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ABSTRACT : Chelation and complexation of heavy metals were
cvaluated as practical ways to solubilize, detoxify, and enhance heavy
metals accumulation by plants. Sunflower (Helianthus annuus) was
selected as a potential heavy metals accumulator for metals in two
selected soils different in texture and contamination levels. To
enhance metals phyto-cxtraction, ammonium nitrate and organic
chelators (EDTA, and citric acid) were added to soils at rates of 0 to
20 mmol kg, Pots experiment was run for 8 weeks.

Plant dry matter production (biomass) and metals accumulation
were varied with soil contamination levels, chelator form and rate,
and soil type. The highest metals concentration of Cd and Pb was
obtained in plants grown on clayey soil however, the lowest content
was observed in the sandy soil. Addition of citric acids significantly
increased metals accumulation and translocation to the shoots.
Adding high rate of citric acid (20 mmol kg'l) to claycy soils
increases metals accumulation in shoots several-fold of magnitude
Citric acid was the most effective chelator of Cd and Pb metals that
could enhance their accumulation in sunflower. Ammonium nitrate
had low effect on metal translocation to shoots. In conclusion, the
relationship between cnhancing metal solubility in soils and plants,
and feasible practices to minimize the risk of heavy metal leaching
should be considered.

Key words: Heavy metals, phyto-accumulation, translocation, citric
acid, chelators.
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INTRODUCTION et al., 1997). This approach makes
use of high-biomass crops that arc
The success of  phyto- induced to take up large amounts
remediation depends upon the of metals when their mobility in

ability of a plant to uptake and
translocate heavy metals, the
function of the specific phenotype
and genotype (Chen er al, 2004).
Several studies have documented
that chelating agents such as
Ethylene Diamine Triacetic Acid
(EDTA), N-(2-hydroxycthyl)-
ethylene diamine triacctic acid
(HEDTA), and citric acid (CA) can
be used to increase metal mobility,
thereby enhancing their phyto-
extraction (Chen and Cutright,
2001). For instance, 1.0 g/kg
EDTA was reported to be the most
effective chelator, increasing shoot
b concentration in pea and comn
cultivars (Huang ef al, 1997). A
similar study on Pb accumulation
with HEDTA increased the Pb
concentration from 40 mg kg to
10,600 mg kg' (Huang and
Cunningham. 1996).

Some melals such as Pb are
largely immobile in soil and their
extraction rate is limited by
solubility and diffusion to root
surface.  Chemically  enhanced
phyto-extraction has been
developed to  overcome these
problems (Huang and
Cunningham, 1996 and Blaylock

soil is enhanced by chemical
treatments.  Several  chelating
agents, such as citric acid, EDTA,
CDTA, DTPA, EGTA, EDDHA,
and NTA, have been studied for
their ability to mobilize metals and
increase metal accumulation in
different plant species (Cooper ef
al., 1999). The most promising
application of this technology is for
the remediation of Pb-
contaminated soils using Indian
mustard  (Brassica juncea L.
Czern). in combination with
EDTA (Wuet al., 2004).

Despite the success of this
technology, some concerns have
been rcported regarding the
enhanced mobility of metals in soil
and their potential risk of leaching
to ground water (Michael er al.,
2007).

Chelating agents, such as
EDTA, citric acid, etc., have been
used as a viable environmental
technology for mobilizing lead and
zinc (Huang ef al. 1997 ; Wu et
al., 1999 and Luo ef al., 1999) in
soil to enhance their phyto-
cxtraction. The role of citric acid
on the availability, accumulation,
and detoxification of Pb and Cd
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were discussed by (Chen et al,
2004).

Michael e al. 2007 and
Evangelou, 2007a evaluated the
effects of increasing doses of
EDTA (0.1, 1. 10 mmol kg™ dry
soil) and citric acid (0.01, 0.05,
0.25, 0.442, 0.5 mmol kg dry
soil) on bioavailable {ractions of
Cu, 7Zn, Cd., and DPb. They
concluded that both citric acid and
EDTA produced a rapid initial
increase in labile hcavy metal
fractions. Metal  mobilization
remained constant in time for soils
treated with EDTA, but a strong
exponential decrease of labile
metal fractions was noted for soils
treated with citric acid. The half
life of heavy metal mobilization by
citric acid varied between 1.5 and
5.7 days.

Schmidt, 2003 stated that
suitablc agents at proper dosage
combined with suitable crops can
be chosen for certain sites and
contaminants. Enhanced phyto-
extraction can be the kcy element
1o improve the implementation of
phyto-remediation, because
increasing accumulation rates of
crops will maximize contaminant
removal.

