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ABSTRACT

Pb, Zn, Ni, Cu, Mn and Cd are heavy metals occur naturally as trace elements in many soils. The present paper
reviews the remediation of heavy metals of contaminated soil by soil washing using different agents. It was
noted that the contact time, pH, concentration of extract ant and agitation speed were affected the process while
remediation, so accordingly select the conditions to obtain efficiency which is mainly depend upon the type of
soil, contaminationtype, contamination period and metals present in it.EDTA is effective when compared with
other chelating agents for heavy metals especially for lead but it has low biodegradation. Because of the nature
of low biodegradability, EDTA can be reusedfurther by membrane separation and electrochemical treatment, or

degraded by advanced oxidation processes.
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I.  Introduction

Nowadays, soil is becoming polluted due to
some form of industrial activity, agricultural
chemicals or the improper disposal of waste. The
biggest concern associated with soil contamination is
the harm that it can cause to human health and
environment. To remediate a soil, there are a number
of different methods currently employed in the
process of dealing with soil contamination. Mainly,
the goal of soil remediation is to restore the soil to its
natural, pollution-free state. This study deals with soil
washing using different extract ants. The advantage
of soil washing method is the high extraction
efficiency and the specificity for heavy metals. To
achieve treatment costs low, the soil can be reused
and it should be possible to recover and reuse the
chelating agent for further extraction cycles, so that
soil cleanup achieved.[1]

Soil washing has the following merits. [2][3]

¢ Reducing the volume of decontaminant soil , so
thus reducing costs;

e Physical separation allows simultaneous

treatment of metal and organic pollutants;

Metals can be recovered and reused;

Treated soil can be redeposited on site;

Metals adsorbed to soil particles can be treated;

Generally removal of pollutant efficiency is

between 60-90%;

e  Costs are relatively low.

The main disadvantages of soil by washing are:

e For the equipment, the need of a space big
enough;

e  The need for wash water treatment;

e The use of washing agents increase the cost of
the process and may cause problems related to
reuse of treated soil;

e The technology is not suitable for soils with
high clay content [2][3]

II.  Sources of contamination

There are two types of contamination, namely:
2.1.Artificial contamination which is contamination
made by artificially in order to get good homogeneity
in terms of consistent heavy metals concentration and
speciation, soil composition ,contamination process
and contamination period. This would minimize
ambiguity in the extraction results arising from
sample heterogeneity. [4]

2.2 Naturally contaminated soil. The natural
contamination of heavy metals was occurred due to
many activities such as Fertilizers, Pesticides, Bio
solids and Manures,Wastewater,Metal Mining and
Milling Processes and Industrial Wastes and Air-
Borne Sources .use of all these, can unknowingly
occurs heavy metals such as Pb, Cd, Hg, Ni and Zn
etc. ,, in the soil and cause effects on the
environment.

I11.  Soil washing using different

extract ants

Several types of chemical agents can be used to
extract heavy metals for soil washing technology
from contaminated soils. The extract ants may be
acids, bases, chela- ting agents, electrolytes,
oxidizing agents and surfactants [1][5][6][7], but the
most popular extractive reagents are acids and
chelating agents for heavy metals decontamination.
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To enhance metal extraction, chelating agents, acids,
and reducing/oxidizing (redox) agents are most
applicable. Chelating agents extract metals from soils
by forming highly stable and soluble metal
complexes that tend to dissociate from the sorption
sites on the soil surfaces [8][9]. Strong acids (e.g.,
hydrochloric acid, phosphoric acid,sulphuricacid,and
nitric  acid) extract metals by dissolving
discrete/surface metal precipitates and soil minerals.
Reducing agents such as  hydroxylamine
hydrochloride (NH20OH-HCI) and sodium bisulphite
(Na2S205) lead to dissolution of Fe/Mn oxides, thus
increases the extraction of metals bound to these
oxides. Oxidizing agents such as potassium
permanganate (KMnO4) and sodium hypochlorite
(NaClO) facilitate chromium removal by a
conversion of trivalent chromium, which is readily
sorbed or precipitated, to hexavalent chromium,
which is soluble[3][10].

