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ABSTRACT: A pot experiment was performed in a greenhouse to
study the remediation of soil polluted with Cd and Pb using some
chemical and organic soil amendments such as gypsum, lime, organic
compost, Fe and Zn chelates. Also, phytoremediation by growing
some crops, i.e., kenaf plants as a fibre crop and comparing with red
radish plants as an edible crop was taken into consideration. The soil
was collected from El-Gabal El-Asfar farm, El-Qalyobiya
Governorate which irrigated with sewage effluent for long time.

The treatments of soil amendments were mixed thoroughly with
the experimental soil. Gypsum treatments were added at rates of 0,
5, 10 and 20 ton/fed; lime at rates of 0, 1, 2 and 4 ton/fed; compost at
rates of 0, 7, 14 and 21 ton/fed. For Fe-EDDHA and Zn-EDTA, the
treatments were added at rates 0, 1, 2 and 4 kg/fed. Red radish
(Raphanus sativus, 1..) and kenaf (Hibiscus cannabinus, L.) were
planted and harvested after 56 and 60 days, respectively.

Data showed that the values of the dry matter yields of shoots,
roots and whole plants for both two species increased gradually with
increasing applied rates of different soil amendments, being compost
treatment was most effective. Generally, application of the used soil
amendments at different rates decreased Cd and Pb concentrations
and uptake by shoots and roots of red radish and kenaf plants as
compared with the control, the decrease was progressive and
significant with increasing rate. The compost treatment under
different rates was the most efficient amendment in decreasing Cd
and Pb concentrations and uptake by shoots and roots.
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Most of Cd and Pb taken up by red radish plants were retained in
the roots and consequently less amount of Cd and Pb were
translocated to shoots. On the contrary, most of Cd and Pb taken up
by kenaf plants were accumulated in the above ground parts.

Available and availability index of Cd and Pb in the soil after
cultivation with both plants were reduced under different sources of
soil amendments. The highest reduction of available and availability
index of Cd and Pb was obtained under application of compost at a
rate of 21 ton/fed. Accordingly, these soil amendments (gypsum,
liming, compost, Fe-EDDHA and Zn-EDTA) have ability to
mininize the immediate risk of the presented heavy metals through

decreasing its mobility, henee reducing phytoavailability.

Kevwords: Remediation, cadmium, lead, soil amendments,

radish, kenaf.
INTRODUCTION

Soil  potlution with  hcavy
mctals, particularly Cd and Pb. is
widespread on a large scale duce to
the human activities, 1.¢., industrial
muning, industrics. tucl burning,
tuel production and scwage siudge
(McGrath of al., 1995; Reeves and
Baker. 2000: Yang ef al., 2002).
Remediation of polluted soils 1s
essential  for  sustainable use of
agricultural land, however. if no
remediation action 1s undertaken,
the availabitity of arable land will
decrease duce to stricter
cnvironmental laws limiting food
production on contaminated lands.
In this concern. two methods were
used: (1) some chemical trecatiments
such as addition of immobilizing
agents to 1ix the metal pollutants in

red

immobile forms: and (2) using
certain species of higher plants
having the ability to live in hightly
polluted soils or to absorb high
amounts of the metals. These two
methods were being developed to
treat such as immobilization and
phytoremediation  (Vangronsvceld
and Cunningham, 1998).

Application of some materials
to contaminated soils were studied
by many ivestigators such as
Escrig and Morell (1998) who
studied  the effect ol applied
calctum on the soil adsorption of
Cd in some Spanish sandy soils.
They found that a tentold increasc
i Ca coneentration reduced the Cd
adsorption capacity approximately
by onc third. Oste ¢ al. (2001)
showed that the addition of hime
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(pH increase) could decrease the
free Cd concentration in soi} pore
water. Scherer ¢f af. (1997) found
that Cd concentration of the plant
material was mainly reduced after
compost application. Geebelen et
al. (2003) mentioned that the
uptake of Pb by plants is often
decercased with liming,

Lombit et al. (2001) mentioned
that. tn the contaminated soils
used, virtually all EDTA added
formed complexes with metals of
high stability constants, and this
may contributc to the slow
degradation and the persistent
mobility of metals.

Morcover, some plants were
able to take up large amounts of
toxic clements without any visible
toxicity ctfect, 1.€..
hyperaccumulators  (Baker  and
Brooks, 1989). Tolerance to heavy
metals in plants may be defined as
the ability o survive in a soil that
1s foxic to other plants, and is

manitested by  an  interaction
between  genotype  and  its
environment  (Macnair  e¢f  al,,

2000). Ghosh and Singh (2005
reported that plants like sunflower
and maize have been studied for
their ability to remove Pb from
cffluent, with suntlower having the
greatest ability.

