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Introduction                                                                 

Soil contamination by heavy metal has rapidly 
increased during the last few decades in both 
developed and developing countries (Yang et 
al., 2018) due to anthropogenic activities, which 
adversely affect the environment and ecosystem 
(Li et al., 2013 and Chen et al., 2015). In Egypt, 
the growing population, dictates increasing the 
cultivated area, however, limited water resources 
remain a limiting factor to agricultural production. 
Low quality water from non-conventional sources 
(e.g., agricultural drainage water and sewage 
effluent) has been used as an alternative source 
of irrigation water for more than 70 years. 

Low quality water is often contaminated with 
heavy metals, organic pollutants, and pathogens 
(Suchkova et al., 2014) and applying such water 
in irrigation contaminates soil and increase health 
risks to people via food chain (Rai et al., 2019 and 
Suchkova et al., 2014). 

Earlier works reported that many sites in Egypt 
have been contaminated due to anthropogenic 
activities. For example, Aboulroos et al. (1989) 
studied the effect of prolonged use of sewage 
effluent in irrigation on the sandy soils of El-Gabal 
El-Asfar farm in Egypt and reported that the total 
content of heavy metals (i.e., Fe. Mn. Zn. Cu. 
Pb. Cd. Ni and Co) in soils irrigated with sewage 
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effluent increased with increasing years of using 
sewage effluent in irrigation. The contents of Zn, 
Pb and Co in soil irrigated with sewage effluent 
for 20 years were much higher than the suggested 
acceptable level (300, 100 and 50 mg kg–1, 
respectively; Kabata-Pendias and Pendias, 1992). 

Many conventional technologies such as 
solidification/stabilization and vitrification were 
used to immobilize pollutants, thereby minimizing 
their migration to other environments (Du et al., 
2010). Conventional remediation technologies 
are either very expensive (such as vitrification) 
and are often harmful to soil properties (i.e., 
texture, organic matter, microorganisms) that 
are desirable for the restoration of contaminated 
sites (Rulkens et al., 1995). Due to the high cost 
of many remediation technologies, it is necessary, 
in Egypt, to apply economically feasible, efficient 
and in-situ remediation methods/technologies. 
Phytoremediation could be a promising method 
to decontaminate sites, in Egypt, separately or 
combined with other cost-effective techniques. 
Phytoremediation of heavy metals contaminated 
soils has gained an increasing attention because 
of its cost effective and many environmental 
benefits (Kumar et al., 2013 and Stingu et al., 
2012). For example, Nejatzadeh-Barandozi 
and Gholami-Borujeni (2014) reported that 
Amaranthus retroflexus L. had great potential in 
phytoremediation of contaminated soils. Also, Liu 
et al. (2002) proved in a field study that Amaranthus 
retroflexus L. can accumulate higher Cd amounts. 

Phytoremediation has another advantage as the 
harvested plants containing heavy metal(s) can be 
ashed and valuable metal(s) can be extracted and 
recycled (Licht and Isebrands, 2005 and Anderson 
et al., 1998). 

Combining chelates with phytoremediation 
has been considered effective in enhancing the 
remediation of contaminated soil (Bian et al., 
2018). The application of chelates to heavy metals 
contaminated soil has resulted in increasing metal 
mobility, thereby enhancing phytoextraction 
(Chen et al., 2003 and Suman et al., 2018) and 
increasing the content of heavy metals in plant by 
> 40 and up to 200 fold (Huang & Cunningham, 
1996 and Blaylock et al., 1997). 

Many chelates, such as 
cyclohexylenedinitrilotetraacetic acid (CDTA), 
diethylene triamine penta acetic acid (DTPA), 
ethylene diamine disuccinate (EDDS), and 
ethylene diamine tetraacetic acid (EDTA) have 

been studied for their ability to dissolve metals and 
enhance plants uptake of metals (Singh and Ma, 
2007). Among these chelate, EDTA and DTPA 
have been found to be one of the most effective 
chelates to enhance heavy metal bioaccumulation. 
EDTA has shown greater ability to enhance the 
uptake of Pb compared to other chelates (Tandy et 
al., 2004). EDTA seems to have a linear relationship 
with metal removal from soils (Hong and Jiang, 
2005). The use of EDTA as a chelate to soil was 
reported as the most efficient to enhance the 
phytoavailability of Pb, Hg and Cd (Nejatzadeh-
Barandozi and Gholami-Borujeni, 2014).

