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Abstract: This study was conducted to investigate the effects of three additives ( red mud apatite and selenite) on the growth and heavy metal uptake of
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soybeans grown in multiple heavy metal contaminated soils collected from the mining area in Shuikoushan Hunan province China The addition of red—
mud (1% 2% and 5%) apatite (1% 2% and 5%) and selenite (0.1 and 1 mgekg™' Se) all significantly improved the growth of soybeans
especially when 1 mgekg ™' Se was added with an up to 145% increase of the fresh biomass and 39% increase of dry weight as compared with the
control. Without additives the average concentrations of Pb and Cd in the aboveground parts of the soybean plants were 12.2 mg*kg ™' and 13. 8
mgekg™! respectively being much higher than those for normal terrestrial vascular plants; while concentrations of other heavy metals fell in normal
ranges. The uptake of Ph and Cd in soybean were obviously inhibited by the above three additives. Additions of 0. 1 mgekg ~'Se and 5% red mud were
more efficient than that of apatite in decreasing Pb accumulation in the aboveground soybean tissues with reductions of 67% and 72% compared to the
control respectively; 0.1 mgekg ™' Se treatment had the highest efficiency in decreasing Cd accumulation in the aboveground parts of the soybean plants
with a drop of 89. 7% as compared with the control. All three additives depressed the translocation factors of Cd copper ( Cu) Pb and As and
bioaccumulation of Pb and Cd in soybean as well. Addition of additives significantly reduced the bioavailability of heavy metals in the soils. Treatment
with 5% red mud was the most efficient with bioavailable concentrations of Cd Cu Pb Zn and As in the soils measured as 15. 71% 38. 62% ~
19.23% 36.00% 46.35% of those in the control respectively. The results indicated that red mud and apatite might directly inhibit the uptake of heavy
metals in soybean through reducing the bioavailability of heavy metals in the soils whereas Se decreases the accumulations of heavy metals mainly via
elemental antagonism. Consequently additives of red mud apatite and selenite could efficiently reduce the ecological and health risks generated from
multiple heavy metal contaminated soils with Se the preferred choice.
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Table 1  The concentrations of heavy metals in the soils used in the pot trials mgekg ™!
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Fig. 1 Effects of additives on the pH of the soils( n =3 different
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Fig. 2 Effects of additives on the bioavailable concentrations of heavy metals in the soils

3.3 (p<
5 mgekg 'Se 0.05) . N 3



6 e 1281
38% +67% 119% . 3 2% 5%
( 2)1 Pb ; Cd
mgekg "' Se 10 3
145%  39%. 3
Cd.Cu.Pb.Zn
Se( <1 mgekg™") Pb (p<
0.05) As Cd.Pb
Cu
2 7n 2%
Table 2 Effects of different additives on the biomass and height of . Pb.Zn 5% 2%
soybean plants
/g /em 2% 35%.
0.91 £0.01% 31.0 £1.0%
1% 1.26 +0.16"% 39.0+3.0%
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5% 1.92 0. 19" 40.5 +1.5% (p<0.05) 45% ( 5%
1% 2.07 £0.27%¢ 47.3 +4.75% ) 7n
2% 1.52 +0.09“ 35.0 £4. 0%
5% 1.91 £0.25% 43.3 £9.38b (p<0.05).
0.1 mgekg™"  1.99 £0.17% 43.0 £4.6™ Cd<Cu.Pb.Zn
1 mgekg™!  2.23+£0.53% 45.0 £11.0% CAs 5%
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Table 3 The concentrations of heavy metals and Se in soybean shoots under different treatments
/(mgekg™")
Cd Cu Pb Zn As Se
13.84 +3.6" 17.6 +2.4* 12.24 +3. 13" 99.9+11.3" 0.39 +0. 10" 0.34 +0.08"
1% 3.63 +0.48"% 12.8 £0.3% 6.33 £1.01™ 77.8 £10. 1™ 0.43 £0.16™ 0.28 +0.04"
2% 3.41 2,025 13.9 £2.6% 3.78 £1.03% 64.9 +1.4M 0.44 £0.06™ 0.29 +0.05%
5% 2.62 +0.545 16.1 £1.5% 3.47 +0.85% 95.6 0.5 0.47 £0.07™ 0.31 +0.06™
1% 2.31 £0.63% 13.6 £1.2% 6.99 +1.52% 152.5 +10.1% 0.41 £0.09" 0.24 +0.04"
2% 2.24 +0.53% 13.9+1.1% 7.39 +1.62M 134.9 +£9.4% 0.52 +0. 10" 0.27 +0.03"
5% 1.47 +0.15% 14.9 +1.7% 5.37 +0.78M 146.2 +16.8% 0.29 +0.08" 0.27 +0.04"
0.1 mgekg™"  1.39 +0. 64 14.9 +1.5% 4.13 +0.57M 131.2 £14.9%  0.32 +£0.05™ 7.16 £1.01%
1 mgekg™'  2.22£0.73% 13.1 2.6 6.48 £0. 714 134.1 £13.9%  0.43 20.10™ 10.52 +1.37%
0~1.2 3~20 2-~5 15 ~ 150 0~1 -
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Table 4  The translocation and bioaccumulation factors of heavy metals in soybean under different treatments
Cd Cu Pb Zn As Cd Cu Pb Zn As
0.70 0.54 0.27 0.53 0.25 0.23 0.12 0.006 0.07 0.002
1% 0.54 0.36 0.05 0.29 0.08 0.21 0.09 0.003 0.04 0.002
2% 0.49 0.45 0.04 0.36 0.11 0.20 0.10 0.002 0.03 0.002
5% 0.47 0.40 0.04 0.50 0.11 0.15 0.11 0.002 0.05 0.002
1% 0.45 0.38 0.06 0.54 0.08 0.14 0.09 0.003 0.06 0.002
2% 0.46 0.37 0.09 0.69 0.37 0.13 0.10 0.004 0.07 0.003
5% 0.49 0.36 0.09 0.56 0.15 0.09 0.10 0.003 0.08 0.002
0.1 mgekg ™! 0.61 0.44 0.07 0.68 0.14 0.08 0.10 0.002 0.07 0.002
1 mgekg ™! 0.58 0.32 0.06 0.50 0.10 0.13 0.09 0.003 0.07 0.002
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