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Table 1-Selected Physico-chemical properties of the soil used in the experiment

& R9 sy Slade
Parameter Unit Value
gl by 23 36.35
Saturation moisture (%)
o 203 32.36
Clay (%)
o o) 28
Sand (%)
- 203 39.64
Silt (%)
pH - 8.2
EC of saturation paste (dS/m)
Organic Carbon (%)
Total Nitrogen (%)
oS iy S oy 14
Calsium Carbonate (%)
ol B jaus clale L _
concentration of available (mg/kg soil)
phosphorus 9/kg
Gl B penly clale L _
concentration of available (mg/kg soil)
potassium 9kg
Pb (mg/kg soil)
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Figure 1-The Effects of types and rates of amendments on dry weight of below ground part of radish
EDTA;:10 mg/kg EDTA, EDTA,:20 mg/kg EDTA, H,SO,;: 750 mg/kg H,SO4, H,SO4,: 1500 mg/kg H,SO4
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Figure 2- The Effects of types and rates of amendments on total dry weight of radish
EDTA;:10 mg/kg EDTA, EDTA,:20 mg/kg EDTA, H,SO,;: 750 mg/kg H,SO4, H,SO4,: 1500 mg/kg H,SO,
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Figure 3-The Effects of different levels of soil Pb on dry weight of below ground part of radish
Pbsand Pbg respectively are: 0, 200, 400, 600, 800, 1000 and 1200 mg Pb/kg soil. Pb, Pbs Pb, Pb; Phy
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Figure 4- The Effects of different levels of soil Pb on total dry weight of radish
Pbs and Pbg respectively are: 0, 200, 400, 600, 800, 1000 and 1200 mg Pb/kg soil. Ph, Pbs Pb, Pb; Pby
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Figure 5- The Effects of types and rates of amendments on Pb concentration in above ground part of radish
EDTA;:10 mg/kg EDTA, EDTA,:20 mg/kg EDTA, H,SO,;: 750 mg/kg H,SO4, H,SO4,: 1500 mg/kg H,SO4



199 wny5 obS bawgi 0091 S5 5l oy gl yiins! 9 Sy 9ilgan sl s EDTA 156

oS (algr ISy SUis ()39 9 polis CBUE 5 Bl (gl F39381 Hlako g £95 9 0y & S Fogl i zglaw Jilie 51— 2 Jguo
a2y

Table 2- The interactive effects of different levels of soil Pb and type and rate of amendments on dry weight and elemental
composition of above ground part of radish

298! ke g g5 zobw Pb ON OP f SWid 09
Type and rate of Oy (ppm) (%) (%) (%) Dry weight
amendment Pb levels (9)
Pbo 142.7d-j 3.312a 0.844 a 2.311 a-g 3.713b
Pb, 168.8 c-i 3.234a 0.7374 a-f 2.808 a-d 3.60b
Pb, 193.3 b-d 3.219a 0.5808h-m  2.809 a-d 3.343b
EDTA, Pbs 146.1 d-j 3.374a 0.7128 c-g 2.439 a-g 3.137b
Ph, 1355 f-j 3.405a 0.7375 a-f 2.601 a-g 2.817b
Pbs 124.9 h-j 3la 0.7107 c-d 2.254 d-g 2.587b
Pbs 171 ¢-h 3.359a 0.5440 j-m 2.427 a-g 1.970 b
Ph, 164.9 c-i 3.343a 0.7876 b-d 2.367 a-g 3.80b
Pb, 174.9 b-h 2.985a 0.7191 b-g 2.588 a-g 3.44b
Pb, 194.4 b-d 3.405a 0.6483 f-| 2.414 a-g 2.703b
EDTA, Pbs 247.7a 3.374a 0.601 g-I 2.428 a-g 2.943b
Ph, 188.3 b-e 3.32a 0.6727 e-i 2.734 a-¢ 2.767b
Pbs 116.6 i-j 3.296 a 0.8304 a-c 2.542 a-g 2.65b
Pbs 149.9 d-j 3.328a 0.8406 a-b 2.353 a-g 2.02b
Ph, 163.8 ¢ 3.265a 0.8522 a 2.899 a-c 4.717b
Pb, 172.7 c-h 3.343a 0.8358 a-b 2.603 a-g 4.753 b
Pb, 207.7 a-c 3.157a 0.6022 g-I 2.483 a-g 4.460 b
H,S04; Pbs 164.4 c-j 3.390a 0.6385 f-| 2.068 f-g 4.293b
Ph, 139.9 e-j 2.954 a 0.6931 d-h 2.59 a-g 351b
Pbs 132.7 f+ 3.405a 0.7858 a-e 1.468 h 3.257b
Pbs 128.8 g-j 3la 0.8081 a-d 1.412h 2.823b
Ph, 137.2 e+j 32504 0.7421 a-f 1.992] 4.183b
Pb, 184.9 b-f 3.328a 0.661 f-j 2.585 a-g 3.347b
Pb, 193.3 b-d 3la 0.4760 m-n  2.275b-g 351b
H,S04, Pbs 178.8 b-g 3.296 a 0.5283 k-n 2.498 a-f 3.11b
Ph, 137.2 e+ 3421a 0.5389 j-m 2.152 e-g 2.69b
Pbs 133.3 f+ 3.188a 0.5658 i-m 2.266 c-g 2.513b
Pbs 123.8 hj 3.22a 0.6362 f-k 2.470 a-g 2.06 b
Ph, 112.2] 3.28la 0.8013 a-d 2.914 a-b 2.373b
Pb, 2249 a-b 3.343a 0.4825 I-n 2.903 a 3.497b
Pb, 179.4 b-g 3.94a 0.4186 n 2.659 a-f 3.89b
Blank Pbs 154.4 d-j 3.405a 0.4729 mn 2.629 a-g 3.18b
Ph, 143.8 d-j 3la 0.5427 j-m 2.823 a-d 3.15b
Pbs 122.7 h+j 3.359a 0.5769h-m  2.556 a-g 3.401b

