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Bio environmental Effects and Index of Remediation of Multi Heavy Metals

Polluted Red Soils
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Abstract : A pot experiment was conducted to study the bioenvironmental effects of lime and organic manure application on red soil
and paddy soil derived from red sandstone and polluted by multi- heavy metals . The results indicated that liming decreased the content
of soil bioavailable Cu and Pb extracted with 0.05 mol/ L HCI, while applying hog manure increased that of Cd. Soil bioavailable
heavy metals ( HMs) showed an apparent relationship with soil dissolved carbon. Applying lime and organic manure has a positive
physiological effect on soil microorganis ms and sweet potato. Many indexes, i.e. the number of soil actinomycetes, the content of
HMs in the root of sweet potato, showed the re markable relationship with soil bioavailable Cu, Cd and Pb. However, some indexes of
soil and plant only relative to one or two soil bioavailable HMs. For example, soil microbial biomass carbon correspondent with soil
bioavailable Cd. Only the content of Cu in the stem and leaf showed a notable relationship with soil effective Cu. Soil effect Cu and Pb
rather Cd showed re markable relation with mean transpiration rate , total biomass and leaf area index of sweet potato. The daily mean
value in the seedling stage showed a stronger relationship with soil bioavailable Cu and Pb. Therefore these two physiological indexes
can reflect the change of soil metallic contamination .
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Table 1 ~ Properties of red soil and paddy soil derived from red sandstone in surface layer (0 ~20cm)
N P K P K pH ECEC Cu cd Pb
/g kg /gegt' Jgekg ! /gkg' /mgrkg! /mgrkg! (H,0) / mmol kg " /mg-kg' /mgokg ' /mgokg '
24 .8 1.28 0.96 8.35 308 .8 69.3 6.4 78 .6 376 .7 1.51 26.0
14.5 0.75 0.36 8.50 40.5 38.5 6.6 47.5 187.2 0.93 25 .1
2 lgrkg ! FeS O, 4:1 HCl/ HNO;
Table 2 Fertilization rate in the treat ments of pot-experiment/ g=kg ™' (1CP- AES
No. D JOINYNON ) ;
) ( ) 0 .20 0 40 030 , 0.05mol/L HCI 1:5
2 020 040 030 1.20 2h, (71,
3 0.20 0.40 0.30  2.40 .
4 0.20 0.40 0.30 6.0
5 0.20 0.40 0.30 12.0
1) iN17.3 g°kg™' \P21.5 g°kg ' \K15.1 g-kg™' 18]
( N 0.175 g/kg P 0.0939 g/kg.K CI-301 PS
0.157g/kg) . 2 3 ; 3 . (2001-05-10 ~
’ 4 3 2001-05-12) . (2001-05-24 ~2001-05-25)
4 ’ (2001-06-04 ~ 2001-06-5) ,
3.0 kg. ,2001-04-16 ,  2d 5 ¢ 08 :00 .10 :00 .
2 (7.5g ) ,2001-05-04 12:00 14 :00 .16 :00) ,
1 ,2001-06-08 3
35 % 1 ~2
2
1.3 2.1
; N Cu . Cd 376.7
b > N . N mg‘kg—1 1.51 mg‘kg'l, s Cu .
; - - cd 187.2mg* kg ' ,0.93mg kg ' .
; (DOC) Pb : 26 .0mg* kg '
s K Cr, O > 251 mg‘kg'l .



25

106
, Cu .Cd (Zn .Cd .Cu) , pH
, Cu 1 . , 1 mol/ L NH,NO,
s s pH 2
Cu Pb , =1,
Cd , H' ,
9
( 1). , 91
pH  0.05mol/ L HCI
5 pH b} 5>
« 2. ,
250 1 16 1 8 r
—_ OxRE+
200 B
1.2 6
= 150 oo -
% % os 2y
o0 £ =
£ 1o | . £ £
= 7 o) -
o , -9
so | '/ 04 2
0 : . - 0 0 .
2 oxXx K B B 2 K K # g 2 =
£ £ B = = 2 B ©§ = = g =
=B T T L L T o T b
¥ E i i3 -4 i il ) & b
g & g E € W
1 ( )
Fig.l  The bio-available heavy metal content at the end of pot experiment (error bars in Y axis represent the standard error)
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Fig.2 Changes of pH in two soils applied with different rate of lime (error bars in Y axis represent the standard error)
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Y(Cd) = 0.006 X( DOC) - 0.701 * * Sun B, Zhao F J, Young S D, Tye A, McGrath S P. Availability
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( R =0.812 »n= 18) Proceedings of International Soil Remediation ( SOILREM) ,
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Table 3 Microorganis m composition in two soils ( calculated on dry soil) at the end of pot experiment x 10%/ +g~

