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Abstract
Using organic or inorganic amendments to immobilize the heavy metals in soils is a cost-effective remediation
technique for contaminated soils. The aim of study was to assess the efficiency of 4 amendments to immobilize cadmium
(Cd), copper (Cu), lead (Pb) and zinc (Zn) in soil and reduce their phyto availabilty. An experimental field was set-up in
Copșa Mica area and four amendments were applied: Na-bentonite, dolomite, natural zeolite and manure. Following
the application of the amendments, a mix of perennial grasses and straw cereals, belonging to the family of Gramineae,
were sown. The efficiency of in situ immobilization of heavy metals was assessed using DTPA extraction of metals and
plant uptake. All treatments produced significant increases of pH values in soil. The mean soil pH of the control plots
was 5.18. Comparing the effects of treatments on soil reaction, the best results were observed after applications of
bentonite or dolomite. The highest mean value of pH was measured in plots treated with Na-bentonite (pH 7.16). The
bioavailability of metals is related to soil pH. Therefore the effects of treatments on pH are reflected on metals
bioavailability assessed by DTPA-extractable metal fractions. All amendments caused a reduction of heavy metal (Cu,
Cd, Pb or Zn) mobility compared to the control but the magnitude of effects depends on metal and amendment. For
copper and zinc, addition of Na-bentonite reduces statistically significant the mobile forms in soil from 13.6 mg·kg-1 Cu
(control) to 9.4 mg·kg-1 Cu and from 327 mg·kg-1 Zn (control) to 143 mg·kg-1 Zn.
By using the natural zeolite the values of heavy metal contents in mobile forms in soil decreased significantly
comparing with control. The results demonstrate the high potential of studied amendments for immobilization of heavy
metals in contaminated agricultural soils.
Key words: amendments, bioavailability, contaminated soils, heavy metals, immobilization.

public awareness regarding the consequences
of contaminated lands, the research and
academic community focused on the
development of cost effective and socially
acceptable soil remediation techniques.
Immobilization of heavy metals is a promising
in-situ alternative to the traditional remediation
methods for the reduction of the environmental
health risks poses by heavy metals
contaminated sites.
The principle involved in the immobilization
methods is to remove the metal from soil
solution
either
through
adsorption,
complexation and precipitation reactions and
convert into the metal unavailable for human
and plant uptake and leaching to groundwater
(Adriano et al., 2004; Boisson at al., 1999).

INTRODUCTION
Some of traditional clean-up methods are very
expensive and, at the same time, often not
environmentally friendly. According with
conclusion of technical report from GWRTAC
(1997)general approaches to remediation of
metal-contaminated soils include: isolation,
immobilization, toxicity reduction, physical
separation and extraction. These approaches
can be used for many types of contaminants but
the specific technology selected for treatment
of a metals-contaminated site will depend on
the form of the contamination and other sitespecific characteristics (Sitarz-Palczak and
Kalembkiewicz, 2012; Mench et al., 2003;
Houben et al., 2012). Due to the increase in
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The main goal of the amendment’s
incorporation into contaminated soils is to
reduce the bioavailability and toxicity of
metals, based on increasing the soil pH (and
thus decreasing the metal mobility) and/or
enhance metal sorption by increasing the
number
of
specific
sorption
sites.
Immobilization of metals is an enticing option
to reclaim the contaminated soils due to its
simplicity
and
effectiveness,
in
situ
applicability and low cost (Houben et al., 2012;
Shaheen et al., 2015). Thus, significant efforts
have been made to assess different potentially
effective amendments to remediate the heavy
metals contaminated soils (eg. Lee et al., 2011;
Basta and McGowen, 2004; Lombi et al., 2004;
Gonzales-Nunez et al., 2015) and a large
number of soil amendments have been
investigated including natural zeolites (Ulmanu
et al., 2006; Vrînceanu et al., 2008), bentonite
(Vrînceanu et al., 2008), dolomite (Trakal et
al., 2011), lime (Vrînceanu et al., 2010) and
organic amendments (Friesl et al., 2006;
Hamidpour et al., 2016).
These materials have proven to be efficient for
metal immobilization in soils and, at the same
time, they are not expensive and widely
available (Bolan et al., 2014).
Many soil extraction tests have been developed
to assess the bioavailability of metals in soil.
The extractions such as the DTPA-TEA
method have been found to be more reliable in
predicting the plant availability of metals
(Bolan et al., 2014).
The main objective of the present study was to
test the effectiveness of different amendments
to reduce the entry of metals into the food
chain in order to limit the negative impact of
metals contamination of soil.
The immobilization treatments will convert the
heavy metals into a less mobile form in the
soil.
Effectiveness of treatment is assessed using the
changes of heavy metals bioavailability and
metal accumulation in plant grown on treated
soils.