Pbg 162.2 c-g 3.32a 0.6398 f-k 2.630 a-g 2.463 b
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Table 3- The interactive effects of different levels of soil Pb and type and rate of amendments on dry weight and elemental
composition of below ground part of radish

Pb N P K s 0
2958 lade g g0 e ToR (om) (%) (%) (%)  Dryweight
Type and rate of amendment  Pb levels (9)
Pbg 14555t  3.296 a-d 0.7194 c 2.067 h-i 3.560 i-
Pb, 148.3 s-t 2.892d 0.5860 e 2.542 a-g 4.663 b-f
Pb, 156 r-s 3.296a-d 0.5268f-g 2.484 b-h 4.307 e-h
EDTA; Pbs 230.5 g-h 3.53ab 0.4407 k-k  2.296 f-h 3.827 g-k
Pb, 1749n-p 3.001b-d 0.4037i-1 2.439 c-h 3.50j-m
Pbs 250.5e-f 3.359a-c 0.37751-0 2.674a-f 5.143 a-Cc
Pbg 291 ¢ 3.374 a-c 0.3095 p 2.543 a-g 4,553 c-f
Pbg 163.3p-r 3.374a-c 0.5549e-f 2.425d-h 5.257 a-b
Pb, 188.31-n  3.141a-d 0.48249-h 2.211 g-i 4.420 d-g
Pb, 216 i-j 3.343a-c 04589 h-i 2.752 a-g 3.707 h-l
EDTA, Pbs 248.2e-f 3.359a-c 0.13531-p 2.410d-h 3.370 k-n
Pb, 257.4d 3.265a-d 0.3520 I-p 1.9011i 2.807 n-q
Pbs 3543a 342lab 032140-p 2.180gi  2.70 0q
Pbg 313.8b 3.219 a-d 0.3055 p 2.180 g-i 2.203 g-r
Pbg 1422t 3.265a-d 0.5379e-g 2.779a-e 4.673 b-f
Pb, 1794 m-0 3.374a-c 0.5142fg 2.918a 5.04 a-d
Pb, 188.81-m 3.265a-d 0.4462h-j 2.854a-c 4.37e-g
H,SO4; Pbs 197.7k-l 3.188a-d 0.3877k-n 2.571a-g 4.140 f-i
Pb, 2055j-k  2.954c-d 0.37891-0 2.556 a-g 3.387 k-n
Pbs 2816¢c-d 3.312ac 0.539%4eg 2381d-h 2.870m-p
Pbg 253.8¢ 3.265a-d 0.3606 I-p  2.469 c-h 1.773r-s
Pbg 1394t 3.343a-c 0.5226f-g 2.778a-e 4.920 a-e
Pb, 1572r-s 3.157a-d 0.4089i-1 2.793 a-d 4.403 d-g
Pb, 17160p 3.032b-d 0396j-m 2954a  4.11fj
H,SO,, Pbs 168 I-n 3.343a-c  0.37521-0 2.778 a-¢ 2.79n-q
Pb, 2216 h-i  3.405a-b 0.35961-p 2.860a-c 2.273 p-r
Pbs 227.7¢g-i  3.343a-c 0.3410m-p 2.367 d-h 1.817r-s
Pbg 256.6 e 3.219a-d 0.32140-p 257lag 1.520s
Pbg 105u 3.343 a-c 0.9036 a 2.353 e-h 5.510a
Pb, 1394t 3.250 a-d 0.8152 b 2.455 c-h 4.683 b-f
Pb, 158.80-s 3.001 b-d 0.7732b 2.719 a-f 4.330 e-h
Blank Pbs 1716 0-q 3.343a-c 0.7166 d 2.719 a-f 3.380 k-n
Pb, 2149i-j 3.374a-c 0.3865k-n 2.855a-c 3.1301-0
Pbs 2305¢g-h 3312ac 0.36411-p 2.719af 2.643 0-q

