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Abstract—The experiments on mobilization of soil organic matter during soil washing with ultrafresh water
against the background of salinity pulsing were designed and performed. Unpolluted soil and the soil artifi-
cially polluted with copper(II) were used in experiments, namely, clay loamy typical chernozem (Haplic
Chernozem) of the Alekhin Central Chernozemic Nature Reserve (Kursk oblast, Russia; 51°34.207 N,
36°05.444 E) and sandy loamy soddy-podzolic soil (Albic Glossic Retisol (Loamic, Cutanic, Ochric)) from
the Domodedovo district of Moscow oblast, Russia (55°17.683 N, 37°50.045 E). Soil samples were taken
from the upper humus-accumulative (A1) horizon (5–15 cm). A drastic change in the composition of wash-
ing solution from fresh water to 0.1 M NaCl solution and back led to destruction of soil aggregates under the
impact of osmotic pressure. Soddy-podzolic soil proved to be more resistant to destruction as compared with
typical chernozem. Copper(II) was leached off from artificially contaminated samples of soddy-podzolic soil
with the flow of dissolved organic matter, whereas copper leaching from typical chernozem was associated with
the destruction of aggregates and release of intraaggregate organic matter. It is argued that copper (II) migration
models should take into account the amount of dissolved organic matter for soddy-podzolic soil and the content
of aromatic fragments in the organic matter for typical chernozem. A conceptual model of the Cu(II) leaching
from contaminated soddy-podzolic soil and typical chernozem in the course of soil washing with fresh water
against the background of salinity pulsing and the destruction of soil structure is constructed.

Keyword: soil aggregates, osmotic pressure, salinity regime, column experiments, Haplic Chernozem, Albic
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INTRODUCTION
The ever-increasing environmental pollution

makes the research into the behavior of heavy metals
(HMs), in particular, copper, in soil one of the most
important challenges in the modern ecology. Copper
is utilized in various fields of industry; it is an import-
ant trace element in manufacture of various products,
and an active component in wood protectants and
pesticides [17]. A wide use of copper determines fre-
quent environmental pollution with this HM, soils
included. Excess of copper ions in the soil can induce
morphological, anatomical, and physiological alter-
ations in plants and have a toxic effect on humans [2].
Sorption–desorption processes to a considerable
degree determine the behavior of pollutants in soil,
including copper ions [1, 16]. Currently, the immobi-
lization of copper in humus horizons and its behavior
in soils are relevant issues. Here, soil organic matter
plays a special role. Note that the HM entering soil can

bind to both soil organic matter and its particulate
mineral component [6, 9, 24]. However, it is rather
difficult to assess the individual contributions of its
organic and mineral ingredients, which form an inte-
grated humus–mineral complex.

Several papers demonstrate a higher affinity of the
soil mineral part to copper ions [9, 15]. However, the
organic components of colloids effectively block the
mineral ones, preventing them from acting as binding
centers, in the humus horizons with the content of
organic matter of >1% [8]. In addition, soil organic
matter is not static and can be mobilized when envi-
ronmental conditions change [5]. The main factor for
mobilization of organic matter to soil solution is soil
washing with a large amount of ultrafresh water, for
example, rains, heavy snowmelt, or runoff redistribu-
tion. A pulsed emission of readily soluble salts to soil
solution can increase a damaging effect of fresh water
[4, 6, 9–12, 14]. During mobilization, organic matter
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can be either dissolved or partially passes into washing
water as fine particles. The latter are able to carry cop-
per ions via colloidal transport. The dissolved organic
matter, which has a high affinity for HMs as compared
with the immobilized organic matter, increases the
mobility of copper ions by forming soluble complexes
with them [13, 19].

Note that the published information about the
quantitative models of the above-described concur-
rent processes in soil is rather scanty. This is most
likely associated with the difficulty in using any real
soils in the saturated columns, where a constant f low
of eluent exceeding the threshold values can cause
degradation of water-stable aggregates and dissolution
of organic substances. The most frequent variants
studied are model columns to different degree approx-
imating field/real/natural compounds, namely, the
columns filled with glass or silicon beads, sand, or iron
oxides [20, 21, 23, 25, 28]. Any estimates of the distri-
bution of migrating HMs between two forms of soil
organic matter are also absent. Correspondingly, it is
difficult to assess the behavior of copper ions bound in
the upper humus horizons.

