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In this study, it was aimed to improve the soil with low pH and high amount of heavy metals by using municipal solid
waste compost, lime and commercial soil improvers (Terra B and Viro Bind). In this study, the forms of the metals in the
soil were determined by using sequential extraction method. It was investigated how soil improvers added to soil change the
forms of metals. It was also investigated how the addition of soil improvers (compost, lime and commercial soil improvers)
to the soil affects the amount of metal deposited on the roots and stems of the plants (Zea mays). It has been observed that
the improvers added to the soil increase the pH value of the soil as T50 > Compost > Lime > A2. The sequential extraction
results revealed that exchangeable forms of the studied heavy metals were transformed into the organically bound form.
When compared with the control, high concentrations of the metals (except Ni) were found in the Organic Matter (OM)
bound and residual forms following the addition of commercial soil conditioners such as A2 and T50, respectively. For the
metals measured in the study, with the addition of A2, 96% of Pb, 99% of Cu and Cd, 86% of Ni and 97% of Zn are
transformed into OM bound and residual forms, and with the addition of T50, 80% of Pb, 99% of Cu, Cd and ZN, and 78%
of Ni were converted to OM bound and residual forms. These results indicated that the application of 1.5% lime combined
with 10% compost substantially enhanced plant growth in the contaminated soils.
Keywords: Extraction, Soil contamination, Soil remediation, Waste, Zea mays

Introduction
Some heavy metals in high concentrations can
adversely affect plants and humans and animals that feed
on plants. If Chromium, Nickel and Lead are found in
soils between 10–100 mg/kg and cadmium below
1 mg/kg, these amounts are considered normal levels.
Extractable heavy metal concentrations in soils: in cases
where it is over 1 mg/kg for Cd, over 0.1 mg/kg for Cu
and over 100 mg/kg for Ni, toxic effects may occur.1
Metal concentrations in soil range from 1 mg/kg (ppm)
to 100,000 mg/kg, either as a result of human
activities or depending on the geological origin of the
soil. Excessive concentrations of some heavy metals
in soils such as Cd, Cr, Cu, Ni and Zn cause the
deterioration of natural aquatic and terrestrial
ecosystems. Some heavy metals are important microelements for plants at low doses; however, high doses
inhibit the growth of most plant species and may
cause metabolic dysregulation.2
The dosages and concentrations of the heavy
metals and their physical and chemical forms make
——————
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them mobile or biologically available. The diffusion
of the heavy metals into the environment may occur
through a wide range of processes and paths,
including air, surface waters, and soil.3
The bioaccumulation of heavy metals in plants and
animals has proven to have toxic effects. Because of
this, applying remediation techniques to areas
contaminated with heavy metals is very important.4,5
Arable land is degraded into desert partly due to
the increasing rates of global warming, agricultural
fertilizers and pesticides, and thus, becomes unfit for
agriculture. Thus, the possibilities to feed an
increasing population are decreasing. Moreover, there
are no new lands for production and the existing lands
are being lost and destroyed.6,7
It is possible to improve the soils contaminated
with metals with phytoremediation, soil washing,
stabilization, solidification, electroremediation, and
excavation.8,9
Among these methods, improvement strategies that
enable in situ immobilization of pollutants by adding
various substances to contaminated soils are highly
effective and can be applied to large areas. In addition
to the positive effects on soil improvement, the use of
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these substances is also considered as an alternative to
the beneficial reuse of wastes.10
The addition of organic substances to contaminated
soils (e.g. compost) results in positive or negative
effects on the mobility of the metals depending on the
properties of the material and the receiving soil.11,12
Agricultural lime is a natural soil conditioner that
increases the pH of acidic soil and improves soil
fertility and quality. Adding lime to the soil is one of
the most common remediation methods and can lead
to the precipitation of heavy metals as metalcarbonates and significantly reduce the exchangeable
parts of the heavy metals in soils.13–18
In this study, soil with an acidic character and
containing high concentrations of heavy metals was
used. This soil is one with no plant growth on it. The
main purpose of the study is to investigate whether
and how the use of soil improvers (MSW compost,
lime and commercial improvers) to improve the acidic
soil affects the transmission of heavy metals from soil
to plant. The novelty of this study is that this study
evaluates the performance of MSW compost, lime,
and commercial soil conditioners together.
Materials and Methods
Soil Sampling Area

The soil sample used in the study was taken from a
field (40°54'35.0"N 40°10'14.3"E) in the Trabzon
province in Turkey. There is no industrial facility,
traffic area, or developed settlement area around the
site. There are hazelnut fields around the working site.
It is not located in a location that can be contaminated
by any wastewater discharge. Soil naturally contains
such high concentrations of heavy metals, there is no
discharge.
Preparation of Experiment Sets

The Municipal solid waste (MSW) compost used in
this study was obtained from İSTAÇ Kemerburgaz
Recovery and Compost Facility. The commercial soil
conditioners called Terra B (A2) and ViroBind (T50)
were obtained from the Virotec Company. CaCO3
(agricultural lime) was used as lime.
In order to prepare the experimental sets, the soil
sample used in this study was ground, after being air
dried, and homogenized by sieving (30 mesh) and the
mixtures in pots were prepared using this
homogeneous soil. Then, the mixtures (mixtures
prepared on the basis of volume / volume (v / v)) were
placed in pots (150 mL volume) in duplicate. In order
to allow for the substances added to the soil to react,
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only watering was applied to the pots for one week.
At the end of one week, the seed of the corn (Zea
mays) was planted one per pot. Before planting the
corn seeds in pots, they were washed with distilled
water to remove any contaminants. The pots were
then placed under automatic timer-controlled lighting,
which was set to be exposed to daylight for 16 hours
day and 8 hours at night. The growth of the corn
plants was observed during 40 days.
Analysis

