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The objectives of this study were to evaluate the mobility of heavy metals (HMs)
in two types of soils (acidic forest soil and neutral agricultural soil) by leaching
with calcium chloride solution in column experiments. The screening properties
of neutral agricultural soil towards pollution by heavy metals (Ni, Cu, Zn and
Cd) are approximately 10 times higher than those of acid forest soil. The neutral
agricultural soil, polluted artificially by one pore volume (PV) of an HMs solution
of concentration 200mg L™', can screen the leaching of these metals over several
hundreds of years. The higher apparent desorption rate and per cent desorption
of HMs (especially Cd) in acid forest soil indicated a higher potential of intensive
migration of the metals across the profile and indicated potential risk of Cd
pollution for this type of soil. The latest approach of artificial neural networks
to describe transport of HMs in soil has been also evaluated. Using a simple
three-layer perceptron topology with three hidden neurons, the experimental data
could be simulated. The results suggested that the pH of soil is a major factor
controlling the retention of the heavy metals in the soils.

Keywords: heavy metals transport; soil pollution; column leaching experiments;
artificial neural network

1. Introduction

Adsorption and precipitation are the most common processes regulating the concentration
of contaminants between soil particles and soil solution. These processes are related to
the type of soil, particularly the content of inorganic colloidal and organic fractions. The
inorganic particles of soil play the most important role in sorption phenomena. Different
types usually occur in the soil profile, namely: clay minerals, sesquioxides and hydrous
oxides of minerals. The soil organic matter (SOM) is the second major component of the
soil solid fraction. The term SOM is generally used to represent the organic constituents
in soils including undecayed plant and animal tissues, their partial decomposition
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products, and the soil biomass [1]. Thus, this term includes: identifiable, high-molecular-
weight organic materials such as polysaccharides and proteins, simpler substances such
as sugars, amino acids and other small molecules and humic substances. SOM consists
of humic and non-humic substances. Non-humic substances are all those materials that
can be placed in one of the categories of discrete compounds such as sugars, amino acids,
fats and so on [2]. Humic substances are the other unidentifiable component. From the
perspective of the sorption properties of soils, humic substances are of primary
importance. The SOM may range from 0.1% in desert soils to 90% in organic soils.
Humic substances make up approximately 85-90% of the total organic carbon (OC)
in soils.

The transport mechanisms of HMs through soils and other environmental matrices has
long presented great interest to both environmental and soil scientists because of the
possibility of groundwater contamination through metal leaching [3]. A number of models
have been developed to quantitatively predict transport and sorption of HMs in the soil.
The models can be divided into three groups:

e models with electrostatic and bonding forces taken into account;

e simple models that do not include this interaction;

e statistical models that do not include any theoretical information on sorption
phenomena.

In common classical models belonging to the second group, the sorption process
is often described by the Langmuir or Freundlich isotherms or their modifications,
e.g. Competitive Freundlich Adsorption Model (CFAM) or Modified CFAM (MCFAM)
which are used in the case of extremely heterogeneous surfaces [4]. Heavy metals sorption
in the soil is well described by the Langmuir equation at low concentrations, whereas the
Freundlich isotherm is necessary at high concentrations of evaluated chemical component
[5]. Other less popular models from this group are based on exponential equations. The
equation proposed by Kowalkowski [6] is characterised by a constant and high value
of metal concentration in the top layer and exponential decrease of this concentration
with depth. It can easily fit the adsorption/elution data from the soil leaching tests.
The free coefficient of this equation permits to observe transportation of metallic ions
in the superficial layer of the soil.

The models described above enable the prediction of linear or linearised sorption
curves. The sorption of contaminants by soil particles may have also non-linear character.
Typical non-linear models are: model of constant capacity, model of diffusion layer and
model of triple layers [7]. In these models, the adsorption of ionic matter onto the soil
surface takes place due to the presence of charges. This assumption is based on the
equation showing that the thermodynamic constant K can be represented as the product
of Kinteraction (specific, independent of the charge influence between the bonded ion
and active site) and Kgjecrrostatic (responsible for the interactions between the ion and
electrostatic potential in active site). The second basic element of these models is the
assumption that the clean solid phase contains only one kind of active sites.

