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Influence factors analysis of removing heavy metals from
multiple metal-contaminated soils with different extractants
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Abstract: Some key factors on the heavy metals removal efficiencies were studied when soil washing technology was used in the
remediation of soils contaminated by multiple heavy metals. The results show that the dissolubilities of Cu and Zn are promoted by
humic acids, but Pb and Cd are inhibited by humic acids; heavy metals in the clay are more difficult to be extracted than silt; the
strong acidic soils can cause the protonation of EDTA and weaken its extracting ability; EDTA is effective for extracting Pb and Cd,
while oxalate (OX) is effective for extracting Cu and Zn; and biosurfactant can be used as additive to improve the removal of some

particular heavy metals.
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1 Introduction

Contamination of soil by heavy metals, mainly due
to acid mine drainage, tailings embankments, mining
rock dumps and metallurgical waste piles, poses a
serious threat to the environment, and their accumulation
in the environmental compartments could lead to toxic
effects on biotic life [1]. LIU et al [2] reported that even
a low concentration of heavy metals in the soil had a
potential impact on the environmental quality and human
health via ground water and surface water.

Coping with metal-contaminated soils is often a
major issue in cleanup of hazardous waste sites. Soil
washing, a technique that is based on washing the
contaminated soil in situ or ex situ, with water, inorganic
acids such as sulfuric acid and hydrochloric acid, organic
acids such as acetic acid and citric acid, and chelating
agents such as EDTA, is gaining more popularity for soil
remediation [3—6].

Many experiments have been carried out in order to
study the effectiveness of different materials for the
removal of heavy metals in contaminated soils [3].
EDTA has been widely proposed and studied, because of
its attributes of high efficiency of metal extraction, weak
adsorption on soils, and effective recovery and reuse [3,
5]. However, the low selectivity of EDTA may cause a
high consumption of this reagent due to the enhancement
in the mobilization of all the exchangeable cations
present in the solid matrix [7]. Therefore, comparisons

with oxalate (OX), citric acid (CA), and the mixture of
citric acid and rhamnolipid (CAR) using as extractant
agents were also performed in this study.

It has been reported that metal removal efficiency
by EDTA depends on many factors such as the liability
of HMs in soil, the concentration of EDTA, electrolytes,
pH and the soil matrix [8]. Thus determining the
influence of these factors on the removal of multiple
metals is quite important for soil remediation in practice,
especially the remediation of mine-tailing soils. In this
work, four factors including the concentration of humic
acid (HA), the soil pH and texture, the variation of
extractants and the addition of rhamnolipid were
considered to investigate their effects on the removal
efficiencies of Pb, Cd, Cu, and Zn from the mine-tailing
soils by EDTA.

2 Materials and methods

2.1 Soil samples and analysis

Surface soils (0—20 cm) were collected from two
heavily contaminated tailing areas: Yongzhou Lead-Zinc
Mine and Chejiang Copper Mine in Hunan province. The
soil samples were air-dried and ground to pass through a
2-mm sieve, then homogenized and stored in jars signed
YZ0 and CJO, respectively.

Soil pH was determined using a pH-meter (pHS—
3C). Organic matter was measured with standard
methods [9]. All the reagents used were of analytical
grade. Each experiment was performed in triplicate and
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the mean values were taken into account.

In the immobilization experiments, 125 g of air-
dried soil samples that have not passed through the sieve
were mixed with different masses of humic acids (HA)
(0.5, 1.5 and 2.5 g, respectively), and the HA was
biological reagent. Then distilled water was added to
submerge the soil samples and the acid/soil slurries were
agitated on a rotary shaker for 24 h at 200 r/min. After
being deposited for one week, these mixtures were
air-dried and ground to pass through a 2-mm sieve. In
this way, six soil samples containing different contents of
humic acids signed YZ1, YZ2, YZ3, and CJ1, CJ2, CJ3
were prepared, respectively. The physical-chemical
characteristics of YZ0 and CJO are listed in Table 1.

2.2 Extraction experiments

1 g of each soil sample was weighed using
analytical balance and was placed in a 250 mL high-
density polyethylene (HDPE) bottle. 50 mL of 0.05
mol/L EDTA, 0.05 mol/L oxalate (OX), 0.05 mol/L citric
acid (CA), mixture of 0.05 mol/L citric acid and 0.05
mol/L rhamnolipid (CAR) were added separately to each
soil sample to extract heavy metals. After being shaken
for 6 h, each sample was centrifuged at approximately
15 000 r/min for 30 min. The liquid portion of the
sample was decanted into a 125 mL HDPE bottle. The
concentration of dissolved heavy metal in each sample

Table 1 Physical-chemical characteristics of tailing soil

was then determined using atomic absorption
spectrophotometer. Heavy metal removal efficiency is
calculated by the following equation:

n:(Mdiss/Mlotal) X 100% (1)

where 7 is the removal efficiency, My is the dissolved
heavy metal mass by extractant in each gram of soil, and
Mo 1s total heavy metal mass in each gram of soil.

