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Abstract 
The use of plants to remove heavy metals from soil (phytoremediation) is emerging as a cost-effective way 
compared conventional methods. Because contaminants such as Se, Pb and Cd have limited bioavailability in 
the soil, methods to facilitate their transport to the stems and roots of plants are required for successful 
phytoremediation. The objective of this study was to investigate the effects of adding different rates of 
DTPA (0, 0.5, 1 and 5 mmol/kg of diethylene triamine penta acetate), and EDDS (0, 5, 7.5, and 10 mmol/kg 
of ethylene daimine dissuccinate) on Se availability in contaminated soils with 0, 5, 10 and 15 mg/kg 
NaSeO4, on the capacity of Brussels sprouts plants to take up Se under a greenhouse conditions. Results 
indicated that DTPA and EDDS application to Se contaminated soils significantly decreased dry matter yield 
of plants. Most plant available fractions (water soluble and exchangeable), carbonate, metal oxide, organic 
matter bound fraction increased linearly with Se application with regression R2 values of 0.90 or greater. At 
all DTPA and EDDS application rates, Se concentrations in leaves were about 2-3 times higher than in roots 
and about 3-4 times higher than in stems. Application of DTPA and EDDS over 0.5 and 7.5 mmol/kg doses 
significantly decreased total Se uptake in leaves, stems, and roots in plants.  
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Introduction 
Soil contamination by heavy metals is a global environmental issue due to the rapid development of 
intensive agriculture and industry in many parts of the world. Elevated concentrations of heavy metals not 
only lead to reductions in the microbial activity and fertility of the soil and in crop production (McGrath et 
al. 1997), but also threaten human health through the food chain.  
The remediation of soil and water contaminated with heavy metals has become a challenging task facing 
regulators and scientific communities. Contaminated soils can be remediate by physical, chemical and 
biological techniques (McEldowney et al. 1993). Traditional treatments for metal contamination in soils are 
expensive and cost prohibitive when large areas of soils are contaminated. Treatments can be done in situ or 
ex situ which are both extremely expensive. These include high temperature treatments, solidifying agents 
and washing process (USDA and NRCS 2000). Many different remediation methods have been tried to 
address the rising number of heavy metal contaminated sites. Most of traditional methods are either 
extremely costly (i.e., excavation, solidification and burial) or simply involve the isolation of the 
contaminated sites. Some methods, such as soil washing, can pose an adverse effect on biological activity, 
soil structure and fertility, and incur significant engineering costs. Traditional treatments for metal 
contamination in soils are expensive and cost prohibitive when large areas of soils are contaminated. Unlike 
conventional methods, phytoremediation is inexpensive, effective, and can be implemented in situ, and it is 
environmentally friendly. A special advantage of phytoremediation is that soil functioning is maintained and 
life is the soil is reactivated (Trapp and Karlson 2001). 
 
The solubility of heavy metals in soil is limited due to complexion with organic matter, sorption on clays and 
oxides, and precipitation as carbonates, hydroxides and phosphates (McBride 1994). Increased solubility of 
the heavy metal can be achieved by adding synthetic chelants, such as EDDHA [etylenediamine-di (o-
hydroxyphenylacetic acid)], EDTA (ethylenediaminetetraacetic acid), and NTA (nitrilotriacetate), and they 
have been used to enhance the solubility of metals in soils and their subsequent uptake and translocation in 
plant stems (Huang et al. 1997, Kos and Lesˇtan 2003a). Despite the high efficiency of EDTA for inducing 
the extraction of metals, some concerns have been expressed regarding the enhanced mobility of metals in 
soil and their potential risks of spreading metal contaminants to groundwater and the surrounding 
environment due to its high affinity with heavy metals and its poor biodegradability in the environment. 
EDDS is an easily biodegradable, low-toxic chelant with a strong chemical affinity to Pb, Cu, Se and other 



 

© 2010 19th World Congress of Soil Science, Soil Solutions for a Changing World 
1 – 6 August 2010, Brisbane, Australia.  Published on DVD. 

70

metals. The use of this chelant in the remediation process has received much attention in the past few years 
(Kos and Lesˇtan 2003b, 2006a).  
 
There is limited information on the use of EDTA and EDDS to enhance Se accumulation in plants. 
Therefore, this study is carried out to compare the relative efficiency of selected synthetic chelants agents in 
enhancing Se phytoextraction and to identify soil amendments that increase Se desorption from soil. 
 