For the measurement of the pH values of the soil
sample and of the mixtures placed in pots, 1: 2.5
(w/v) ratio (soil: solution) was added to 0.1 N KCl
and mixed, and the pH was measured after 10 minutes
(with a Jenway 3040 Ion Analyzer).19
For the determination of the pH of the compost, the
compost sample was mixed with water at a ratio of
5: 2 (2 g compost, 5 mL distilled water) and then
measured with a pH meter (Jenway 3040 Ion
Analyzer).20
The elemental analysis of the compost and soil
samples was carried out with an elemental analyzer
(Thermo-Flash 2000) at Istanbul UniversityCerrahpaşa Environmental Engineering Department.
The ASTM-D5373 (21) method was used for analysis.
The soil and compost samples’ organic matter (%)
determination was carried out in the Haliç
Environmental Laboratory.
For the determination of the total metal
concentrations and some elements (Mg, Ca, Na, and K),
the samples from the soil, the pots, and the compost
were thoroughly grounded with porcelain mortar.
Then, microwave digestion was done with the EPA
Method 3051A.22 After the digestion, the samples in
Teflon containers were filtered (MN 640 de, 125 mm
Macherey-Nagel filter paper) and the filtrate was
taken to the HDPE containers and their volumes were
completed to 50 mL. The concentrations of metals
and some elements were measured using the ICP
optical emission spectrometer (Perkin Elmer Optima
7000 DV) in combination with an autosampler
(Perkin Elmer S10 Autosampler) at the Bahçeşehir
University Environmental Engineering laboratory.
For the determination of the total metal
concentrations and some elements (Mg, Ca, Na, and K),
the samples from the soil, the pots, and the compost
were thoroughly grounded with porcelain mortar.
Then, microwave digestion was done with the EPA
Method 3051A.22 After the digestion, the samples
were filtered (MN 640 de, 125 mm Macherey-Nagel
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filter paper) and the filtrate was taken to the HDPE
containers and their volumes were completed to
50 mL. The concentrations of metals and some
elements were measured using the ICP optical
emission spectrometer (Perkin Elmer Optima 7000 DV)
at the Bahçeşehir University Environmental
Engineering laboratory.
For the sequential extraction, 3 grams of the
sample were placed in 50 cm3 polypropylene
centrifuge tubes. For the determination of the
concentrations of the heavy metals in which forms,
the extraction steps were applied.23
The amounts of the metals (Cu, Ni, Zn, Pb, Cd, Fe,
Mn) were determined by using ICP-OES (Perkin
Elmer Optima 7000 DV) in the prepared samples.
By using the reference soil, the accuracy of the
measurement results was checked. As a reference soil,
the NCS Certified Reference Material NCS ZC73002
was used. The analytical precision measured as
relative standard deviation is generally determined to
be between 5% and 6%.
Results are shown with mean values along with
standard deviations.
Results and Discussion
Soil Characterization

The soil and compost characterization is shown in
Table 1. When the characterization of the soil is
considered, it is seen that it has an acidic character
(pH 3). It was seen that the C and N content of the
soil was very low while the metals (Fe, Mn), heavy
metals (Pb, Cd, Ni, Cu, Zn), and other elements’
values (Ca, Na, Mg, K) were high (Table 1).

The change in the pH values of the mixtures in the
pots during the study are shown in Table 2. In the
literature, it is stated that the corn plant is a plant that
grows in soils with a pH value between 5.5–8.(24)
When the pH values of the soil mixtures in the pots
were examined, it was seen that the pH values of the
mixtures 4, 5, 6 and 7 were at the neutral pH level. It
is stated in the literature that the addition of organic
improvers such as compost to the soil increases the
pH value of the soil.10,14,25 On the other hand, it is
stated in the literature that lime addition to soil also
increases the soil pH.12–18, 26 The same tendency was
observed when we looked at the pH values measured
in this study (Table 2).
Table 1 — Characterization (mean ± Standard deviation) of soil
and compost used in the study
Parameters
Compost
pH
7.9 ± 0.01
Organic Matter (OM)
1.36 ± 0.001
(%)
C (%)
11.07 ± 0.001
H (%)
ND
N (%)
0.28 ± 0.001
S (%)
0.17 ± 0.0015
Ca, mg/kg (d.w.)
22727 ± 22.22
Na, mg/kg (d.w.)
17525 ± 10.34
Mg, mg/kg (d.w.)
5100 ± 3.25
K, mg/kg (d.w.)
7995 ± 4.17
Pb, mg/kg (d.w.)
98±0.01
Cd, mg/kg (d.w.)
0.01±0.0001
Ni, mg/kg (d.w.)
39±0.002
Cu, mg/kg (d.w.)
244±0.3
Zn, mg/kg (d.w.)
455±0.45
Fe, mg/kg (d.w.)
16498±25.21
Mn, mg/kg (d.w.)
356±0.15
ND: Not Detected; d.w: dry weight