The current work aimed to: i) test the effect of 
EDTA, DTPA and citric acid on the redistribution 
of Pb and Zn fractions in contaminated soils and 
ii) test the performance of Amaranthus retroflexus 
L. and Chenopodium album L. in chelate-assisted 
phytoextraction of Pb and Zn contaminated soils. 

Materials and Methods                                                 

Site description and soil sampling 
Soil samples were collected from two different 

locations in Egypt that were contaminated with 
heavy metals either because of sewage sludge/
effluent applications (SS soil) or due to industrial 
wastes applications (IW soil). The SS location is in 
Al-Gabal Al-Asfar farm (30°13’ N 31°23’ E), which 
was established on a sandy loam soil and is being 
used for more than 70 years to dispose sewage sludge 
and effluents from the Wastewater Treatment Plant 
for Cairo Metropolitan. The IW location is in Al-
Teppin area near the Iron and Steel Factory (29°45 
N 31°18 E) where the nearby industrial activities are 
the main source of contamination either through air 
deposition or industrial effluents. 

Soils samples were collected from the surface 
layer (0–30 cm) from different areas of each 
location. Samples were transported to laboratory, 
air dried, 2-mm sieved and stored properly for 
subsequent analyses and pot experiments.

Preliminary analysis 
A preliminary metal analysis was carried out 

to determine metals content in the studied soils. 
Metal content was extracted by DTPA for the 
bioavailable form (Lindsay and Norvell 1978), 
and by a mixture H2O2 and H2SO4 for the total 
metal content and then detected by using atomic 
absorption spectrophotometer. The metal analysis 
showed that Pb and Zn were the most common 
(with higher content) in both soils. The relatively 
higher content of both metals is mainly related to 
the nature of the sewer system and the vicinity of 
industrial activities near the sampled sites. The 
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sewer system in Egypt does not separate house 
sewage from industrial sewage.

Work by Kamel and Khater (2004) reported 
different weed species that are able to accumulate 
higher concentrations of heavy metals in their 
shoots. Based on the availability and plant 
biomass, Amaranthus retroflexus L. (referred 
hereafter as Amaranthus) and Chenopodium 
album L. (referred hereafter as Chenopodium) 
were tested for their ability to phytoextract Pb and 
Zn from contaminated soils. 

Chelate effects on metal distribution 
The effects of two concentrations of EDTA, 

DTPA and citric acid (CA) on Pb and Zn 
redistribution among their fractions in both soils 
were tested. The chelate concentrations were 5 
or 10 mmol kg–1 soil of EDTA and DTPA and 10 
or 20 mmol kg–1 soil of CA. A 50 gram of 2-mm 
sieved soil samples were placed in a 250-mL 
glass bottles and 25 mL distilled water containing 
the assigned chelate concentration was added 
to samples. Bottles were covered with loose 
cardboard and placed in ventilated incubator at 
40±2 °C for 20 or 40 or 60 days. 

During the incubation, soil moisture was 
maintained at field capacity by frequent additions 
of distilled water when needed. Three replicates 
were used for each concentration of each chelate 
and each incubation period. After the designated 
time, related bottles were removed from the 
incubator, air-dried in air-ventilated space at room 
temperature and then finely ground. Afterward, 
samples were extracted according to the method 
described in Tessier et al. (1979) where metals 
are fractioned for the exchangeable (Exch), the 
carbonates-bound (Carb), the oxides-bound 
(Oxid), and the organic-bound (Org) fractions. 
The residual fraction was determined by 
difference from the total content of Pb or Zn as 
follows: residual = total metal content – (Exch + 
Carb + Oxid + Org). 

