
Eapen, S. and S. F. D'Souza (2005). Prospects of genetic engineering of plants for phytoremediation of 
toxic metals. Biotechnology Advances. S. Eapen. 23: 97. Bioremediation is gaining a lot of importance in 
recent times as an alternate technology for removal of elemental pollutants in soil and water, which 
require effective methods of decontamination. Phytoremediation -- the use of green plants to remove, 
contain or render harmless environmental pollutants -- may offer an effective, environmentally 
nondestructive and cheap remediation method. The use of genetic engineering to modify plants for metal 
uptake, transport and sequestration may open up new avenues for enhancing efficiency of 
phytoremediation. Metal chelator, metal transporter, metallothionein (MT), and phytochelatin (PC) genes 
have been transferred to plants for improved metal uptake and sequestration. Transgenic plants, which 
detoxify/accumulate cadmium, lead, mercury, arsenic and selenium have been developed. A better 
understanding of the mechanisms of rhizosphere interaction, uptake, transport and sequestration of 
metals in hyperaccumulator plants will lead to designing novel transgenic plants with improved 
remediation traits. As more genes related to metal metabolism are discovered, facilitated by the genome 
sequencing projects, new vistas will be opened up for development of efficient transgenic plants for 
phytoremediation. 

Eastham, J. and T. Morald (2006). Effective nutrient sources for plant growth on bauxite residue: II. 
Evaluating the response to inorganic fertilizers. Water, Air, and Soil Pollution. J. Eastham. 171: 315. An 
integral part of managing dust emissions from bauxite residue storage areas in Western Australia is the 
establishment of native vegetation and dust control crops. Recent changes to local health department 
regulations preclude the routine use of poultry manure, the previous standard fertilizer for growing dust 
control crops on bauxite residue sand. This paper reports on a field evaluation of different forms of 
inorganic fertilizer, to assess their effectiveness as alternatives to poultry manure for supplying nutrients to 
dust control crops. We compared plant growth and nutrient uptake under different forms of nitrogen (N) 
and phosphorus (P) fertilizers with additional potassium (K) and trace elements. A diammonium 
phosphate (DAP) based fertilizer blend which supplied 270 kg N ha-1 of N and 307.5 kg P ha-1 was found 
to be more effective than a superphosphate based blend containing the same amounts of these nutrients. 
The DAP treatment did not respond to topdressing with different N fertilizers, but plant growth in the 
superphosphate treatment was responsive to topdressing with N. Of the three different nitrogenous 
fertilizers evaluated for topdressing the superphosphate treatment (ammonium sulphate, diammonium 
phosphate, and urea), the ammonium based fertilizers were most effective. The DAP blend was the most 
cost effective of all the fertilizers studied, costing only A$1070 ha-1 compared with A$2473 ha-1 for the 
superphosphate blend and A$1600 ha-1 for poultry manure. We concluded that the DAP fertilizer blend 
could be used as an effective replacement for poultry manure for growing dust control crops on bauxite 
residue sand. 

Ebbs, S. (2004). Biological degradation of cyanide compounds. Current Opinion in Biotechnology. S. 
Ebbs. 15: 231. Cyanide compounds are produced as waste products of a number of industrial processes 
and several routes for their removal from the environment are under investigation, including the use of 
biodegradation. The most recent developments in this area have come from studies of the hydrolytic and 
oxidative pathways for biodegradation and the conditions that affect their activity. The biodegradation of 
cyanide under anaerobic conditions has also recently demonstrated the feasibility for concomitant biogas 
generation, a possible economic benefit of the process. Significant advances have been reported in the 
use of plants for the phytoremediation of cyanide compounds and evidence for the biodegradation of 
thiocyanate and metal-cyanide complexes has become available. Despite these advances, however, 
physical and economic factors still limit the application of cyanide biodegradation, as do competing 
technologies. 

Ebbs, S. and L. Kochian (1998). Phytoextraction of Zinc by Oat (Avena Sativa), Barley (Hordeum 
Vulgare), and Indian Mustard (Brassica Juncea). Environ. Sci. Technol. 32(6): 802-806. 

Ebbs, S., D. Brady and L. Kochian. (1998). Role of Uranium Speciation in the Uptake and Translocation of 
Uranium by Plants. J.Exp. Biol. 49(324): 1183-1190. 