Soil
3 ± 0.01
28.4 ± 0.02
0.1 ± 0.0002
0.76
ND
0.09 ± 0.001
4045 ± 4.016
1002 ± 2.03
6705 ± 2.023
19022 ± 11.55
5984 ± 1.52
367 ± 0.2
12 ± 0.001
11206 ± 21.2
70024 ± 32.55
27043 ± 20.56
389 ± 0.22

Table 2 — Change of pH values (mean ± Standard deviation) of soil and soil mixtures in pots during the study
Volumetric ratios of soil and soil
conditioners in pots (v/v)
Soil
Soil + 10% Compost
Soil + 25% Compost
Soil + 50% Compost
Soil + 1.5% Lime
Soil + 2.5 %Lime
Soil + 1.5% Lime +10% Compost
Soil + 1.5% A2
Soil + 2.5% A2
Soil + 5% A2
Soil + 2.5% A2 + 10% Compost
Soil + 0.5% T50
Soil + 1.5% T50
Soil + 2.5% T50
Soil + 1.5% T50 + 10% Compost

pH at the beginning

pH at the end of the first week

pH at the end of the study

3 ± 0.01
5 ± 0.015
5 ± 0.012
6 ± 0.01
5.5 ± 0.011
6.5 ± 0.02
5 ± 0.01
5 ± 0.012
5 ± 0.01
4 ± 0.013
4 ± 0.01
4 ± 0.012
5.5 ± 0.01
7 ± 0.016
5 ± 0.01

3 ± 0.01
4 ± 0.02
5 ± 0.01
6 ± 0.014
6 ± 0.01
6 ± 0.011
5 ± 0.022
4 ± 0.011
4.5 ± 0.01
4 ± 0.011
4 ± 0.012
4 ± 0.011
5.5 ± 0.01
7 ± 0.015
5 ± 0.012

3 ± 0.01
4 ± 0.01
5 ± 0.02
6 ± 0.013
6 ± 0.01
6 ± 0.01
5 ± 0.015
4 ± 0.014
4 ± 0.012
4 ± 0.01
4 ± 0.01
4 ± 0.01
5.5 ± 0.015
7 ± 0.01
5 ± 0.011
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It is thought that the reason why the pH values of the
mixtures did not change from the end of the first week
of the study to the end of the study was due to the
buffering properties of the improvers used in the study.
Sequential Extraction Results

When the results in Table 3 were examined, it was
apparent that the Pb in the original soil sample was in
the form of residue, in other words mostly in a silicates
form, and it can be extracted with NaOH, so it is
associated with an organic matter form. By adding
compost to the soil, it was found that the amount of Pb,
which is in the soil solution and is easily transportable
(extractable with CaCl2), decreased significantly with
the amount of compost added. Similarly, the amount of
Pb, which is in the form that can be extracted with a
strong chelator (which can be extracted with EDTA),
also decreased with the increase of the amount of
compost added (Table 3).
When the lime amount increased with the lime
addition, it was seen that the concentration of the Pb
in the residual form also increased. In the case of a
combination of lime and compost, it was determined
that the Pb was easily transported from the
exchangeable form to the form associated with the
organic matter (Table 3).
As a result of using commercial soil conditioners
such as A2 and T50, when the forms in which the Pb
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exists in the soil were examined, it was observed that
the majority of the Pb switched with the 5% (v/v) A2
and 1.5% (v/v) T50 addition to the residual form
which is the most inactive form. As a result of using
the combination of these substances and compost, it
was determined that the amount of mobile forms
decreased by approximately 50% by adding A2 to the
soil at a rate of 2.5% (v/v) and that when used in
combination with 1.5% (v/v) T50 and compost, there
was a significant increase in the concentration of the
organic bound form of Pb (Table 3).
In the original soil sample, it was found that most of
the Cu was in the form of residual, in other words
mostly in the form of silicates (Table 3). By adding
compost to the soil, it was determined that the amount of
Cu in the residual form and the form in the soil solution,
which is easily transportable (can be extracted with
CaCl2), decreased with the amount of compost added. It
was observed that the Cu concentrations in the
associated OM form increased significantly with the
increase of the amount of compost added (Table 3).
When the lime amount added to the soil increased,
the concentration of the Cu in the associated OM form
increased and the Cu concentration in the exchangeable
form significantly decreased. It was determined that the
Cu can easily be transported from the exchangeable
form to the associated organic matter form when the
lime and compost are used together (Table 3).

Table 3 — Sequential extraction results obtained for Pb and Cu (mg/kg, dry weight)
Sample

Pb
CaCl2
OM assoc.
extractable
metals

Soil
558 ± 0.2 2027 ± 1.01
Soil + 10% Compost
467 ± 0.3 2187 ± 1.0
Soil + 25% Compost
64 ± 0.01 2164 ± 1.04
Soil + 50% Compost
20 ± 0.01 2499 ± 1.01
Soil + 1.5% Lime
4 ± 0.002 1411 ± 1.42
Soil + 2.5 %Lime
3 ± 0.001 1442 ± 1.01
Soil + 1.5% Lime
10 ± 0.001 2604 ± 1.31
+10% Compost
Soil + 1.5% A2
398 ± 0.03 797 ± 0.01
Soil + 2.5% A2
521 ± 1.01
ND
Soil + 5% A2
62 ± 0.002 569 ± 1.21
Soil + 2.5% A2
280 ± 0.01
ND
+ 10% Compost
Soil + 0.5% T50
271 ± 0.01 1751 ± 1.11
Soil + 1.5% T50
45 ± 0.002 765 ± 0.01
Soil + 2.5% T50
13 ± 0.001 1874 ± 0.1
Soil + 1.5% T50 +
2 ± 0.0001 1617 ± 0.9
10% Compost
ND: Not Detected; ± Standard deviation