The aim of this study was to
evaluate the ability of phyto-
extraction for Cd and Pb metals
using  sunflower  (Helianthus
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annuu) and chemically enhanced
phyto-extraction chelators such as
ammonium nitrate, EDTA. and
citric acid in contaminated soil.
On the other hand, the prospective
risk  associated with metals
mobilization by EDTA and Citric
acid will be also investigated.

MATERIALS AND
METHODS

Soil Sampling and Analyses
Two surface contaminated soil
samples (0-20 ¢cm ) were collected
from  different  contaminated
locations at north of greater Cairo,
LEgypt, to represent two different
soil types (sandy and alluvial) as
well as two ditferent sources of
contaminated  wastewater. Thc
sandy soil is located in El-Gabal
El-Asfar farm and is subjected to
sewage effluent irrigation for more
than 50 years. The alluvial soil is
located in Mostorud area and is
irrigated with industrial
contaminated water for more than
30 years due to direct discharge of
industrial wastewater to irrigation
water canals. Soil samples were
air-dried, crushed to pass a 2.0 mm
sieve then analyzed for
conventional physical and
chemical properties using methods
outlined by Jackson (1973);
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Available Cd and Pb were
determined by DTPA method
according to Lindsay and Norvell
(1978). Total Cd and Pb were
determined according to the
standard methods Jackson (1973)
using inductively coupled plasma
alomic  emission  spectroscopy
(ICP-AES). Table (1) shows some
physical and chemical properties
of the tested soil samples. Table
(2) shows the total and extractable
DTPA content of Cd and Pb (mg
kg™)in the investigated soil.

Table 1. Some physical and
chemical properties of
the investigated soils.

Soil El-Gabal
prosperities Mostorud El-Asfar
Soil separates,»
Sand 31.49 79.83
Sift 24.31 0.84
Clay 44.20 19.33
pH* 60.74 6.91
EC,** dS/m 8.43 1.23
CaCO3 (%) 1.60 0.70
O.M (%) 7.99 6.17
CEC, 37.44 13.26
mmol/100s™ soil
Soluble ions,
mmol /L’
Ca™ 347 35
Mg'* 2441 24
Na* 229 5.2
K 2.6 1.2
S0, 62.4 2.0
HCO. 4.4 6.3
or ; 17.5 4.0

* 1n the soil water suspension(1: 2.5).
** In the extract of saturated soil paste.
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Table 2. Initial total content and
extractable DTPA of Cd and
Pb heavy metals mg kg" in
investigated soils.

extractable

Total
Samples conlent content
-1
mg Kg -1
location (mg k) (mg hg™)
Cd Pb Cd Pb
Mostorud 39 1612 12 .
Fl-Gabhal
ElL Asiar 2 1052 28 292

Pot experiment setup

The effect of EDTA, citric acid
and ammonium  nitratc  on
sunflower uptake of Cd and Pb
metals was investigated in a
greenhouse pot experiment. Five
kg of air-dried surface soil sample
(0-20 cm) were packed in plastic
containers (30 c¢m  internal
diameter and 25 cm in height) in
three replicates and complete
randomized block cxperimental
design. The chemical chelators of
EDTA, citric acid and ammonium
nitrate solutions were prepared and
added to soil beforc planting at 0,
5. 10, and 20 mmol kg soil and
was thoroughly mixed. The
recommended of dose nitrogen and
phosphorus fertilizer were applied
to each plot before the cultivation
of the plants. Sunflower seeds
were planted at rate 10 sceds per
pot. After 7 days, the seedlings
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were thinned to 5 plants / pot. The
soils were irrigated to maintain soil
moisture at about 80 % of the soil
field capacity during the growth
period of the experiment (8
weeks).

Plant shoots were harvested
after 60 days (8 weeks) by cutting
the stems approximatcly 2 cm
above the soil surface. The roots
were collected and another soil
samples were taken for Cd and Pb
analyses. Plant samples (shoots
and roots) were washed thoroughly
and dried at 80 C for 60 h and their
dry weight was recorded. Dried
samples were ground and dry
ashed according to Chapman and
Pratt (1961). Total heavy metals in
soils and plant samples were
analyzed for Cd and Pb
concentration  using  inductively
coupled plasma (ICP-AES). Data
were statistically analyzed for
ANOVA and least significant
difference (I.SD) using MSTAT
software according to the standard
statistical methods (Power, 1985).