Ebbs, S., D. Brady, W. Norvell and L. Kochian (2000). Uranium Speciation, Plant Uptakes, and 
Phytoremediation. ASCE national Conf on Environmental and pipeline engineering, Kansas City, MO, 
ASCE. 

Ebbs, S., J. Bushey, et al. (2003). Transport and metabolism of free cyanide and iron cyanide complexes 
by willow. Plant Cell and Environment 26(9): 1467-1478. Cyanide compounds are contaminants of 
growing importance that could be remediated biologically via phytoremediation, provided the plants 
possess suitable mechanisms for managing these pollutants without toxicity. The transport and 
metabolism of two cyanide compounds, potassium cyanide and potassium ferrocyanide, by willow (Salix 
eriocephala L. var. Michaux) were compared using a hydroponic system that preserved cyanide 
speciation and solubility. The cyanide compounds were labelled with 15N to quantify transport while a 
novel tissue extraction procedure was used to relate tissue 15N to cyanide content and speciation. These 
analyses revealed that although little free cyanide was detected in the aerial tissues of plants exposed to 
either of these two cyanide compounds, significant enrichments in 15N were observed, suggesting 
transport and subsequent metabolism of free cyanide as well as ferrocyanide. The results for ferrocyanide 
are of interest because this molecule is resistant to microbial degradation and if oxidized to ferricyanide is 
purportedly membrane impermeable. Nevertheless, these results and mass balance calculations for tissue 
15N and solution cyanide confirming 100% recovery for the added ferrocyanide are suggestive of 
ferrocyanide uptake and metabolism. This study provides new information describing the biological 
transport and metabolism of these two cyanide compounds in plants. Moreover, the data also suggest that 
phytoremediation of cyanide may be possible and ecologically safe due to the lack of cyanide 
bioaccumulation in aerial tissues. 

Ebbs, S.D. and L.V. Kochian (1998). Phytoextraction of zinc by oat (Avena sativa), barley (Hordeum 
vulgare), and Indian mustard (Brassica juncea). Environ. Sci. Technol. 32(6):802-806. 

Ebbs, S.D. (1995). Poster Abstract: The effect of arsenic on the uptake, translocation, and volatilization of 
selenium by barley (Hordeum vulgare L.). P. 89. In Proceedings/Abstracts of the Fourteenth Annual 
Symposium, Current Topics in Plant Biochemistry, Physiology, and Molecular Biology - Will Plants Have a 
Role in Bioremediation?, April 19-22, 1995, Columbia, MO. Interdisciplinary Plant Group, University of 
Missouri, Columbia, MO. 

Ebbs, S.D., and L.V. Kochian (1997). Toxicity of zinc and copper to Brassica species: Implications for 
phytoremediation. J. Environ. Qual. 26:776-781. Heavy metal (Pb, Zn, Cd, Cu, Cr and Ni) contamination 
of some soils poses serious problems to both human health and agriculture in the superfund sites in the 
US as well as abroad. Current engineering-based technologies used to remediate soils (e.g., removal of 
top soil for storage at land- fills) are quite costly, and often dramatically disturb the landscape. Recently, 
there has been considerable interest focused on the use of terrestrial plants to absorb heavy metals from 
the soil and concentrate them in the easily harvestable shoot tissues as an alternative remediation 
technology. As over 70% of the metal contaminated sites in the U.S. involve 2 or more metals, the 
possibility of synergistic effects of multiple metal toxicities may be important for the remediation of these 
sites. Thus, in this study, we investigated the individual and combined toxicities of zinc and copper to 
Brassica species that might be used to remediate heavy metal contaminated sites. We found that copper 
was more toxic than zinc, and exposure to both heavy metals induced micronutrient (iron) deficiency in the 
plants, as well as causing a significant inhibition of root growth and a decrease in the accumulation of 
each metal in the shoots. These findings indicate that when remediating sites contaminated with these two 
metals, it may be necessary to use leaf applications of iron to promote better plant health and shoot 
biomass production, as well as apply organic materials to the soil to tie up the copper and minimize its 
toxic effects 

Ebbs, S.D., D.J. Brady, and L.V. Kochian (1996). Abstract: Heavy metal and uranium accumulation by 
grass and dicot species: Are hyperaccumulators required for phytoremediation? International 
Phytoremediation Conference, May 8-10, 1996, Arlington, VA. International Business Communications, 
Southborough, MA. 



