26 4 Vol.26 No.4
2007 8 ROCK AND MINERAL ANALYSIS August 2007

0254 —5357 2007 04 —0257 —07

1 1 1 12

L. 110044
2. 110016
60 5
Zn Cd Ni
Zn Ni Cd
Ni Zn
Cd Zn
Zn
Cd
Ni
Cd Cd
Zn Zn
P595 0655.6 A

Speciation Variation and Phyto-availability of
Zinc Cadmium Nickel in Rhizosphere Soils

SUN Li-na' LI Yu-shuang' LI Xin-xin' SUN Tie-heng'*
1. Key Laboratory of Environmental Engineering Shenyang University Shenyang 110044 China
2. Institute of Applied Ecology Chinese Academy of Sciences Shenyang 110016 China

Abstract The speciation variation and phytoavailability of Zn Cd Ni in rhizosphere and non-rhizosphere soils for
5 kinds of remediation plants were studied using sequence extraction test and mathematical statistic method in the
phytoremediation site of west colliery in Fushun. The results indicate that Zn and Ni exist mainly as sulfides both
in rhizosphere and in non-rhizosphere soils. Moreover Cd is mainly bound to sulfides in non-rhizosphere soil and
exists as loose and tight organic-bound and exchangeable species. The tight organic-bound and Fe Mn -oxide spe-
cies of Zn and the exchangeable tight organic-bound and Fe Mn -oxide species of Cd are higher in contents than
the contents of the relevant species of Ni in non-rhizosphere soils. Compared with non-rhizosphere soils Fe Mn -
oxides-bound and sulfides-bound species of Zn increase while carbonates-bound species decrease in rhizosphere
soils. And exchangeable tight and loose organic-bound species of Zn vary with different remediation plants in

thizosphere soils. Sulfides-bound Cd decrease and exchangeable tight and loose organic-bound carbonates-
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bound and Fe Mn -oxides-bound species varied with different remediation plants in rhizosphere soils. Tight

organic-bound Ni increased the species of exchangeable carbonates and sulfides of Ni decrease loose organic-

bound Ni vary with different remediation plants in rhizosphere soils. The increase of carbonates-bound Cd and the

decrease of Fe Mn -oxides-bound Cd evidently promote the adsorption of Cd by plants in rhizosphere soils. The

decrease of carbonates-bound species of Zn markedly promote the absorption of Zn by plants in rhizosphere soils.

The decrease of exchangeable and tight organic-bound Ni and the increase of Fe Mn
ates-bound Ni may be propitious to Ni adsorption by plants in rhizosphere soils.
zinc cadmium nickel
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03" E123°53"28"

N41°51'
N41°51'02"

HNO, HCIO, HF 2 h

E123°5327" N41°51'04" E123°53' 50 mL.  Varian AA -220
30" N41°51'03" E123°53'28"
N41°51'03" E123°53'30" 1.2.2
0.833 mm
1.2
1.2.1
¢ =10% Tessier 5
HNO, 24 h Carhbrell 7 Shuman 8
BCR
pH Eh
2.5:1 Zn Cd Ni
HF - HCIO, - HNO,
Varian AA —220 Varian
I
DB 21 -598 ~620—91 Zn
Cd Ni 1"
1 Zn Cd Ni
Table I The sequential exiraction processes of Zn Cd Ni in soils
4¢ 80 mL 40 mL 1 mol/L MgCl, HCl pH 7 25<C 2h 4000 r/min 20 min
! 50 mL HNO4 Zn Cd Ni
5 40 mL 0. I mol/L Na;PO, 1 mol/L Na,SO, pH 9.5 25C 2h 4000 r/min 20 min
1
3 40 mL 1 mol/L NaAC HAc pH 5 20C 2 h 4000 r/min 20 min 1
4 40 mL 0.04 mol/L ©=25% HAc pH=2 96<C 4h 4000 r/min 20 min
1
s 0mLe=30% H,0, HNO; pH 2.0 8C L5h 0mLe=30% H,0, HNO,
pH 2.0 1h 40 mL 1 mol/L NaAC pH=8.2 2 h 4000 r/min 20 min 1
6 24 mL  HNO; 16 mL HCI 100°C 30 min 4000 r/min 20 min 1
2 Zn Cd Ni
2.1 Zn Cd Ni Zn
w Zn > > =~
Zn Cd Ni 2 2 > w Cd >
pH Eh > > Ni w Ni >
pH Eh > > Zn
pH > > > > Cd
> ~ > =~ Eh > > > > Ni
> > > > > > > >
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Zn > > > 2
> cd > > Table 2 Physical and chemical properties of
> > Ni s s the rhizosphere and non-rhizosphere soils
> >
2.2 pH 7.96 7.52 7.96 7.82 8.22
7.93 7.56 8.02 7.49 8.20
3 7Zn )