Materials and methods 
A loamy (36.0% sand, 34.0% silt, and 30.0% clay) textured soil was sampled from Erzurum province (39o 
55’ N, 41o 61 E) of Turkey. The soil had 1.20% CaCO3, 300.2 mmol/kg P2O5, 430.3 mmol/kg K2O, 6.90 pH 
(H2O) and 1.15 dS/m electrical conductivity.  
Soil was transferred to 20 cm diameter polyethylene pots. Each soil was treated with 0, 5, 10 and 15 mg/kg 
NaSeO4 as pollutant. The soil contamination was performed by putting the right amount of heavy metals 
dissolved in deionised water into each pot (3000 g soil/pot), which was first saturated and then air dried at 
room temperature and, during this process, the metals in water were  thoroughly mixed into the soil. The 
wetting-drying mixing process was repeated to ensure equilibrium following 1 mo after incubation. To 
support optimum plant growth 350 N kg ha–1 (as ammonium sulfate), 92 kg ha–1 P (as triple superphosphate), 
166 kg ha–1 K (as potassium sulfate) were applied before planting. Three months after the addition of Se, 
polluted soils were treated with the synthetic chelants agents, DPTA and EDDS, at the rates of 0, 0.5,  and 5 
mmol/kg of diethylene triamine penta acetate (DTPA), and 0, 5, 7.5, and mmol/kg of ethylene daimine 
dissuccinate (EDDS). Concentrations of synthetic chelants were based on the upper soil surface layer and 
were sprayed on the soil surface, following procedures used in a previous work (Vogeler et al. 2001).Plants 
were maintained in a heated greenhouse under natural light at a minimum temperature of 10-11°C and 
maximum of 25-30°C and a relative humidity of about 30-40%. Day length was 14 h during the experimental 
period. Plant seeds were germinated for 20 days at 25°C with an approximate of 20.000 plant/ha. Three 
seedlings were transplanted to each pot containing 3000 g soil. The pots were weighed daily and irrigated 
with deionised water to replace water lost throughout evapotranspiration. Water content of the soil was 
adjusted to 70% of field capacity. There were three replicates of each treatment giving a total of 96 pots in a 
randomized block design. The plants were harvested 150 days after being planted, and soil and plant 
analyses and Se distribution using a sequential extraction procedure were done according to AOAC (2005), 
Mertens (2005a), Mertens (2005b) and Tessier et al. (1979). 
Statistical analysis:Each pot was considered as a replicate and all of the treatments were repeated three 
times. All data were subjected to a two way analysis of variance (ANOVA) and separated by LSD with SPSS 
2004. 
 
Results and discussion 
Dry matter yield of plants: Application of the addition of DTPA and EDDS did not impact leaves, stem, root 
and total dry matter yield of plants without Se contamination in the soils. However, DTPA and EDDS 
application to Se contaminated soils significantly decreased dry matter yield of plants and plants showed a 
significant decrease in yield with increase in the DTPA and EDDS addition levels. The highest dry matter 
reduction was obtained from leaves and stem parts of the plant with 1.0 mmol/kg for DTPA and 7.5 mmol/kg 
for EDDS for both the 10 and 15 mg/kg Se contamination level in the soil (Figure 1).  
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Figure 1. Effects of DTPA and EDDS synthetic chelants on dry matter weight of different plant parts of Brussels 
sprouts grown on soil with different Se contamination 
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Efficiency of Synthetic Chelants Agents in Enhancing Soil Se Desorption: All Se pools increased linearly 
with Se application with regression R2 values of 0.90 or greater. Effects of synthetic chelants application 
significantly increased Se availability in soils. Se concentration in the soil increased with increased levels of 
DTPA and EDDS added to Brussels sprouts planted soils. The greatest increases with DTPA (5 mmol/kg) 
and EDDS (10 mmol/kg) addition at 15 mg/kg Se contaminated soil occurred in the most plant available 
fractions (water soluble and exchangeable), and followed the order of carbonate, metal oxide, organic matter 
bound and silicate bound fraction. Among the synthetic chelants tested, there were significant differences in 
their ability to stimulate total Se accumulation. Similar results were reported by Yadav et al. (2007), Sager 
and Hoesch (2006), Lu et al. (2006b), Wu et al. (2007). 
 
Heavy Metal Concentration in Leaves, Stems and Roots: At all DTPA and EDDS application rates, Se 
concentrations in leaves were about 2-3 times higher than in roots and about 3-4 times higher than in stems 
(Figure 2). Although, leaves have the highest Se concentration, stem is more important portion of the plant to 
removal Se from the Se contaminated soil because of the fact that consist the biggest part of the plant. 
Application of DTPA and EDDS over 0.5 and 7.5 mmol/kg doses significantly decreased total Se uptake in 
leaves, stems and roots in plants (Figure 3). Similar increases in crop removal were reported by Ducsay 
and Lozek (2006), Srivastava et al. (2005), Yadav et al. (2007), Zhang et al. (2007), Li et al. (2008). 
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Figure 2.  Effects of DTPA and EDDS synthetic chelants on Se concentration in different plant parts of the 
Brussels sprouts grown on soil with different Se contamination 
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Figure 3.  Effects of DTPA and EDDS synthetic chelants on Se uptake by different plant parts of the Brussels 
sprouts grown on soil with different Se contamination 
 
Conclusion 
Phytoremediation is widely considered as low cost and ecologically-responsible alternative to the 
expensive physical-chemical methods currently practiced, and an emerging bio-based and low cost 
alternative technology in the clean-up of contaminated soils. The ability of DTPA and EDDS to 
release Se in soils planted with Brussels sprouts followed the order of EDDS>DTPA, respectively. 
Among the synthetic chelants tested, EDDS was the most effective for Brussels sprouts. The results 
of this study demonstrated that EDDS is an efficient soil amendment in enhancing Se desorption 
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from soil and for increasing Se accumulation in plants. More importantly, this chelating agent not 
only facilities heavy metal removal from the soil via plant uptake, but in theory means that any 
metal that can be chelated and solubilized can be removed in the same manner, providing the soil 
chemistry favors the forming of a chelate- metal complex. 
 