Ebbs, S.D., M.M. Lasat, D.J. Brady, J. Cornish, R. Gordon, and L.V. Kochian (1997). Phytoextraction of 
cadmium and zinc from a contaminated soil. J. Environ. Qual. 26:5, 1424-1430. 

Ebbs, S.D., M.M. Lasat, D.J. Brandy, J. Cornish, R. Gordon, and L.V. Kochian (1997). Heavy metals in the 
environment - Phytoextraction of cadmium and zinc from a contaminated soil. J. Environ. Qual. 26:1424-
1430. 

Eberts, S. M., G. J. Harvey, et al. (2003). Multiple-process assessment for a chlorinated-solvent plume. 
Phytoremediation: transformation and control of contaminants. S. M. Eberts. Hoboken, Wiley-Interscience: 
589. A field project (Texas, USA) establishes that eastern cottonwood (Populus deltoides) trees partially 
attenuate low levels of trichloroethene (TCE) in groundwater. A multiple-process assessment, based on 
the first 5 years of performance data from a site developed using short rotation-woody-crop-planting 
techniques, provides much of the science desired by the regulatory community. Trees planted where 
depth to water is 3.5 meters or less are estimated to reduce peak-growing-season outflow of 
contaminated groundwater by as much as 30 percent at full performance. Trees planted where depth to 
water is 3 meters or less delivered enough dissolved organic carbon to the aquifer to initiate microbial 
reductive dechlorination of the dissolved TCE. Hydraulic control was the primary in situ process for TCE-
plume attenuation during the first 5 years of study. Enzyme transformation within the leaves may be the 
dominant attenuation process within the trees. 

Eberts, S. M., S. A. Jones, et al. (2005). Long-term changes in ground water chemistry at a 
phytoremediation demonstration site. Ground Water. S. M. Eberts. 43: 178. A field-scale demonstration 
project was conducted to evaluate the capability of eastern cottonwood trees (Populus deltoides) to 
attenuate trichloroethene (TCE) contamination of ground water. By the middle of the sixth growing 
season, trees planted where depth to water was < 3 m delivered enough dissolved organic carbon to the 
underlying aquifer to lower dissolved oxygen concentrations, to create iron-reducing conditions along the 
plume centerline and sulfate-reducing or methanogenic conditions in localized areas, and to initiate in situ 
reductive dechlorination of TCE. Apparent biodegradation rate constants for TCE along the centerline of 
the plume beneath the phytoremediation system increased from 0.0002/d to 0.02/d during the first six 
growing seasons. The corresponding increase in natural attenuation capacity of the aquifer along the 
plume centerline, from 0.0004/m to 0.024/m, is associated with a potential decrease in plume-stabilization 
distance from 9680 to 160 m. Demonstration results provide insight into the amount of vegetation and time 
that may be needed to achieve cleanup objectives at the field scale. 

Eberts, S.M., G.J. Harvey, and S. Rock (1997). Abstract: Phytoremediation of trichloroethylene in a 
shallow alluvial aquifer - a field demonstration. Presentation 54. In 12th Annual Conference on Hazardous 
Waste Research - Abstracts Book, May 19-22, 1997, Kansas City, MO. 
A field demonstration designed to evaluate the use of phytoremediation to help clean up shallow 
trichloroethylene-contaminated ground water has been initiated at the Naval Air Station Fort Worth, Texas. 
The demonstration entails the planting and cultivation of eastern cottonwood trees above a dissolved 
trichloroethylene (TCE) plume in a shallow (6 - 11 feet below grade) alluvial aquifer. On the basis of 
published laboratory investigations, the trees are expected to serve as a natural-pump-and-treat system. 
Initial site characterization and final site selection were completed in January 1996. Site development, 
which included planting trees and installing an irrigation system, was completed in April 1996. Monitoring 
wells and equipment were installed during summer 1996. Baseline sampling also began during summer 
1996; demonstration sampling will continue until the year 2000. A mature cottonwood tree adjacent to the 
site was selected for additional sampling to provide early feedback on the potential fate of the TCE. 
Ground water levels and TCE concentrations in the aquifer will be monitored to establish baseline 
conditions and to map changes within the aquifer throughout the life of the demonstration. Contaminant 
concentrations will also be monitored in the rhizosphere and in the tree tissues. Microbial activity in the 
rhizosphere will be monitored and tree transpiration rates will be modeled. These data will be used to 
determine the fate, and processes that affect the fate, of TCE at the site. A stand of whips (cuttings) and a 
stand of 1 -to 2-year-old trees are included in the study. These stands were planted and will be monitored 
in a similar fashion. Costs associated with the planting and cultivation of each tree stand will be compared 
to help assess the practicability of phytoremediation as a cleanup technology.  