Pbs 2399fg 3.063b-d 03304np 2904ab  2.197 gr
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Figure 6- The Effects of types and rates of amendments on Pb concentration in below ground part of radish
EDTA;:10 mg/kg EDTA, EDTA,:20 mg/kg EDTA, H,SO,;: 750 mg/kg H,SO4, H,SO4,: 1500 mg/kg H,SO4
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Table 4- The Effects of types and rates of amendments on Pb adsorption in above and below ground part radish
EDTA;:10 mg/kg EDTA, EDTA,:20 mg/kg EDTA, H,SO,;: 750 mg/kg H,SO,4, H,SO4,: 1500 mg/kg H,SO,
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Figure 7- The Effects of different levels of soil Pb on concentration of Pb in above ground part of radish
Pb,
Pbsand Pbg respectively are: 0, 200, 400, 600, 800, 1000 and 1200 mg Pb/kg soil. Pb, Pbs Pb, Pb; .
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Figure 8- The Effects of different levels of soil Pb on Pb concentration in below ground part of radish
Pbs and Pbg respectively are: 0, 200, 400, 600, 800, 1000 and 1200 mg Pb/kg soil. Ph, Pbs Pb, Pb; Pby
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Table 5- The Effects of different levels of soil Pb on Pb adsorption in above and below ground part of radish
Pbs and Pbg respectively are: 0, 200, 400, 600, 800, 1000 and 1200 mg Pb/kg soil. Ph, Pbs Pb, Pb; Pby
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Table 6- The interactive effects of different levels of soil Pb and type and rate of amendments on Pb adsorption of above and
below ground part of radish
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Figure 9- The Effects of types and rates of amendments on P concentration in above ground part of radish
EDTA;:10 mg/kg EDTA, EDTA,:20 mg/kg EDTA, H,SO,;: 750 mg/kg H,SO4, H,SO4,: 1500 mg/kg H,SO,
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Figure 10- The Effects of types and rates of amendments on P concentration in below ground part of radish
EDTA;:10 mg/kg EDTA, EDTA,:20 mg/kg EDTA, H,SO,;: 750 mg/kg H,SO4 ,H,SO4,: 1500 mg/kg H,SO,
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Figure 11- The Effects of different levels of soil Pb on P concentration in above ground part of radish
Phsand Pbg respectively are: 0, 200, 400, 600, 800, 1000 and 1200 mg Pb/kg soil. Pb, Pbs Pb, Pb; Pby
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Figure 12- The Effects of different levels of soil Pb on P concentration in below ground part of radish
Pbsand Pbg respectively are: 0, 200, 400, 600, 800, 1000 and 1200 mg Pb/kg soil. Pb, Pbs Pb, Pb; Phq
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Figure 13-The Effects of types and rates of amendments on K concentration in above ground part of radish
EDTA;:10 mg/kg EDTA, EDTA,:20 mg/kg EDTA, H,SO,;: 750 mg/kg H,SO4, H,SO4,: 1500 mg/kg H,SO,

of radish

(Mo 3)m i (s 5w )y cald
P concentration in below grownd part

of radish(%)
=
[l (6)] N

o
ol
1

Oy lop (S ) pely clalé
(PS94 2 S k)

K concentration in above ground part



1395 Coigasd )l = 5958 L 05bois 30 s (S 5 o &y pii 206

[l N
(8] N [8)] w
1 1 1 )

of radish(%)