Cu

Strong
chelator
extracted
Metals
190 ± 0.01
105 ± 0.02
84 ± 0.01
49 ± 0.01
123 ± 0.02
47 ± 0.001
113 ± 0.01

Residual
metals

CaCl2
extractable

OM assoc.
metals

3207 ± 1.21
2206 ± 1.01
2653 ± 1.4
2396 ± 1.20
3427 ± 1.12
4186 ± 1.11
2238 ± 1.13

1099 ± 10.05
534 ± 0.3
42 ± 0.02
17.7 ± 0.03
9 ± 0.01
5.6 ± 0.01
2.4 ± 0.001

58 ± 0.002
57 ± 0.001
166 ± 0.01
257 ± 0.01

4104 ± 1.41
4000 ± 1.40
4168 ± 1.01
4670 ± 1.11

582 ± 0.2
525 ± 0.1
39 ± 0.02
225 ± 0.1

372 ± 0.02 2571 ± 1.20
74 ± 0.001 4080 ± 1.01
138 ± 0.02 2941 ± 1.13
279 ± 0.01 3068 ±1.22

678 ± 0.4
5.7 ± 0.02
8.3 ± 0.03
3.93 ± 0.01

1798 ± 10.05
2006 ± 20.02
5381 ± 25.05
5813 ± 20.01
1633 ± 12.20
4126 ± 15.10
3019 ± 10.01

Strong
chelator
extracted
Metals
39 ± 0.01
22.6 ± 0.01
8.6 ± 0.002
13.6 ± 0.001
27.3 ± 0.02
11.6 ± 0.01
47 ± 0.02

8270 ± 22.11
8057 ± 20.01
5733 ± 12.05
5327 ± 14.20
9495 ± 20.50
7021 ± 14.20
8097 ± 13.06

7094 ± 20.05
1356 ± 10.05
4518 ± 17.50
3913 ± 10.30

16 ± 0.01
18 ± 0.02
62 ± 0.04
76 ± 0.02

3473 ± 10.45
9267 ± 18.05
6546 ± 11.35
6951 ± 12.55

3172 ± 10.02 80 ± 0.04
3624 ± 10.01 17.3 ± 0.01
6333 ± 14.05 15.7 ± 0.01
7435 ± 17.40 77 ± 0.05

Residual
metals

6932 ± 13.05
7519 ± 12.45
4808 ± 11.43
4076 ± 10.72
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As a result of using commercial soil improvers
such as A2 and T50, it was found that the major part
of the Cu can turn into the associated OM form and
the residual form that is the most inactive form. As a
result of using the combination of these substances
and compost, it was seen that moving forms, in which
1.5% (v/v) T50 was used without any compost
addition, was reduced to almost none, however, there
was a significant increase in the concentration of the
organic bound form of the Cu with the addition of
compost (Table 3).
When the results of the sequential extraction of the
soil sample used in the study were examined, it was
seen that the Cd in the original soil sample was in a
residual form, in other words mostly in the silicates
form and in associated organic matter form.
By adding compost to the soil, it was found that the
amount of Cd in the soil solution and exchangeable
(extractable with CaCl2) form was significantly
decreased with the amount of compost added and that
the concentration of Cd in the associated OM form
increased when the added compost amount was
increased (Table 4).
When the lime amount increased with the lime
addition, the concentration of the Cd in the form
associated with the OM also increased. It was determined
that the Cd was easily transported from the exchangeable
form to the associated OM form in the case of the
combination of the lime and compost (Table 4).

As a result of using commercial soil conditioners
such as A2 and T50, when the forms in which the Cd
exists in the soil were examined, it was observed that
Cd was found to be associated more with the OM and
residual forms.
As a result of the combination of these substances
and compost, the Cd was found to be associated with
the OM and residual forms (Table 4).
When the results in Table 4 are examined, it was
seen that the nickel in the original soil sample was in
residual form and associated with the organic matter
form. With the addition of the compost to the soil, the
Ni concentration in the soil OM associated form was
significantly reduced by the increasing amount of
compost thus, increasing the Ni concentrations in the
residual form (Table 4). When the lime amount
increased with the lime addition, it was seen that the
concentration of Ni in the mobile form also increased.
In the case of a combination of lime and compost, it
was determined that the Ni could be easily transported
from the associated organic matter form to the
exchangeable form (Table 4).
When the forms in which the nickel was found were
examined, as a result of using commercial soil
conditioners such as A2 and T50, it was determined that
it could easily change from associated organic matter
form and switch to residual forms. It was seen that
similar results could be obtained with the combination of
these conditioners and compost (Table 4).