of amendments used for in-situ remediation of
heavy metal contaminated soils. The
experiment was carried out in a Randomized
Complete Blocks Design (RCBD) with 20
experimental plots organized in 4 blocks. Four
amendments were applied: Na-bentonite,
dolomite, manure and natural zeolite. Also the
experimental field has included 4 control plots
(without treatment). The following rates were
applied: 90 t/ha of Na-bentonite, 50 t/ha of
dolomite, 90 t/ha natural zeolite and 45 t/ha of
manure dry matter (Figure 1).
The Na-bentonite was purchased from
SC Bega Minerale Industriale SA, Gurasada.
(grain size 0.16 mm, pH 9.79). The dolomite is
a double carbonate of calcium and magnesium
(commercial name DEL-CA-MAG) and was
provided by SC ExploatareaMinieraHarghita
SA from Delnita, Harghita County, Romania.
The chemical characteristics indicated a highly
alkaline reaction (pH 10.24) and high contents
of CaO (max 32.2%) and MgO (max 20.3%).
The natural zeolite was purchased from
SC Zeolites Production SA, Rupea Brasov (pH
9.25, CEC 217 meq/100 g). The studied zeolite
was composed mainly of clinoptilolite (90%).
The manure was provided by o small dairy
farm from case study area (pH 8.97).
One composite soil sample (9 subsamples) was
collected from each plot in September 2016.
The soil samples were collected from
0-20 cm layer.
From each plot were collected plant samples
consisting of a mixture of all plants from plot
area. The soil samples were air-dried, crushed,
and passed through a 2 mm sieve prior to the
chemical analysis. Soil pH was measured using
potentiometric method (1:2.5 w/v, soil: water).
DTPA-extractable heavy metals were extracted
from soil (10 g) with 20 ml of extracting
solution (0.05 M DTPA, 0.01 M CaCl2 and 0.1
M tetraethylammonium adjusted to pH 7.3),
according to SR ISO 14870:2002.
DTPA-extracted samples were analyzed for
their heavy metal content by means of flame
AA Spectrometer GBC Avanta 932AA.
The plant samples were washed with tap-water
first and then with deionized water in order to
remove the soil particles. Afterwards the
washed samples were dried (60°C, 72 h),
grounded and then were digested with nitric
acid in a microwave digestion system. The

MATERIALS AND METHODS
In 2015, an experimental field was set-up in
Copsa Mica area- Case study for RECARE
project. The objective was to study the effects
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the tables and figures referred to the mean
values of these three replicates.
Statistical analyses to compare the average
results of the different treatments were
performed using one-way analysis of variance
(ANOVA).
Paired comparisons between the treatments and
control were carried out using Tukey’s
honestly significant difference (HSD) test.

metal content was measured using a flame
atomic absorption spectrometry.
The inorganic additives (Na-bentonite, dolomite
and natural zeolite) and manure were analysed
in order to determine the metal content (Cd,
Cu, Pb and Zn) using atomic absorption
spectrometry (flame or graphite furnace).
All the chemical determinations analyses were
performed in triplicate, and the data reported in
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Figure 1. Experimental design amendment addition used for immobilization of heavy metal in contaminated soil

RESULTS AND DISCUSSIONS

treatments induced a significant increase of pH
value (p˂0.05). The strong alkaline reaction of
Na-bentonite applied induced a significant
increase of soil pH. The highest mean value of