The goal of the work was to study the mobilization
of organic matter caused by extreme water–salt
regimes in two soil types—typical chernozem and
soddy-podzolic soil—as well as to assess the effect of
this process on the behavior of copper ions during soil
structure degradation. The copper mobility and quan-
titative leaching were assessed during organic matter
mobilization both in dissolved state and within mobile
colloids. This approach allows the copper behavior
under the conditions most closely resembling the nat-
ural ones to be estimated and simulated.

EXPERIMENTAL

Characterization of soil samples. The samples of
native soils—clay loamy typical chernozem and sandy
loamy soddy-podzolic soil [3], or Haplic Chernozem
(Loamic, Pachic) and Albic Glossic Retisol (Loamic,
Cutanic, Ochric) according to the WRB classification
[27]—were used in the work. Chernozem was sampled
from the plots in the Streletskaya Step’ Nature Reserve
area (Alekhin Central Chernozem Nature Reserve,
Kursk oblast, Russia; 51°34.207 N, 36°05.444 E) and
soddy-podzolic soil, in the Domodedovo district
(Moscow oblast, Russia) in a forest stand aged at least
150 years (55°17.683 N, 37°50.045 E). Individual sam-
ples were taken from plots of approximately 5 m2 from
the upper humus-accumulative horizon (A1) at a
depth of 5–15 cm. Soil aggregates of the 3–5 mm frac-
tion were used in experiments. The aggregates were
obtained by sieving dry soil samples.

Column experiment on soil leaching with ultrafresh
water on the background of changing salinity regime.
The working hypothesis explaining the destruction of
aggregates during changes in salinity regime relies on
the assumption that the osmotic forces have no effect
on structural units in the case of high salt concentra-
tion when the salinity of solution in the interaggregate
space is equal to the salinity within aggregates. How-
ever, if the interaggregate solution is rapidly replaced
with fresh water, the saline solution for a certain time
is retained within the aggregates. Consequently,
osmotic pressure is created in aggregates and leads to
their destruction, release of intraaggregate organic
matter, and its subsequent removal in dissolved and
colloidal forms. Note that along with the osmotic
effect, additional mechanisms can enhance the
destruction of aggregates, including the dissolution of
humus substances in the case when exchangeable cal-
cium is replaced by sodium and the peptization of clay
particles via an increase in the electrokinetic potential
under saturation with exchangeable sodium on the
background of a drastic decrease in the total salt con-
centration in solution. The destruction of aggregates
was simulated in a column experiment with aggregates
of soddy-podzolic soil and typical chernozem, which
demonstrated the feasibility of aggregate “explosion”
mechanism because of the change in osmotic pres-
sure. In this experiment, we omitted a detailed
description of the fresh water chemical composition
and genesis. Chernozem was used as a potential target
of the described destructive processes and soddy-
podzolic soil, as a low-humus soil contrasting in the
content of organic matter in order to expand the vari-
ants of conditions. In this experiment, a vertical glass
column (d = 1.5 cm and h = 80 cm) was filled with soil
aggregates and saturated with distilled water. The soil
was slowly and gently added from the top. After filling
up the column, it was stopped from the top with a
plunger (a cylinder with a capillary for the eluent f low)
to fix the precise height. The height of the column with
soil was 70 cm and bulk density, 0.65 ± 0.05 g/cm3.
After filling, the column was saturated with distilled
water at a rate of 0.5 mL/min. The eluent was fed from
the bottom upwards to remove the air from soil aggre-
gates. After the saturation with eluent, the column was
left for 12 h. Then the column was turned upside down
so that the eluent would come from the top. This
manipulation enhanced the passage of colloidal parti-
cles along the gravitational gradient.

