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ABSTRACT 
 
The comparative performance of two organic acids (EDTA, citric acid) for the removal of Pb from two texturally different 
soils (loamy sand, sandy clay loam soil) was evaluated. The extraction of Pb increased with increasing organic acid 
concentration and removal from sandy clay soil was lower than from loamy sand soil. Maximum Pb removal (330.6 mg kg-1) 
was achieved in loamy sand soil where highest concentration (32 mmol kg-1) of EDTA was applied. However, in sandy clay 
loam soil, same rate of EDTA application had 1.4 times less Pb extraction (240.0 mg kg-1) than that of loamy sand soil. In the 
case of citric acid relatively poor performance was observed at all the rates of application except at 32 mmol kg-1. Calcium 
extraction efficiency for each soil was different and it was a function of the concentration of organic acids. At lower rates, 
comparing EDTA performance in different soils, lower application rates (0-16 mmol kg-1) resulted in higher extraction of Ca 
in loamy sand soil as compared to sandy clay loam soil. However at the highest rate (32 mmol kg-1), EDTA application 
resulted in more Ca extraction in sandy clay loam soil. In the case of CA treatments, both the soil responded differently and Ca 
extraction from soils varied with the concentration of organic acid i.e., increasing CA concentration from 2 to 32 mmol kg-1 
resulted in increased removal of Ca from both the soils. Increasing concentration of CA from 2 to 32 mmol kg-1 increased Ca 
extraction from 206.6 to 731.0 mg kg-1 in loamy sand soils where as for sandy clay loam soil Ca extraction was increased from 
92.6 to 747.0 mg kg-1. 
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INTRODUCTION 
 

Agriculture in urban periphery is partially or 
completely dependent on sewage water most of which is 
untreated. Limited data pertaining to heavy metal status of 
raw sewage receiving soils of Pakistan are available 
(Ghafoor et al., 2004). Apart from sewage irrigation, it is 
generally held that soils of arid and semi-arid regions are 
often rich in total Ni, Zn, Cu and Pb (Han et al., 2002). 
According to FAO (1992), Pakistani soils contain relatively 
high available Pb, Co, Se and to some extent Cd compared 
to most of the other developing countries. Bioavailability of 
heavy metals is partly governed by physico-chemical 
characteristics of soils and partly by plant characteristics. It 
is a major health concern for animals and human. Therefore, 
soil, plant and water quality monitoring, together with the 
prevention of entry of metals into food chain via plant 
uptake, is a prerequisite in order to prevent potential health 
hazards of metals in agricultural lands. 

Soils contaminated with heavy metals need remedial 
measures. In developing countries like Pakistan, 
decontamination methods employing physical and chemical 

means are not applicable due to high cost associated with 
these technologies (Salido et al., 2003). Phytoremediation, 
in general and phytoextraction in particular offers a 
promising alternative to conventional engineering based 
technologies (Raskin et al., 1997; Marchiol et al., 2004). 
Phytoremediation using hyperaccumulator plants have little 
prospects for Pb contaminated soils, mainly due to low 
phytoavailability of this metal (McGrath et al., 2002). 
Therefore, application of chemical amendments (EDTA, 
elemental sulfur, inorganic acids etc.) to soils containing 
high levels of total Pb could increase the solubility and 
phytoavailability of Pb. Because of its strong affinity 
towards metals as well as little adverse effects on soils 
properties, EDTA is considered to be the most studied 
chelating agent (Grčman et al., 2001; Meers et al., 2005). 
However, due to its long residence time in soils and 
continued availability for the release of soil-bound metals, 
leaching of metals like Pb to ground water has been reported 
(Chen et al., 2004). Moreover, EDTA being a non-selective 
chelating agent has the ability to complex and reacts with 
other metals like Ca, Al, Fe, Mg, Pb, Cu, Zn, Cd etc in soil 
(Kim et al., 2003). Therefore, in order to achieve complete 
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complexation of target metal (s), extra amount of this 
chelating agent is applied to soil. Similarly among many 
factors affecting EDTA enhanced metal solubility, soil 
texture and calcite contents can influence the performance 
of this chemical agent (Manouchehri et al., 2006). In 
calcareous soils, Ca is a major competing cation that can 
affect the ability of EDTA to extract heavy metals from 
contaminated soils (Brown & Elliot, 1992; Theodoratos et 
al., 2000). 