References 
AOAC (Association of Official Analytical Chemists-International) (2005) Official Methods of Analysis, 18th 

Edn. (Eds W Hortwitz and GW Latimer.), AOAC-Int. Gaithersburg, MD, USA. 
Ducsay L, Lozek O (2006) Effects of selenium foliar application on its content in winter wheat grain. Plant 

and Soil Environment 52, 78-82. 
Huang JW, Chen J, Berti WR, Cunnigham SD (1997) Phytoremediation of lead-contaminated soils: Role of 

synthetic chelates in lead phytoextraction. Environ. Sci. Technol. 31, 800-805. 
Kos B, Lesˇtan D (2003a) Influence of a biodegradable ([S, S]-EDDS) and non-degradable (EDTA) chelate 

and hydrogel modified soil water sorption capacity on Pb phytoextraction and leaching. Plant and Soil 
253, 403-411. 

Kos B, Lesˇtan D (2003b) Induced phytoextraction/soil washing of lead using biodegradable chelate and 
permeable barriers. Environmental Science and Technology 37, 624-629. 

Li H, McGrath SP, Zhao F (2008) Selenium uptake, translocation and speciation in wheat supplied with 
selenate or selenite. New Phytologist 178, 92-102. 

Luo C, Shen Z, Li X, Baker AJM (2006a) Enhanced phytoextraction of Pb and other metals from artificially 
contaminated soils through the combined application of EDTA-EDDS. Chemos. 63, 1773-1784. 

Luo C, Shen Z, Lou L, Li X (2006) EDDS and EDTA-enhanced phytoextraction of metals from artifically 
contaminated soil and residual of chelant compounds. Envrionmental Pollution 144, 862-871. 

McEldowney S, Hardman DJ, Waite S (1993). Treatment Technologies.  In ‘Pollution Ecology and 
Biotreatment’.  (Eds S McEldowney, DJ Hardman, S Waite) (Longman Scientific & Technical, 
Singapore). 

Mertens D (2005a) AOAC Official Method 922.02. Plants Preparation of Laboratuary Sample. Official 
Methods of Analysis, 18th edn. (Eds W Horwitz, GW Latimer) pp. 1-2., Chapter 3, AOAC-International 
Suite 500, 481. N F Avenue, Gaitherburg, (Maryland 20877-2417, USA). 

Mertens D (2005b) AOAC Official Method 975.03. Metal in Plants and Pet Foods. Official Methods of 
Analysis, 18th edn. (Eds W Horwitz, GW Latimer). pp. 3-4., Chapter 3, AOAC-International Suite 500, 
481. N F Avenue, Gaitherburg, (Maryland 20877-2417, USA). 

McBride MS (1994) Environmental Chemistry of Soils. Oxford University Press, NY. 
McGrath SP, Shen ZG, Zhao FJ (1997) Heavy metal uptake and chemical changes in the rhizosphere of T 

caerulescens and T ochroleucum grown in contaminated soils. Plant and Soil 188, 153-159. 
Sager M, Hoesch J (2006) Selenium uptake in cereals grown in lower Austria. Journal Central European 

Agriculture 7, 71-78. 
SPSS Inc (2004) SPSS Inc. SPSS® 13.0 Base User’s Guide, Prentice Hall. 
Srivastava M, Ma Q, Cotruva JA (2005) Uptake and distrubition of selenium in different fern species. 

International Journal of Phytoremediation 7, 33-42. 
Trapp S, Karlson U (2001) Aspect of phytoremediation of organic pollutants. J. Soil Sedim. 1, 1-7. 
Tessier A, Campbell PGC, Bisson M (1979) Sequential extraction procedure for the speciation of particulate 

trace metals. Anal. Chem. 51, 844– 851. 
USDA and NRSC (United States Department of Agriculture and National Resources Conservation Service), 

(2000) Soil Quality Institute, Urban Technical Note No: 3, September 2000. 
Vogeler I, Green SR, Clothier BE, Kirkham MB, Robinson BH (2001) Contaminant transport in the root 

zone. In ‘Trace Elements in Soils: Bioavailability, Flux, and Transfer’. (Eds IK Iskandar, MB Kirkham) 
pp. 175-197. (Lewis, Publishers, Boca Raton, Florida).  

Wu LH, Sun XF, Luo YM, Xing XR, Christie P (2007) Influence of (S-S)-EDDS on phytoextraction of 
copper and zinc by Elsholtzia Splendens from metal contaminated soil. International Journal of 
Phytoextraction 9, 227-241. 

Yadev S, Gupta S, Prakash R, Spallholz J, Prakas NT (2007) Selenium uptake by Allium cepa grown in Se-
spiked soils. American-Eurasian J. Agric and Environ. Sci. 2, 80-84. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