In opposition to the sorption models, the modelling of transport of inorganic
pollutants can still be considered as a research field that needs exploration. Many
mathematical or physical transport models of different chemical pollutants in the soil
matrix are described in literature [8]. They are usually very complicated and require many
parameters for modelling, or they are just simple physical equations of transport inside
the solids, ignoring the interaction between the chemical constituent and the soil matrix.
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These models also contain some approximations and assumptions which significantly
modify the description of transport phenomena. The results obtained on the basis of these
models are not always compatible with real measurements in the natural environment [9].

One group of the commonly used models is based on dispersion-convection-sorption
equations [10]. This form of equations is called ‘equations of confusion’ because of
misunderstandings it causes among researchers. The models may be applied in a situation
where constant moisture content of the soil appears (6 = constant) or where the soil is fully
saturated with water. However, there are some computer programs based on this equation
(e.g. MT3DMS program) [11].

The modern approach to modelling sorption and transport of heavy metals in the soil
is based on kinetic research of transport phenomena [12—15] involving speciation of metals
in porous media [16-19] and chemometric interpretation of obtained results [20] or
geochemical modelling of the investigated system. Scientists can simulate natural soil
conditions and behaviour of heavy metals in-situ or ex-situ, for example in leaching
column experiments, and then try to use some chemometric methods to describe the results
[21]. Chemometrics enables the description of environmental phenomena without
determining what mechanisms were responsible for these processes or, in other words,
without applying theoretical assumptions required in physiochemical models [22]. The
possibility to analyse multi-dimensional data sets without information about spatial
locations is one of the advantages of multivariate statistics. As stated by Einax [23], the
complexity and the large variance of environmental sets limits the use of common
statistical methods for the assessment of the state of pollution such that the application of
geostatistical and multivariate statistical methods is highly recommended. Classification
methods are most often used to interpret spatial distribution of pollutants. Facchinelli [24]
used multivariate statistical methods such as PCA and CA to predict potential non-point
heavy metal sources in the soil on a regional scale. GIS-supported software was used
for data presentation. In contrast to this, Yao [25] utilised a geostatistical linear model
of coregionalisation (LMC) to estimate the concentrations of selected heavy metals at
unsampled points on the basis of a spatial correlation between their properties at different
locations. In this study, 359 sampling points were used (259 were applied to constrain the
model and the other 100 to cross-validate it). The most important feature of this data set
was that several attributes were significantly cross-correlated, which allowed to test the
purposed algorithm (LMC). A very interesting baseline regression model for a variety
of components on Al was introduced by Hanson [26]. Based on covariation of elements at
15 estuaries remote from contaminant inputs, linear regressions of metals on Al were used
to model the metal content of baseline sediments. A geochemical model of covariation was
developed, verified and used. Some of the methods were also applied to sorption data.
Covelo et al. [27,28] used classification and regression trees (CARTs) to explore the
relationship between sorption phenomena and soil properties.

One of the newest approaches of transport modelling is based on the utilisation
of artificial neural networks. This tool has proved to be very efficient for simulating
the behaviour of HMs in soils [21,29] and other pollutants [30]. Since 1958, when the
psychologist Frank Rosenblatt [31] developed the ‘perceptron’, a pattern-recognition
device with learning capabilities, artificial neural networks (ANNs) have been widely used.
They represent simplified models of natural nerves or natural neural networks. The correct
final parameters are obtained as ANN output by proper modification of the original
parameters in accordance with the errors that the network makes in the process. All these
learning methods minimise the error between the predicted and observed output values.
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ANNS can be regarded, in one respect, as multivariate non-linear analytical tools, and are
known to be very good at recognising patterns from noisy, complex data and subsequently
estimating their non-linear relationships. Many studies have shown that ANNs have the
capability to learn the underlying mechanics of a time series, or, in the case of trading
applications, the system dynamics.