Other than EDTA many naturally occurring 
biodegradable chelating agents (citric (CA), oxalic, malic 
acids etc.) have also ability to increase solubility and plant 
availability of heavy metals including Pb (Nigam et al., 
2001; Chen et al., 2003; Evangelou et al., 2006). However, 
due to low stability binding constants and biodegradation, 
relatively little leaching occurs due to their application. 
Among naturally occurring organic acids CA had been 
extensively used in chemically enhanced phytoextraction 
studies (Meers et al., 2005). In the current study, two 
organic acids contrasting in nature (EDTA & CA) were 
used to assess their impact on metal mobility in two 
texturally different soils (loamy sand, sandy clay loam). 
Citric acid was selected as potential alternative to EDTA, as 
it combines the ability to degrade rapidly in the soil with 
that ability to complex heavy metals and thus render them 
more phytoavailable (Meers et al., 2005). Findings of such 
studies could be helpful in selecting the optimal chemical 
amendment as well as in determining the optimal 
application rate for enhanced phytoextraction of specific 
heavy metal contaminated soil in the field (Wang et al., 
2007). The present study was planned to evaluate the ability 
of EDTA and CA to increase mobility of Pb and Ca and to 
assess the affect of texture on effectiveness of EDTA and 
CA to extract Pb from contaminated soils. 
 
MATERIALS AND METHODS 
 

Soils used in this experiment were collected from two 
agricultural fields irrigated with untreated city sewage. The 
sandy clay loam soil was collected from village 217-RB, 
Kajlianwala, Faisalabad. While the second soil, loamy sand 
was collected from the Land utilization Farm of University 
of Agriculture, Faisalabad situated at village Uchkera. These 
soils have developed in alluvium derived from the 
Himalayas mountain ranges and transported to the Indus 
River and its Tributaries during the late Pleistocene age 
(Riaz-ul-Amin, 1986). Therefore the soils are young, 
dominated by illite type clay minerals and carry negligible 
pH dependent negative charge (McNeal, 1966; Ranjha et 
al., 1993). 

After collecting soils from surface (0-20 cm), these 
were air-dried, ground with wooden roller and passed 
through 2 mm sieve and stored in plastic jars for designed 
analyses. Soil paste pH (pHs) was determined with help of 
WTW pH meter after standardizing it with buffer solutions 
of pH 7.01 and 9.20. Cation exchange capacity (CEC) was 

determined following NH4-acetate method. Electrical 
Conductivity of soil saturated extract (ECe) was determined 
with help of EC meter (TOA, CM-40V). Soluble cations 
and anions were determined according to the procedure 
described by the US salinity lab staff (1954). Soil organic 
matter (OM) was determined by oxidizing organic carbon in 
the soil with K2Cr2O7 and back titrating the unutilized 
K2Cr2O7 against FeSO4. Calcium carbonate contents were 
determined with help of calcimeter (Moodie et al., 1959). 

The efficiency of synthetic chelant (EDTA) was 
compared with a natural organic complexing chelant (citric 
acid). Self spiked soils were used because these soils had the 
advantage of good homogeneity in terms of heavy metal 
concentration and speciation, soil composition, 
contamination process and contamination period. 