The mean soil pH value of the control plots
was 5.18. Compared to the control, all
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pH was measured in plots treated with Nabentonite (pH 7.16).
Also a significant increasing of pH values was
noticed for soil treated with dolomite (pH 6.90)
comparing with control (pH 5.18) and soil
treated with manure (pH 5.92) and natural
zeolite (pH 6.02). Compared to control, the
addition of manure and natural zeolite
increased statistically significant the pH value
of soil but without significant differences
between these treatments (Figure 2).
It is known that the pH is one of the key
parameters governing the behaviour of metals
in soils. Increasing the pH induces metal
immobilization through different processes like
selective sorption or the precipitation of metals
as oxides, hydroxides, carbonates and
phosphates (Naidu et al., 1994; Gomes et al.,
2001; Shaheen et al., 2015).
The bioavailability of metals is related to soil
pH. Therefore the effects of treatments on pH
are reflected on metals bioavailability assessed
by DTPA-extractable metal fractions.
Precipitation and increased sorption are the
main mechanisms identified as responsible by
retention of metals in soils treated with alkaline
materials (Lee et al., 2009; Houben et al.,
2012). In our experiments addition of Nabentonite and dolomite increased significantly
the soil pH this explain why it lowered the
concentrations of Cd, Zn, Cu and Pb in mobile
forms in soil. The addition of 90 t/ha Nabentonite reduce statistically significant the
mobile forms in soil from 13.6 mg∙kg-1 Cu
(control) to 9.4 mg∙kg-1 Cu and from,
327 mg∙kg-1 (control) to and 143 mg∙kg-1 Zn.
Contents of Cd and Pb as mobile forms in soils
decreased statistically significant (p˂0.05) after
addition of 50 t/ha dolomite from 10.5 mg∙kg-1
Cd (control) to 8.5 mg∙kg-1 Cd and from
163 mg∙kg-1 Pb (control) to134 mg∙kg-1Pb
(treated soil). By using the natural zeolites
(90 t/ha) the values of heavy metal contents in
mobile forms from soil decreased significantly
comparing with control, without significant
effects on metal concentration in plants grown
on treated soils. Comparing with application of
Na-bentonite or dolomite the addition of

natural zeolites was less effective in reducing
the metal bioavailability.
Lepp (1998) quoted by Hamidpour et al. (2016)
demonstrated that the addition of zeolites in
contaminated soils reduced the waterextractable metal ion concentrations and
improved the plant growth.
Addition of manure, collected from a local
farm, had no influence on bioavailability of
studied metals. The reason of this could be the
high contents of heavy metals in this
amendment (1.59 mg∙kg-1 Cd, 128 mg∙kg-1 Cu,
156 mg∙kg-1Pb, 920 mg∙kg-1 Zn). Another
reason could be the chemical extractant used to
assess the bioavailability, because 0.05 M
DTPA in buffered solution of CaCl2 and TEA
(pH 7.3) is more effective in removing soluble
metal-organic complexes. However, some
studies have strongly correlated DTPAextractable metals to plant-available metals
(Hamidpour et al., 2016).
Compared to control the values of metals (Cd,
Cu, Zn and Pb) contents in mobile forms
decreased after treatment with 45t/ha manure
but without statistically significance. The
highest reducing was noticed for Zn. After
application of manure the mean value of Zn
content in mobile forms decreased from
327 mg∙kg-1 Zn (control) to 290 mg∙kg-1 Zn
(Figure 2).
The average contents of Cd, Cu, Pb and Zn in
plants grown in the untreated soil (control)
were: 10.7 mg∙kg-1 DW Cd, 13.8 mg∙kg-1 DW
Cu, 11.6 mg∙kg-1 DW Pb, 392 mg∙kg-1 DW Zn.
Compared to the control, the contents of Cd
and Cu decreased statistically significant
(p˂0.05) to 8.4 mg∙kg-1 DW Cd and
7.2 mg∙kg-1 DW Cu in plants grown in soil
treated with Na-bentonite (90 t/ha).
There are no statistical significant effects on
lead and zinc accumulation in biomass
(Figure 2).
The highest decrease of zinc content in plant
was noticed after Na-bentonite application. The
mean value of zinc content in plants grown in
soil treated with 90 t/ha Na-bentonite was
67.3% of mean value of zinc content in control
plant.
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Figure 2. Effects of immobilization amendments on pH values, DTPA-extractable metal content
and metal content in plant biomass
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There are slightly correlations between Zn
concentration in grass plant and DTPAextractable Zn content in the manure amended
soils but Cu and Pb concentrations of grass
were not correlated with DTPA-extractable
content of the metals in soil.
This behaviour indicates that the effectiveness
of DTPA extraction, as a measure of metal
bioavailability, depends on the nature of the
metal.
Unlike single extraction, sequential extraction
offers information about mobile and residual
fraction of metal in soil allowing a better
correlation with data related to transfer metals
in the plant.
The Table 1 summarized the effects of amendment’s application on soil and indicates that the
two metals transfer pathways considered are
differently affected.