Echevarria, G., P.C. Vong, C. Valentin-Ranc, and J.L. Morel (1995). Poster Abstract: Factors affecting 
accumulation of technetium-99 by forage crops. P. 77. In Proceedings/Abstracts of the Fourteenth Annual 
Symposium, Current Topics in Plant Biochemistry, Physiology, and Molecular Biology - Will Plants Have a 
Role in Bioremediation?, April 19-22, 1995, Columbia, MO. Interdisciplinary Plant Group, University of 
Missouri, Columbia, MO. 

Echevarria, G., P.C. Vong, E. LeClerc-Cessac and J.L. Morel (1997). Bioavailability of technetium-99 as 
affected by plant species and growth, application form, and soil incubation. J. Environ. Qual. 26(4):947-
956. 

Echevarria, G., S. T. Massoura, et al. (2006). Assessment and control of the bioavailability of nickel in 
soils. Environmental Toxicology and Chemistry. G. Echevarria. 25: 643. Nickel, a potentially toxic metal, is 
present in all soils with an average concentration of 20 to 30 mg/kg, sometimes exceeding 10000 mg/kg 
(e.g., ultramafic soils). The ecotoxicological risk of Ni in soils to organisms is controlled by its availability. It 
is therefore essential to identify an efficient and reliable method for the evaluation of this risk. This paper 
presents a complete study of the effect of Ni origin, localization, and soil properties on its availability as 
assessed with the isotopic exchange kinetics (IEK) method and compares plant response to isotopically 
exchangeable properties of Ni in soils. We performed IEK on 100 soil samples representing a worldwide 
range of Ni fate, and concentrations showed that pH was the main influencing parameter and that labile Ni 
(i.e., isotopically exchangeable Ni, Et) could be reasonably well assessed by a single diethylene triamine 
pentaacetic acid extraction. The identification of the soil mineral phases that bear Ni (bearing phases) in 
16 Ni-rich samples selected among the 100 soils showed a strong effect of the mineralogy of the bearing 
phases on Ni availability (IEK). Plants with different Ni accumulation strategies all took up Ni from the 
same labile pool of Ni in four contrasting soils, and the amount taken up by hyperaccumulator plants could 
be anticipated with the IEK parameters, thus confirming the usefulness of isotopic dilution methods for risk 
assessment. 

Ederli, L., L. Reale, et al. (2004). Responses induced by high concentration of cadmium in Phragmites 
australis roots. Physiologia Plantarum 121(1): 66-74. Cadmium is an important environmental pollutant 
with high toxicity to plants. We report the effects of high-dose Cd (100 muM for 21 days) on the root 
apparatus of Phragmites australis plants, which are characterized by elevated water detoxification 
capacity and widely used in phytoremediation programmes. The examination of root sections by light and 
electron microscopy failed to reveal any significant cadmium-induced structural or ultra-structural 
modifications. However, histochemical localization of Cd disclosed accumulation of the metal in the 
parenchyma cells below the exodermis. Phytochelatins (PC) are thiol-rich peptides whose synthesis is 
induced by a range of metals. Our results indicate that total PC production increases after exposure to Cd, 
which suggests a pivotal role for phytochelatins in the sequestration of metal. Cd treatment also induced 
lignin deposition and marked stimulation of root antioxidant systems, suggesting that, because of its ability 
to adopt different strategies against the harmful effects of cadmium, Phragmites australis is a plant with 
high detoxification potential. 