The objectives of our study were to assess the availability of HMs in two types of soils
(acidic forest soil and neutral agricultural soil) by leaching with calcium chloride in column
experiments. The study uses the latest approach to HMs transport modelling by artificial
neural networks to enhance data interpretation.

2. Experimental

Two types of soil were utilised in the study. Both were taken from Piwnice in the vicinity
of Torun (Poland). Only the top layer of soil (50cm) was used. One of the profiles,
identified as an albic soil, was taken from the Nature Reserve Park (‘Piwnicki’ area). This
forest, with 400-year-old oaks and 200-year-old pines, is located far from any
anthropogenic input. The second soil profile of sideric soil was collected at agricultural
fields near the park. Two layers were identified within both profiles. This choice of soil
was made to compare transport characteristics in soil intensively used by agriculture
with uncontaminated and fragile forest soil. The samples were initially dried at room
temperature and were sieved after 48h to obtain a particle size smaller than I mm.
Moisture, volumic density, pH and cationic exchange capacity (CEC) were evaluated
in these soil samples. The mechanical analysis of the soil samples was carried out using the
hydrometric method with isolation of clay, silt and sand fractions.

Two glass columns (50 mm x 800 mm) were used to perform leaching tests on both
soils. The experiments were performed in parallel to minimise the differences between the
columns. Research done before using these columns indicates good reproducibility of
results [32] due to optimal diameter to height ratio. Both soil profiles consisted of two
layers: 500 mL of each layer. Both profiles had the same height of 500 mm. The columns
were filled with the solution from the bottom of the column to wet the soil to its surface.
The pore volumes (PV) of both beds were measured volumetrically, defined as the
maximum volume of a solution that fills all pores in the soil profile [22]. This parameter
has been used as a time domain of the experiment and to secure the same scale even when
the profiles differ in porosity. A volume of 412.5mL of water filled the forest soil bed,
while 337.5mL was sufficient to saturate the agricultural soil bed. Such prepared beds
were treated with a volume of 1 PV solution containing a mixture of heavy metal ions
consisting of 200mg L' of each metal. The HM solution and soil were allowed to contact
for 24 h until equilibrium was reached and this was followed by leaching with a 0.01 M
CacCl, solution adjusted to a pH of 5.76 using HNOs;. This solution can be considered
as a model electrolyte solution for soil with natural pH [33]. The application of high
concentrations of metals was adopted from calculations of sorption capacity obtained
in previous static experiments. Five PVs of the model solution were percolated through
each profile.

The nitrates of the selected HMs (Cu,Cd,Ni and Zn) used in experiments were
supplied by POCH, Poland. Stock solutions of nitrate salts and all solutions used in the
study were prepared with deionised water.
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Figure 1. Set-up of column leaching experiment.

The exchange of solutions in columns was performed in a closed system as shown
in Figure 1.

A fixed flow rate of 5mLmin~' was maintained during the entire experiment. The
leaching experiment was performed continuously to avoid any equilibrium states. The
leachate samples were collected in 50 mL plastic containers and analysed by FAAS
(AAnalyst 800, Perkin Elmer, Shelton, USA) and automatic total organic carbon analyser
(TOC-5000, Shimadzu, Kyoto, Japan). The pH and conductivity of samples were also
measured using the appropriate probes (Elmetron, Zabrze, Poland) connected with
multimeter CX-732 (Elmetron, Zabrze, Polska).