Therefore, the current work is a
trtal  towards heavy maetals,
especially Cd and Pb, immobilization
in the contaminated soil by using
chemical techniques, i.e., application
of chemical and organic amendments
such as gypsum (CaS04.2H,0), hime
(CaCOn), organic compost,
chelating agents (Zn-EDTA and
Fe-EDDHA) for their ability to
immobilize such metals, and in
turn reducing their uptake and
accumulation by different plant

species.  Moreover, this  work
involved phytoremediation
technology by growing some

crops, i.c., kenaf plants as a fibre
crop and comparing with red
radish plants as an edible crop.

MATERIALS AND
METHODS

A pot experiment was performed
under  greenhouse  conditions  at
January for red radish and June
2005 for kenaf to study the
remediation of soil polluted with
hecavy mectals especially Cd and Pb
by using some chemical and organic
soil amendments such as gypsum,
lime, organic compost, Fc and Zn
chelates. Also, phytoremediation by
growing some crops, 1.e., kenaf
plants as a tibre crop and
comparing with red radish plants as
an cdible crop was taken into
consideration in this study. For this
purpose, surface soil sample (0-30
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cm) was selected from El-Gabal
El-Asfar farm, El-Qalyobiya
Govermorate which irrigated  with
scwage cftluent for long ume. Soil
sample was air-dried, crushed and
sieved to pass through a 2 mim sicve
and preserve for some physical and
chentical — analyses, their  results
piven in Table (l-a). The soil
analyses were determined according
to the ordinary methods described
by: particle size distribution  using
the international pipette  method
(Piper, 1950); calcium carbonate
was cstimated volumetrically using
Collin’s  caleimeter  (Nelson  and
sommers, 1982); organic matter by
Walkley and Black (Black et al,
1965); cation exchange capacity
(CEC) using ammonium acetate
(Richards, 1954); electrical
conductivity (E.C., dSm"). sotl pH.
soluble cations and anions, (Jackson,
[973): available nitrogen,
phosphorus and potassium (Jackson,
1973). Available micronutrients and
hcavy metals were cxtracted by
ammonium bicarbonate-DTPA
(AB-DTPA) according, 1o
Soltanpour and Schwab (1977); total
Cd and Pb were extracted using
aqua regia, as described by Cottenie
et al. (1982). and determined by
using plasma emission spectrometry
(ICP400 Perkin Elmer). The used
compost was obtained {rom Ismailia
Agric. Res. Station and its analysis
1s shown 1 Table (1-b).

Abd El-Azeem, et al.

Polyethylene pots of 20 cm
diameter and 18 cm depth were
filled with 6 kg of soil sample (fine
carth). Before filling the pots, the
treatments of soil amendments were
mixed  thoroughly  with  the
cxperimental soil. Gypsum
treatments were added at rates of 0,
5. 10 and 20 tons/fed; lime at rates
of 0, 1, 2 and 4 tons/fed; compost at
ratcs of 0, 7, 14 and 21 tons/fed. For
Fe-EDDHA  and Zn-EDTA. the
treatments were added at rates 0, 1,
2 and 4 kg/ted. The pots werce
arranged in a randomized complete
block design, with threc replicates.

All  the pots  received the
rccommended doscs of nitrogen and
potassium, which were dissolved in
irrigation water at rates of  0.60 g
ammonium  sulphate/pot (20.60 %
N), 0.30 g potassium sulphate/pot
(48% K: O) and 060 g
superphosphate/pot (15% P, Os) and
added before planting. Ten seeds
from cach of red radish (Raphanus
sativus, L.) and kenat (Hibiscus
cannabinus, L.) were planted in each
pot and thinned afler complcte
germination to 5 plants per pot. The
moisture content was always kept
about 70 % from water holding
capacity through growth perod
using tap water. After 56 and 60
days from planting lor red radish
and kenaf, respectively, the plants
were harvested. then rinsed with
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Table 1-a. Some physical and chemical properties of El- Gabal
Fl-Asfar soil

Propertics Value

Particle size distribution (%)

Coarse sand 3.56

Fine sand 48.73

Silt 35.36

Clay 12.35
Textural class Sandy loam
pH (1:2.5, soil:water suspension) 6.60
EC (dSm™, Sat. extr.) 0.83
Soluble cations (mq/1.)

Ca” 1.30

Mg ' 0.82

Na' 5.97

K’ 0.35
Soluble anions (mg/l.)

COy 0.00

HCOy 1.47

cr 3.92

SO, 3.11
CEC (cmol kg™") 12.98
Organic matter (%) 5.87

Organic carbon (%)
Total-N (%)
C/N ratio .