RESULTS AND
DISCUSSION

Dry Matter Accumulation

The mean dry matter (DM)
vield for sunflower shoots and
roots grown on investigated
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contaminated soils {Mostorud and
El-Gabal El-Asfar) was shown in
(Fig. 1).The dry matter yield was
significantly affected by soil type,

chelators rate and their
interactions. However, the
cumulative biomass for whole

plant showed that plant grown on
the clayey soil exhibited the
highest cumulative biomass. The
dry matter yield of sunflower
shoots and roots was
insignificantly ~ increased by
increasing the application rate of
chelators.
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546

Dry matter yield of sunflower
whole plant, g pot’, has
insignificantly increased from 25.5
g pot’! at zero citric acid 1o 26.9 g
pot” at 20 mmol citric acid kg’
soil in Mostorud soil. Dry matter
yield of suntlower for whole plant,
g pot”, has significantly increased
from 18.9, ¢ pot", at zero citric
acid to 20.9. g pot’. at 20 mmol
citric acid kg™ soil in El-Gabal El-
Asfar soil.

Chelating agents and
phyto-extraction
Phyto-extraction, the wuse of

plants to extract heavy metals from

contaminated soils, could be an

interesting alternative to
conventional remediation
technologies. However, alkaline

soils with relatively high total
metal contents arc difficult to
phyto-remediate due 1o low soluble
mctal concentrations. Soil
chelators such as cthylene diamine
triacetic acid (EDDTA) have been
suggested to increase heavy mctal
bioavailability and wuptake in
aboveground plant parts. Strong
persistence of EDTA and risks of
leaching of potentially toxic metals
and essential nutrients have led to
research on casily biodegradable
soil amendments such as citric acid
which could be used for enhancing
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heavy metals plant  uptake.
Chelation and acidification are the
chemical processes commonly
used to bring adsorbed metals into
solution. Chelating agents arc
reported to be the most practical
way to solubilize and detoxify
metals (Chen and Cutright, 2001)
and (Chen et al, 2004). Several
organic as well as inorganic agents
can effectively and specifically
increase solubility and, therefore,
accumulation of heavy metals by
several plant species (Wu er al.,
2004;: Meers et al, 2005a and
Evangelou et al., 2006). Crops likc
willow (Salix viminalis L.), Indian
mustard  |[Brassica juncea (l.)
C(zern.], corn (Zea mays L.), and
sunflower (Helianthus annuus L.)
show high tolerance to heavy
metals and are, therefore, to a
certain extent ablc to use the
surpluses that originate from soil
manipulation. cadmium and zinc
concentrations could be enhanced
by inorganic agents like elemental

sulfur or ammonium sulfate
(Evangelou, 2007b).
Cadmium uptake and

recovery by sunflower

Cadmium soil contamination is
very high in industrial areas
exceeding the Cd soil
concentration of agricultural soils
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with an average of 7-fold (Alloway
and Ayrea, 1997). Tables 3 and 4

showed that the ability of
sunflower to uptake Cd in shoots
and roots were significantly

enhanced with soil chelators and
the rate of application up to 20
mmol kg™ It could be noticed that
Cd was accumulated in roots more
than in shoots regardless of soil
type or chelators, It is worth to
mention that Cd accumulation (in
shoots and roots) was highly
enhanced by using citric acid
compared to any other chelators
which could follow the order:
citric acid > EDTA > ammonium
nitrate. Chen and Cutright (2001)
noticed an effective root to shoot
translocation for Cd and Ni alter
the addition of EDTA, whereas for
Cr no translocation could be
observed. Additionally, the
stability constant is not a reliable
mcasurement  scale  for  the
effectiveness of a chelating agent.
Table 3 showed the cadmium
content in suntlower shoots as
alfected by chelators application
rate. Data indicated that Cd
content in sunflower of shoot has
significantly incrcased from 3.6
mg kg at zero citric acid to 4.8
mg keg' in shoot (LSD 2.19.
<0.05) at 20 mmol citric acid kg
soil and from 6.3 to 8.4 in root
(LSD  2.13, p<0.05) at the

mostorud soil. Cadmium content
in  sunflower of shoot has
significantly increased from 2.6
mg kg at zero citric acid to 4.3
mg kg' in shoot (LSD 2.19,
p<0.05) at 20, mmol citric acid
kg™ soil and from 4.8 10 6.4 in root
(LSD 2.13, p<0.05) at the EI-
Gabal El-Asfar soil. However,
these values were still within the
range found in contaminated
plants (5-30 mg kg') (Kabata-
Pendias and Pendias, 1992).