Pot experiment 
Seeds of Amaranthus retroflexus L. and 

Chenopodium album L. were collected from 
plants grown near the contaminated sites and 
preserved properly. A pot experiment was 
conducted in a greenhouse to determine the total 
removal of Pb and Zn by both plants. Each pot 
contained 1 kg of 2-mm sieved soils, and was 
sown with seeds to ensure the growth of five 
plants per pot. Chelate was added, with irrigation 
water, 10 days after germination and plants were 
harvested 70 days after germination. Amounts of 
chelates were calculated to provide the designated 
concentrations (5 and 10 mmol kg–1 soil of 
EDTA or DTPA; 10 and 20 mmol kg–1 soil of 
CA). Irrigation water amounts were added by 

difference in pot weight where soil moisture were 
brought to field capacity. Distilled water was used 
for irrigation to avoid any possible contamination. 

The transfer ratio of Pb and Zn from soils to 
Amaranthus and Chenopodium was calculated 
according to Cui et al. (2004) by dividing the 
metal concentration in plant tissue by the metal 
concentration in soil. 

Statistical analysis 
The reported data represent the mean values 

of three replicates with standard deviation. Data 
were tested for their normality of distribution and 
homogeneity of variance, and, when necessary, 
the data were transformed. Two-way ANOVA 
with repeated measures in one factor (time) was 
performed using Prism (Ver. 6, GraphPad Software, 
Inc.) to evaluate the statistical significance of the 
impact of chelate type, chelate concentration, 
incubation time and their interactions on Pb and 
Zn fractions. Two-way ANOVA was performed 
to evaluate the effect of plant, chelate, and their 
interactions on the removal of Pb and Zn from soils. 

Results and Discussion                                                        

Soil characteristics
The SS treated soil had a slightly acidic pH 

(Table 1), EC of 1.0 mS cm–1 and up to 5% soil 
organic matter (SOM) – uncommon for Egyptian 
soil – due to the historical input of organic matter. 
The SS treated soil, also, contained about 2% of 
CaCO3 and was about 80% sand. DTPA extractable 
Pb ad Zn were 98 and 89 mg kg–1, respectively. 
The IW treated soil had a neutral pH (Table 1) and 
higher EC of 6.0 mS cm–1. The IW soil contained 
2% SOM, 4% CaCO3 and was 78% sand. The 
DTPA extractable Pb ad Zn in the IW soil were 118 
and 40 mg kg–1 soil for Pb and Zn, respectively. 

Chelate induced redistribution of metal fractions 
in SS treated soil
Pb

The distribution of Pb, among its fractions, 
before chelates application was: Carb- (20%) > 
Org- (17%) > Oxid- (15%) > Exch-Pb (1.6%). 
The residual fraction was 46% of soil total Pb. 
As a general response to chelate application, the 
Org-Pb increased over the incubation period, 
simultaneously, with a decrease in the Oxid- 
and Carb-Pb fraction (Fig. 1a). The addition of 
chelates, especially EDTA, is known to increase 
the concentration of Pb in soil solution, at the 
expense of other Pb-bound fractions (see the 
review of Saifullah et al., 2009) however, few 
works investigated the effect of the chelates on 
the re-distribution of Pb among its fractions. For 
example, Kirkham (2000) found the addition of 
EDTA to increase the Exch-Pb and Carb-Pb in 
soil treated with sludge.
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The Exch-Pb fraction reached its maximum at 
40 days then it decreased at 60 days of incubation, 
which might be due to the exchange reactions 
between chelated Pb and other soil divalent 
cations, such as Fe origination from soil (Komárek 
et al., 2007). At the end of the incubation period 
(60 d), the residual fraction, nearly in all cases, 
represented more than 40% of the total Pb content. 
Usually, the residual fraction accounts for about 
50% of the total metal content in agricultural soils 
(Orroño & Lavado, 2009 and Aikpokpodion et al., 
2013). 