The lab scale batch extraction experiment was 
conducted with a soil to solution ratio of 1:10 (g mL-1) at 
room temperature (20 ± 2°C). Deionized water, lab-grade 
EDTA in the form of Na2 salt and citric acid was used for 
preparing solutions of EDTA and citric acid. The extraction 
of metals was performed in 100 mL clean plastic tubes with 
4 g of contaminated soil and 40 mL each of EDTA or citric 
acid solution prepared in deionized water (DI). No pH 
adjustment was made during extraction experiment. The 
experiment was conducted in triplicate. A set of control 
experiment was also carried out using deionized water (DI) 
water as the extraction solution to determine the amount of 
water extractable metals in soils. The tubes were shaken for 
2 h at 200 rpm over an end to end shaker. After shaking, the 
slurries were centrifuged, filtered through 0.45 µ m 
Whatman membrane filter and filtrates were analyzed for 
metals (Pb, Ca) concentrations using Atomic Absorption 
Spectrometer (Model Thermo S-Series). Description of 
experiment is given in the Table II. The protocol for the 
extraction procedure employed in this study was the same 
employed by Lim et al. (2005). 

Each treatment was replicated thrice following 
completely randomized design (CRD). Least square means 
and then standard errors (SE) were reported to differentiate 
between treatments. The graphs were plotted in Microsoft 
EXCEL package. 
 
RESULTS 
 
Lead extraction by organic acids from soils. Lead 
extraction with organic acids at different concentrations is 
present in Fig. 1 and 2. Extraction of Pb increased with 
increasing application rates of organic acids. Minimum Pb 
extraction was found with de-ionized water. Metal removal 
from sandy clay loam (SCL) soil was reasonably lower than 
that from loamy sand (LS) soil. Maximum Pb removal 
(330.6 mg kg-1) was achieved from loamy sand soil with the 
highest concentration (32 mmol kg-1) of EDTA. However in 
SCL soil same rate of EDTA application resulted in Pb 
extraction (240.0 mg kg-1) which was 1.4 time lower than 
that from loamy sand soil. With citric acid relatively, lower 
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Table I. Characteristics of soils used in studies 
 
Characteristic Unit Value 
Textural class - Loamy sand 

(LS) 
Sandy clay 
loam (SCL) 

Sand % 85.80 49.10 
Silt " 10.36 24.50 
Clay " 3.84 26.40 
¤pHs - 7.95 8.16 
ECe dS m-1 2.05 3.5 
SAR (mmol L-1)1/2 1.60 16.00 
CEC cmolc kg-1 4.30 6.15 
CaCO3 % 0.92 1.78  
OM % 0.58 0.82 
Pb (before incubation) mg kg-1 a16.20 (1.78) 32.29 (3.3) 
Pb (after incubation) mg kg-1 a 456.20 (325.2) 435.20 (322.3) 
¤pH by saturated soil paste extract, aTotal metals while values in 
parenthesis represent AB-DTPA extractable metals 
 
Table II. Experimental set up used in heavy metal 
extraction 
 
Treatments Organic acid  

concentration (M)
Liquid/solid 
ratio (mL g-1) 

Organic acid 
Loading (mmol kg-1)

E-2  0.0002 1:10 2 
E-4 0.0004 1:10 4 
E-8 0.0008 1:10 8 
E-16 0.0016 1:10 16 
E-32 0.0032 1:10 32 
CA-2 0.0002 1:10 2 
CA-4 0.0004 1:10 4 
CA-8 0.0008 1:10 8 
CA-16 0.0016 1:10 16 
CA-32 0.0032 1:10 32 
E and CA are abbreviations for EDTA and citric acid, respectively and 
figures next to E and CA are concentration of organic acids in mmol kg-1