A simple ANN has been utilised to predict the behaviour of HMs in both profiles
under experimental conditions. One thousand different topologies of multi-layer
perceptron networks have been tested using Statistica DataMiner 7 (Statsoft, Tulsa,
USA). The back propagation algorithm was used as a training method. The selection
of the best topology was based on two criteria: small testing error and simplicity of ANN
structure. The selected topology was retrained using the conjugate gradients method.
Four parameters were used as input values: organic carbon (OC), inorganic carbon (IC)
concentration, pH, and electrical conductivity (EC) values. The concentration of four
HMs was the output of the model. The selected ANN consists of only two hidden neurons
responsible for the modelling with linear aggregation function and linear function with
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Table 1. Topology of artificial neural network applied in the study.

No. of Aggregation
No. of layer neurons function Activation function
1 4 Linear Linear
2 2 Linear Linear with saturation
3 4 Linear Logistic

Table 2. Characteristics of soil layers used in the study.

Volumic CEC Granulometric composition (%)*
Moisture density [mmol (+)/
Acronym of layer [%] [gem ™ 100 g] pH Clay Silt Sand
Forest top 1.38 1.063 8.24 4.89 9.1 3.0 87.9
Forest bottom 0.81 1.380 7.32 5.15 5.2 29 92.0
Agricultural top 1.24 1.376 9.35 6.18 7.4 27.2 63.4
Agricultural bottom 0.89 1.345 8.72 6.39 13.4 30.6 56.0

Note: *Particle-size: Clay — <0.002 mm; Silt — 0.063-0.002 mm; Sand — 1.02 —0.063 mm.

saturation as an activation function. The characteristics of ANN topology used in the
study are presented in Table 1.

3. Results and discussion

The physical-chemical characteristics of the studied soil layers are presented in Table 2.
Some slight variations between the top and bottom layers of the agricultural soil can be
observed, for instance the lower moisture content, CEC and pH values in the bottom layer
compared to the top layer. This could be attributed to the fact that the top layers in both
cases have higher organic content which can enhance CEC in this layer. However, forest
soil is characterised by bigger differences in the analysed parameters. It could be related
with no agricultural activity such as tillage.

Figure 2 shows pH, EC, IC and OC changes during leaching experiments for
agricultural soil while the HM elution curves are presented in Figure 3. It can be observed
from both figures that the concentration of HMs in the leachates is small (varying from
0.1mgL~" for cadmium to 0.6mgL~" for zinc). This relates to the slightly elevated pH
of the soil. The pH remained buffered between 5.5 and 6.5 during the experiment.
Moreover, no simple correlation between HMs content and carbon species or pH was
observed. The observation of the elution curve in the PV range between 0 and 1 gives
information about the non-sorbed fraction of metals during equilibrium states. Metal
concentrations in PV1 show that almost 100% of all four metals were sorbed by the
agricultural soil in the equilibrium state. Sorption efficiency was 99.96%, 99.98%, 99.88%
and 99.99% for Ni, Cu, Zn, and Cd, respectively (see Table 3). During PV1 of the eluent,
relatively higher concentrations of zinc were eluted compared to the other HMs. It was
found that 20.1% of the total eluted amount of zinc was released during this step of the
experiment, while the values for the rest of the metals was much smaller: 9.4%, 13.0% and
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Figure 2. Elution curves of OC, IC, pH and EC in agricultural soil.