Edwards, N.T. (1986). Uptake, translocation and metabolism of anthracene in bush bean (Phaseolus 
vulgaris L). Environ. Toxicol. Chem. 5:659-665. 

Edwards, R., D. Del Buono, et al. (2005). Differential induction of glutathione transferases and 
glucosyltransferases in wheat, maize and Arabidopsis thaliana by herbicide safeners. Zeitschrift Fur 
Naturforschung C-a Journal of Biosciences 60(3-4): 307-316. By learning lessons from weed science we 
have adopted three approaches to make plants more effective in phytoremediation: 1. The application of 
functional genomics to identify key components involved in the detoxification of, or tolerance to, 
xenobiotics for use in subsequent genetic engineering/breeding programmes. 2. The rational metabolic 
engineering of plants through the use of forced evolution of protective enzymes, or alternatively 
transgenesis of detoxification pathways. 3. The use of chemical treatments which protect plants from 
herbicide injury. In this paper we examine the regulation of the xenome by herbicide safeners, which are 
chemicals widely used in crop protection due to their ability to enhance herbicide selectivity in cereals. We 
demonstrate that these chemicals act to enhance two major groups of phase 2 detoxification enzymes, 



notably the glutathione transferases and glucosyltransferases, in both cereals and the model plant 
Arabidopsis thaliana, with the safeners acting in a chemical- and species-specific manner. Our results 
demonstrate that by choosing the right combination of safener and plant it should be possible to enhance 
the tolerance of diverse plants to a wide range of xenobiotics including pollutants. 

Edwin-Wosu, N. L. and P. D. S. Kinako (2005). Phytoremediation innovative technology (Series 2): A 
short-term comparative analysis of enhanced biodegradation of crude oil in the soil by macrophytic 
nodulation. Global Journal of Environmental Sciences. N. L. Edwin-Wosu. 4: 11. A short term comparative 
ecological study of the use of two agro-forestry species, Leucaenaleucocephala, Lam De. Wit and 
Bauhinia monandra, Kurz, in bioremediation of oil polluted environment was carried out, focusing on the 
evaluation and enhancing potential of the macrophytic species for degradation of hydrocarbon (crude oil) 
in the soil relative to their nodulation efficacy. Results show that L. leucocephala had nodules with levels 
ranging between 1.40 +- 1.40 to 11.60 +- 2.20 plant-1 and relative to various pollution levels and 15.10 +- 
6.10 plant-1 in the control condition. Though L. leucocephala experienced pollution depression upon time 
lag in nodulation, the depression was directly proportional to the intensities of pollution. Bauhinia 
monandra had none at the end of the experiment both in the polluted and controlled conditions. Total 
hydrocarbon level following treatment of the soil by L. leucocephala and B. monandra has been deduced 
in relation to post-pollution concentration, disappearance and net % loss on such treated soil environment. 
A comparatively high value of 60% total loss of crude oil was indicated in L. leucocephala treated soil. 
This shows that natural biodegradation could be a major and ultimate mechanism for elimination of oil in 
terrestrial environment. The highest total % loss of crude oil was recorded in Leucaenaleucocephala than 
Bauhinia monandra treated soil. Leucaenaleucocephala showed an enhanced performance than Bauhinia 
monandra at the end of the study. Leucaenaleucocephala was thus considered more ideal and more 
promising for remediation work than B. monandra. 

Egashira, K., K. Kurosawa, et al. (2005). Towards establishment of management practices for sustainable 
agricultural development. Proceedings of the joint symposium between Hanoi Agricultural University, 
Vietnam and Kyushu University, Japan, 8-9 December 2005, Hanoi, Vietnam. Bulletin of the Institute of 
Tropical Agriculture, Kyushu University. K. Egashira. 28: 1. This special issue contains 15 papers 
classified under two major topics: agronomy and bioresources (7 papers); and land/water and 
environment (8 papers). Topics covered in the first part include: resistance of Vietnamese rice varieties to 
insect pests (e.g., brown planthopper (Nilaparvata lugens), leaf miners) and plant pathogens; effects of 
light intensity and diurnal change in rice; and importance of multidisciplinary research for insect pest 
management. Land/water and environment section covers issues on: sustainable agriculture in the Red 
River basin; biochemical characteristics and crop yield of infertile soil in Hiephoa district; urbanization in 
Vietnam; accumulation of heavy metals and nutrient balance in agricultural soil; flood inundation analysis; 
inorganic nitrogen concentrations of groundwater; and removal of nitrate-nitrogen from irrigation water 
using wetland crops. 