—_ S
Niope
C—AI—A

CaCO;(%) 1.20
Available N (ng g™
NH,” 17.00
NOY 49.00
Total 66.00
Available P (ng g“') 14.00
Available K (ng g) 134.55
Total heavy metals (ng ¢
Cd 3.36
Pb 164.87
DTPA-extractable trace elements (ug g")
Fe 134.30
Mn 7.90
Zn 6.40
Cu 4.60
Cd 0.41

Ph 21.82
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Table 1-b. Some chemical analysis of the used compost

Property Value
Organic matter (%) 23.20
Organic carbon (%) 13.50
Total-N (%) 0.92
C/N ratio 15.0
C.E.C. (mq/100g) 44.00
pH (1:10, compost: water suspension ) 0.40
EC.dSm™ (1:10) 4.32
Total P (%) 0.34
Total K (%) 0.73
Available N (ug g"')
NH,' 99.96
NOy 1085.28
Total 1185.24
Available P (ug g™ 273.00
Available K (ng g™ 5382.00
Total trace clements (ug g™')
Fe 1800.00
Mn 300.00
Zn 4000.00
Cu 80.00
Cd 0.50
Pb 3.20
DTPA-Extractable trace clements (ug ')
Fe 26.00
Mn 25.40
/n 4.00
Cu 2.00
Cd 0.07
Pb 0.44
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distilled water and separated into
shoots and roots. The plant samples
were oven dried at 70 C° for 24
hours to calculate the dry weight,
then ground in a willy mill and kept
in plastic bags for chemical analysis.
The plant samples of red radish and
kenaf were digested using HCIOy
and H>SO,; acids (Jackson, 1973).
The Cd and Pb concentrations were
determined using the Inductivily—
Coupled Plasma emission
spectrometry  (ICP 400  Perkin
Elmer). Also, soil samples for cach
treatment  at  the  same  period
(harvest) were collected and air
dried, crushed and sieved to pass
through a 2 mm screen to be finally
used for determination of Cd and Pb
concentrations in the soil.

The data obtained from this
study were statstically  analyzed

through  analysis of  vanance
(ANOVA) and least significant

difference (LSD) at 0.05, which
applied to make comparison among
treatments  according lo Snedecor
and Cochran (1980).

RESULTS AND
DISCUSSION
Dry Matter Yield

The dry matter vields of shoots,
roots and whole plants of red
radish and kenaf grown on El-

Gabal El-Asfar soil as affected by
different sources and rates of soil
amendments  (gypsum,  lime,
organic compost , Fe-EDDHA and
Zn-EDTA) are presented in Table
2. Data showed that the yields of
dry matter of shoots, roots and
whole plants for both the two
species increased gradually with
increasing  applied rates  of
different soil amendments
compared to the control treatment,
except liming. Where. increasing
the rate of applicd lime beyond the
rate 2 ton/fed slightly decreased
the dry matter yields of shoots, roots
and wholc plants for both studied
species.

Data also revealed that the
compost treatments showed the
greatest values of the yields of
shoots, roots and wholc plants for
both two species, while Zn-EDTA
showed the lowest one. The
corresponding  relative values at
the high rate of compost were 50,
27 and 38% for shoot, root and
whole plants of red radish and 73,
22 and 62% for kenaf plants,
respectively. The corresponding
relative values for Zn-EDTA were
15, 17 and 16% for red radish and
18, 6 and 16% for kenaf plants in
the same order. This increase may
be due to the role of compost
trcatment for stabilizing the Cd
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Table 2. Effect of applied soil amendments on the dry matter yield
(g pot’") of plant species

Red radish Kenaf
Ireatments Shoot Root Whole Shoot Root Whole
plant plant
Control
406 668 1074 17.03 466 2169
Gypsum
S ton / fed. 530 815 1345 23060 4.88 2794
10 ton / fed. 579 820 1399 2507 5.14 30.21
20 ton / fed. SR8 837 1425 2582 523 31.05
Liming
I ton/ fed. 502 785 12.87 21,50 473 206,23
2 ton / fed. 528 810 1338 2384 510 2894
4 ton / fed. .05 R8OG3 1308 2241 5.02 27.43
Compost
7 ton/ fed. 576 830 14.06 2554 5.13 30.07
14 ton/ fed. 6.20 841 14.61 2898 530 3434
21 ton/ fed. 633 847 1480 2939 5.68 3507
Fe-EDDHA
1 kg / fed. 472 756 1228 1989 485 2474
2 kg / ted. 504 790 1294 20098 492 2590
4 kg / fed. 510 8.01 1311 2119 497 2610
Zn-EDTA
I kg / fed. 425 740 i1.65 [8.4% 4.8 23.29
2 kg / fed. 458 770 1228 1990 489 24.79
4 kg / led. 4.68 779 1247 0 2047 493 2510
L.S.Dat5%
Amendment 027 025 049 130 034 159
Rate 020 019 0.38 101 026 1.23

Amendment X Rate n.s 1.5 n.s n.s n.s n.s
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and Phoas reported by Abd-El-
Valak, (20073 who cleared that
addition of orgame matter to the
sl generally  decreased  the
adverse eftect of Cd and Pb on
plant growth probably duc to its
role of active organic substances in
chelating Cd and Pb as legands. In
addition, the role of compost for
mereasing the productivity of soil
as a result of soil improvement
(Kandil, 2005). The beneticial
cltect  of using different  soil
amendments on the growth may be
attributed Lo reducing
phylotoxicity of the studied heavy
metals, enhanced the vyield of
shoots, roots and whole plants and
decrcased  the harmtul cffect of
metal concentrations.