Table 4 showed that cadmium
uptake and  recovery  from
contaminated investigated soil by
the whole sunflower plant was
increasingly enhanced by
increasing the rate of applied
chelators. Thesc results are in
agrcement with the findings of
(Evangelou et al, 2007b) where
citric acid was morc enhancing
agent for Cd uptake.

Cadmium uptake in the shoots,
however, was not enhanced by the
application of citric acid and
EDTA. This result is at variance
with that of Li er al, (2005), in
which a significantly enhanced
uptake was observed in the case of
Cd. It is, though, in agreement
with Meers et al., (2005a); Tandy
et al., (2006) and Michael er al,
(2007), who did not notice an
enhanced uptake. In the case of
Cd, EDTA enhanced the uptake in
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Table 3. Cadmium content in sunflower shoots and roots (mg kg 'l)
as affected by tested soil chelators (mmol kg ') in the
investigated contaminated soils.

Rate of Shoot Root
Treatment application
(mmoal kE JL Mostorud  EL-Gabal  Mostorud EL-Gahal
Citric acid
0 3.6 2.6 6.1 4.8
5 43 3.6 7.7 58
10 4.6 39 8.1 6.2
20 4.8 4.3 8.4 6.4
EDTA
0 36 2.6 6.1 4.8
5 4.0 31 7.0 5.3
10 43 33 7.4 5.7
20 4.5 3.6 7.6 6.1
Amn- nitrate
3.0 2.0 6.1 4.8
5 38 2.8 6.5 5
10 4.2 3.1 6.9 5.4
20 4.4 3.4 7.2 5.7
le) (1%
S=Soil 12.11 11.31
A= Amendment 219 213
5253“‘ 10.13 9.17
s’fm 3.61 2.3t
‘\IXR 3.34 417
;MKR 291 2.64

11.33 10.73




Table 4. Recovery percentage of cadmium removed from tested soils by sunflower (mg kg ')as
affected by different rates of citric acid -EDTA and ammoniom nitrat ( mmol kg T
application at the studied contaminated soils.

Treatment Cd -soil Cd-soil final Total- Cd Cd- Cd -soil Cd-soil final Total-Cd  Cd-rmoval*
{(mmeol kg -1} initial {mg kg-1) uptake by whole removal* initial {mg kg-1) uptake by by whoie
{mg kg-1) plant by whole (mg kg-1) whole plant
(mg kg-1) plant plant (%)
(%o) (mggkg»l)
Mostorud EL- Gabal EL-Asfar

Citric acid

0 39 29.4 9.6 24.6 27 19.6 7.4 27.4
5 27.0 12.0 30.8 17.7 9.3 34.4
10 26.4 12.6 323 16.9 10.1 37.4
20 25.8 13.2 338 16.3 10.7 39,6
EDTA
0 39 294 9.6 24.6 27 19.6 7.4 274
5 28.0 11.0 28.2 18.6 8.4 31.1
10 273 11.7 30.0 18.0 9.0 333
20 26.9 12.1 311 17.3 9.7 35.9
Amn - nitrate
0 39 29.4 9.6 24.6 27 19.6 7. 27.4
5 27.7 113 29.1 19.1 7.9 293
10 27.9 11.1 28.5 18.5 8.5 315
20 27.4 11.6 29.7 17.9 9.1 33.7

6002 (£) "ON 9§ 'j04 “sa) 1Sy - 81zpSvgy
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the roots. but the Cd concentration
in the shoots was only slightly
higher than in the roots.

Lead uptake and recovery

by sunflower

Tables 5 and 6 showed that the
application of soil  chelators
significantly increased suntlower
Pb uptake in shoots and roots.
Also. increasing the rate of
application up to 20 mmol ke
significantly enhanced Pb uptake
in sunflower shoots and roots. It
could be noticed that pb
accumulated in roots more than in
shoots under any tested soil or soil
amendments type. It is worth to
mention that citric acid enhanced
pb accumulation (in shoots and
roots) more than EDTA then Amn-
nitrate treatment in any tested soil
and amendment rate. Saifullah et
al.. (2009) studied the effect of
type and concentration of chelators
(EDTA, DTPA, citric acid at 0
10 mmol kg™ soil)  on  Pb

accumulation n Sesbania
Drummondii ~ Cory in  soils
contaminated  with a  high

concentration of Pb (7.5gkg").
The cffect of chelators on
accumulation of Pb in shoots was
found to be strongly concentration
dependent. The highest uptake of
Pb was found with EDTA

Lotty, ef al.

application at 10 mmol kg soil.
EDTA was the most efftcient

chelator. Low LEDTA rates have
been reported to facilitate the
breakdown of barriers to the

uptake of metals by plants (Meers
et al., 2005b). High levels of
EDTA application are detrimental
or even lethal to plants because of
high concentrations of free EDTA
that could decrease the availability
of essential nutrients (Wu et al,
2004).