Egirani, D. (2004). Comments on: Removal of copper ions from aqueous solution by tree ferns. Water 
Research (Oxford). D. Egirani. 38: 4535.  

Eguchi, M., S. Yoshida, et al. (2005). An examination of trichloroethylene degradation in Populus cells of 
suspension culture. Journal of Agricultural Meteorology 60(6): 1141-1143. For an examination of 
application to trichloroethylene (TCE), phytoremediation in various plant species suitable for wide area in 
the world, we examined efficiency of a method of screening plant species for ability of TCE 
phytoremediation, by investigating possibility of TCE degradation in Populus cells of suspension culture. 
The callus derived from a leaf of Populus nigra var. Italica was grown in MS medium of suspension 
culture, and TCE was added into the medium. Viability of the Populus cells did not depressed even in the 
TCE-added medium. At a few days after the TCE treatment, n-hexane extracts of the treated cells and the 
medium were qualitatively analysed by a gas chromatograph-mass spectrometer, and trichloroethanol 
(TCOH; an intermediate of TCE in an aerobic bio-degradation) was detected. The intermediate was also 
detected even when the cells were crushed and then treated TCE, and the degradation ceased by boiling 
the, cell-crushed solution. This fact suggests that TCE in the medium in the Populus suspension culture is 



degraded through a certain enzyme process of the living cells. Thus, this experimental procedure can be 
applicable to screening of the useful plant species for TCE phytoremediation. 

Ejlertsson, J., E. Johansson, A. Karlsson, U. Meyerson, and B.H. Svensson (1996). Anaerobic 
degradation of xenobiotics by organisms from municipal solid waste under landfilling conditions. Antonie 
van Leeuwenhoek 69:67-74. 

Eklund, M. (1995). Cadmium and lead deposition around a Swedish battery plant as recorded in Oak tree 
rings. J. Environ. Qual. 24:126-131. 

Ekman, D. R., N. L. Wolfe, et al. (2005). Gene expression changes in Arabidopsis thaliana seedling roots 
exposed to the munition hexahydro-1,3,5-trinitro-1,3,5-triazine. Environmental Science & Technology 
39(16): 6313-6320. Arabidopsis thaliana root transcriptome responses to the munition, hexahydro-1,3,5-
trinitro-1,3,5-triazine (RDX), were assessed using serial analysis of gene expression (SAGE). Sequencing 
of SAGE libraries from control and RDX-exposed root tissues revealed induction of genes known to 
respond to a variety of general stresses. Among the highly induced genes were several encoding 
molecular chaperones and transcription factors as well as vacuolar proteins and peroxidases. Strongly 
repressed transcripts included ones encoding ribosomal proteins, a cyclophilin, a katanin, and a 
peroxidase. Comparison of the transcriptional profile for the RDX response to a profile previously 
described for Arabidopsis roots exposed to trinitrotoluene (TNT) revealed significant differences in the 
inferred gene expression patterns. This suggests that Arabidopsis employs drastically different 
mechanisms for coping with these two compounds. With respect to the goal of engineering plants to better 
tolerate and degrade explosives at contaminated sites, these results suggest that enhancement of 
different genes and metabolic pathways may be required to deal effectively with each type of explosive. 
This has ramifications for phytoremediation efforts since many contaminated sites harbor both 
compounds. 