Morcover. the effectiveness of
the applied soil amendiments on the
studied plant parameters was in the
following  descending  order.
compost > gypsum > [iming ~ Fe-
EDDHA ~ Zn-EDTA.

Content and Uptake of Cd and
Ph in Plants

Data in Tables 3 and 4 show the
cflect of soil amendments applied
at dilterent rates on Cd and Pb
concentrations 1 shoots and roots
ol red radish and  kenat plants
cullivated on  El-Gabal El-Asfar
polluted sotl. Generally.

polluted — soil. ~ Generally.  polluted soil and translocate 1o

application ol the used soil
amendments  al  different  rates
decreased both  Cd and  Pb

concentrations in shoots and roots
ol red radish and kenal plants as
compared with the control. "The
decreasc progressive  and
significant with increasing the rate
of application. The concentrations
of Cd and Pb in the shoots and
roots of red radish plants were
higher than those of kenal plants
probably duc to plant species and
the used soil amendments. Also.
results  showed that red  radish
plants accumulated more Cd and
Pb in roots than in shoots.

wdas

These
results are in good agreement with
those obtained by Eissa and El-
Kassas (1999) and Badawy and EI-
Motaium (2003), who found that
concentrations of Cd n roots are
always higher than those of shoots,
or fruits and grains,

On the other hand, kenaf plants
accumulated more Cd and Pb in
shoots than in roots. indicating the
ability  of  kenal plants  to
translocate more Cd and b (o the
shoots to decrease the adverse
cftect of Cd or Pb on root growth.
In this conncction, Lasat, (2002),
reported that phytoextraction 1s the
use of higher plants to remove
inorganic  contaminants  from
polluted soil and translocate to
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Table 3. Effect of applied soil amendments on Cd content (ng g') in
plant specics

Cd concentration (ng g'l)

Treatments Red radish Kenaf
Shoot Root Shoot Root
Control
22.00 27.00 4.39 1.77
Gypsum
5 ton/fed. 15.00 18.00 2.40 1.45
10 ton/fed 13.00 16.00 2.11 1.13
20 ton/fed 12.00 15.00 1.90 0.96
Liming
1 ton/fed. 17.00 20.00 2.76 1.72
2 ton/fed. 15.00 18.00 2.41 1.30
4 ton/fed. 14.00 17.00 2.30 1.10
Compost
7 ton/fed. 12.00 16.00 1.70 1.15
14 ton/fed. 10.00 14.00 1.30 .88
21 ton/fed. 9.00 13.00 1.19 0.73
Fe-EDDHA
1 kg/fed. 11.00 22.00 3.50 0.98
2 kg/fed. 9.00 20.00 3.10 0.70
4 kg/fed. 8.00 19.00 2.90 0.62
Zn-EDTA
I kg/fed. 9.00 24.00 3.90 0.75
2 kg/fed. 7.00 22.00 3.50 0.51
4 kg/fed. 6.00 21.00 3.30 0.43
L.S.D at 5%
Amendment 1.00 1.00 0.18 0.10
Rate 1.00 1.00 0.14 0.17

Amendment X Rate 3.00 3.00 n.s n.s
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Table 4. Effect of applied soil amendments on Pb content (ng g") in
plant specics

Pb concentratiowg:g:l)

Treatments Red radish Kenaf
Shoot Root Shoot Root
Control
193.00 242.00 19.10 [1.18
Gypsum
5 ton/fed. 145.00 165.00 11.70 9.21
10 ton/fed. 125.00 158.00 10.59 7.52
20 ton/fed. 120.00 152.00 9.40 6.81
Liming
1 ton/fed. 155.00 177.00 13.10 10.38
2 ton/fed. 146.00 168.00 11.45 8.62
4 ton/fed. 142.00 164.00 10.10 7.91
Compost
7 ton/fed. 130.00 143.00 10. 11 7.65
14 ton/fed. [ 14.00 136.00 8.25 0.30
21 ton/fed. 106.00 130.00 7.95 5.32
Fe-EDDHA
1 kg/fed. 119.00 196.00 15.32 6.53
2 kg/fed. 110.00 184.00 (4.15 5.41
4 ko/fed. 104.00 179.00 13.71 4.1
Zn-EDTA
1 kg/fed. 95.00 218.00 17.21 5.29
2 ko/fed. 82,00 205.00 15.35 433
4 kg/fed. 77.00 198.00 14.91 3.70
L.S.Dats5%
Amendment 2.00 2.00 (.84 (.28
Rate 2.00 2.00 (.65 .22

Amendment x Rate 4.00 n.s n.s 1.8
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above ground parts. Baker and
Whiting (2002) found that high

tissue concentrations of metal
(loid)s were in above-ground
tissues.