To simulate the extreme leaching regime with
salinity pulsing, observable in the presence of saline
waters or rocks, the columns with soil were initially
washed with distilled water followed by 0.1 M NaCl
solution and again distilled water. The elution rate was
0.5 mL/min. This regime simulates the washing with
ultrafresh water after snow melting followed by the
salinization of soil solution during dry period caused
by the raising of saline water and subsequent washing
with rains. During the elution, the optical density of
the solution coming out of the column was monitored
with an UV detector at a wavelength of 254 nm. The
washing solution was changed after the elution curve
reached a plateau. The total volume of solutions used
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021
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for the washing of soddy-podzolic soil was 5500 mL
and for typical chernozem, 8500 mL. During the
experiment, the solution running from the column
was sampled at the key points (gradient increase in
absorption, plateau, and replacement of washing solu-
tion) to assay for the content of dissolved (Cdis) and
colloidal (Ccoll) organic matter.

The concentration of organic carbon in the dis-
solved and colloidal forms was determined in a Shi-
madzu TOC-4200 carbon analyzer. The carbon con-
tent in the Cdis organic matter was assayed after filtra-
tion of the eluent sample through a cellulose filter with
a pore diameter of 0.45 μm. The carbon content in the
Ccoll fraction was calculated as the difference between
the total carbon content in the sample and Cdis.

To characterize the changes in the structure of
organic matter during elution, the recorded data were
used to calculate the parameter SUVA254 as the absor-
bance at 254 nm normalized to the content of organic
carbon [26].

At the next stage, the mobilization of strongly bound
HMs from soil resulting of the structural degradation
was assessed. This was performed by the column exper-
iments on the destruction of soil aggregates and moni-
toring of the release of interaggregate organic matter in
the presence of HM pollution. These experiments were
analogous to those described above but with artificially
polluted soils. Copper (II), a classical HM for labora-
tory experiments [13], was selected for this purpose.

Preparation of model soil systems polluted with Cu(II).
The experiment was performed as earlier described [22]
in order to simulate the soil polluted with Cu(II) at a
concentration exceeding the threshold limit value,
amounting to 3 mg/kg [7]. The samples of 3–5 mm
aggregates of soddy-podzolic soil and typical cherno-
zem (200 g) were placed into a 1000-mL glass and sat-
urated in a capillary manner with copper sulfate solu-
tion (6 g/L) by adding it dropwise onto the walls of the
glass. After the soil was saturated, the volume of the
added copper sulfate solution was adjusted to 200 mL.
The soil was kept for 30 days with periodic stirring. On
days 10 and 20 of incubation, the soil was moistened in a
capillary manner by adding distilled water dropwise onto
the glass walls, adjusting the total volume to 1 L, imme-
diately decanting the water, and drying the sample.

After the incubation, the copper-polluted soil sam-
ples were again sieved (d = 3 mm) to prevent the col-
umn plugging by small soil aggregates. The column
with a diameter of 1.5 cm was filled with the sieved
aggregates. The height of the column with soddy-
podzolic soil was 65 cm and soil weight, 86.5 g; in the
case of typical chernozem, the height was 67 cm and
soil weight, 69.5 g.

Total Cu(II) content was determined in soil samples
before and after the column experiment as well as in
the initial eluent and after its filtration through a cellu-
lose filter (pore diameter, 0.45 μm). The HM content
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021
in soil was determined after treating the corresponding
samples with a mixture of HCl and HF (3 : 1) in a Start
D (Milestone, Italy) microwave digestion system. The
Cu(II) content in the initial soil samples after the
incubation was 3.47 and 5.68 mg Cu2+/kg for soddy-
podzolic soil and typical chernozem, respectively. The
Cu(II) concentrations in soil samples before and after
washing at the column inlet, its middle part, and outlet
were measured after pushing out the soil with com-
pressed air. The soil was sampled from the top, middle
part, and bottom of the resulting soil cylinder by quar-
tering and analyzed for copper content. The copper
content in solutions was determined by atomic absorp-
tion spectrometry in an Agilent 200 Series AA (Agilent
Technologies, United States) spectrometer. These
data were used to compute the content of Cu(II) asso-
ciated with soil colloids and dissolved (presumably as
chelates) carbon species.