2799(80) " 21 .3(0.53) 164(14.7) 2984(94) 0.4(0.3)
2749(137) 20.9(1 .27) 196(14 .4) 2967(144) 30.4(1 .8)
2851(243) 12.7(1.06) 61 .3(5.2) 2925(238) 134 .8(15.0)
3367(81) 10.6(0.25) 166(13 .2) 3544(79) 5.7(0.4)
4154(264) 20 .3(1.16) 197(18 .0) 4372(276) 9.3(1.6)
1045(62) 7.63(0.41) 5.43(0.54) 1058(62) 0(0)
3230(160) 11.9(1.93) 12.5(0.36) 3255(160) 131.0(2.7)
4257(51) 13.3(0.70) 1.80(0.37) 4272(50) 164 .3(9 .8)
3024(166) 9.70(1 .04) 24.1(0.98) 3058(165) 1.3(0.5)
4332(396) 26 .3(1 .36) 24 .3(0.94) 4382(396) 30.9(1.9)
1)
2.3 (e
| (o1 ,Cu . ’
Cd > > ( 4, Pb Y(Cu) = 0.448 X(Cu) + 43 .6
, Pb Cu (R =0.826,n = 30)
Cd . , Y(Cd) =2.30 X(Cd) +1 .48
(R = 0.825,n = 30)
Cu , Cu Y(Pb) =1.16 X(Cd) +0.376
s Cd . Narwal (R = 0.648 ,n = 30)

Singh Cu Zn cd Pb
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Fig .4  Soil microbial biomass C and N at the end of pot experiment (error bars in Y axis represent the standard error)

Cd .Pb , Cu (R = 0.726 ,n = 30)
Cu : Cu
Y( Cu) =0.10X(Cu) +11.4 Cu , Cu
(R =0.599,n = 30)
Y( Cu) =0.042 X(Cu) +13.4 2.4
4 D/ mgekg!

Table 4 The distribution of heavy metals in the sweet potato at the end of pot experiment/ mg* kg™ '

Cu Cd Pb
168 .9a 31 .5¢ 26 .7a 3.43c 0.87d 0 .86ab 5.28d 3.76bc 6.19a
156 .3b 41 .5b 24 .3b 3.65bc 0.51f 0.43¢g 3 .80e 5.53a 2.04f
94 .1fg 18 .3g 20 .2cd 2.22¢ 0.43¢g 0.33h 3.99¢ 2 .89f 4.57e
147 .4c 51 .6a 20 .2cd 3.73b 0.81de 0 .48fg 5 .64cd 3.86b 5.19cd
140.1d 24 .2d 21 .8c 5.51a 1.22b4 0 .88a 5 .6lcd 3.32de 5.37bc
100 .8e 19 .4fg 17 .4e 2.56d 0.75¢ 0.64d 8 .57a 3.38d 4.73de
98 .3e 22 3e 20 .3cd 2 .44de 1.21b 0 .53ef 8 .24a 5.74a 5.23cd
56.7h 21 .5e 19.7d 1.36f 0.97¢c 0.56e 6.54b 3 .47cd 5.08cde
96 .lefg 21 .4de 16 .5¢ 3.49bc 1 .43a 0.81b 6.07bc 3.43d 5.87ab
90 .5¢ 21 .0ef 13 .6f 5.62a 1 .48a 0.73¢c 6.14b 3 .06ef 5.08cde
1) ,Duncan (0.05)
, 5
[3] 2 Table 5 Mean net photosynthesis rate and transpiration rate ,
. ' ’ leaf index and total biomass of sweet potato in different
' ) treat ments of two soils
. C 3 ;
° / pmol* / mmol®
( )/ g 2oy -1 2uqy -1
(m”*s) (m~*s)
7.20 0.82 2.75 1.20
10.02 1.20 3.78 1.30
’ 10 .81 1 .41 3.66 1.30
0.969( Y=0.110x +0.144) 7.31 1.01 2.97 1.04
6 .88 0.90 2 .86 1.18
2.14 0.42 2.13 0.83
’ 5.37 0.71 3.06 1.01
Cd 613 0.79 3.14 0.98
, Cu Ph 6.33 0.77 3.25 0.90
6.17 0.91 3.14 0.90
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Fig .5 Changes of net photosynthesis rate of sweet potato during pot experiment (error bars in Y axis represent the standard error)
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Fig .6  Changes of evapo transpotation rate of sweet potato during pot experiment (error bars in Y axis represent the standard error)
Cu Pb
Y = 0.0021 X(Cu) +0.722 (R = 0.844 ,n = 10) Cu Pb (
Y =-0.160 X(Pb) +1.84 (R =0.798,n =10) 6). ,
, Cu Pb . 5 >
(254d) 08 :00 Cu Pb
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Table 6

Cd
6

Relationship between mean daily

[3,17]

Cu Pb

Cu Pb (n=30)

photosynthesis rate and transpiration rate and soil available Cu and Pb ( n =30)

Cu/ mg

'kg'l Pb/ mg* kg~

/pmol* ( m?es) !

2001-05-10
2001-05-11

0.00551 x + 2.56 (R
0.00747 x + 2.13 (R

= 0.441) =-0.399x+5.37(R = 0.422)

= 0.479) = - 0.542x + 5.94( R = 0.459)

/ mmol*( m?es) ~!

2001-05-10
2001-05-11

0.00253 x + 0.632 (R
0.00165x + 0.767 (R

= 0.667)
= 0.408)

=_0.158x+1.80(R = 0.552)

= R ==

=-0.124x+1.63(R = 0.407)

Cu

Cd Pb

0.05mol/ L HCl
Pb ,
Cd
DOC

Cu .
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