Data also, indicated that the
cfficiency of  applied  soil
amendments on decreasing
concentrations of Cd and Pb in the
different parts of red radish and
kenaf plants (shoots and roots)
grown on El-Gabal El-Asfar
polluted soil was observed, where
the compost treatment, under
diffcrent rates, was the most
efficient amendment in decreasing
Cd and Pb concentrations in shoots
and roots of red radish and kenaf
plants as compared with the
control plants, especially at the rate
of 21 ton/fed. In this concern,
Scherer et al. (1997) found that Cd
and Pb concentrations of the plant
material were mainly reduced after
compost application. Abd El-
Malak (2007) reported that organic
manurc played an effective role for
immobilizing Pb, and in tum
reflected on reducing its content in
second phases of its uptake by
lettuce plants and accumulatc in
root and shoot tissues.

liming amendment
was the lowest efficiency for
decreasing Cd and Pb
concentrations. cspecially n the
shoots. Thesc rtesults are in

However,

agreement with that obtained in
case of the dry matter yield.
Hegazy et al. (1996) found that Cd
concentration seemed to be
inversely 1o be related to the soil
content of CaCQOs. Hardiman et al.
(1984) observed a reduction of Pb
in plant tissues grown on soil
amended with limestone or
calcium carbonates.

Data conceming the influence
of wvarious soill amendments
applicd at different rates on the
uptake of Cd and Pb by shoots.
roots and whole plants of red
radish and kenaf plants grown on
El-Gabal El-Asfar soil are given in
Tables § and 6. Addition of soil
amendments with different rates
gradually decreased Cd and Pb
taken up by shoots, roots and
whole plants of red radish and
kenal in comparison with the
control treatment. Most of Cd and
Pb taken up by rcd radish plants
were retained in the roots and
consequently less amount of Cd
and Pb were translocated to shoots,
indicating the ability of roots to
accumulate high amounts of Cd
and Pb. Kabata-Pendias and
Pendias (1993) and Inouhc er al
(1994) stated that the increase In
the uptake of cadmium mostly
accumulates in the roots. The
cadmium blockage in the roots
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Table 5. Effect of applied soil amendments on Cd uptake (pg pot™)
by plant species

Cd uptake(pg pot™)

T Red radish Kenaf
reatments -
Shoot Root Whole Shoot Root Whole
plant ~ plant
Control
80.32  180.36 2069.68 7476 8.25 83.01
Gypsum
5 ton/fed. 79.50 146.70 226.20 5534 7.08 62.42
10 ton/fed. 7527 131.20 206.47 5290 5.81 58.71
20 ton/ted. 70.56  125.55 196.11 49.06 5.02 54.08
Liming
1 ton/fed. 85.34 1[57.00 24234 5934 814 6748
2 ton/fed. 79.20 145.80 225.00 5745 6.63 64.08
4 ton/fed. 72.10 136.51 208.61 51.54 5.82 57.36
Compost
7 ton/fed. 09.12 132.80 20192 4342 590 4932
14 ton/fed. 62.00 117.74 17974 37.67 4.72 4239
21 ton/fed. 50.97 110.11 167.80 3497 415 39.12
Fe-EDDHA
1 kg/fed. 51.92 16632 21824 69.62 475 7437
2 kg/fed. 4536 158.00 20336 6504 344 068.48
4 kg/fed. 40.80 152,19 19299 06145 3.08 0453
Zn-EDTA
1 kg/fed. 38.25 177.60 21585 72.07 3.61 75.68
2 kg/fed. 32.06  169.40 20146 69.65 249 72.14
4 ke/fed. 28.08 16359 191.67 6656 2.12 068.68
L.S.D at 5%
Amendment 1.65 331 329 682 033 1.82
Rate 1.28 2.56 2.55 528 026 141
Amendment x Rate  2.85 n.s n.s n.s n.s n.s
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Table 6. Effect of applied soil amendments on Pb uptake (pg pot™)
by plant species

Pb uptake (pg Rot'T)