It is recommended that an ideal chemical agent
would: (i) interact very weakly with the soil matrix as
compared to the target contaminants, (ii) enhance the
solubility and mobility of the target contaminants,
and (iii) be non-toxic and biodegradable [11]. It is,
however, also recognized that it is nearly impossible
to have a single chemical agent that possesses all
these desirable characteristics. Despite the proven
efficiency of acid extraction in full-scale applications
for non-calcareous soils, strong acids result in
significant dissolution of soil minerals and organic
matter (up to 50%), but destructs the basic nature of
soil and soil structure, also together increasethe soil
acidity. It causes severe damage to physical,
chemical, and biological properties of soils so limits
the suitability of the treated soils for being returned to
the site[3][10][12][13][14]. On the other hand,
chelating agents are capable of extracting metals with
much less impact on soils. Therefore, soil-related
research on chelating agents has increased due to the
proposed use of chelating agents for soil remediation
[15].

The best known chelating agents are EDTA

(ethylenediaminetetraacetic acid), NTA
(nitrilotriacetic acid), and DTPA
(diethylenetriaminepentaacetic acid) [15].

The European authorities have conducted

evaluation of EDTA and the risk assessment report
indicated that EDTA has a low toxicity profile for
humans, and the environmental risks are limited to
some localized cases involving high emissions at
concentrations above 2.2 mg/L (about 10 pM)[16].
Although the overall loss of soil weight due to
EDTA-enhanced soil dissolution may be insignificant
(< 13 g kg-1), dissolution of amorphous Fe and Al
oxides would reduce the shear strength, destabilize
the soil aggregate stability, and mobilize colloids and
fine particles (soil dispersion)[17]. Moreover,
bioavailability, the metal mobility and fractionation

could be modified after EDTA applications and
require further investigations [18][19].

In recent years, biodegradable chelating agents such
as EDDS ([S,S]ethylenediaminedisuccinic acid,
which is a stereocisomer of EDTA), IDSA
(iminodisuccinic acid), and MGDA
(methylglycinediacetic acid) have received increasing
attention [15]. In particular, EDDS has been
considered a promising substitute for EDTA in soil
remediation technologies. EDDS can be fully
degraded in wastewater treatment [20] and in soils
after an initial lag phase that is necessary for the
population growth or adaptation of microbes
[21][22][23].A major disadvantage in the application
of EDDS, is that EDDS cannot be recovered and
reused. There is an increase in the chemical cost and
whether this can be offset with a possible decrease in
the cost of required treatment process needs to be
justified.

IV.  Analysis of metal removal

efficiencies:

Table 1 gives removal efficiency of heavy metals
such as Pb,Ni,Cu,Cd,Zn,As. From these studies,
overall EDTA gives more efficiency to all metals
when compared with other agents and especially
EDTA is, good in removing lead in contaminated
soil.

V.  Extract ants
5.1 Soil washing using EDTA

Most studies investigated the effectiveness and
impacts of EDTA for soil washing and other soil
remediation technologies due to its low cost and high
efficacy of metal extraction [8][15][16][9]. EDTA
offers the best cost and performance of all chelating
agents; however, its low biodegradability, and thus its
high persistence in the environment, has been a
recent concern.

Extraction of heavy metals from contaminated
soils using EDTA has been reported by many
authors. The maximum removal efficiency of heavy
metals can be achieved by using Na2EDTA as
extract ant, the contact time was three hours for
removing lead and four hours for removing cadmium
and nickel. The pH value was 4. Maximum removal
percentage of lead, cadmium and nickel in batch
extraction was obtained at concentrations of 0.1 M
Na2EDTA. The sequence of heavy metals removal
was found to be Cd >Pb>Ni (97, 88 and 24) %[24].

Sequential extraction procedures have been
widely used to quantify the distribution of metals in
contaminated soil[25][26].In this study ,it is found
that the removal of metals in silty sand is more
suitable than silty clay by using EDTA[27].

For removal of copper and nickel, the best match
of concentration and liquid/solid was 0.3 g/L and 10
mL/g using EDTA[4].
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Table 1: Heavy metals removal by applying different agents

Types of Chelating Contamination Removal Reference
metal agents type efficiency (%)
Cd EDTA Both Artificial and | 97-100% Hatem AselGzar et al, 2015
Pb Natural 45-100% Susantandy et al,2004
Ni 24% S. A. Wasay et al.1998
Zn 54-100% N. Papassiopi et al,1999
Cu 47-98% R.A. Evangelista et al, 1989
H.E. Allen et al, 1993
Y. Jianzhen et al,1994
Cd, HCL Both Artificial and | 98% Hatem AselGzar et al,2015
Pb Natural 94% S.R. Cline et al,1993
Ni 55% B.E. Reed et al,1996
Cd, Acetic acid Acrtificial 5.2-31.1% Hatem AsalGzar et al,2014
Pb 42.2-100%
Ni Not exceeds 1%
Cu, Texapon N-40 83.2% Luis G. Torres et al., 2011
Ni 82.8%
Zn 86.6%
Cd Tween 80 85.9% Luis G. Torres et al., 2011
Zn 85.4 %
Cu) 81.5%
Ni Polafix CAPB 79% Luis G. Torres et al., 2011
Zn 83.2%
As 49.7%
Pb Citric acid Acrtificial 50% Masakazu Niinae et al,2008