The 10 mmol EDTA kg–1 soil was the most 
effective, at 40 days of incubation, in increasing 
the Exch-Pb followed by the 10 mmol kg–1 DTPA 
(2.7% and 2.4%, respectively). Remarkably, 
large increases in the Org-Pb was observed, 60 
days of incubation, with the higher concentration 
of the three tested chelates (Fig. 1a). The effect 
of the chelates on the increase of the Org-Pb 
fraction was clearly significant against the control 
treatment only at 40 and 60 days of incubations. 
On the other hand, the decrease in the Oxide-Pb 
was clear at 60 days of incubation with the EDTA 
and CA, with the lower concentration, which was 
statistically confirmed (P<0.05) when compared 
to the initial conditions. In general, the overall 
fractional change (sum of changes in Exch-, Carb-
, Oxide- and Org-Pb) ranged 1.1–7.7% increase, 

indicating the mobilization of a proportion of the 
residual fraction. 

The repeated measure analysis (RMA) 
showed that the addition of DTPA, EDTA and 
CA, at any concentration at 40 days of incubation, 
resulted in significantly different Pb fractions 
distribution compared to the untreated soils. It 
also showed that, at 20 days of incubation, only 
samples treated with the higher concentrations of 
the chelates were significantly different than the 
untreated soils, however, at 60 days of incubation, 
Pb contents after the DTPA and CA at any 
concentration were significantly different than Pb 
content in the untreated soils. 

Zn
The distribution of Zn among its fractions, at 

the initial conditions, was as follow: Oxide (22%) 
> Carb (21%) >Org (14%) > Exch (3%) where the 
residual fraction made about 41% of the total Zn in 
the SS treated soil. The higher content of the Oxide-
Zn is possibly due to the presence of high SOM 
content as suggested by Chahal et al. (2005) who 
reported a significant positive correlation between 
Oxide‐Zn and organic carbon content in soils. The 
residual fraction, in most cases, was about 40% of 
total Zn, at 60 days of incubation. Generally, there 
was an increase in the Org-Zn fraction over the 
incubation period together with a gradual decrease 
in the Carb- and Oxide-Zn fraction (Fig. 1b). 

TABLE 1. Main Chemical and physical characteristics of the studied soils

Parameter SS treated soil IW treated soil

pH, 1:2.5 in H2O 6.24 7.33

EC, mS cm–1 1.00 6.01

OM, g kg–1 56.3 19.6

CaCO3, g kg–1 17.9 141

DTPA-Pb, mg kg–1 98.2 118

Total Pb, mg kg–1 334 996

DTPA-Zn, mg kg–1 87.5 39.5

Total Zn, mg kg–1 323 215

Sand, g kg–1 797 783

Silt, g kg–1 85.0 185

Clay, g kg–1 118 49.4

Texture class Sandy Clay Loam Sandy Loam

SS: Sewage sludge treated soils, IW: Industrial wastes contaminated soils.
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Similar to Pb response to chelate additions, 
Exch-Zn reached its maximum concentration at 
40 days of incubation then decreased except for 
the CA where the Exch-Zn continued to increase 
even at 60 days of incubation. The largest 
increase (5.7%) in the Exch-Zn occurred at 40 
days of incubation with the 10 mmol kg–1 soil of 
DTPA. Similar to the Org-Pb, the Org-Zn content 
increased during the incubation course, even at 
60 days of incubation, where the largest increase 
(16%) was associated with the 10 mmol kg–1 soil 
of CA (Fig. 1b), which is possibly due to the 
changes in soil pH and/or microbial activities that 
influenced the soluble/exchangeable Zn. 

The decrease in the Oxide-Zn content was 
evident at 60 days of incubation especially after 
the 10 mmol DTPA kg–1 soil. The total sum of 
changes in the fractions ranged -6.6% – 8.1%, 
which indicates no clear pattern of mobilization/
immobilization of Zn from/to the residual fraction. 