Eh/mV 116 195 136 163 100

Cd Ni 108 188 142 166 109
Ni w Zn / 135.5 134.9 145.3 263.8 67.28

mg/kg 203.6 435.4 219 432.3  366.1

. 46.0 82.8 38.9 82.4  100.3

Ni Cd w Cd / 3.198 3.274 2.548 2.500  2.396

mg/kg 1.500 1.500 2.490 1.148  2.939

7n 0.36 0.45 0.42 0.63 0.85

. » Ni / 141.7 150.7 191.1 173.2 177.9

Ni Zn Cd o
mg/kg 56.20 69.10 93.33 67.17  70.95
Cd 259.4 1127 1085 3932 905.6
3 Zn Cd Ni
Table 3 Zn Cd Ni speciations in rhizosphere and non-rhizosphere soils
Zn Cd Ni Zn Cd Ni /n Cd Ni Zn Cd Ni Zn Cd Ni
me/kg  0.523 0.424 0.249 1.995 0.125 0.473 0.523 0.498 0.423 1.366 0.423 0.498 0.000 0.775 0.425
w/% 0.26 28.3 0.44 046 833 0.68 0.24 20.0 045 032 369 0.74 0.00 264 0.5
mg/kg  0.000 0.137 0.487 0.000 0.187 0.625 0.000 0.175 0.725 1.382 0.200 0.837 1.035 0.262 0.788
w/% 0.00 4.28 0.3¢ 0.00 5.71 0.42 0.00 6.87 0.38 0.52 8.00 0.48 1.54 10.93 0.44
mg/kg 0.369 0.174 0.075 0.000 0.199 0.125 0.105 0.050 0.174 0.259 0.100 0.348 0.000 0.200 0.125
w/ % 0.18 11.5 0.13 0.00 13.3 0.18 0.05 2.01 0.19 0.06 8.77 0.52 0.00 6.81 0.18
mg/kg 0.024 0.050 0.075 0.026 0.037 0.000 0.000 0.050 0.000 0.036 0.050 0.000 0.499 0.037 0.200
w/% 0.02 1.56 0.05 0.02 1.13 0.00 0.00 1.96 0.00 0.0l 2.00 0.00 0.74 1.54 0.11
mg/kg  3.246 0.025 0.349 7.004 0.075 0.423 1.417 0.075 0.448 3.611 0.149 0.423 0.963 0.250 0.275
w/ % 1.59 1.66 0.62 1.61 5.00 0.61 0.65 3.01 0.48 0.8 13.1 0.63 0.26 8.51 0.39
mg/kg  4.479 0.062 1.312 8.705 0.100 1.087 2.570 0.075 1.912 11.12 0.112 0.887 9.365 0.162 0.888
w/% 3.31 1.94 0.93 6.45 3.05 0.72 1.77 2.94 1.00 4.21 4.48 0.51 13.92 6.76 0.50
mg/kg  84.05 0.174 2.691 119.4 0.174 3.611 63.13 0.299 8.441 63.74 0.000 1.468 19.18 0.000 1.750
w/ % 41.3 11.6 4.79 27.4 1.66 5.29 28.8 12.0 9.05 14.8 0.00 2.19 5.24 0.00 2.47
mg/kg  7.834 0.100 6.573 13.69 0.275 3.024 8.468 0.162 17.08 18.61 0.225 3.687 17.60 0.275 3.350
w/% 5.78 3.13 4.64 10.15 8.40 2.0l 5.83 6.36 8.94 7.05 9.00 2.13 26.16 11.48 1.88
mg/kg  9.405 0.747 11.39 0.000 0.100 4.233 24.24 0.249 24.23 37.59 0.274 7.666 0.875 0.250 3.675
w/ % 4.62 49.8 20.3 0.00 6.66 6.13 1.1 10.0 25.9 8.70 24.4 11.4 0.24 8.51 5.18
mg/kg  19.31 0.100 1.550 20.92 0.237 1.050 17.22 0.212 4.611 37.79 0.250 1.175 30.94 0.225 0.188
w/ % 4.3 3.13 1.09 15.50 7.24 0.70 11.85 8.32 2.41 14.33 10.00 0.68 45.98 9.39 0.11
mg/kg  76.51 0.025 18.76 147.0 0.075 18.70 81.44 0.050 28.88 156.3 0.100 18.26 83.95 0.050 35.65
w/ % 37.6 1.66 33.4 33.8 5.00 27.0 37.2 2.01 30.9 36.2 877 27.2 22.9 1.70 50.28
mg/kg  33.66 0.450 40.62 24.85 1.996 57.86 16.67 0.775 65.10 28.67 1.175 57.73 20.01 0.525 57.24
w/ % 24.9 14.07 28.66 18.42 60.97 38.39 11.47 30.42 34.07 10.87 47.00 33.33 29.74 21.91 32.17
Ni
Cd
Zn
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Eh 0.02~0.06 MV 3 ~9 mV
Ca
Mg Ca Mg Al
17 Zl’l
3
pH 7.56 ~8.20 Eh 108 ~ 1 7Zn Cd Ni
188 mV Zn Zn
Zn
Eh 170 ~370 mV
Eh 108 ~ 188 mV
Zn ? 2 Zn
/n
Cd
Ni
Zn 30-33
2.3
3 Cd
Cd Cd
Cd
Zn Zn
Zn Cd Ni Ni
Zn Cd Ni Ni
a =0.05
/n Zn 4
r=-0.900 I Nedunuri KV Erickson L EGovindaraju R S. Modeling
7Zn the Role of Active Biomass on Fate and Transport of a
7n Heavy Metal in the Presence of Root Exudates J . Journal
7n cd of Hazardous Substance Research 1998 1 9 1 -23.
r=0.900 2 '
J. 2003 27 5 709 -717.
"= 3 Member Agencies of the Federal Remediation Technolo-
~0.900 gies Roundtable. Abstracts of Remediation Case
Cd Studies EPA-542-R-03-011 R . New York USEPA
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cd Ni 4 North Atlantic Treaty Organization. Prevention and
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5
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