3 Results and discussion

3.1 HA concentrations in soils

Humic acid is known to be one of the major
facilitators of the transport of metal ions in the
environment. HA may be strongly adsorbed on soil
particle surfaces and could influence the activity of
heavy metals in the soil. Several studies have
demonstrated that HAs can form stable complexes with
many heavy metal ions, thus influencing their extraction
efficiencies from soils [10]. Therefore, humic acid rich
materials are adequate for the field-scale remediation of
heavy metal polluted soils [11], it has been developed as
a valuable soil remediation materials because of its low
price and few by-products.

The removal efficiencies of metals from the two
groups of soil samples with different HA concentrations
are shown in Table 2.

Soil sample ~ Texture = LOI/%  Organic matter/%  pH

Metal content per 1 kg soil/g

Pb Zn Cu Cd
YZ0 Clay 11.13 6.20 2.80 5.846 6.885 0.387 323X 1072
CJo Sand 8.30 7.30 7.10 1.635 2.135 0.309 3.25%1072

Note: LOI denotes loss on ignition.

Table 2 Heavy metals removal efficiencies obtained using different extractants on different soils

Removal efficiency/%

Metal Extractant

YZ0 CJo YZ1 Cl1 Y72 Cl2 YZ3 Cl3

EDTA 44.42 75.28 44.57 76.83 43.43 78.39 46.97 79.74

Pb 0X 1.48 1.19 1.98 0.44 2.10 0.40 2.63 0.39
CA 5.82 66.76 5.46 58.75 5.76 54.74 5.76 55.65

EDTA 31.25 59.62 17.46 45.38 19.58 43.07 27.87 50.38

Cd OX 28.91 0 14.29 7.69 16.78 7.30 24.59 12.21
CA 31.25 53.85 15.87 45.38 18.19 43.07 27.05 48.85

EDTA 15.92 19.50 23.85 52.71 19.48 51.95 22.63 57.81

Cu 0X 35.82 18.24 50.63 44.76 55.08 42.92 49.97 49.77
CA 12.15 15.72 20.22 45.21 19.31 42.00 18.97 49.25

EDTA 9.84 31.50 7.61 32.33 10.88 33.00 12.28 40.40

Zn 0X 12.04 31.38 13.54 41.28 15.40 43.06 15.16 40.58
CA 9.98 29.98 7.84 36.76 10.15 37.66 10.53 36.96
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It can be seen from Table 2 that the extraction
efficiencies of Cu and Zn using different extractants are
increased with the increase of concentration of HA,
which indicates that the concentrations of Cu and Zn in
the extractable fraction of HA-treated soils are higher
than those in control soils. However, the effects of HA in
the two groups of soil are contrary with respect to Pb
extraction, which are promoted by the addition of HA in
Soil YZ and are inhibited in Soil CJ except using EDTA
as extractant. This difference is likely to be related to the
competitive adsorption of Pb among soil particles, HA
and other metals. Increasing content of HA does not
promote the extraction efficiencies of Cd in both two
groups of soil samples, which is mainly caused by the
formation of inert cadmium matter.

3.2 Soil texture and pH

As seen in Table 2, extractable efficiencies of
almost all the metals do not exceed 50% in Soil YZ, and
the maximum efficiency only reaches 55.08% in Soil
YZ2 using OX as extractant, which is much lower than
the average level of 77.56% in Soil CJ.

It is also found that the removal efficiencies of
metals in Soil YZ are far lower than those in Soil CJ
when the same extractant is used. It is likely to be related
to the soil properties. The clay content in Soil YZ is too
high to make the metals migrate to other media
according to Ref.[12]. Usually, the higher the proportion
of the clay and silt content in soil, the harder the metal
extraction, because extracted HMs could easily be
adsorbed by iron-manganese oxides located on the
surface of those soil particles [13].

Soil pH may also contribute to the variation of
extraction efficiencies of HMs by EDTA. Because of the
strong chelating ability of EDTA, high extraction
efficiencies of Pb are usually obtained in previous
researches [14]. However, in this study, only 44.85%

(average level) of Pb is extracted from Soil YZ by EDTA.

One probable reason for this low efficiency is that the pH
of Soil YZ is relatively low compared with that of Soil
ClJ. The strong acidic soils would cause the protonation
of EDTA and weaken its extracting ability [15]. Many
previous studies also showed that pH influenced the
extraction of HMs by EDTA only in the acidic range
(pH<<5) [16].