Table 4 — Sequential extraction results for Cd and Ni (mg/kg, dry weight)
Sample

Cd
CaCl2
extractable

OM assoc.
metals

Soil
14 ± 0.01 148 ± 0.02
Soil + 10% Compost 8 ± 0.002 106 ± 0.01
Soil + 25% Compost 7 ± 0.001 208 ± 0.01
Soil + 50% Compost 2 ± 0.001 265 ± 0.02
Soil + 1.5% Lime
1.6 ± 0.0001 170 ± 0.01
Soil + 2.5 %Lime
ND
193 ± 0.01
Soil + 1.5% Lime
0.69 ± 0.0001 190 ± 0.02
+10% Compost
Soil + 1.5% A2
7.65 ± 0.001 236 ± 0.01
Soil + 2.5% A2
8.85 ± 0.001 147 ± 0.01
Soil + 5% A2
5.7 ± 0.001 199 ± 0.02
Soil + 2.5% A2
7.41 ± 0.002 187 ± 0.01
+ 10% Compost
Soil + 0.5% T50
8.4 ± 0.001 159 ± 0.01
Soil + 1.5% T50
1.62 ± 0.0001 168 ± 0.02
Soil + 2.5% T50
0.43 ± 0.0001 274 ± 0.021
Soil + 1.5% T50
0.37 ± 0.0001 235 ± 0.01
+ 10% Compost
ND: Not Detected; ±Standard deviation

Ni

Strong chelator Residual
extracted
metals
Metals
0.93 ± 0.001
204 ± 0.01
0.38 ± 0.001
253 ± 0.02
0.75 ± 0.0001 152 ± 0.01
0.85 ± 0.001
230 ± 0.01
0.7 ± 0.0001
195 ± 0.02
0.76 ± 0.0001 173 ± 0.01
2.35 ± 0.001 174 ± 0.023

CaCl2
OM assoc. Strong chelator
extractable
metals
extracted
Metals
0.7 ± 0.002 7.2 ± 0.003 0.3 ± 0.001
0.2 ± 0.001 5.3 ± 0.002 0.2 ± 0.001
0.3 ± 0.001 1 ± 0.001
0.2 ± 0.001
1.3 ± 0.001
ND
0.1 ± 0.001
2.2 ± 0.001 7.5 ± 0.004 0.2 ± 0.001
2.8 ± 0.001 2.6 ± 0.001 0.2 ± 0.001
3.3 ± 0.002 2.5 ± 0.001 0.3 ± 0.002

3.4 ± 0.002
6 ± 0.003
10 ± 0.005
9.4 ± 0.002
1.7 ± 0.001
5.9 ± 0.002
6.5 ± 0.001

0.92 ± 0.0001
0.94 ± 0.0002
1.95 ± 0.0001
3.27 ± 0.0001

122 ± 0.01
210 ± 0.01
160 ± 0.011
169 ± 0.01

2.4 ± 0.001
3.2 ± 0.002
2.3 ± 0.001
2.0 ± 0.001

0.2 ± 0.001
0.2 ± 0.001
0.2 ± 0.001
0.3 ± 0.001

4.6 ± 0.001
5.5 ± 0.002
7.3 ± 0.003
7.3 ± 0.001

3.64 ± 0.0002
0.88 ± 0.0001
1.47 ± 0.0001
3.41 ± 0.0001

196 ± 0.02
196±0.01
91 ± 0.001
128 ± 0.002

2.1 ± 0.001 3.4 ± 0.002 0.02 ±0.001
3.7 ± 0.002 1.9 ± 0.001 0.11 ± 0.001
2 ± 0.001 Not Detected 0.24 ± 0.001
2.5 ± 0.001 1.5 ± 0.001
ND

7.3 ± 0.001
6.3 ± 0.001
9.3 ± 0.002
7.5 ± 0.001

4.3 ± 0.001
4.8 ± 0.002
3 ± 0.001
1.9 ± .001

Residual
metals
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In the original soil sample, a large part of the Zn was
found to be in the form of residual. In addition, the Zn,
in the original soil sample, was determined to be in the
form associated with organic matter (35%.5) that could
be extractable with NaOH (Table 5). By adding
compost to the soil, it was determined that the amount
of Zn in the exchangeable form (extractable with
CaCl2) decreased significantly with the amount of
compost added. It was observed that the concentration
of the Zn in the form associated with the OM increased
when the amount of compost added was increased.
When the amount of lime added to the soil was
increased, the concentration of Zn in the form
associated with the OM increased, while the
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exchangeable form of the Zn concentration decreases
significantly (Table 5). As a result of using commercial
soil conditioners such as A2 and T50, it was
determined that most of the Zn in the soil is in the OM
associated form or in residual form, which is the most
immobile form. As a result of using the combination of
these substances and compost, it was seen that when
used without adding compost, 1.5% (v/v) T50’s
immobile forms was reduced to almost none, however,
with the addition of compost, there was a significant
increase in the form of the Zn which can be extracted
with a strong extractant such as EDTA (Table 5).
As shown in Table 6, when the results of the
sequential extraction for the Fe were examined, it was

Table 5 — Sequential extraction results obtained for Zn (mg/kg, dry weight)
Sample
CaCl2 extractable
Soil
4174 ±9.05
Soil + 10% Compost
2809 ± 5.27
Soil + 25% Compost
2358 ± 3.25
Soil + 50% Compost
329 ± 0.3
Soil + 1.5% Lime
89 ± 0.04
Soil + 2.5 %Lime
8 ± 0.002
Soil + 1.5% Lime +10% Compost
44 ± 0.02
Soil + 1.5% A2
2640 ± 5.22
Soil + 2.5% A2
2995 ± 4.28
Soil + 5% A2
1974 ± 3.24
Soil + 2.5% A2 + 10% Compost
2703 ± 9.27
Soil + 0.5% T50
2769 ± 9.29
Soil + 1.5% T50
34 ± 0.01
Soil + 2.5% T50
43 ± 0.02
Soil + 1.5% T50 + 10% Compost
3 ± 0.003
ND: Not Detected; ± Standard deviation
Sample