Carbon and nitrogen contents were determined in
the aggregates of soddy-podzolic soil and typical cher-
nozem before and after elution. The samples were
taken at the column inlet, its middle part, and outlet as
described above and assayed for the content of total
carbon and nitrogen by dry combustion in the oxygen
flow in a Vario Macro CN automated analyzer [18].

RESULTS AND DISCUSSION

Assessment of the effect of salinity pulsing on the
leaching of organic matter from soil columns. The
changes in optical density of the washing solution and
Cdis and Ccoll concentrations (estimated according to
carbon concentration) depending on the eluent vol-
ume and composition, and sampling points are shown
in Fig. 1. During the column experiments, samples
were taken at the beginning of elution (25 mL), near
100 mL, when the optical density reached a plateau
(1500 and 3000 mL for soddy-podzolic soil and typical
chernozem, respectively), as well as immediately
before and after addition (after 25 mL) of 0.1 M NaCl
solution to the eluent. Then, one–two samples were
taken when the elution curve reached the plateau in the
elution with salt solution, one–two samples immedi-
ately (after 25 mL) after replacing the salt solution with
distilled water, when the optical density decreased, and,
if possible (as in the case of typical chernozem), again
when the curve reached the plateau.

At the beginning of elution with distilled water, the
optical density of solutions drastically increased and
then rather soon dropped and reached the plateau.
The observed effect in soddy-podzolic soil is mainly
determined by the leaching of Cdis, the concentration
of which in the maximum was 190 mg/L, while the
Ccoll concentration increased insignificantly, reaching
its maximum at 9 mg/L. In the case of chernozem, the
contributions of carbon to the dissolved and colloidal
matter at the beginning of washing were approximately
equal: the maximum value for Cdis was 506 mg/L and
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Fig. 1. Dependences of optical density and concentrations of organic carbon in dissolved (Cdis) and colloidal (Ccoll) forms on the
volume and composition of eluent and its replacement for (a and b) soddy-podzolic soil and (c and d) typical chernozem.
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for Ccoll, 408 mg/L. Addition of 0.1 M NaCl caused a
decrease in optical densities of the both soil solutions
relative to the plateau in the elution with distilled
water, which is associated with a decrease in the leach-
ing of organic matter caused by an increased ionic
strength of solution. Note that the decrease in the f low
of organic matter in soddy-podzolic soil is determined
by a decrease in Cdis at a constant Ccoll value, which is
explainable with an insignificant f low of carbon in a
colloidal form. As for typical chernozem, this is
explained by a concurrent decrease in the leaching of
organic matter in both dissolved and colloidal states.
After the salt solution is again replaced with distilled
water, the optical density of the eluent drastically
increased in both soddy-podzolic soil and typical
chernozem. This fact is determined by an increase in
leaching from soils of the intraaggregate organic mat-
ter in dissolved and colloidal forms, which is associ-
ated with the destruction of aggregates by osmotic
pressure. When salt solution is replaced with distilled
water, the interaggregate space contains distilled
water, while 0.1 M salt solution is additionally present
within aggregates. This creates a gradient of pressure
directed from the aggregate outward, which induces
destruction of aggregates. As is mentioned above, the
dissolution of humus substances caused by the
replacement of exchangeable calcium with sodium,
along with the osmotic effect, may cause destruction
of aggregates. The peptization of clay particles caused
by an increase in electrokinetic potential under satura-
tion with exchangeable sodium on the background of
a drastic decrease in the total concentration of salts in
solution may also contribute to this process.