For metal removal of As,Cd,Zn,Pb and Cu, the
study of operating variables in soil washing are
discussed which included the type of EDTA, retention
time, solution
pH,dose,temperature,agitation,ultrasound and number
of extractions using free acid EDTA,ammonium salt
EDTA and disodium salt[39]. In order to obtain
removal efficiency more,it is important to choose
best values of above parameters. Results showed that
EDTA free acid is more effective than its disodium
salt and ammonium salt.

Effectiveness of EDTA was examined for the
removal of lead in contaminated site[38].He
suggested that removal efficiency was high when pH
varies from 7 to 10 and treatment time rapidly
increases for first 1h and afterwards it remains
constant .Ethylenediaminetetraacetic acid appeared to
offer greater potentials in remediating the high
permeability soil[40].

EDTA was proved good extracting solution for
Pb which has maximum solubilized concentration of
Pb.[41]and recovery of lead is high using
EDTA[42].The concentration of EDTA increases the
removal efficiency also increases but affects the soil
microorganisms and plants.[43]. Sodium EDTA are
effective extraction agents for the removal of lead
and zinc from silty clay soil, as well as from millpond
sludge.[44]

From all these,it is observed that the efficiency
of metal removal is obtained by EDTA is good which

is depend upon reaction time,pH, liquid/solid ratio
and chelating agent con- centration etc.By choosing
an accurate of all these factors can provides more
efficiency.However,EDTA has a disadvantage of low
bio degradibility,but it is possible to reuse again.

Therefore, risk reduction measures should be
considered to ensure that no residual EDTA is
allowed to remain in the treated soils or to leach into
the environment after soil remediation. At the end of
soil washing, the processed soils should be rinsed
with clean water to remove residual EDTA, and the
washing solution should be treated to remove or
recover EDTA. Additions of ferric chloride, sodium
phosphate, calcium hydroxide, and pH adjustment
have been shown to effectively recover both metals
and EDTA by precipitation and sedimentation [45].
On the other hand, metal-EDTA complexes can be
separated from the washing solution by membrane
separation and electrochemical treatment, or
degraded by advanced oxidation processes [46][47],
although these treatments are more costly than
chemical precipitation

5.2 Soil washing using different agents

HCI is very effective in the removal of heavy
metals and achieve high removal efficiency in the
case of natural pH without neutralization to no loss
the acidic property that are of high importance for the
movement of contaminant sand solubility and thus
easily extracted [24].The maximum removal
efficiencies were 98, 94 and 55% of Cd, Pband Ni
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respectively with the best contact time was four hours
for removing lead and cadmium, and five hours for
nickel using concentrations 1 M HCI.

Aceticacid is effective in removing Lead and
moderately effective in cadmium.Asolubility of Ni in
Acetic acid was very low, hence it is failed to reduce
nickel in contaminated soil[36].

Compared different surfactants and also with tap
water [37]. Surfactants with average removals (this
is, the removal for all the metals studied) of 67.1%
(Tween 80), 64.9% (Surfacpol 14104) and 61.2%
(Emulgin  W600.)and there were exceptional
removals using Texapon N-40 (83.2%, 82.8% and
86.6% for Cu, Ni and Zn), Tween 80 (85.9, 85.4 and
81.5 for Cd, Zn and Cu), PolafixCAPB (79%, 83.2%
and 49.7% for Ni, Zn and As). The worst results were
obtained with POLAFIX LO with a global removal
of 45%, well below of the average removal with tap
water (50.2%).1t is suitable for soil contaminated
with organic compound.

V1.  Conclusion

This review compares the different extract ants
for heavy metals removal in the contaminated soil.
From these studies, it is concluded that EDTA is
more effective on removal of heavy metals and also
excellent solubilizing agents for metals including
lead.However, EDTA is quite persistent in the
environment due to its low biodegradability. So,
EDTA can be reused again and also it does not
damage the nature of soil whereas acids causes
changes in the properties of soil.
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