extraction was observed at all the rates of application except 
at 32 mmol kg-1. However, higher Pb extraction was found 
from LS soil compared to SCL soil. 
Calcium extraction with organic acids from soils. The 
results (Fig. 3 & 4) depict that Ca extraction effectiveness 
from soils was different and it was a function of the rate of 
organic acids. At lower rates (0-16 mmol kg-1) EDTA 
extracted higher of Ca in loamy sand soil as compared to 
sandy clay loam soil. However at the highest rate (32 mmol 
kg-1), EDTA resulted in more Ca extraction from sandy clay 
loam soil than that from other soil. For CA treatments, both 
the soils responded differently and Ca extraction remained a 
function of its concentration i.e., increasing CA 
concentration from 2 to 32 mmol kg-1 increased removal of 
Ca from both the soils. Increasing concentration of CA from 
2 to 32 mmol kg,-1 increased Ca extraction from 206.6 to 
731.0 mg kg-1 from LS soil whereas for SCL soil the 
corresponding Ca extraction increased from 92.6 to 747.0 
mg kg-1. The CA application up to 16 mmol kg-1 resulted in 
higher Ca extraction from loamy sand soil; however, 
increasing CA application rate from 16 to 32 mmol kg-1 
extracted more Ca from SCL compared to that from LS soil. 
 
DISCUSSION 
 

We used two organic acids i.e., EDTA (a strong 
complexor) and citric acid (a weaker complexor). The 
EDTA could form strong complexes with heavy metals as 
well as major cation (s) such as Ca (Manouchehri et al., 
2006), as indicated by the high value of its metal binding 
stability constants 18.00 and 10.18, for Pb and Ca, 
respectively. However, citric acid is relatively a weaker 
complexant than EDTA with metal binding stability 
constants of 4.08 and 3.50 for Pb and Ca, respectively. 
Organic acids were used in two soils differing in texture as 
well as calcite contents. Loamy sand contained relatively 
low level of CaCO3 compared to that of the sandy clay loam 
soil. 

Results of the present study (Fig. 1) show that EDTA 
was better in releasing soil-bound Pb compared to citric acid 
(Fig. 2). The ability of EDTA to enhance the release of Pb 
from insoluble or sparingly soluble compounds compared to 
other chelating agents has been attributed to its higher 
binding capacity for Pb as observed in other studies 
(Blaylock et al., 1997; Huang et al., 1997; Wu et al., 1999). 
A recent study by Nascimento et al. (2006) investigated the 
release of Pb in soil solution after application of chelating 
agents viz. EDTA, DTPA, oxalic acid, citric acid, vanillic 
acid and gallic acid. Authors concluded that EDTA was one 
of the most efficient chelating agents as it significantly 
increased the concentration of Pb in soil solution after 24 h 
and 7 d of application. Furthermore, authors noted a 217-
fold increase in Pb concentration in soil solution of EDTA-
treated pots (10 mmol kg-1 soil) compared to that for the 
control pots following 7 d of application. In an earlier study, 
Shen et al. (2002) reported EDTA to be the most efficient 

chelating agent in the release of soil-bound Pb. Authors 
reported a 42-fold increase in Pb concentration in soil 
solution for the EDTA-treated soil (1.5 mmol kg-1 soil) 
compared to that for the control 3 d following application. 

The data (Fig. 1) depict that EDTA efficiency to 
extract Pb increased with concentration. Several scientists 
have reported a linear relationship between EDTA 
concentration and metal removal from soils (Wenzel et al., 
2003; Hong & Jiang, 2005). For instance, Kim et al. (2003) 
studied the effects of solution to soil ratio, major cations 
present in soils and the EDTA: Pb stoichiometeric ratio on 
the extraction of Pb using different Superfund site soils. It 
was reported that extraction of Pb from Pb-contaminated 
soils was not affected by a solution: soil ratio as low as 3:1 
but instead was dependent on the quantity of EDTA used. 
Application of EDTA in sufficiently large amount (EDTA: 
Pb stoichiometric ratio greater than 10) resulted in 
extraction of most of the Pb from soil. 