Ekman, D. R., W. W. Lorenz, et al. (2003). SAGE analysis of transcriptome responses in Arabidopsis 
roots exposed to 2,4,6-trinitrotoluene. Plant Physiology (Rockville) 133(3): 1397-1406. Serial analysis of 
gene expression was used to profile transcript levels in Arabidopsis roots and assess their responses to 
2,4,6-trinitrotoluene (TNT) exposure. SAGE libraries representing control and TNT-exposed seedling root 
transcripts were constructed, and each was sequenced to a depth of roughly 32,000 tags. More than 
19,000 unique tags were identified overall. The second most highly induced tag (27-fold increase) 
represented a glutathione S-transferase. Cytochrome P450 enzymes, as well as an ABC transporter and 
a probable nitroreductase, were highly induced by TNT exposure. Analyses also revealed an oxidative 
stress response upon TNT exposure. Although some increases were anticipated in light of current models 
for xenobiotic metabolism in plants, evidence for unsuspected conjugation pathways was also noted. 
Identifying transcriptome-level responses to TNT exposure will better define the metabolic pathways 
plants use to detoxify this xenobiotic compound, which should help improve phytoremediation strategies 
directed at TNT and other nitroaromatic compounds. 

El Aziz, R., J.S. Angle, and R.L. Chaney. (1991). Metal tolerance of Rhizobium meliloti isolated from 
heavy-metal contaminated soils. Soil Biol. Biochem. 23(8):795-798. 

El Kherbawy, M., J.S. Angle, A. Heggo, and R.L. Chaney (1989). Soil pH, rhizobia, and vesicular-
arbuscular mycorrhizae inoculation effects on growth and heavy metal uptake of alfalfa (Medicago sativa 
L.). Biol. Fertil. Soil. 8(1):61-65. 

El-Gendy, A. S., N. Biswas, et al. (2005). A floating aquatic system employing water hyacinth for municipal 
landfill leachate treatment: effect of leachate characteristics on the plant growth. Journal of Environmental 
Engineering and Science. A. S. El-Gendy. 4: 227. The current research demonstrates the effects of 
certain parameters, usually present in municipal landfill leachate, on the growth of water hyacinth 
(Echhornia craissipes), a floating aquatic plant, when used for treatment of leachate. Experiments were 
carried out to investigate the ability of water hyacinth to grow in leachate with different salinity ions 



concentrations, nutrients, pH, and heavy metals concentrations. The ability of water hyacinth to remove 
some parameters such as nitrogen, potassium, phosphorus, total solids, and chloride were also 
investigated. All experiments were conducted in batch reactors in a greenhouse environment. The 
leachate samples were collected from Essex-Windsor Regional Landfill, Windsor, Ontario. It was found 
that this treatment system required the presence of sufficient amount of nutrients (N, P, and K) to ensure 
plant growth. Optimum growth took place when the initial chloride and sodium concentrations were 560 
mg L-1 and 330 mg L-1, respectively. The leachate pH for optimum water hyacinth growth was found to 
be in the range of 5.8 to 6.0. Total heavy metal concentrations below 0.10 mequiv L-1 supported the plant 
growth; concentrations above 0.91 mequiv L-1 inhibited the plant growth. Removal efficiencies of nitrogen, 
potassium, phosphorus, chloride, and total solids from leachate were found to be affected by the growth of 
water hyacinth. Higher removals were obtained with higher plant growth. 

Eliot, J.L. (1998). Treating toxic PCBs with toxic plants. National Geographic. May 1998 

Elkhatib, E. A., A. M. Mahdy, et al. (2005). Enhancement of cadmium phytoextraction from calcareous 
soils. Bioscience Research. E. A. Elkhatib. 2: 1. Cadmium phytoextraction, the use of plants to remove Cd 
from contaminated soil, is an emerging environmental clean up technology. Successful Cd phytoextraction 
must increase Cd mobilization into soil solution in order to maximize the transfer of Cd to plant shoots. In 
this study, the potential of adding, various organic complexing agents (malic acid, citric acid, cetyl 
trimethyl ammonium bromide, CTAB, and ethylene diamine tetra acetate, EDTA) to Cd-contaminated soils 
to increase Cd concentration in sunflower plants (Helianthus annuus cv. Avante) was investigated. 
Cadmium concentration in sunflower shoots was significantly enhanced as a result of organic complexing 
agents additions and rate of applications in the two soils studied. The order of effectiveness of organic 
complexing agents on increasing Cd concentration in plant shoots was the following EDTA > CTAB > citric 
acid > malic acid. The effectiveness of the organic complexing agents used on Cd desorption from soil to 
soil solution coincides with the Cd concentration in plant shoots. Results from this study suggest that 
organic complexing agents-assisted Cd phytoextraction may provide a promising soil decontamination 
strategy. 