The Ccoll of soddy-podzolic soil after a partial
destruction of aggregates was almost twofold higher as
compared with the Ccoll at the beginning of washing,
amounting to 7.5 and 4 mg/L, respectively. The leach-
ing of organic matter in a dissolved form was threefold
lower as compared with the first maximum. As for typ-
ical chernozem, the destruction of aggregates caused a
more considerable leaching of the dissolved organic
matter as compared with the colloidal form. Thus, the
dissolved intraaggregate organic matter is also mobi-
lized along with the soil particles under the experi-
mental conditions. Note that the structure of soddy-
podzolic soil was not completely degraded under the
extreme washing conditions. In the case of typical
chernozem, the soil aggregates were almost com-
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021
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Table 1. Contents of organic carbon and nitrogen in examined samples of soddy-podzolic soil (SPS) and typical cherno-
zem (TCh) before and after washing at the column inlet, middle part, and outlet

Sample
Corg, % N, % C/N

SPS TCh SPS TCh SPS TCh

Before washing 3.26 6.43 0.32 0.66 10.1 9.7

Column inlet 2.04 4.75 0.21 0.47 10.4 10.1

Column middle part 1.72 4.67 0.19 0.46 9.1 10.2

Column outlet 2.09 4.60 0.22 0.45 9.7 10.1

Fig. 2. Dependences of the SUVA254 of organic matter for
typical chernozem on the volume of eluent and its replace-
ment (0–3200 mL of distilled water followed by 3200–
3500 mL of 0.1 M NaCl solution and finally distilled water). 
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pletely destroyed with an elution volume of 8400 mL;
the column was plugged; and the experiment stopped.
Presumably, a smaller degree of destruction of the
soddy-podzolic soil aggregates as compared with typ-
ical chernozem is explainable by that soddy-podzolic
was formed under the percolative water regime in the
boreal belt, which makes it more stable to washing as
compared with typical chernozem, a steppe soil.

To assess the leaching of organic matter caused by
salinity pulsing, the contents of organic carbon and
nitrogen in the washing column were measured before
and after the experiment (Table 1).

The mean carbon content over the column after
washing was 1.95% for soddy-podzolic soil and 4.67%
for chernozem. The mean nitrogen content was 0.21
and 0.46%. According to t-test, the differences
between the contents of organic carbon and nitrogen
before and after washing the column (Corg for soddy-

podzolic soil, 3.26 and 1.95% and for typical cherno-
zem, 6.43 and 4.97% and N for soddy-podzolic soil,
0.21 and 0.32% and for typical chernozem, 0.46 and
0.66%) are statistically significant (α = 0.05). Thus,
the losses of soil carbon in the experiment were con-
siderable, amounting to 1.3 and 1.8% for soddy-
podzolic soil and typical chernozem, respectively. The
corresponding losses of organic nitrogen were rather
insignificant, namely, 0.1 and 0.2%, respectively. The
C/N ratio was almost constant in soddy-podzolic soil,
suggesting that the qualitative composition of its
organic matter did not change after washing under the
used conditions. A minor change in the C/N ratio in
typical chernozem may suggest a qualitative difference
in the structure of organic carbon removed from the
soil. Correspondingly, the composition of the Cdis

organic matter leached from typical chernozem was
estimated according to the dependence of SUVA254 on

the volume used for elution (Fig. 2).

The pattern of the change in SUVA254 value on the

elution volume suggests that highly aromatic organic
matter is mobilized when column is washed with dis-
tilled water, while the organic matter with a decreased
aromaticity is mobilized after soil aggregates are
destroyed. An increased aromaticity is usually associ-
ated with more humified organic matter. Thus, a
decrease in the SUVA254 value after the destruction of

aggregates indicates that the organic matter in aggre-
gate interiors is less transformed.
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021
Elution of the soil columns polluted with copper. The
Cu(II) pollution of the examined soil samples did not
significantly change the elution curves as compared
with the unpolluted samples. In general, the leaching
profile of carbon compounds for the soil samples pol-
luted with Cu(II) is close to that for their unpolluted
analogs (Fig. 3).

In the case of elution with distilled water, the Cdis

concentration in soddy-podzolic soil at the initial
stage changed from 380 to 11 mg/L when reaching the
plateau, while the Ccoll concentration at the beginning

of experiment reached 51 mg/L and then dropped
almost to zero. In soddy-podzolic soil, the leaching of
organic matter (both dissolved and colloidal) was
more intensive as compared with the unpolluted sam-
ple. Presumably, the Cu(II) sorbed in soil enters solu-
tion and enhances mobilization of organic carbon.