[EEN
1

Qo o) LIS ) eely clalé
(—\*")-’)

o
(8]
1

K concentration in below ground part

b a a a
0 I T I T T T

EDTA1

EDTA2

H2S041 H2S042  Blank

P93l e 5 65

Type and rate of amendment

205 oS e 25 Il amilly CABIE 2 Cilltee (5l 339391 jlae 5 95 3 -14 UK
Figure 14- The Effects of types and rates of amendments on K concentration in below ground part of radish
EDTA;:10 mg/kg EDTA, EDTA,:20 mg/kg EDTA, H,SO0,;: 750 mg/kg H,SO4, H,SO4,: 1500 mg/kg H,SO4
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Figure 15- The Effects of different levels of soil Pb on K concentration in above ground part of radish
Pbsand Pbg respectively are: 0, 200, 400, 600, 800, 1000 and 1200 mg Pb/kg soil. Pb, Pbs Pb, Pb; Phy
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Figure 16- The Effects of different levels of soil Pb on K concentration in below ground part of radish
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Introduction: Soil contamination by heavy metals is one of the most important environmental concerns in
many parts of the world. The remediation of soil contaminated with heavy metals is necessary to prevent the
entry of these metals into the human food chain. Phyto-extraction is an effective, cheap and environmental
friendly method which uses plants for cleaning contaminated soils. The plants are used for phytoremediation
should have high potential for heavy metals uptake and produce enormous amount of biomass. A major problem
facing phyto-extraction method is the immobility of heavy metals in soils. Chemical phyto-extraction is a
method in which different acids and chelating substances are used to enhance the mobility of heavy metals in
soil and their uptake by plants. The aims of this study were: (a) to determine the potential of radish to extract Pb
from contaminated soils and (b) to assess the effects of different soil amendment (EDTA and H,SO,) to enhance
plant uptake of the heavy metal and (c) to study the effects of different levels of soil Pb on radish growth and Pb
concentrations of above and below ground parts of this plant.

Materials and Methods: Soil samples were air dried and passed through a 2 mm sieve and analysed for
some physico-chemical properties and then artificially contaminated with seven levels of lead (0, 200, 400, 600,
800 and 1000 mg/kg) using Pb(NOs), salt and then planted radish. During the growth period of radish and after
the initiation of root growth, the plants were treated with three levels of sulfuric acid (0, 750 and 1500 mg/kg) or
three levels of EDTA (0, 10 and 20 mg/kg) through irrigation water. At the end of growth period, the above and
below ground parts of the plants were harvested, washed, dried and digested using a mixture of HNOs, HCI, and
H,O,. The concentrations of Pb, N, P and K in plant extracts were measured. Statistical analysis of data was
performed using MSTATC software and comparison of means was carried out using duncan's multiple range
test.

Results and Discussion: The results showed that the effects of the type and rate of soil amendment and Pb
levels of polluted soils were significant on dry weight and Pb concentrations of above and below ground parts of
radish (p< 0.01). The dry weights of above and below ground parts of radish decreased as the Pb levels of
polluted soils increased. By increasing the soil pollution level (1200 mg Pb/kg soil), the total dry weight of plant

decreased by %47.3 which was probably due to phytotoxicity of lead and deficiency of several essential nutrients
such as phosphorus. When the Pb levels of the polluted soils increased up to 400 mg/kg soil, the concentrations
of Pb in above and below ground parts of the plant increased. But when the Pb levels of the polluted soils were
higher than 400 mg/kg soil, the Pb concentration in above ground part of the plant decreased but in below
ground part of the plant significantly increased. The decrease in Pb concentration in above ground part of radish
was probably due to formation of insoluble lead complexes in soil. the use of soil amendments increased the
concentrations of Pb in above and below ground parts of radish. The Application of EDTA increased the
concentration of Pb in aerial part of radish more than the application of H,SO,. Also, the application of EDTA
and H,SOgat low concentrations increased dry weight of plant since, the availability of micro- and macro
elements enhanced and plant uptake of nutrients increased. But at the high concentrations of these amendments
the increased availability of lead caused the reduced plant growth due to phytotoxicity. But the ability of the low
level of sulfuric acid to absorb lead was more than EDTA. An antagonistic effect between phosphorus and lead
uptake was also observed.

Conclusion: The results of the experiment showed that the Radish plant had the ability to absorb and
accumulate the high concentration of lead in its tissues and so can be used for the phytoremediation of lead-
contaminated soils. The EDTA application had higher potential for enhancing lead mobility and
phytoavailability than H,SO,, But the ability of the low level of sulfuric acid to absorb lead was more than
EDTA. The rate of amendment also had a significant effect on phyto-extraction process and the process was
adversely affected by high concentrations of the amendments.
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