As expected, metal removal from sandy clay loam 
(clay 26.4%) was slightly lower than that from loamy sand 
soil (clay 3.8%). It was interesting to note that at lower 
application rates (2 to 16 mmol kg-1), EDTA extracted more 
Pb from sandy loam soil, however, at 32 mmol kg-1 slightly 
higher Pb extraction was found from sandy clay loam soil 
compared to that of loamy sand soil. This may be due to low 
permeability and high fixing capacity of sandy clay loam 

 175



 
SAIFULLAH et al. / Int. J. Agri. Biol., Vol. 10, No. 2, 2008 

soil than those of loamy sand soil. Similar results have been 
reported by other researchers (Peters & Shem, 1992; Lo & 
Yang, 1999; Pichtel et al., 2001; Lai & Chen, 2005). Lo and 
Yang, (1999) reported a 3-10% less metal removal from 
clayey soil as compared to that from sandy soils. 

Citric acid was inefficient in extracting Pb from both 

the soils at concentrations used in our experiment. Citric 
acid is relatively a weaker chelating agent than EDTA and 
does not preferentially extract heavy metals from the solid 
phase (Kirpichtchikova et al., 2006). Increasing 
concentration of CA from 2 to 32 mmol kg-1 increased the 
Pb concentration into soil solution from 0.2 to 52.4 mg kg-1 
in loamy sand whereas in sandy clay loam it increased from 
0.2 to 35.0. Comparing citric acid efficiency for both the 
soils, higher Pb extraction (52.4 mg kg-1) was found from 
loamy sand soil as compared to that for sandy clay soil 
where it extracted only 35.0 mg Pb kg-1 soil. This may be 
due to high clay as well as carbonate content of sandy clay 
loam soil which resulted in decreased Pb extraction. It had 
been reported that citric acid interact preferentially with Ca 
compared to Pb. Combined with low affinity for Pb as well 
as high interaction of citric acid with Ca (by decreasing pH 
& complexation) might have resulted in low efficiency of 
this chelating agent to extract Pb from sandy clay loam soil 
(Kirpichtchikova et al., 2006). 

Fig. 1. Concentration of extracted Pb as a function of 
EDTA concentration 
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Fig.2. Concentration of extracted Pb as a function of 
citric acid concentration 
 

0

10

20

30

40

50

60

Control CA-2 CA-4 CA-8 CA-16 CA-32

Citric acid (mmol kg-1)

Pb
 e

xt
ra

ct
ed

 (m
g 

kg
-1

)

Loamy sand Sandy clay loam

 
Fig. 3. Concentration of extracted Ca as a function of 
EDTA concentration 
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Fig. 4. Concentration of extracted Ca as a function of 
citric acid concentration 
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Fig. 5. Extracted Pb/Ca ratio (by mol) by EDTA at 
different concentrations 
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Calcium is generally present in soils at high 
concentration and could greatly reduce the mobilization of 
target elements (Pb in this study). Results of current study 
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(Fig. 3 & 4) showed that Ca extraction from both the soils 
increased with increasing concentration of organic acids. 
However, at lower levels of application from 2-16 mmol kg-

1, both the organic acids extracted more Ca from loamy sand 
compared to that from sandy clay loam soil. At higher level 
of application (32 mmol kg-1), the trend was different. At 
this level of application, organic acids extracted more Ca 
from sandy clay loam compared to that from loamy sand 
soil. The EDTA is a non-selective extractant that can form a 
strong complex with a variety of metals in soils including 
alkaline-earth cations such as Al3+, Ca2+, FE-2+ and Mg2+ 
and target heavy metal (s) such as Pb, Cd, Ni, Zn, Mn 
(Skoog et al., 1996; Zeng et al., 2005). The presence of 
competing cations (Ca2+, Mg2+, Al3+, FE-2+, Cu2+, Cd2+, 
Zn2+) and/or the nature of soil matrix can substantially alter 
the rate of complex formation; predicted solely on the basis 
of the ratio of EDTA to the target heavy metal (s) 
(Manouchehri et al., 2006). It is interesting to note that 
EDTA extracted more Pb than CA in this study, however 
for Ca extraction, CA performed slightly better than EDTA. 
A survey of literature reveals that many other workers found 
results similar to this study (Gramss et al., 2004; Meers et 
al., 2005; Kirpichtchikova et al., 2006). 