Chelate-assisted phyto-
extraction has the potential to
become an effective remediation
approach  for Pb-contaminated
soils. Careful management of soils
and the appropriate sclection of
plants and irrigation strategies are
of paramount importance (Chen ef
al, 2004), while the focus might
need o shift towards the use of
more degradable alternatives, thus
effectively reducing the risks
implied with this  technology
(Meers et al, 2004). An overview
of alternative soil amecndments
proposed for enhanced
phytoextraction is provided by
Meers ¢t al.. (2008).

Table 5 showed (he lead
content in sunilower shoots as
affected by chelators application
rate. Data indicated that Pb content
in  sunflower of shool was
significantly increased from 98.1
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mg kg at zero citric acid to 104.2
mg kg in shoot (LSD 2.09,
p<0.05) at 20'mmol citric acid kg
' soil and from 168.8 to 177.4 in

root (LSD 2.41, p<0.05) in
Mostorud soil. Lead content in
sunflower of shoot was

significantly increased from 61.3
mg kg™ at zero citric acid to 68.1
mg kg’ in shoot (LSD 2.09.
p<0.05) at 20 mmol citric acid kg’
" soil and from 134.4 to 141.2 in
root (LSD 2.41, p<0.05) 1 the El-
Gabal El-Asfar soil. However,
these values were still within the
range found in contaminated plants
(Kabata-Pendias  and  Pendias,
1992). Lead concentration in
uncontaminated freshwater grown
plants ranges between 6.3 and 9.9
mg kg' (Outridge and Nollecr,
1991) and the concentration toxic
to plants is 27 mg k' (Beckett
and Davis, 1977).  Results
indicated that plants grown in Pb-
contaminated areas usually
contained higher concentrations
than this threshold table 5. These
results are in agreement with the

findings of Evangelou er dl,
(2006). Citric acid addition
enhanced Pb  uptake. With
increasing  additions of EDTA,

plant biomass of rapc (Brassica
napus L. var. napus) and Indian
mustard were decreased when the
soluble Pb concentrations
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exceeded values of 70 and 150 mg
Pbh kg respectively (Greman e/
al.. 2001 and Blaylock e¢r al,
1997). After adding 1 g EDTA kg
to a soil containing 110 mg Pb kg’
! perennial ryegrass plants stopped
growing and died (Albasel and
Cottenie. 1985).

Table 5 show that increasing the
application rate of chelators
resulted in an enhancement of Pb
uptake and  recovery  from
contaminated investigated soil by
whole sunflower plant. Salt ef al,
(1998) described that as much as
28% of all Pb of a contaminated
soil (up 101600 mg Pb kg') was
removed by Indian mustard over
one cropping season after an
unspecified amount of EDTA was
applied.  The fraction of Pb
desorbed by chelating agents was
considerably varied between soils.
when comparing different studics
it is assumed that the soil
concentration of soluble Pb should
correlate with the Pb concentration
in plants grown on these soils.
Where  sufficient data  was
provided, a positive relationship
apparently existed betwecn the Pb
concentrations in the soil solution
and in plant tissues (Changeun et
al., 2009).
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Table 5. Lead content in sunflower shoots and roots (mg kg ~') as
affected by tested soil chelators (mmol kg 1y in the
investigated contaminated soils.

Rate of Shoot Root
Treatment application
(mmol kg -y  Mostorud EL-Gabal Mostorud  EL-Gabal
Citric acid
0 98.1 61.3 168.8 134.4
5 99.7 64.4 1723 136.5
10 101.7 66.8 174.2 139.8
20 104.2 68.1 177.4 141.2
EDTA
0 98.1 613 168.8 134.4
5 98.8 63.7 171.2 135.2
10 100.4 65.2 173.2 137.2
20 103.2 65.9 174.8 138.7
Amn- nitrate
98.1 61.3 168.8 134.4
5 98.4 61.9 169.8 134.8
10 99.5 62.8 171.0 135.2
29 101.3 63.3 1731 137.2
LSD g5
5=Soil 12.11 1136
A= Amendment 2.08 241
:‘:“‘"“ 1.2 10.22
SxA 241 493
SXR 4.11 3.25
AXR . 125
SxAxR 323 3.23

0ot ual




Table 6. Recovery percentage of lead removed from tested soils by sunflower (mg kg") as affected
by different rates of citric acid - EDTA and ammoniom nitrat (mmol kg ™' ) application
at the studied contaminated soils.

