, Pb, Cd
1998/20 Cu, Zn, Pb, Cd
/20 ( )
13 2000/15 Pb, Cd ’
/15
2000/15 Pb, Cd ’
/11 (1989 )
/15 1997/15 Cu, Zn, Mn 1982
/20 1998/20 Cu, Zn, Pb, Cd
/20 1998/20 Cu, Zn, Pb, Cd
13 2000/15 Pb, Cd ’
/15
2000/15 Pb ’
/11
- s % = k/cg 3)
0.1 mol/L HCI .DTPA
Imol* L™ MgCl, o] AAS 1000
, [kg+ (hm?>+a) ']
= kx10°x px Dx 107 x 10" (4)
> P (grem ), D
1.3 (cm) , 10° hm? 073
( )
100 s 2
10 2.1
8,9
[ ]_ , 5.
T
¢ = co + kt 1) (P<0.05).
,e (mg* 3( Zn ,
kg'l) 5 Co > ) - >
it ,Cu Zn .Pb 0.1 ~0.7mg*(kg*
(a). k [mge a)°', «Cd 0.3 ~2.6pg*(kg*a) ',
(kgea) " ']. 1% cd
k= (c- co)/t (2) L,

Pb .Cd >
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Table 2 Change of total heavy metal contents under various environmental impacts
/ mgokg ™! / mgekg ™!
Cu 27.24 *2.92( n=13) 22.78 £5.18
( ) Zn 64.12£10.99( n=13) 73.72 £20. 60
Pb 33.94%4.12( n=13) 20.39 £1.20
cd 0.058 +£0.022( n=13) 0.012£0.010
Cu 26.64 £3.55( n=10) 27.28 £2.16( n=6)
( Zn 64.61 £10.56( n=10) 61.92£7.35(n=6)
) Pb 37.46 £4.83( n=10) 33.48 £3.92( n=6)
cd 0.084 +0.022( n=10) 0.074 *£0.018( n=6)
Pb 22.3520.17( n=3) 20.42£1.41( n=3)
cd 0.019 £0.000( 1 =3) 0.020 £0.001( =3)
( + Pb 18.80 £1.27( n=3) 20.42 £1.41( n=3)
cd 0.023 +£0.001( n=3) 0.020 *0.001( n=3)
Pb 25.61 £2.78( n=13) 23.01 £4.01( n=13)
( ) cd 0.100 £0.016 ( n=13) 0.076 £0.016 ( n=13)
3
Table 3  Estimated accumulation rates of the studied heavy metals in the surface rice soils
Cu/ mg* (kg=a) "' Zn/ mg* (kg*a) "' Pb/ mg* (kg*a) "' Cd /pg*(kga) "'
/ % / % / % / %
0.248 1.09 0.122 1.97 0.753 3.69 2.56 21.29
- 0.026 - 0.09 0.108 1.74 0.159 0.47 0. 40 5.41
- 0.175 0.86 <0 <0
- <0 <0 0.27 1.36
0.173 0.75 1.60 2.11
2 0.25 1.10 0.727 3.56 3.44 28.70
? 0.146 7.14 3.56 29.63
1) % = / x100 2) 3)
4 0.5~3 kg*(hm?sa)"', Cd 0.8 -10 g*(hm’*
ot , Zn a) . Mench(1998)
, cd [1.9~7.2 g*(hm?+a) " "],
5 , cd [2.7~6.8 g*(hm’
2% , eq) 1S Cu .Pb .Cd
Cu Zn .Pb , 1.00 kg* (hm*+a) "', 2.91 kg (hm?*
Pb .Cd a)"' 13.8 g*(hm’=a) ',
Ph e, cd Cu .Pb .Cd 1.0~3.2 kg*(hm’
(131 ca)"!,0.7~3.2 kg*(hm?+a)"'  0.25~0.44 g*(hm?
eq) "1 H6T cd 3 g+ (hm?e
3.1 a) ! , cd
, 1.2 g* 1.9~5.4 g*(hm*+a) "', ,
cm'”M], Cd
,Cu Zn 0.5~1.0 kg*(hm?+a) "', Ph (1)
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4
Table 4 Change of available heavy metal contents under various environ mental impacts
/mg'kg'1 /mg‘kg'I
Cu 4.39%0.56( n=12) 3.23%1.18 (n=10) DTPA
Zn 0.70X0.75( n=12) 0.82%0.99( n=12) DTPA
( ) Pb 4.59%1.45(n=12) 3.45%0.86( n=12) DTPA
cd 0.038 £0.015( n=12) 0.034 £0.010( n=12) DTPA
Cu 5.10£2.02( n=38) 3.95%2.27( n=54) DTPA
Zn 4.42%3.31( n=38) 1.41 £1.86( n=54) DTPA
( ) Mn 11.60 £10.20( n=38) 7.94%9.81( n=>54) DTPA
Cu 6.17%1.17( n=5) 3.23*1.18( n=5) 0.1mol/L HCl
Zn 4.47%1.17( n=5) 0.82%0.99( n=5) 0.1 mol/ L HCI
Pb 7.79 £3.16( n=5) 5.46 £0.93( n=5) 0.1 mol/ L HCI
cd 0.023 £0.014( n=5) 0.1 mol/ L HCI
Pb 0.95 %0.84 0.28 £0.07 1 mol/ L MgCl,
Cd 0.021 %0.008 0.016 £0.002 1 mol/ L MgCl,
Pb 3.21 £0.06 2.95 +0.16 1 mol/ L MgCl,
=350 ’ :
o 3.0F A ty,
52-5‘ [15]
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Fig.l ~ Annual pollution loading of Pb( A) and Cd( B) under [18]

various environmental impacts in the region
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Table 5

Estimated accumulation rates of available heavy metal contents in the region

Cu/ kg*(hm?+a) ~'

Zn/ kg*(hm?+a) ~'

Pb/kg*(hm?+a) "'

Cd/ g*(hm?+a)

-1

!/ % ! % ! % %
( ) 0.064 2.00 - 0.007 - 0.81 0.063 1.84 0.22 0.66
( ) 0.088 2.24 0.232 16.42
- 0.118 3.64 0.146 17.8 0.093 1.71
- 0.025 0.83
- 0.136 3.35 0.33 2.08
3.3 SO ,
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; @ Lang muir ,
N .Jones 1989
cd
(18] McGrath N
Zn .Cd . cd
0.0150'77.80
. Zn .Pb .Cd 95 % (mg*
kg ™! ) 20,0.03,0.03 48,0.12,0.17"1,
Watanabe Cd
10.95 £2. 01 pg= kg( Yo,
Mench
cd 30 ~ 40pg/ kg( ),
cd 5~1lpg/d,
40pg . EPA
T0pg . s
cd 5~10ug,
Cd  200pg-kg ', 30 ~100pge kg™ ' .90
. Pb .Cd 0.1 ~
0.19mgekg ' 0.01 ~0.02mg kg ',

0.75 mg'kg’l L

0.7 mg*kg
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