The main objective of this study was to assess the role 
of organic acids in enhancing mobilization of Pb. Both the 
soils used in this study were calcareous in nature (Table I). 
At lower application levels, EDTA resulted in more 
extraction of Pb than its higher levels of application in sandy 
clay loam soil (Fig. 5). It seems that at lower EDTA levels, 
competition from Ca to complex EATA was low which 
resulted in better extraction of target element (Pb). 
However, for loamy sand soil, contrasting results were 
noted. In this soil, more extraction of Pb compared to Ca 
was recorded at higher levels of application (Fig. 5). These 
results are contrary to earlier studies where significantly 
higher extraction of Pb with increasing concentration of 
EDTA even in the presence of Ca (Kim et al., 2003; 
Manouchehri et al., 2006) has been reported. 
 

CONCLUSION 
 

The results from these studies indicated that extraction 
of Pb from both the soils was dependent upon the rate of 
organic acids applied. Compared with citric acid, EDTA 
caused more extraction of Pb at all the levels of application. 
More extraction resulted from coarse textured soils 
compared to that from fine textured soils. Overall the results 
from this study demonstrated that EDTA could potentially 
be used as an amendment to enhance Pb mobility 
(extraction) in soils and thus its availability to plants for 
removal from contaminated soils. 
 

REFERENCES 
 
Blaylock, M.J., D.E. Salt, S. Dushenkov, O. Zakharova, C. Gussman, Y. 

Kapulnik, B.D. Ensley and I. Raskin, 1997. Enhanced accumulation 
of Pb in Indian mustard by soil-applied chelating agents. Environ. 
Sci. Technol., 31: 860–5 

Brown, G.A. and H.A. Elliott, 1992. Influence of electrolytes on EDTA 
extraction of Pb from polluted soil. Water Air Soil Pollut., 62: 157–
65 

Chen, H. and T. Cutright, 2001. EDTA and HEDTA effects on Cd, Cr and 
Ni uptake by Helianthus annuus. Chemosphere, 45: 21–8 

Chen, Y., X. Li and Z. Shen, 2004. Leaching and uptake of heavy metals by 
ten different species of plants during an EDTA-assisted 
phytoextraction process. Chemosphere, 57: 187–96 

Chen, Y.X., Q. Lin, Y.M. Luo, Y.F. He, S.J. Zhen Y.L. Yu, G.M. Tian and 
M.H. Wong, 2003. The role of citric acid on the phytoremediation of 
heavy metal contaminated soil. Chemosphere, 50: 807–11 

Evangelou, M.W.H., M. Ebel and A. Schaeffer, 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 

FAO, 1992. Status of Cadmium, Lead, Cobalt and Selenium in Soil and 
Plants of Thirty Countries, Bull No. 65. Food and Agriculture 
Organization, Rome, Italy 

Ghafoor, A., M. Qadir and G. Murtaza, 2004. Contaminants and the soil 
environment. In: Salt-affected Soil: Principles of Management, pp: 
217–40. Allied Book Centre, Lahore, Pakistan 

Gramss, G., K.D. Voigt and H. Bergmann, 2004. Plant availability and 
leaching of (heavy) metals from ammonium-, calcium- carbohydrate 
and citric acid-treated uranium-mine-dump soil. J. Plant Nutr. Soil 
Sci., 167: 417–27 

Grčman, H., Š. Velinkonja-Bolta, D. Vodnik and D. Leštan, 2001. EDTA 
enhanced heavy metal phytoextraction: Metal accumulation, 
leaching and toxicity. Plant Soil, 235: 105–14 