14.2% for Cd, Cu and Ni, respectively. The rest of the elution curve (PV2-PV6) shows that
metals are relatively strongly bonded to soil particles. The amount of metals desorbed
by the CaCl, solution generally did not exceed 0.1% (0.04% for Ni, 0.02% for Cu, 0.06%
for Zn and 0.01% for Cd). Those values are negligible because they are comparable with
uncertainty of analytical procedure. If we suppose that leaching by the studied CaCl,
solution is twice as strong as leaching by atmospheric precipitation (about 700 mm per
year (70 mL cm ) for this region), it may be calculated that leaching of the corresponding
amount of the HMs from this soil column (PV for agricultural soil —337.5cm?, diameter
of column 5cm with area of cut 19.6cm?) will occur for more than 4000 years. The
calculations are based on assumptions that: mean yearly filtration is 1372mL (equals to
~4 PV), desorption is stable and amount of HM desorbed by atmospheric precipitation
will be the same as desorbed by 0.01 M CaCl, solution. Then the time needed to desorb
100% of HM from soil will be 10,000 years for Cd, 5000 years for Cu, 2500 years for
Ni and 1600 years for Zn (on average higher then 4000 years). Such estimations are very
rough and do not reflect reality fully because it assumes constant conditions of the natural
system. The efficiency of metal desorption by the CaCl, solution may be considered as an
evaluation criterion of the strength of metal-soil particle bonds and mobility of the metals
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Figure 3. Elution curves of heavy metals in agricultural soil.

Table 3. Gross amount of heavy metals eluted and adsorbed in soil column during the experiment.

Amount of HM Amount of HM Amount of HM eluted
absorbed in soil column, mg eluted in PVI1, mg in PV2-PV5, mg

Ni Cu 7Zn Cd Ni Cu Zn Cd Ni Cu Zn Cd

Agricultural 67.47 67.48 674 67.49 0.03 0.02 0.08 0.01 02 0.11 032 0.05
Forest 82.2 83.34 8137 81.04 0.25 0.16 1.13 1.46 448 128 29 419

in polluted soils. HMs mobility in this type of soil (transition to solution) is in the
following order: Zn > Ni > Cu > Cd. The highest estimated mobility of Zn is obviously
caused by the fact that these ions occur mainly in the exchangeable form that may be
relatively easily released by CaCl, [34].

The strong bonding of copper and cadmium in soil may be due to the formation
of their stable complexes with humified organic matter. The possibility of such complexes
forming has been investigated in several studies [e.g 35,36]. It is also known that metal
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complexes with humic acids are less mobile and have significantly low solubility especially
in acidic media [37]. In this case, a buffer effect becomes apparent regarding HMs
migration [38]. Sorption data reported by Lair et al. [39] also demonstrates the fact that
Cu ions were mainly sorbed by organic compounds and bound as immobile organic
forms. According to their paper, desorption of Cd ions is higher from the minerals than
from the organic phase. These results may be extrapolated to similar results obtained
in our experiment and related to the strong binding of Cu and Cd ions to humified organic
matter of soils.

However, the importance of clay and silt particles in HMs binding phenomena
should not be neglected. In particular, positive correlation between clay content, Ni and
Cd amounts in soil was established by Papadopoulos. Evaluation of 750 samples of
different soils also indicated positive correlation between the concentration of Zn and sand
content [40]. Other results [39] show that desorption of Cd and Zn is higher from the
mineral phase than from the organic matter. Cu ions are less sorbed onto the mineral
phase than they are to the organic phase.

Figures 2 and 3 show that the contents of dissolved OC and IC were not changed much
during the elution. However, in the range of the filtrate volumes PV 4-PV 6 a general
increase of both carbon forms in leachate was observed. In this PV range, Ni and Zn
concentrations are also increased. Statistics do not show a significant relation between OC,
IC and the metals concentrations. Only a relation between IC and Ni is significant on
a p=0.01 level; however, linear correlation coefficient does not show simple correlation
either (r=0.43). It should be noted that these variations in OC and IC as well as the
concentration peaks were asynchronous. This relation may be explained by the assumption
that some part of the Ni is bound to the oxygen or hydroxyl functional groups of dissolved
organic compounds while Zn is bound to the carboxylic functional groups of dissolved
organic compounds.

The pH values of leachates from the agricultural soil profile ranged from 5.5 to 6.5
during the leaching process. Low pH values were observed between PV 3-PV 5 with a
corresponding increase of metal concentrations (in particular Zn and Ni) in the eluent
(see Figures 2 and 3). This may be attributed to the displacement of prior sorbed metals
as well as H" ions from sorption positions in soil particles (most likely the organic ones)
by Ca’" ions from the CaCl, solution. The slight variations of electrical conductivity
in this case may also indirectly point to the domination of the exchange role of Ca-ions in
the filtration process.