Treatments Red radish Kenaf
Shoot Root Whole Shoot Root Whole
~ plant ~ plant
Control
783.38 1617.00 240058 325.27 52.10 377.37
Gypsum
5 ton/fed. 768.50 1345.00 2113.50 269.80 44.94 314,74
10 ton/fed 72375 1290.00 2019.75 265.49 38.65 304.14
20 ton/fed 705.60 1272.00 1977.60 24271 35.62 278.33
Liming
1 ton/fed. 778.10 1389.00 2167.10 281.65 49.10 330.75
2 ton/fed. 770.88 1361.00 2131.88 272.97 4390 31693
4 ton/fed. 731.30 1317.00 2048.30 248.75 39.71 288.46
Compost
7 ton/fed. 748.80 1187.00 1935.80 258.21 39.24 297.45
14 ton/fed. 700.80 1144.00 1850.80 239.09 34.09 273.18
21 ton/fed. 670.98 1101.00 1771.98 233.65 30.22 263.87
Fe-EDDHA
1 kg/fed. 501.68 1482.00 2043.68 304.71 31.67 3306.38
2 kg/fed. 554.40 1454.00 2008.40 290.86 26.62 323.48
4 kg/fed. 530.40 1434.00 1964.40 290.51 23.41 313.92
In-EDTA
I kg/ted. 403.75 1613.00 2016.75 318.04 2544 343.48
2 kg/fed. 375.56 1579.00 1954.56 305.47 21.17 326.04
4 kg/fed. 360.36 1542.00 1902.36 300.73 18.24 318.97
L.S.D at 5%
Amendment ].65 2.00 330 1107 1.02  1.62
Rate 1.28 1.00 2.55 857 079 1.26
Amendment X Rate  2.85 3.00 5.71 n.s n.s 2.8]
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probably involves formation of this
metal bonding with sulthydrol and
with proteins forming so called
phytochelatins. Also, Gondek and
Filipck-Mazur  (2003)  observed
that hcavy metals accumulation
was primarily in the root systems.
Abd El-Malak (2007) showed that
most of C'd and Pb uptake by plant
organs of lettuce were retamed in
the roots. and consequently less Cd
and Pb contents were transported
to the shoots.

On the contrary. most of Cd and
Pb taken up by kenaf plants were
transiocated  to shoots  and
accumulated in the above ground
parts. presumably due to decrease
the adverse eftect of Cd or Pb on
plant growth. Chaney er al. (1997)
reported that phytoextraction refers
to the uptake and translocation of
meltal contaminants in the soil by
plant roots into the above-ground
portions of the plants. Robinson ef
al. (2000) mentioned  that  the
technology  of phytoextraction
rehies on plants that translocate
heavy mctals 11t their
aboveground parts. Deng e al.
(2004) reported that species able to
accumulate refatively high metal
concentrations i the aboveground
tissues could be good candidates
for phytoextraction,

The variation in Cd and Pb
uptake between red radish and
kenaf is mainly attributed to crop
species  as reported by (Tiller,
1989, and Tlustos ¢f al., 1997)
who stated that the accumulation
of cadmium in plant biomass was
not only affected by the soil
propertics, but by the crop species
planted on the soil as wcll. The
uptake ot Cd and Pb by red radish
plants was higher when compared
with the kenat plants, indicating
that red radish plants were more
sensttive to Cd and Pb than kenaf
plants. The compost treatment was
the most etlicient amendment to
reduce Cd and Pb uptake, while
liming treatment was the lowest
cfficient.  The  cfficiency  of
decreasing Cd and Pb uptake by
whole plant of red radish and kenaf
could be amranged in  the
descending order: compost > Zn-
EDTA > Fe-EDDHA > gypsum -~
liming. This exhibit the tunction of
compost to reduce the hazardous
cffect of Cd or Pb to accumulate in
edible parts of plants. 1o this
concern, Gorlach and  Gambus
(1992) found that addition ot peat
and manure reduced the uptake of
Pb. Chancy et al (2000) declared
that addition of organic tertilizers,
can inhibit the uptake ot some
major inetal contaminants, such as
Pb, due to metal precipitation as
pyromorphite and chiropyromorphite.
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Generally, the rcsults showed
that red radish plants absorb and
accumulate higher amounts ot Cd
and Pb than kenaf plants. Since,
Cd contents in red radish plants
cxceeded the normal range in
comparison with the concentration
of Cd reported by Bergman and
Cumakov, (1977) and Davis et al.,
(1978) who found that the
recommended levels of Cd were
0.05-02 mg kg, while toxic
limit for this element ranging from
5to 30 mg Cd kg" plant (Kabata-
Pendias and Pendias, 2001). Also,
the concentration of Pb in all the
plant organs of red radish were
higher than the normal range (5-9
mg kg’]) and (2-14 mg kg’l) as
reported by Chapman (1966) and
Cottenie et al. (1982), respectively.
On the other hand, Kabata-Pendias
and Pendias (2001) stated that the
normal Pb concentration in plants
grown in unconlaminated and
unmineralized areas appears o be
quite constant, ranging from 0.1-10
mg kg and averaging 10 mg kg™,
while toxic range of Pb according
to Smith, (1996) was 30 to 300 mg
kg'. Whereas, kenaf plants absorb
and accumulate lower amounts of
Cd and Pb than red radish plants.
So, it could be concluded that
using red radish plants growing on
polluted soil may increase the

concentrations of Cd and Pb in
plants grown thereon, potentially
affecting plant growth, soil
fertility, animal and human health,
when used as a food source.