Han, F.X., A. Banin, Y. Su, D.L. Monts, M.J. Plodinec, W.L. Kingery and 
G.E. Triplett, 2002. Industrial age anthropogenic inputs of heavy 
metals into the pedosphere. Naturwissenschaften, 89: 497–504 

Hong, P.K.A. and W. Jiang, 2005. Factors in the selection of chelating 
agents for extraction of lead from contaminated soil: effectiveness, 
selectivity and recoverability. In: Nowack, B. and J. VanBriesen 
(eds), Biogeochemistry of Chelating Agents, Vol. 910, pp: 204–24. 
ACS Symposium Series 

Huang, J.W., J. Chen, W.R. Berti and S.D. Cunningham, 1997. 
Phytoremediation of lead contaminated soils: role of synthetic 
chelates in lead phytoextraction. Environ. Soil Technol., 3: 800–5 

Kim, C., Y. Lee and S.K. Ong, 2003. Factors affecting EDTA extraction of 
lead from lead-contaminated soils. Chemosphere, 51: 845–53 

Kim, C.S. and S.K. Ong, 2000. Effects of amorphous iron on extraction of 
lead-contaminated soil with EDTA. Pract. Period. Haz. Toxic. 
Radioact.Waste Manage., 4: 16–23 

Kirpichtchikova, T.A., A. Manceau, L. Spadini, F. Panfili, M.A. Marcus 
and T. Jacquet, 2006. Speciation and solubility of heavy metals in 
contaminated soil using X-ray microfluorescence, EXAFS 
spectroscopy, chemical extraction and thermodynamic modeling. 
Geochim. Cosmochim. Acta, 70: 2163–90 

Lai, H.Y. and Z.S. Chen, 2005. The EDTA effect on phytoextraction of 
single and combined metals-contaminated soils using rainbow pink 
(Dianthus chinensis). Chemosphere, 60: 1062–71 

Lim, T.T., P.C. Chui and K.H. Goh, 2005. Process evaluation for 
optimization of EDTA use and recovery for heavy metal removal 
from a contaminated soil. Chemosphere, 58: 1031–40 

Lo, I.M.C. and X.Y. Yang, 1999. EDTA extraction of heavy metals from 
different soil fractions and synthetic soils. Water Air Soil Pollut., 
109: 219–36 

Manouchehri, N., S. Besancon and A. Bermond, 2006. Major and trace 
metal extraction from soil by EDTA: Equilibrium and kinetic 
studies. Anal. Chim. Acta, 559: 105–12 

Marchiol, L., P. Sacco, S. Assolari and G. Zerbi, 2004. Reclamation of 
polluted soil: Phytoremediation potential of crop-related Brassica 
species. Water Air Soil Pollut., 158: 345–56 

McGrath, S.P., F.J. Zhao and E. Lombi, 2002. Phytoremediation of metals, 
metalloids and radionuclides. Adv. Agron., 75: 1–56 

McNeal, B.I., 1966. Clay mineral variability in some Punjab soils. Soil Sci., 
102: 53–158 

Meers, E., A. Ruttens, M.J. Hopgood, D. Samson and F.M.G. Tack, 2005. 
Comparison of EDTA and EDDS as potential soil amendments for 
enhanced phytoextraction of heavy metals. Chemosphere, 58: 1011–22 

 177



 
SAIFULLAH et al. / Int. J. Agri. Biol., Vol. 10, No. 2, 2008 

Moodie, C.D., H.W. Smith and R.A. McCreery, 1959. Laboratory Manual 
for Soil Fertility, pp: 31–9 (Mimeographed). Washington State 
College, WA, USA 

Nascimento, C.W.A., D. Amarasiriwardena and B. Xing, 2006. Comparison 
of natural organic acids and synthetic chelates at enhancing 
phytoextraction of metals from a multi-metal contaminated soil. 
Environ. Pollut., 140: 114–23 