Treatment Pb -soil Pb -soil Total- Pb Pb - Pb -soil Pb -soil Total- Pb Pb -
(mmol kg -1) initial final uptake hy removal* initial final uptake by rmoval*
(rag kg-1) {(mg kg-1) whole plant by whole (mg kg- (mg kg-1) whole by whole
(mg kg-1) plant 1) plant plant
(%) (mg kg-1) (%)
Mostorud EL- Gabal EL-Asfar
Citric acid
0 1612 1345.3 266.7 16.5 1052 856.3 195.7 18.6
5 1340.0 272.0 16.9 851.1 200.9 19.1
10 1336.1 275.9 17.1 845.4 206.6 19.6
20 1330.4 281.6 17.5 8427 209.3 19.9
EDTA
0 1612 1345.3 266.7 16.5 1052 856.3 195.7 18.6
5 1342.0 270.0 16.7 833.1 198.9 18.9
10 1338.4 273.6 17.1 849.6 202.4 19.2
20 1334.0 278.0 17.2 847.4 204.6 19.4
Amn - nitrate
0 1612 1345.3 266.7 16.5 1052 856.3 195.7 18.6
5 1343.8 268.2 16.6 855.3 196.7 18.7
10 1342.7 269.3 16.7 §54.0 198.0 18.8
20 1337.6 274.4 17.0 851.5 200.5 19.1
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CONCLUSION

Plant dry matter production and
metals accumulation were varied
with contaminants concentration
and species, chelator form and
rate, and soil type. The highest
metals accumulation was found in
plants growing on clayey soil and
the lowest was in plant growing on
sandy soils. Metals accumulation
and translocation to the shoots
were significantly increased as
application of  citric  acids.
Addition of citric acid at 20 mmol
kg soil to clayey soil led to
increasing Cd and Pb metals
concentration in shoots several-
fold of magnitude on the other
hand. adding ammonium nitrate
had a little cffect on metals
translocation to shoots. Citric acid
was the most effective chelating
agent in plant accumulation for Cd
and Pb metals.

The
soluble heavy metals in the soil
could be cnhanced to attain high
heavy metal removal rates by
increasing the metal accumulation
of plants. This could be achieved
by adding certain chelating agents
to the soil. However, enhanced
chelating agents may  cause
unavoidable leaching of chelated
metals down the soil profile which
could lead to rapid leaching of

concentrations  of
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thesc toxic metals to groundwater.
The relationship between
enhancing metal solubility in soils
and plants, and feasible practices
to minimize the risk of heavy

metal  leaching  should  be
considered.
REFERENCES

Albasel, N. and A. Cottenie. 1985.
Heavy metals uptake from
conlaminated soils as affected
by peat, lime, and chelates. Soil
Sci. Soc. Am. 1., 49: 386-390.

Alloway, B.J.; and D.C. Ayrea.
1997. Chemical Principles of
Environmental Pollution.
Blackie Academic &
Professional, London.

Beckett, P.H.T. and R.D. Davis.
1977. Upper critical levels of
toxic elements in plants. New
Phytologist. 79: 95-106.

Blaylock. M.J.. D.E. Salt; O.Z.
Dushekov: C. Gussman; Y.
Kapulnik; B.D. Enley and L
Raskin. 1997. I:nhanced
accumulation of Pb in Indian
mustard by soil-applied
chelating agents. Environmental
Science and Technology. 31:
860-865.

Changcun Lin; Jun [iu:; Li Liy;
Tingcheng Zhu; Lianxi Sheng
and Deli Wang. 2009. Soil



Zagazig J. Agric. Res., Vol. 36 No. (3) 2009

amendment
frequency contributes to
phytoextraction of lead by
sunflower at different nutrient
levels.  Environmental and
Experimental Botany. 65: 410-
416,

Chapman, H. D. and P.F.
Pratt.1961. Mcthods of
Analysis for Soils. Plants and
Waters. Berkeley, Univ.
Califorma. ivision of Agric. Sci.

Chen Y.; X. Li and 7. Shen. 2004.
Leaching and uptake of heavy
metals by ten different species
of plants during an EDTA-

application

assisted phylocxtraction
process, Chemosphere, 57:
187-196.