A totally different situation was observed for the forest soil profile (Figures 4 and 5).
The biggest fraction of metals was eluted with the first volume of solution. Transport
of other fractions (at PV > 1) is related with the change of solution from water to CaCl,
solution. Calcium ions dramatically change the sorption ability of HMs. This effect was
not visible in the agricultural profile. The concentration of selected HMs in the leachates
was higher compared to agricultural soil. The sorption ability of HMs on forest soil
was also lower. According to the metal concentration at PV 1, the forest soil column
sorbed 91.96% of Ni, 99.80% of Cu, 98.61% of Zn and 98.21% of Cd in equilibrium
states. The part of leached metals in relation to their sorbed amount in equilibrium state
were: Ni—4.28%; Cd-4.19%; Zn-2.91% and Cu-1.28%. After PV 4, the amount of
leached metals was increased and one PV of the leakage contained the following amounts
of metals: 0.36% Ni, 0.23% Cu, 0.37% Zn and 0.44 Cd. It may be concluded that mobility
of HMs in forest soil is approximately a dozen times higher than in the agricultural profile.
The order of migration ability for forest soil was also different: Ni > Cd > Zn > Cu.
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Copper was the most strongly bound by soil while nickel and cadmium had the weakest
bonding ability. The findings are in agreement with previous studies [e.g. 41,42].

One has to keep in mind that the conditions created during the experiment can be
far from those occurring in a natural system. It is obvious that in leaching tests
water saturation is kept at maximum which reflects heavy rain or flooding events in
the environment. The periods of drought or dry weather are not simulated by the column
tests. Structure of SOM and even inorganic fractions are changing during this period;
this has an effect on sorption ability. This example clarifies the disadvantage of the
simulation methods. Notwithstanding, there is no other possible simulation to assess
the transport of pollutants in heterogeneous media. It has obviously a major share in
variations between simulated and real concentrations of pollutants. Another, much faster
option is usage of computer software, such as geochemical models, but this usually gives
much higher error related to a simplified description of processes and heterogeneity of
materials.

The high migration ability of Cd, Ni and Zn in forest soil points to the danger
of utilisation of different fertilisers containing high amounts of these metals, such as
phosphates or some sewage sludge for this type of soil.

The migration is related specifically to the relatively low pH of forest soil. The pH
value of all samples was quite stable having a mean value of 4.3 with 3% variation.
Moreover, the HMs transport was strongly related with OC content in leakage. It should
be noted that contents of OC in leakage from the forest soil profile were in the range of
17-28 mg L ™" only for PV1 with a gradual decrease in the following volumes from 17 to
SmgL~" with only slight variations. Figure 4 shows a decrease in metal concentration
in the leachates with decrease of total organic carbon (OC). This relation is expressed by
a logarithmic equation:

Cume =a+bxInOC (1)

where Cy;. 1s the concentration of metals; a and b are constants; and OC is total organic
carbon.

Correlation coefficients for the three metals (Ni, Zn and Cd) are presented in Table 4.
High values of coefficients were obtained while Cu did not show any correlation.

The dependence of copper concentration on organic carbon was not so obvious,
probably because of the relatively strong sorption of this metal in the soil profile. It is well
known that metals which readily hydrolyse in water (e.g. Cu®", Pb>" and Zn*") alter the
surface charge properties of adsorbents such as silica so that they behave like the respective
metal hydroxides [43]. This is chemisorption and is described by the equation:

Si — OH + Cu”* — Si— OCu® + H

Table 4. Coefficients of logarithmic equations (Cye =a + b xIn OC)
and correlation coefficients for selected metals in forest soil.

a b r
Ni -2.37 2.46 0.9164
7Zn —0.36 0.98 0.9751

Cd —0.33 1.28 0.9607
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Figure 6. Predicted versus observed concentrations of nickel in the leakage from forest soil.