Nigam, R., S. Srivastava, S. Prakash and M.M. Srivastava, 2001. Cadmium 
mobilization and plant availability the impact of organic acids 
commonly exuded from roots. Plant Soil, 230: 107–13 

Peters, R.W. and L. Shem, 1992. Adsorption/desorption characteristics of 
lead on various types of soil. Environ. Progress, 11: 234–40 

Pichtel, J., B. Vine, P. Kuula-Väisänen and P. Niskanen, 2001. Lead 
extraction from soils as affected by lead chemical and mineral forms. 
Environ. Engrg. Sci., 18: 91–8 

Ranjha, A.M., S.M. Mehdi and R.H. Qureshi, 1993. Clay mineralogy of 
some selected alluvial soils of Indus plains. Pakistan J. Soil Sci., 8: 
3–7 

Raskin, I., R.D. Smith and D.E. Salt, 1997. Phytoremediation of metals: 
Using plants to remove pollutants from the environment. Curr. Opin. 
Biotechnol., 8: 221–6 

Riaz-ul-Amin, 1986. Tour Guide. In: Soil Taxonomy and Agro-technology 
Transfer: Proc. XII Int. Forum, Soil Survey of Pakistan. Oct. 9-23, 
pp: 49–63. Lahore, Pakistan 

Salido, A.L., K.L. Hasty, J.M. Lim and D.J. Butcher, 2003. 
Phytoremediation of arsenic and lead in contaminated soil using 
Chinese brake ferns (Pteris vittata) and Indian mustard (Brassica 
juncea). Int. J. Phytoremed., 5: 89–103

Shen, Z.G., X.D. Li, C.C. Wang, H.M. Chen and H. Chua, 2002. Lead 
phytoextraction from contaminated soil with high biomass plant 
species. J. Environ. Qual., 31: 1893–900 

Skoog, D.A., D.M. West and F.J. Holler, 1996. Complex Formation 
Titrations: Fundamentals of Analytical Chemistry, pp: 278–302. 
Saunders College Publishing, NY, New York, USA 

Theodoratos, P., N. Papassiopi, T. Georgoudis and A. Kontopoulos, 2000. 
Selective removal of lead from calcareous polluted soils using the 
Ca-EDTA salt. Water Air Soil Pollut., 122: 351–68 

U.S. Salinity Laboratory Staff, 1954. Diagnosis and Improvement of Saline 
and Alkali Soils. USDA. Handb. 60. Washington D.C., USA 

Wang, G.Q., G.F. Koopmans, J. Song, E.J.M. Temminghoff, Y.M. Luo and 
Q.G. Zhao, 2007. Mobilization of heavy metals from a contaminated 
paddy soil by EDDS, EDTA and elemental sulfur. Environ. 
Geochem. Health, 29: 221–35 

Wenzel, W.W., R. Unterbrunner, P. Sommer and P. Sacco, 2003. Chelate-
assisted phytoextraction using canola (Brassica napus L.) in 
outdoors pot and lysimeter experiments. Plant Soil, 249: 83–96 

Wu, J., F.C. Hsu and S.D. Cunningham, 1999. Chelate-assisted Pb 
phytoextraction: Pb availability, uptake and translocation constraints. 
Environ. Sci. Technol., 33: 1898–904 

Zeng. Q.R., S. Sauve, H.E. Allen and W.H. Hendershot, 2005. Recycling 
EDTA solutions used to remediate metal-polluted soils. Environ. 
Pollut., 133: 225–31 

 
(Received 17 September 2007; Accepted 05 October 2007) 

 178


	Removal of Lead from Calcareous Contaminated Soils by Organic Acids 
	MATERIALS AND METHODS 
	Wang, G.Q., G.F. Koopmans, J. Song, E.J.M. Temminghoff, Y.M. Luo and Q.G. Zhao, 2007. Mobilization of heavy metals from a contaminated paddy soil by EDDS, EDTA and elemental sulfur. Environ. Geochem. Health, 29: 221–35 