OM assoc. metals
24858 ± 22.20
25024 ± 32.55
38487 ± 35.34
28490 ± 21.55
21527 ± 32.40
36892 ± 27.45
23488 ± 12.54
44693 ± 31.55
37065 ± 30.20
24194 ± 22.40
35288 ± 30.55
14333 ± 12.30
30199 ± 25.17
53504 ± 31.41
18588 ± 12.10

Strong chelator extracted Metals
49 ± 0.03
29 ± 0.02
27 ± 0.01
49 ± 0.04
55 ± 0.05
36 ± 0.01
109 ± 0.6
43 ± 0.02
53 ± 0.02
169 ± 0.2
170.5 ± 0.5
153 ± 0.4
59 ± 0.02
52 ± 0.01
172 ± 1.02

Residual metals
40943 ± 31.47
55207 ± 32.53
29150 ± 22.54
51716 ± 30.45
48353 ± 27.34
33088 ± 22.55
46383 ± 28.24
22646 ± 32.55
29910 ± 22.40
43688 ± 30.26
31862 ± 27.55
52767 ± 28.23
39732 ± 12.45
16426 ± 17.20
51261 ± 31.46

Table 6 — Sequential extraction results obtained for Fe and Mn (mg/kg, dry weight)
Fe
Mn
CaCl2
extractable

OM assoc.
metals

Soil
1456 ± 3.25
112 ± 0.2
Soil + 10% Compost 170 ± 0.5
3349 ± 5.45
Soil + 25% Compost 1.2 ± 0.001
ND
Soil + 50% Compost 3.6 ± 0.003 5272 ± 4.25
Soil + 1.5% Lime
2.7 ± 0.001 9646 ± 6.27
Soil + 2.5 %Lime
2.9 ± 0.002 9137 ± 6.25
Soil + 1.5% Lime
3.9 ± 0.003 10767 ± 10.48
+10% Compost
Soil + 1.5% A2
156 ± 0.3
1527 ± 3.29
Soil + 2.5% A2
133 ± 0.2
7426 ± 5.25
Soil + 5% A2
2 ± 0.001 15991 ± 11.21
Soil + 2.5% A2
14 ± 0.02 11699 ± 10.17
+ 10% Compost
Soil + 0.5% T50
342 ± 0.7
2178 ± 3.26
Soil + 1.5% T50
1.3 ± 0.001 6262 ± 4.25
Soil + 2.5% T50
2.5 ± 0.002 4241 ± 3.22
Soil + 1.5% T50 +
1.2 ± 0.001 1578 ± 2.26
10% Compost
ND: Not Detected; ± Standard deviation

Strong chelator
extracted
Metals
0.8 ± 0.001
1.4 ± 0.002
1.2 ± 0.001
18 ± 0.01
0.6 ± 0.001
2.9 ± 0.002
86 ± 0.3

Residual
metals
25475 ± 11.45
23522 ± 12.43
27040 ± 11.30
20526 ± 10.65
17393 ± 8.45
17900 ± 10.21
16186 ± 11.17

CaCl2
OM assoc. Strong chelator
extractable
metals
extracted
Metals
17 ± 0.01 152 ± 0.2
0.2 ± 0.001
29 ± 0.03 191 ± 0.3
ND
46 ± 0.01 110 ± 0.1
0.1 ± 0.001
59 ± 0.04
ND
0.6 ± 0.002
0.9 ± 0.001 189 ± 0.2
0.1 ± 0.001
2 ± 0.002 120 ± 0.1
0.1 ± 0.001
0.9 ± 0.001 220 ± 0.4
0.6 ± 0.003

Residual
metals
220 ± 0.3
170 ± 0.1
234 ± 0.3
332 ± 0.2
199 ± 0.1
268 ± 0.3
169 ± 0.2