The RMA showed that incubation time and 
chelates application and their interaction had a 
significant effect (P<0.05) on the redistribution of 
the Zn among its fractions. At 40 days of incubation, 
Zn content after DTPA, EDTA and CA at any 
concentration were significantly (P<0.05) different 
than Zn content in the untreated soils. The RMA 
showed that only the 20 mmol kg–1 soil of CA at 
60 days had a significant effect on the Oxide-Zn, 
whereas at 40 days of incubation EDTA and CA 
at any concentration had a significant effect on the 
Zn-oxide fraction. Similar significant effect on Zn-
Org was observed at 40 d and 60 days of incubation. 
Clearly, the effect of the chelates on the Org-Zn 
fraction was significant in comparison with the 
untreated soils at 40 d and 60 days of incubation.

Chelate induced redistribution of metal fractions 
in IW treated soil
Pb

The distribution of Pb among its fractions, at 
the initial conditions was: Oxide (20%) > Carb 
(14%) >Org (12%) > Exch (1%), whereas the 
residual fraction made about 49% of the total Pb 
in the IW treated soil. The chelates effect was 
generally seen in a slight increase in the Exch-Pb, 
especially at 40 days of incubation, followed by a 
decrease at 60 days and a very clear increase in the 
Org-Pb was very evident at 60 days of incubation. 
The Exch-Pb at 60 days of incubation was similar 
to the initial values before the incubation (Fig. 2a). 
As for the SS treated soil, the Carb- and Oxide-Pb 
decreased during the incubation course. 

The largest increase (~2%) in the Exch-Zn 
occurred with the 10 mmol EDTA kg–1 soil at 60 
days of incubation, whereas the largest increase 
(18%) in the Org-Zn occurred with the 5 mmol 
DTPA kg–1 soil at 60 days of incubation. The 
largest decreases in the Oxide-Zn was observed 
with either 10 mmol EDTA kg–1 soil or 20 mm 
CA (Fig. 2a). Li et al. (2018) showed that after 
EDTA application, , the exchangeable Pb fraction 
increased significantly (17–90%) whereas 
the residual Pb fraction decreased (10–23%) 
suggesting that the complexation of EDTA and Pb 
is facilitated by Pb conversion from the residual 
fractions to exchangeable fractions, which then 
increased plant availability. In fact, the overall 
changes (sum of changes) in the Pb fractions 
(Exch, Carb, Oxide and Org) was around ±12.1% 
indicating mobilization/immobilization for a 
proportion of the residual Pb fraction but with no 
clear trend. 

The RMA showed that all chelates affected 
significantly the Exch-Pb at 40 and 60 days of 
incubation. It also showed that the Carb- and 
Org-Pb were affected significantly by all the 
chelate at 60 days of incubation, however, at 
40 days of incubation only the DTPA at any 
concentration affected significantly the Carb- and 
Org-Pb. Interestingly, The oxide-Pb was affected 
significantly only by the CA, at any concentration. 

Zn
The distribution of Zn among its fractions 

before the incubation was as follow: Oxide (18%) 
= Carb (18%) >Org (13%) > Exch (2%) whereas 
the residual fraction accounted for 39% of the total 
Zn. A very large increase, up to 12%, in the Exch-
Zn was found with DTPA at 40 d and 60 days of 
incubation (Fig. 2b). Both DTPA and EDTA had a 
significant effect (p ≤ 0.05) on the Exch-Zn at 40 d 
and 60 days of incubation whereas the CA, at any 
concentration, did significant affect the Exch-Zn 
at any incubation time.

A decrease in the Carb-Zn was observed 
during the incubation course where the largest 
decrease (about 4%) was associated with the 10 
mmol DTPA kg–1 soil at 60 days of incubation. 
Moreover, a decrease in the Oxide-Zn was 
observed during the incubation course where the 
10 mmol DTPA kg–1 soil led to the largest decrease 
in the Oxide-Zn at 60 days of incubation. None of 
the studied chelates had a significant effect on the 
Carb-Zn at any concentration or at any incubation 
period when compared to the initial conditions. 
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The Org-Zn increased during the incubation 
course where the largest increase was associated 
with the 10 mmol EDTA kg–1 soil at 60 days of 
incubation (Fig. 2b). Chelates application had a 
significant effect on the Org-Zn against the initial 
conditions at 40 d and 60 days of incubation. 
Similarly, the chelates had a significant effect on 
the Oxid-Zn against the initial conditions but only 
at 60 days of incubation. It seems that the CA was 

the least effective in re-distributing Zn among its 
fractions in the IW treated soil, which might be 
attributed to the degradability of CA in comparison 
with relatively persistent EDTA or DTPA. 