The same trend was noticed by Houben et al.
(2012) for the plant of white lupin grown in the
contaminated soil treated with bentonite.
The lowest content of lead (9.3 mg∙kg-1 DW)
was noticed in plant grown in soil treated with
dolomite (50 t/ha). This mean value of lead
content is 80.1% of mean value of lead content
in control plants (Figure 2).
The reason of this could be the high contents of
metals in this amendment (1.59 mg∙kg-1 Cd,
128 mg∙kg-1 Cu, 156 mg∙kg-1Pb, 920 mg∙kg-1
Zn). Another reason could be the chemical
extractant used to assess the bioavailability,
because 0.05 M DTPA in buffered solution of
CaCl2 and TEA (pH 7.3) is more effective in
removing soluble metal-organic complexes.
However, some studies have strongly
correlated DTPA-extractable metals to plantavailable metals (Hamidpour et al., 2016).

Table 1. Overview of significant effects of treatments on metal bioavailability in soil
and metal accumulation in biomass grown on treated soils

Treatment

Heavy metals bioavailability

Heavy metals accumulation in plant

Cd

Cu

Pb

Zn

Cd

Cu

Pb

Zn

Na-bentonite (90 t/ha)

+++

++

++

+++

=

+++

=

=

Dolomite (50 t/ha)

+++

++

++

+++

=

+++

=

=

Natural zeolite (90 t/ha)

++

+

+

++

=

+

=

=

Manure (45 t D.M./ha)

=

=

=

=

=

+++

=

=

=

Non-significant effect ( p > 0.05 )

+

Significant effect ( 0.01 < p  0.05 )

++
+++

Very significant effect ( 0.001 < p  0.01 )
Extremely significant effect ( p  0.001 )

Additions of some amendments like manure or
natural zeolite, tested for immobilization of
heavy metals improved the soil fertility.
Natural zeolites are recognized as a source of
available potassium. The input of organic

matter and nutrients like P and K would
promote plant growth. Reducing the metal
toxicity and improving the soil fertility lead to
development of a consistent vegetation cover
(Figure 3).
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Figure 3. Images from the experimental field (september, 2016): (a) the experimental site just after the
first sampling of soil and plants; ground cover vegetation in a control (non-amended) plot
(b) and some experimental plots amended with dolomite (c), natural zeolite (d); bentonite (e) and manure (f)

CONCLUSIONS

and due to pH effects (dolomite). Organic
amendments like farm manure decreased the
metal bioavailability in soil due to its high
content of organic matter, able to bind the
metals as metal-organic complexes.
Although soil amendments significantly reduce
the bioavailability of metals this reduction is
not enough to produce food or fodder.
The repeated application may be necessary and
the effectiveness is highly dependent on soil
conditions and has to be monitored.
Also, the further investigations on the long-run
are important to examine the positive but
potential
transitory
effects
of
these
amendments.

Our study aimed at simultaneously investigating the effects of four amendments on
bioavailability and accumulation in plants of
Cu, Cd, Pb and Zn. The studied metals do not
react similarly to the same amendments and
this conclusion highlights the difficulty in
selection of suitable amendments for every
metal in contaminated soil.
Inorganic amendments are effective in
decreasing the metal bioavailability (assessed
by single extraction with 0.05 M DTPA) due to
increasing the number of binding sites for
heavy metals (bentonite and natural zeolite)
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