5.5 ± 0.003
8.7 ± 0.003
17.4 ± 0.01
52 ± 0.1

25354 ± 12.43
19475 ± 10.53
11033 ± 10.20
15278 ± 12.16

6.3 ± 0.02
12.7 ± 0.04
7.8 ± 0.01
23 ± 0.03

230 ± 0.3
150 ± 0.1
233 ± 0.2
231 ± 0.2

0.1 ± 0.001
0.1 ± 0.001
0.3 ± 0.002
0.7 ± 0.004

223 ± 0.1
227 ± 0.3
149 ± 0.2
135 ± 0.1

26 ± 0.03
3.4 ± 0.002
0.5 ± 0.001
10 ± 0.005

24497 ± 15.31
20766 ± 12.10
22799 ± 11.70
25453 ± 12.34

10 ± 0.01
1.7 ± 0.001
3.4 ± 0.002
1.3 ± 0.001

108 ± 0.1
103 ± 0.3
107 ± 0.2
163 ± 0.4

0.7 ± 0.003
ND
0.2 ± 0.001
0.6 ± 0.002

271 ± 0.2
285 ± 0.2
279 ± 0.1
225 ± 0.2
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found that the Fe had more residual form (bound with
silicates) and that it was in a form that could be
extractable with CaCl2 (exchangeable) in the soil
where no improvement was made. It was observed
that the addition of soil improvers decreased the
amount of the Fe extracted with CaCl2 (exchangeable)
form and that it switched to be associated with the
OM form. It was observed that in the mixtures in
which the lime and A2 were added, a large portion of
the Fe in the residual form was also transferred to the
associated OM form.
When Table 6 was examined, it was seen that Mn
in the soil used is in residual and OM associated
forms. With the addition of the soil conditioners, it
was seen that as the amount of compost increased the
Mn associated with the OM decreased and that it
passes to residual form and to a form that could be
extractable with CaCl2. It was seen that there was not
much change in the forms of the Mn in the soil as a
result of adding other soil improvers (Table 6).
Sample
Soil
Soil + 10%
Compost
Soil + 25%
Compost
Soil + 50%
Compost
Soil + 1.5% Lime
Soil + 2.5 % Lime
Soil + 1.5% Lime
+10% Compost
Soil + 1.5% A2
Soil + 2.5% A2
Soil + 5% A2
Soil + 2.5% A2
+ 10% Compost
Soil + 0.5% T50
Soil + 1.5% T50
Soil + 2.5% T50
Soil + 1.5% T50
+ 10% Compost
ND: Not Detected

When the sequential extraction results were
evaluated, in general, it could be seen that with the
addition of the compost and lime, the metals could
easily be transferred from the exchangeable form to the
form associated with the OM form. Considering the
studies made in the literature, it was stated that the
concentrations of metals taken by plants were
decreased as a result of adding an organic substance to
the soil such as compost. According to those studies,
this situation was caused by the increase in pH and by
the reactive groups in the organic matter that
immobilizes metals by forming complexes with the
metals.10,12,14,23,25,27 Similar to our study, in the
literature, it was stated that there was a decrease in the
mobile forms of the metals in the soil by adding lime to
the soil in the studies with lime.13–18, 26
Amounts of Metal and Other Elements in Plant Roots and
Stems

In Table 7, the amounts of metal in the plant roots
and bodies are presented in mg/kg-dry weight basis.

Table 7 — Amounts of metals and other elements in plant roots and bodies (mg/kg, dry weight)
Zn
Pb
Cd
Ni
Cu
Fe
Mn
Mg
Ca
Root
833
206
9
ND
1241
17338
12
2903
12900
Body
ND
ND
ND
ND
ND
9750
79
6992
32806
Root
2653
222
13
0.1
2647
2045
20
1559
7230
Body 12000
ND
54
3.9
1533
194
147
3635
10725
Root 12852
565
44
3.8
1253
5093
169
2926
10628
Body
3725
2.4
12
3.2
80
83
141
3285
11080
Root
4345
673
25
1.7
837
7406
89
3547
17423
Body
416
1.5
1.8
1.2
64
84
107
4079
14455
Root
3972 1472
34
1.6
791
10936
37
2893
9309
Body
374
1.4
2.3
0.5
54
86
25
3873
5650
Root
4573 1308
33
ND
989
9331
39
3242
21977
Body
244
5.6
0.9
3.4
80
129
26
4002
6888
Root
4605 1837
37
4.9
1325
11322
77
6714
29847
Body
1073
30
6.6
1.8
51
326
114
5044
17274
Root
9802
108
39
1.7
3022
934
28
1896
5041
Body 14109
22
52
8
3088
452
72
3674
10805
Root
7903
195
36
1.2
3231
1310
23
2050
7277
Body
4384
3.8
19
4.4
436
264
51
4853
9753
Root 34904 1603 111
4.4
3198
18380
131
4087
12018
Body
7203
54.6
20
2
155
781
81
8541
15261
Root 29807
518
105
7.7
3713
3040
202
4933
10088
Body
7485
5.7
23
3.2
126
222
127
4351
5613
Root 24515
281 2835
4.7
10163
1812
78
15068
5654
Body 32797
15
129
15
5109
635
221
36088
14285
Root
2339
475
14
4.3
920
4486
38
5092
5533
Body
964
26
2.6
8
205
566
52
26804
11263
Root
4035
512
23
15
1750
6588
26
8889
6327
Body
304
6.7
0.2
2.4
165
204
23
17613
9548
Root
3204 1327
28
3.7
813
8782
60
21623
7038
Body
617
0.7
3.1
7
409
204
83
32188
4346

Na
14538
30361
8263
9733
10445
1435
11629
2651
2307
3381
18648
2923
16950
4888
2773
9606
5549
5721
13102
31205
10538
19492
12059
25669
9662
9784
805
7804
24363
5005

K
1738
12625
769
16492
2902
17634
4276
16250
5686
7504
4711
11568
27004
43375
990
9972
1336
23263
9916
60129
7368
45839
3484
28543
2692
18432
2493
21069
16014
33863
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Table 8 — Plant heights, weights and root lenghts
Plant weight Body Height Root Length
(gr)
(cm)
(cm)
Soil
0.24
2.5
1.5
Soil + 10% Compost
0.3
6
2.5
Soil + 25% Compost
0.72
31
4.6
Soil + 50% Compost
0.75
45
3.55
Soil + 1.5% Lime
0.71
46.35
9.2
Soil + 2.5 % Lime
0.255
36.35
4.4
Soil + 1.5% Lime
1.25
55.35
11.85
+10% Compost
Soil + 1.5% A2
0.22
3.6
1
Soil + 2.5% A2
0.36
8.4
1.4
Soil + 5% A2
0.13
12.7
2.65
Soil + 2.5% A2
0.12
16.6
3.4
+ 10% Compost
Soil + 0.5% T50
0.1
5
1.85
Soil + 1.5% T50
0.27
15.25
3.3
Soil + 2.5% T50
0.2
3.85
3.5
Soil + 1.5% T50
1.52
47.25
8.85
+ 10% Compost
Sample