The total sum of changes (-0.9% – 16%) in 
the Zn fractions (Exch, Carb, Oxide and Org) was 
mainly positive, which indicates the mobilization of 
a proportion(up to 16%) of the residual Zn fraction. 

Fig. 1. Percental changes in the exchangeable- (Exch), carbonate- (Carb), oxides- (Oxid), organic- (Org) Pb (a) 
and -Zn (b) fractions at 20, 40 and 60 days of incubation with different concentrations (mmol kg–1 soil) of 
diethylene triamine penta acetic acid (DTPA), ethylene diamine tetraacetic acid (EDTA) and citric acid 
with different concentration in sewage sludge treated soil 
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Fig. 2. Percental changes in the exchangeable- (Exch), carbonate- (Carb), oxides- (Oxid), organic- (Org) Pb (a) 
and -Zn (b) fractions at 20, 40 or 60 days of incubation with different concentrations (mmol kg–1 soil) of 
diethylene triamine penta acetic acid (DTPA), ethylene diamine tetraacetic acid (EDTA), or citric acid with 
different concentration in soil contaminated by industrial wastes 
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Chelate-assisted Phytoextraction of Pb and Zn
The pot experiment showed that, in the SS 

treated soil, Amaranthus was more effective than 
Chenopodium in the phytoextraction of Pb and 
Zn (Fig. 3). The maximum amounts of Pb and Zn 
phytoextracted by Amaranthus in a 70-d growth 
period were 6.5 and 8.2 mg kg–1 soil, respectively, 
whereas the maximum phytoextracted amounts 
of Pb and Zn by Chenopodium were 3.9 and 3.5 
mg kg–1 soil, respectively (Fig. 3). Results showed 
that higher removal of Pb and Zn was obtained by 
Amaranthus after CA, where the removal of Zn 
was higher than the removal of Pb (8.2 g vs 6.5 
mg; Fig. 3), which might be possibly due to the 
toxic effect of EDTA and DTPA on plant roots. 
However, CA did not have the same effect with 
Chenopodium as the higher removal of Pb and 
Zn was observed after EDTA. The uptake of Pb 
and Zn by Chenopodium was similar, whereas 
Amaranthus uptake of Zn was more than for Pb in 
all cases (Fig. 3). 

In the IW soil, Amaranthus was not much more 
efficient than Chenopodium in phytoextracting 

Pb from the IW contaminated soil (Fig. 4) as 
it showed in the SS treated soil, however, the 
largest removal of Pb (2 mg kg–1 soil) was 
observed with Amaranthus assisted with 5 mmol 
EDTA kg–1 soil. Chenopodium extracted less 
Pb than did Amaranthus where the largest (1.5 
mg) Pb phytoextraction by Chenopodium was 
observed after EDTA (Fig. 4) Amaranthus and 
Chenopodium phytoextracted similar amounts 
of Zn, specifically 2.2 and 2.5 mg Zn kg–1 soil 
after EDTA for Amaranthus and Chenopodium, 
respectively (Fig. 4). 

Amaranthus and Chenopodium showed high 
transfer factor for Pb ad Zn from the SS treated 
soil than from the IW treated soil. The maximum 
transfer factor for Pb in the SS treated soil was 
associated with Amaranthus treated with EDTA 
and CA whereas in the IW treated soil the 
maximum transfer factor was associated with 
DTPA (Table 2). Amaranthus transferred more 
Zn than did Chenopodium with any chelate, yet, 
the Zn transfer factor was higher with DTPA than 
with other chelates for both plants.  