Chen, H. and T. Cutright. 2001.
EDTA and HEDTA effects on
Cd. Cr. and Ni uptake by
Helianthus annuus.
Chemosphere, 45, 21-28.

Cooper, EM: JT. Sims: S.D.
Cunningham; 1.W. Huang; and
W.R. Berti. 1999, Chelate-
assisted phytoextraction of lead
from contaminated soils. I
Environ. Qual,. 28: 179-198.

Evangelou, M.W.H.; U. Bauer; M.
Ebel; A. Schaeffer. 2007b. The
influence of EDDS and EDTA
on the uptake of heavy metals
of Cd and Cu from soil with
tobacco nicotiana  tabacum.
Chemosphere, 68: 345-353.

555

Evangelou, M.W H.: M. Ebel; and
A. Schnffer. 2006. Evaluation
of the effect of small organic
acids on phytoextraction of Cu
and Pb from soil with tobacco
nicotiana tabacum.
Chemosphere. 63: 996-1004.

Evangelou, M.W.H.; M. Ebcl; and
A. Schnffer. 2007a. Chelate
assisted  phytoextraction  of
heavy metals from soil. Effect,
mechanism, toxicity, and fate of
chelating agents: A review.
Chemosphere, 68: 989-1003.

Greman, H.; S. Velikonja-Bolta;
D. Vodnik; B. Kos; and D.
Lestan. 2001, EDTA enhanced
hcavy metal phytoextraction:
metal accumulation, lcaching
and toxicity. Plant Soil, 235:
105-114.

Huang, J.W.; J.J. Chen; W.R.
Berti; and S.D. Cunninghan
1997. Phytoremediation of lead-
contaminated soils: Role of
systhetic  chelates in lead
phvtoextraction. Environmental
Science and Technology, 31 :
800-805.

Huang, JW.: and S.D.
Cunningham,  1996.  lLead
phytoextraction: Species

variation in lead uptake and
translocation. New Phytol., 134:
75-84.

Jackson, M.L. 1973.
Chemical  Analysis™.

“Soil
Prentice



356

Hall of India Privat limited,
New Delhi.

Kabata-Pendias, A. and H.

Pendias. 1992. Trace Elements
in Soils and Plants. CRC. Press.

Inc.., Boca ration, t1.

Li, 11.Q. Wang: Y. Cui; and Y.

Dong. 2005. Christie, Slow
release chelate enhancement of
lead phytoextraction by corn
(Zea mays L) from
contaminated soil-a preliminary
study, Sci. Total Environ, 339 :
179 187.

Lindsay. W. L; and W. A

Norvell. 1978. Development of
DTPA soil test for zinc. iron.
manganese and copper. Soil
Sci. Soc. Am. J., 42: 421-426.

Luo, Y.M.; P. Christie and A.J.M.

Baker. 1999. Metal uptake by
Thlaspi caerulescens and metal
solubility  in a Zn/Cd
contaminated soil after addition
of EDTA. In Proceedings of the
Fifth International Conference
on the Biogeochemistry of
Trace Elements, Vicnna,

Meers, E.; A.

Meers E.; M.

Lotfy, et al.

metals.  Chemosphere,  358:
1011-1022.

: Ruttens;
M.J.Hopgood; E. Lesage and
F.M.G.Tack. 2005a. Potential
of Brassica rapa, Cannabis
sativa, Helianthus annuus and
Zea mays for phytoextraction of
hcavy metals from calcareous
dredged sediment derived sotls,
Chemosphere, 61: 561-572.

Meers [E.; F.M.G. Tack; S. Van

Slycken; A.  Ruttens: .
Vangronsveld; and M.G.
Verloo.  2608.  Chemically
assisted  phytoextraction: a
review of  potential  soil
amendments for  increasing
plant uptake of hcavy metals,
Int. J. Phytoremediat, 10: 390
414.

Hopgood; E.
[csage; P. Vervaeke: F.M.G.
Tack: and M.G. Verloo. 2004.
Enhanced phytoextraction: in
scarch of EDTA alternatives.
Int. J. Phytorcmediat. 6: 95—
109.

Austria, 2: 882-883. Michael. W.H.: U.B. Evangelou;

Meers, E.; A. Ruttens: M. E. Mathias; and S. Andreas.
Hopgood D. Samson; and 2007. The influence of EDDS
F.M.G. Tack. 2005b. and EDTA on the uplake of
Comparison of EDTA and heavy metals of Cd and Cu
EDDS as  potential  soil from soil  with tobacco
amendments  for  enhanced Nicotianu tabacum.
phytoextraction of  heavy J.Chemosphere, 68 : 345-353.