The comparison between the
two tested plants showed that
kenaf plants were more effective
as tolerant for stabilization of
available Cd and Pb, whereas red
radish plants were absorbed
available amounts of these heavy
metals. The superiority of kenaf
plants over red radish plants might
be attributed to the lower
absorbing arca of roots of the
former plants. In this concemn,
Robinson et al. (2000) stated that
metal-tolerant plants have lower
heavy metal concentrations in their
tissues, yet contribute to metal
extraction by high biomass yields
(Baker and Brooks, 1989).

Chemical Behaviour of Cd
and Pb in Polluted Soil as
Affected by Soil Amendments

Results in Tables 7 and 8 show
the effect of soil amendments
applied at different rates on total,
available and availability index of
Cd and Pb in El-Gabal El-Asfar
soil after cultivation with red
radish and kenaf  plants.
Application of the used soil
amendments at different rates
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increased progressively total Cd
and Pb. The highest increasc in
total Cd and Pb was obtained with
compost application at a rate of 21
tonsfled.  The  corresponding
rclative values of increase were
250 and 64 % after red radish and
187 and 58 % after kenaf plants for
Cd and  Pb, respectively. The
superiority ol the organic compost
over the other used amendments
has also been documented by
Kandil (2005) who found that
compost materials  significantly
mcreased the total Cd and Pb in
the polluted soil of El-Gabal El-
Asfar after  spinach  plantion.
However, this incrcase was not
significant.

On the contrary, available and
availability index ot Cd and Pb in
the soil after cultivation with both
plants were reduced under difterent
sources of soil amendments. The
highest reduction ot available and
availability index of Cd and Pb
was  obtained also. under
application of compost at « ratc of
21 ton/ted. The corresponding
relative values for Cd were 65 and
90 % for red radish plants, and 66
and 88% for kenaf plants in the
same order, respectively. While,
the corresponding relative
decrcases for Pb were 04 and
78.5% for red radish plants and 68
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and 80 % for kenaf plants in the
same order. These results are in
agreement with those reported by
kandil (2005) who found that
addition of banana and cotton
composts to El-Gabal El-Astar soil
significantly dccreased the
extactable Cd and Pb. The positive
cltect of compost on dccreasing
available Cd and Pb in soil may be
duc to the fixation, precipitation or
formation of complex compounds
between the compost as an organic
material and these mectals (He and
Singh, 1993). Abdel Sabour ¢r al.
(1996) reported that the lower
availability  ratio  could  be
explained by the  possible
precipitation reactions or the high
affinity to form organic
complexcs. Hundal er al. (2003)
found that, availability of heavy
metals could be decrcased by
organic matter additions to soil by
formation of insoluble metal
organic complexes with humic
acids, thereby lessening risk of
mectal toxicity of plants. Therctore,
some benclicial effects to heavy
metal concentrations in soils could
be achieve by applying compost to
agricultural land. Asgier e/ al.
(2000) showed that added orgamc
matter contributed to
immobilization of Cd. This may be
also due to active organic acids
(humic and fulvic acids) that form
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relatively stable complexes with
Cd. Badawy (1987) reported that
the low mobility of Pb may be due
to the formation of strongly bound
insoluble chelates by reaction with
organic matter or the precipitation
ol Pb 1ons as insoluble compounds.
Also, results showed that there
were significant ditterences
between  the different rates of
applicaion  and  among  the
different used amendments. The
concentrations ot heavy metals in
plants were significantly related to
total and DTPA  extractable of
heavy metals. In  this concern,
lund er al. (1981) reported that Cd
concentrations in radish, Swiss
chard, and  pepper were
significantly related to both total
soil Cd and DTPA extractable Cd.
However, the increase in soil pH
due to application of CaCOjx as
comparcd  with initial pH value
might be congidered an additional
reason for rveducing extractable
content of the studied heavy
metals. This may indicate that
fixation and/or precipitation ot the
tested metals duc to reactton with
CaCO; might account for such
reduction (Street, et af., 1977). Xu
and  Schwartz  (1994) mentioned
that  precipitation as metal
carbonates is considered to be one
of the mechanisms  for  lime-
induced immobilization of heavy

metals. Alloway er al. (1988)
showed that soils containing free
CaCO; could sorb Cd and reduce
its  bivavailability. Oste et al
(2001) said that the addition of
lime (pH inerease) could decrease
the frec Cd concentration in soil
pore  water.  Tadross  (2004)
reported that fixation or
precipitation of Pb due to rcacticn
with CaCOs or adsorption on its
surface may account for such
decrease in availability of Pb.