Fig. 3. Total removal of Pb and Zn from sewage sludge treated soil by Amaranthus retroflexus L. s and Chenopodium 
album L. after treatment with diethylene triamine penta acetic acid (DTPA), ethylene diamine tetraacetic 
acid (EDTA), and citric acid

Fig. 4. Total removal of Pb and Zn from industrial waste treated soil by Amaranthus retroflexus L. and Chenopodium 
album L. after treatment with diethylene triamine penta acetic acid (DTPA), ethylene diamine tetraacetic 
acid (EDTA), and citric acid
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Amaranthus and Chenopodium showed a 
transfer factor >1 which suggests both plants as 
a phytostabilizer as was suggested by Garba et 
al. (2012) for plants with a transfer factor >1. 
Amaranthus showed remarkably higher (up to 12) 
transfer factor for Zn from SS treated soils. 

Conclusion and prospective implications              

The study revealed that EDTA and DTPA 
can be used to change the distribution of Pb and 
Zn among their fractions in contaminated soils, 
which might be significant for phytoremediation 
of Pb and Zn contaminated soils. Chelates were 
able to remarkably increase the organic bound 
Pb and exchangeable Zn in sewage sludge- and 
industrial wastes treated soils. Studied weed 
species can be used, with chelates, to phytoextract 
Pb and Zn from contaminated soils. The use of 
these weed species for phytoremediation should 
not interrupt the crop production cycles in the 
studied areas, however, further studies should be 
performed to estimate the relative obtainable yield 
in response to associating weed and crop growth 
during the growing seasons. However, the effect 
of EDTA and DTPA on the grown crop should be 
assessed together with the fate of the chelates in 
the environment, as these chelates are known to 
have low rates of biodegradation. 
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 إعادة توزيع مفصوالت الرصاص والزنك، المحفز بالمخلبيات، في األراضي الملوثة وتأثيره
علي معالجتها

حماده عبدالرحمن
 قسم األراضي - كلية الزراعة - جامعة القاهرة - الجيزة - مصر

أجريت تجربة تم فيها تحضين األراضي الملوثة لمده تصل الي 60 يوما مع 5 او 10 ملليمول/كجم تربة من 
EDTA و DTPA أو10 او 20 ملليمول/كجم تربة من حامض الستريك ثم تم استخدام عرف الديك والزربيح 
األخضر في تجربة أصص بالصوبة الستخالص الرصاص والزنك من األراضي الملوثة بهما. أوضحت النتائج 
ازدياد المفصول العضوي من الرصاص خالل فتره التحضين مع المخلبيات في كال من نوعي التربة قيد الدراسة 
وقد صاحب ذلك تناقص في مفصول الرصاص المرتبط باألكاسيد والكربونات. وأوضحت النتائج تغيرات مماثلة 
الـ EDTA أكتر فاعلية في زياده  التربة خالل فترة التحضين. كانت  في مفصوالت الزنك في كال من نوعي 
الرصاص المتبادل عند 40 يوما من التحضين بنوعي التربة محل الدراسة كما وجد أن الـ DTPA كانت أكثر 
الديك  التحضين. وقد بينت تجربة األصص أن نبات عرف  المتبادل عند 40 يوما من  الزنك  فاعلية في زيادة 
كان أكثر كفاءة من نبات الزربيح األخضر في استخالص الرصاص والزنك من األراضي الملوثة بهما حيث 
وصلت الكمية المستخلصة من الرصاص والزنك بواسطة نبات عرف الديك الي 6.5 و 8.5 مجم/كجم تربة، 
علي التوالي في حين وصلت الكمية المستخلصة بواسطة نبات الزربيح االخضر الي 3.9 و 3.5 مجم/كجم تربة 
من الرصاص والزنك، علي التوالي. علي الرغم من أن EDTA و DTPA كانتا أكثر كفاءة في إعادة توزيع 
مفصوالت الرصاص والزنك خالل فتره التحضين، كان استخدام حامض الستريك اكثر فاعلية في استخالص 
باستخدام  التوصية  يمكن  واالقتصادي  البيئي  البعد  مراعاة  مع  الديك.  نبات عرف  بواسطة  والزنك  الرصاص 

النباتات والمخلبيات قيد الدراسة إلزالة الرصاص والزنك من األراضي الملوثة بهما.