Elless, M. P. and M. J. Blaylock (2000). Amendment Optimization to Enhance Lead Extractability from 
Contaminated Soils for Phytoremediation. International Journal of Phytoremediation 2. 

Elless, M., M. Blaylock, J. Huang and C. Gussman (2000). Plants as a Natural Source of Concentrated 
Mineral Nutritional Supplements. Food Chem. 71( 2): 181-188. 

Elless, M.P. (1997). Phytoextraction of metals from contaminated soils - Enhancing phytoextraction by 
altering the target metals solubility behavior. IBC's Second Annual Conference on Phytoremediation, June 
18 - 19, 1997, Seattle, WA. International Business Communications, Southborough, MA. 

El-lil, A. H. A. (2006). Evaluation of the efficiency of some hydrophytes for trapping suspended matters 
from different aquatic ecosystems. Biotechnology. A. H. A. El-lil. 5: 90. The efficiency of different 
investigated hydrophytes for trapping suspended particles and epiphytes from different water sources 
(River Nile, canals and drains) during different seasons was studied. Species that form canopies e.g., 
Potamogeton pectinatus were found as poor trapping, Myriophyllum spicatum and Ceratophyllum 
demersum that form dense understories, were found to be highly efficient for suspended particles traps. 
The floating hydrophytes Echhornia craissipes fixed valuable amounts of sediments through its root 
system. Also, the present data indicated factors affecting the trapping efficiencies of investigated 
hydrophytes to avoid wrong weighing of fresh hydrophytes as a result to trapping suspended particles as 
follows (Wr=W0 x F) whereas Wr=real wt., W0=fresh wt. and F=factor detected in each species. In 
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could be the rate of the degradation of NLMWOA. This rate might well be too high for these heavy metals 
with low mobility and bioavailability such as lead. The amounts of NLMWOA applied to the soil were very 
high (62.5 mmol kg(-1) of soil) and the effect was too little. In this respect EDTA, which was applied in 
very small amounts (0.125 mmol kg(-1)) was more efficient. Thus making NLMWOA unsuitable to 
enhance phytoextraction of heavy metals from soil. (c) 2005 Elsevier Ltd.  

Everhart, J. L., D. McNear, et al. (2006). Assessing nickel bioavailability in smelter-contaminated soils. 
Science of the Total Environment 367(2-3): 732-744. Metal contaminants in soil environments derived 
from industrial pollution have clearly established the need for research on bioavailability and potential 
health risks. Much research has been conducted on metal sorption in soils. However, there is still a need 
to better understand the availability of metal contaminants to plants and microbes. Such information will 
enhance both human health and decisions about remediation efforts. In this study, Welland Loam (Typic 
epiaquolo and Quarry Muck (Terric haplohemist) Ni contaminated soils from Port Colborne (Canada) 
which had been treated and untreated with limestone, were employed in greenhouse and bioavailability 
studies. These soils varied in pH from 5.1 to 7.5, in organic matter content from 6% to 72%, and in total Ni 
from 63 to 22,000mg/kg. Oat (Avena sativa), a nonhyperaccumulator, andAlyssum murale, a 
hyperaccumulating plant species, were grown on these soils in greenhouse studies for 45 and 120 days, 
respectively, to estimate Ni accumulation. A Ni specific bacteria] biosensor was also used to determine Ni 
bioavailability, and the results were compared to those from the greenhouse studies and more 
conventional, indirect chemical extraction techniques (employing MgCl2 and a Sr(NO3)(2)). Results from 
the greenhouse, chemical extraction, and biosensor studies suggested that as the pH of the soil was 
increased with liming, Ni bioavailability decreased. However, the phytoextraction capability of A. murale 
increased as soil pH increased, which was not the case for A. sativa. Furthermore, the Ni specific bacterial 



biosensor was successful in predicting Ni bioavailability in the soils and suggested that higher Ni 
bioavailabilities occur in the soils at pH values of 5. 1 and 6. The combination of plant growth, chemical 
extraction, and bacterial biosensor approaches are recommended for assessing bioavailability of toxic 
metals 

 