This reaction occurs around pH 4-5. Metal affinity for the silanol groups of silica
follows the order: Pb*" > Cu*™ > Co®" > Zn*" > Ni** = Cd*" > Sr*™ > Mg>" [44,45].
This sequence is consistent with the tendency of the metals to hydrolyse [46].

The established difference of sorption capacity and mobility of HMs for the two soil
types is obviously related to the difference in their granulometric composition. The part
of silt and clay particles is higher in agricultural soil (see Table 2). Forest soil contains
a higher amount of well soluble organic compounds (see Figure 4). HM correlation with
OC followed the order: Ni>Cd > Zn> Cu.

For the forest soil, the total amount of metals eluted during the entire experiment
(five exchanges of solution in the soil profiles) is small (Table 3).

An adequate ANN model was developed to simulate HMs transport from both soil
profiles. The model has simple topology, due to a strong relation between OC and HM
concentration in forest soil. Slightly higher differences were observed for the agricultural
profile; however, obtained correlation coefficients between observed concentrations versus
predicted ones for the entire dataset were as follows: 0.9375; 0.9181; 0.9640 and 0.9561 for
nickel, copper, zinc and cadmium, respectively. It indicates good efficiency of simulation.
Figure 6 presents an example of predicted concentrations of nickel in leakage from the
forest profile compared to the experimental data. Some slight variations were related with
small resolution of experimental results, application of analytical technique that enhance
resolution of experimental data like online coupling AAS with the soil column may reduce
variance between experimental and estimated results.

With ANN, the data were additionally classified according to the type of soil profile.
This classification is based on sign of weight of hidden neurons. The opposite signs for
hidden neurons were observed for data representing the forest profile and the agricultural
profile, respectively. It seems that neurons responsible for modelling are recognising data
from particular profiles. This indicates different characteristics of transport mechanisms
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Table 5. Sensitivity analysis of ANN input parameters.

pH EC mSxcm ') IC (mgL™") OC (mgL™!)

Ratio 5.0 1.1 1.1 2.8
Rank 1 3 4 2

within the studied profiles. Moreover, the sensitivity analysis of the input parameters
(see Table 5) indicates the order of importance of input parameters. The primary factor
limiting the mobility of HMs in examined soil profiles is pH while release of organic
carbon is related to the transport of investigated metals.

4. Conclusions

The transport ability of investigated heavy metal ions was rather small under experimental
conditions. The agricultural use of soil, especially fertilisation with organic and inorganic
compounds, boosts the sorption capacity of soil. Migration of HMs across the agricultural
profile is very slow and quite insignificant under investigated conditions. In contrast to
this, forest soil had a smaller sorption ability and the concentrations of HMs in leachates
were relatively higher. This type of soil is also sensitive to changes in solution composition.
Addition of Ca’* ions reduces the binding ability of HMs as Ca”>" tends to displace the
HMs. The problem of contamination of natural soil is more important due to the leaching
ability of HMs in this type of profile. The screening properties of neutral agricultural soil
towards pollution by HMs (Ni, Cu, Zn and Cd) are higher than those for acid forest soil.

The higher apparent desorption rate and per cent desorption of HMs (especially Cd)
in acid forest soil indicated a higher potential of intensive transport of HMs across the
profile of this soil and indicated potential danger of Cd pollution for this type of soil.

The application of statistics helps to identify relations between investigated parameters.
Regression analysis points out a strong correlation between organic carbon and HM
concentrations while the ANN model estimates amounts of metals in leachate and
classifies soil profiles with respect to pH, EC, IC and OC. The results of sensitivity analysis
suggest that the pH of soil is a major factor controlling the mobility and retention of the
HMs in the soils.
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