3.3 Types of extractant

The removal efficiencies of the extracted metals for
the three extractants are compared and the results are
also shown in Table 2. The extractability of the
extractants for Pb and Cd is in the order: EDTA>CA>
OX; while for Zn it is in the order: OX>EDTA>CA.
Comparatively, OX is the best extractant for Cu removal,

especially in Soil YZ samples. The maximum removal
efficiency reaches 55.08%. Although EDTA presents
high Cu removal efficiencies in Soil CJ (57.81%), it is
invalid in Soil YZ samples. The results indicate that the
efficiencies of heavy metals depend
significantly on the kinds of extractants. EDTA is more
effective in extracting Pb and Cd than other two
extractants. The extraction efficiencies reach 79.74% and
59.62%, respectively. EDTA could release the metals that
have formed a complex or have been adsorbed by
organic substances, which could enhance the solubility
and mobility of metals in the soil. Thus it may hold

removal

potential in the remediation of soils singly contaminated
with Pb or Cd. However, OX shows higher extraction
ability for Cu and Zn, indicating that it is a competent for
the remediation of soils contaminated with Cu and Zn.

3.4 Biosurfactant

Rhamnolipid like other surfactants is an amphiphilic
compound with both hydrophobic and hydrophilic
portions. The molecular structure of rhamnolipid makes
it capable of enhancing soil flushing efficiency and
suitable for removing heavy metals from soil.
Rhamnolipid is also a biosurfactant that can be used to
reduce the surface properties through lowering the
interfacial tension and can reduce the work of adhesion
between the metal and soil, which enables the lifting of
the metal from the soil surface according to Ref.[17].
However, using biosurfactant as metal extractant in the
soil remediation is not cost-effective and feasible
because pure biosurfactant is too expensive to apply in
the large-scale soil treatment. Therefore, the extraction
ability of CA and CAR (mixture of 0.05 mol/L citric acid
and 0.05 mol/L rhamnolipid) was compared to research
whether the added rhamnolipid could promote the metal
removal efficiencies. The results are shown in Table 3.

As seen in Table 3, the effects of rhamnolipid are
different towards different soil textures and metals. This
difference lies on whether it could lower the interfacial
tension of the particles of soil samples and reduce the
adhesion between metals and the particles to a critical
point threshold, which enable the lifting of metals from
soil surface. Although there are some fluctuating in the
removal efficiencies of Pb, Cd and Zn in all soil samples
and that of Cu in Soil CJ samples, the removal
efficiencies are not increased
rhamnolipid is added into citric acid as a mixed
extractant. While with respect to Cu, removal
efficiencies of which in Soil YZ samples are enhanced
when CAR is used as the mixed extractant, indicating
that adding biosurfactant surfactin into an ordinary

obviously when

extractant may be feasible for promoting the removal of
some particular metals from soil.
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Table 3 Removal efficiencies of lead, cadmium, copper and zinc with CAR and CA
Metal Extractant Removal efficiency/%
YZ0 YZ1 YZ2 YZ3 cJo CJ1 CJ2 CJ3
- CA 5.82 5.46 5.76 5.76 66.76 58.75 54.74 55.65
CAR 3.49 3.8 4.66 4.98 61.75 60.51 55.16 54.93
cd CA 31.25 15.87 18.19 27.05 53.85 4538 43.07 48.85
CAR 32.03 15.87 21.68 27.05 53.85 46.15 43.8 48.85
Cu CA 31.25 15.87 18.19 27.05 53.85 4538 43.07 48.85
CAR 32.03 15.87 21.68 27.05 53.85 46.15 43.8 48.85
7 CA 9.98 7.84 10.15 10.53 29.98 36.76 37.66 36.96
CAR 9.32 7.43 10.45 10.02 30.8 36.56 37.89 37.51

4 Conclusions

(1) The effect of HA on the extraction of HMs from
soils is strongly dependent on the inherent soil properties
and the source of heavy metal contamination in soil. And
the stimulative effect of HA is probably related to the
content of extractable fraction of metals in the
HA-treated soils.

(2) Heavy metals in clay are more difficult to be
extracted out than those in silt probably because
extracted HMs could easily be readsorbed by
iron-manganese oxides located on the surface of clay
particles, and the combination is too strong to make the
metals migrate to other media.

(3) Soil pH value may contribute to the variation of
extraction efficiencies of HMs by EDTA. The strong
acidic soils cause the protonation of EDTA and weaken
its extracting ability.

(4) EDTA is effective in extracting Pb and Cd, while
OX is effective for extraction of Cu and Zn. Therefore,
these extractants could be used in the remediation of
soils contaminated with the corresponding metals.

(5) Adding biosurfactant surfactin into an ordinary
extractant may lower the interfacial tension and reduce
the work of adhesion between the metal and soil, being
feasible for promoting the removal of heavy metals from
soils.
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