Generally. the soil amendments
could be arranged descendingly
according to their dccreasing
avatlable Cd and Pb as foilows:
compost > gypsum > Jiming > Fe-
EDDHA > Zn-EDTA.
Accordinglly, these soil
amendments  (gypsum,  liming,
compost, I'e-EDDHA and 7n-
EDTA)Y have the ability  to
minimize the immediate risk of the
presented heavy metals through
decreasing  its  mobility, hence
reducing  phytoavailability.  Also,
data indicated that the extractable
heavy mectals in soil of El-Gabal
El-Asfar after cultivated with red
radish werc higher than those
cultivated with kenaf plants under
all the  used  amendments
treatments. Moreover, the highest
values of extractable C'd and Pb 11
the soil after cultivation with red
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Table 7. Effect of applied soil amendments on total, available and
availability index of Cd in soil after cultivation

Red rzlldish Kcnlaf
Treatments Cd i Cd )
Total (:%agila)ble A% Total (}/;gvfila:)ch 1. %
Control
(.80 0.37 46.25 .15 032 2783
Gypsum
S ton/fed. 1.70 0.25 1471  2.10 022 1048
10 ton/fed. 1.90 0.19 (0.00 240 016  6.25
20 ton/fed. 2.00 0.17 8.50  2.60 0.13 5.00
Liming
i ton/fed. 1.40 0.28 20.00  1.80 0.25  13.89
2 ton/fed. 1.60 0.23 1438 2.20 0.19 846
4 ton/fed. 1.70 0.21 1235  2.35 0.16 0681
Compost
7 ton/fed. 2.20 0.21 9.55 270 0.17 630
14 ton/fed. 2.60 0.10 6.15 3,10 0.13 4.19
21 ton/fed. 2.80 0.13 4.64 330 0.11 3.33
Fe-EDDHA
1 ke/fed. 1.20 0.32 20.67 140 0.27 1929
2 kg/fed. 1.40 0.28 20.00  1.70 023 13.53
4 ke/fed. 1.50 0.25 16.67  1.90 0.19  10.00
/n-EDTA
1 kg/fed. 1.05 0.35 3333 1.24 0.29 2320
2 ke/fed. 1.20 0.30 25.00  1.55 0.25 l6.13
4 kg/fed. 1.30 0.28 21.54  1.63 0.22  13.94
LSD at 5%
Amendment 0.09 0.02 0.09 0.02
Rate 0.07 0.02 0.07 0.02
Amendment x Rate n.s n.s n.s n.s

AL % = DTPA extractable content/Total content x 100 (Abbas, 2007)
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Table 8. Effect of applied soil amendments on total, available and
availability index of Ph in soil after cultivation

Red radish Kenaf

Treatments Pb (ng g_l) Y Pb (ugg ") Al
Total Available """ "® Total Available %
Control
75.60 19.84 2624 86.73 17.56  20.25
Gypsum
5 ton/fed. 103.40 1402 13.56 11583  11.23 970
10 ton/fed. 11050 1294 1171 12150 938 7.72
20 ton/fed. 112,65 1131 1004 13237  8.55 0.93
Liming
1 ton/ted. 98.15 1675 1707 110,55 12.806 11.03
2 touw/fed. 10429 1436 1377 114.82  10.61 0.24
4 ton/fed. 10744 1323 1231 116.67 9.74 835
Compost
7 ton/fed. 112,66 11.62 1031 12546  8.86 7.06
14 ton/fed. 12050 817 6706 13480  o.61 4.90
21 ton/fed. 123.80  7.09 573 13740  5.70 4.15
Fe-EDDHA
1 kg/ted. 92,69 17.91 1932 10175 1489 14.03
2 kg/fed. 97.18 1556 16.01 10540 12,68 12.03
4 kg/fed. 100.15 1425 1423 10720 11.26  10.50
Zn-EDTA
I kg/fed. 85.57 1845 21.56 9538 1596 106.73
2 kg/fed. 8973 1722 19..19 100,77 1381 13.70
4 ko/fed. 01.60 1045 17.96 10258 1277 12.45
LSD at 5%
Amendment .39 0.56 0.83 (.38
Rate 1.07 (1.43 0.64 (.29
Amendmen( x Rate n.s 0.97 .43 n.s

ALL %% = DTPA extractable content/Total content x 100 ( Abbas, 2007)
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radish and  kenal plants were
obtamed by using metal chelates at
the application rate of 4 kg/fed,
while the Towest values were
attained by application ot organic
compost at the rate ol 21 ton/fed.
The clficiency of studied materials
on hcavy metal concentrations was
varied tn accordance to sources
and rates of application and/or the
part of the grown plant.

from the above mentioned
discussion, it was concluded that
application of’ some chemical and
organic  amendments  such  as
gypsum, lime organic compost and
chelating agents to soil polluted with
Cd and Pb reduced and immobilized
such metals, being organic compost
was  most  clficient. Also,
phytoremediation  technology by
growing some  crops. te., kenat
plants as a liber crop was most
efficient to reduce such metals from
polluted soil. especially Cd and Pb.
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