Zagazig J. Agric. Res., Vol. 36 No. (3) 2009

Outridge, P.M. and B.N. Noller.
1991. Accumulation of toxic
trace elements by freshwater
vascular plants. Reviews of
Environmental Contamination
and Toxicology, 121: 1-63.

Power. P. 1985. Users guide to
MSTAT (ver. 3.0). Michigan
State Univ. USA.

Saifullah, E. Mecers; M. Qadir; P.
de Caritat; F.M.G. Tack; G. Du
Laing and M.H. Zia. 2009.
EDTA-assisted Pb
phytoextraction .Chemosphere,
74:1279-1291.

Salt D.E.; R.D. Smith and L
Raskin. 1998.
Phytoremediation. Annual

Review of Plant Physiology and
Plant Molecular Biology. 49:
643-668.

Schmidt. U. 2003. Enhancing
Phytoextraction: The Effect of
Chemical Soil Manipulation
on Mobility, Plant

557

Accumulation, and Leaching of
Heavy Metals. J. Environ. Qual,
32:1939-1954.

Tandy. S.; R. Schulin and B.
Nowack. 2006. Uptake of
metals during chelant-assisted
phytoextraction with EDDS
related to the solubilized metal
concentration, Environ. Sci.
Technol., 40 : 2753-2758.

Wu, J; F. Hsu, and S.
Cunningham. 1999. Chclate-
Assisted Pb Phytoextraction: Pb
Availability,  Uptake, and
Translocation Constraints.
Environ. Seci. Technol., 33:
1898-1604.

Wu, L.H.; Y.M. Luo; X.R. Xing;
and P. Christie. 2004. EDTA-
enhanced phytoremediation of
heavy metal contaminated soil
with  Indian mustard and
associated potential leaching
risk. Agr. Ecosyst. [nviron.,
102: 307-318.



558 Lotfy, et al.
JS el e bl dpadAIWY) 5 akl Lo udial o gall (g S
Liglall gl N e pabea 5 asaeilSl s paie e

e e il ae adi— il dass s
" smallae A% gaea — 4B daal )

GO dnadla — Aol AS - el ) agle and
Ag,al QBN A — dugsdll Gigad) 38 e = oluall g el N aud LY

9 Andafalgy o Ludial 3 pall ey 550 a3 A jal 0da Liags
Al Al el dua L puadl) e bl Y Akl ol ) (e AL pualiad) JUES
259 skl oluall e Adlida a5 5 (Ala g i) ol W) o e s o
i pymtizad) &l piis EDTA g el i) Gaala b dnlice 3 ga 4D olasid
A il oo gl dhy (A pas/dsantle YooY =0 jiia) 5 e Yy Lgiila)
G guadi b il Aadll) Al Sala Aas e A0 p gl il g 8 da
Ly L f Aila) Bobal) dpas i LS 20 )l (e s Al ol 1 (8 clls
JIES Bal o o) Alial) o) gl aladiad of LaS LAdliaal) 4y g (alan)
do—aile Yo Jara OlS G L Jg RSt 8 1) el gl (B palua N g p gsaalst
sl ) Gala g ppaedlSl S Bal e Bgale 50 <) ADAN clival
1ol clicaall S Jpaille Yo die ol ) Gada olSy . ueddl s Sl Gl g
sl b LB 58 S g absa g pgradlsll (uaddi de Gl padATW B2l Ao
de Glg ahadiul ey il . agigad! i 23 ~EDTA @ &5l (@l
Al jal b Adglall ol Y1 e ALEN jealiadl maaad o 58N 3l CliS Guadd)
(g Siad) ditisal

aliall 38 5 5al 5 aady 98 Audial) o gall Gy aladiad o o a8 Y o
Gl Aa gy pualinl 03gd Aa) Y1 ¥ ara Baly Mallg 4, A0 6 Al ALER
A5 3 3 gall s3a o W) ¢ ALALY Wi ol B jualinll sda aiaad o B a6l AR
slall ) ot a9 PR Jhd ) Aalad) calaall G5 G 5 AS a Sal)
il g gl ¥ B oolaall odn Auilygd cpm ABMRN Aud 33 5 g uiar el 1A LA gl
cpabindl 038 Jad plalile JlEG) LAMAT) g 3N Adand) (3 kY elliS