In Table 8, the number of elements (mg/kg-dry
weight) detected in plant roots and bodies except
metals are shown.
When the Tables showing the heavy metal amounts
in the plant roots and trunks were examined (Table 7),
it was seen that the amount of heavy metals detected
in plant roots was generally higher than the
concentrations determined in the plant bodies.
It was determined that in the roots of the plants
growing in the mixtures obtained by 50% (v/v)
compost addition to the soil, the heavy metal
concentrations were lower for all the heavy metals
measured in the study when compared to the other
compost mixtures (Table 7). It was also observed that
the plant growth was better in this compost-soil
mixture than the other compost mixtures (45 cm plant
height, 3.55 cm root length and 0.75 gr plant weight)
(Table 8). It was determined that the amount of the
heavy metals in the bodies of the plants growing in
the lime added soil decreased with the amount of lime
added (except for Pb and Ni). However, in the roots,
Zn and Cu values increases as the lime amount
increases while concentrations of the other heavy
metals decreased slightly (Table 7).
When the plant height and weight were examined,
it was observed that plant growth was better in the
soil with 1.5% (v/v) lime added (46.35 cm plant
height, 0.705 gr plant weight). At the same time,
the plant root growth was determined to be better
(9.2 cm) in the soil where 1.5% (v/v) of lime was
added. It was observed that the best plant growth with
55.35 cm plant height, 1.245 gr plant weight and with
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11.85 cm root length was achieved in the soil where
10% (v/v) of compost and 1.5% (v/v) of lime were
added together (Table 8). However, it was seen that in
the plants growing in this mixture, the amount of
heavy metals accumulated in the plant roots and
trunks was higher than when compost (50% v/v) or
lime (1.5% v/v) was added to the soil alone (Table 7).
According to the results in Table 7, when the other
element concentrations in the plant roots and trunks
were examined, it was observed that Ca
concentrations of plant roots in the soil mixtures with
lime addition were higher than in the other mixtures.
However, this increase was not observed in the plant
bodies. It was seen that with T50 addition to the soil,
the Mg concentrations increase in both the root and
stem of the plants. In this study, it was observed that
in general, the K concentrations increased in roots and
stems with the addition of the soil remedies to the
soil. It was observed that the Na concentrations
detected in both the roots and stems of the plants
decreased with the addition of the conditioners.
It has been observed that concentrations of some
heavy metals are high in plant stems but low in roots.
In the study conducted by Gheju & Stelescu28,
although it has been stated in the literature that heavy
metals can be found in higher concentrations in the
roots rather than in the stems, they stated that they
detected more Zn in the plant stem in a sample than in
the plant roots in their study. It has been stated that
this is due to the faster translocation of some heavy
metals from the roots to the stem under certain
conditions.28
When the A2 from the commercial soil
conditioners was used, it was seen that as the amount
of A2 added to the soil increased, the plant root and
body lengths increase. However, the length and
weight values of the growing plants were quite low
when compared to the plants growing in the compost
and / or lime-treated soil (Table 8). In the experiments
carried out with A2, it was seen that the best results of
plant growth were obtained in the soil where
A2 (2.5% v/v) was added together with compost
(10% v/v) (16.6 cm plant height, 3.4 cm root length
and 0.12 g weight) (Table 8). In this study, when T50
was used, the best result was obtained in the soil
mixtures with a combination of 1.5% (v/v) T50 and
10% (v/v) compost (47.25 cm length, 8.85 cm root
length, 1.515 g weight) (Table 8). When these results
are evaluated, it can be said that the results obtained
with the commercial soil conditioner T50 were better
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than those obtained with A2. However, it is seen that
T50 should be used with compost for better results.
When the results obtained by using the combination
of A2, T50 and lime and compost are examined, it can
be said that compared to the A2 and lime, the use of
T50 reduces the heavy metal transition from the soil
to the plant.
With the addition of lime to the soil, it is thought
that there may be three reasons why the metals
become immobilized. The first of these reasons: while
high H + ion concentration (low pH) may reduce the
metal adsorption capacity of the soil, it increases the
plant’s metal uptake by increasing the metal
absorption from the soil and the solubility of the
metal-associated carbonates29–31 ; when lime is added,
H + ions are neutralized and the availability of the
metals by the plants is reduced.32,33 (2) Adding lime
may increase the negative surface charge and
concentration of Ca2+ in the soil. An increased surface
negative charge may cause the precipitation of the
metals in the soil and Ca2+ can compete with metals
such as Cd2+ on root surface.13,33,34 (3) It has been
reported in many studies that the addition of lime may
cause the precipitation of metals in the metalcarbonate form and the formation of hydroxyl species
of metals or the reduction of (2+) valence metals
to (0) valence, which may cause significant reductions
in the exchangeable fraction of the metals in
contaminated soil.31,33,35 These results clearly
demonstrate that as a result of liming, higher soil
pH plays an important role in reducing the mobility
of metals in moderately acidic soils.
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