After distilled water was replaced with 0.1 M NaCl,
Cdis and Ccoll concentrations insignificantly decreased

most likely because of rather small carbon flux (both
colloidal and dissolved сarbon). The further change in
washing solution for distilled water caused partial
destruction of aggregates in soddy-podzolic soil,
which appeared as a sharp increase in leaching of col-
loidal carbon. A 12-fold increase in the Ccoll concen-

tration as compared with the initial stage of elution was
observed, whereas the concentration of Cdis increased
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Fig. 3. Dependences of the concentration of organic carbon in dissolved (Cdis) and colloidal (Ccoll) forms on the volume of eluent
and its replacement for (a) soddy-podzolic soil (0–1500 mL of distilled water followed by 1500–1800 mL of 0.1 M NaCl solution
and finally distilled water) and (b) typical chernozem (0–3150 mL of distilled water followed by 3200–4000 mL 0.1 M NaCl solu-
tion and finally distilled water). 
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insignificantly. Any drastic increase in the leaching of
colloidal carbon after replacing the salt solution with
distilled water was unobservable in the unpolluted
soddy-podzolic soil. As for the Cu(II)-polluted
soddy-podzolic soil, the leaching of colloidal carbon
after destruction of aggregates was more intensive as
compared with the dissolved carbon, suggesting that the
structure of polluted soils is less stable under the used
conditions. Thus, the pollution of soddy-podzolic soil
with Cu(II) ions decreases the resistance of its structure
to the damaging impact of washing with fresh water on
the background of the changes in salinity.

A comparison of the distribution of unpolluted
(Fig. 1d) and Cu(II)-polluted (Fig. 3b) organic matter
flows for typical chernozem shows that the depen-
dences are rather similar. Note that the soil structure
of Cu(II)-polluted typical chernozem was destroyed
considerably more rapidly, while the destruction of
unpolluted soil structure took a longer time.

Two mobile compounds of HM—(1) bound to soil
colloidal matter (Cucoll) and migrating (Cufree) with

soil particles and (2) freely migrating, moving in a dis-
solved form as free ions or bound to organic matter—
were studied to find out the form of copper leaching
from soil samples when the structure gets degraded.
Figure 4 shows the leaching curves for copper in a free
form and within colloidal particles for soddy-podzolic
soil and typical chernozem.

As is evident from the shown data, the main part of
Cu(II) in soddy-podzolic soil is leached at the begin-
ning of the experiment. As for typical chernozem, the
maximum of Cu(II) leaching is observed after
destruction of soil aggregates caused by NaCl. The
concentration of leached HM is higher in the case of
chernozem. In both variants, a large part of Cu(II) is
leached in a dissolved form, presumably, within the
mobile complexes with organic matter since the leach-
ing peaks match the peaks of removal of dissolved
organic matter (Fig. 3). However, quasi-equilibrium is
established in soddy-podzolic soil with rather insignif-
icant Cu(II) leaching and washing volume of 500–
1500 mL and the elution curve reaches a plateau.
Although the leaching of dissolved organic matter in
this situation is governing the carbon content, Cu(II)
is mainly removed within colloidal particles. As for
typical chernozem, the maximums of leaching of both
Cu(II) variants are observed after the structure is
destroyed; moreover, initially, the removal of Cu(II) is
insignificant or absent at all.

The observed differences and specific features of the
HM leaching from soddy-podzolic soil and typical cher-
nozem (assuming that the added sodium chloride causes
osmotic destruction of aggregates and subsequent release
of intraaggregate organic matter) are explainable using a
conceptual model of the Cu(II) leaching from polluted
soddy-podzolic soil and typical chernozem.

(1) In the case of typical chernozem with a suffi-
ciently high pollution level (when the equilibrium is
reached), Cu(II) prevalently binds to intraaggregate
organic matter. As for soddy-podzolic soil, part of
Cu(II) also binds to intraaggregate organic matter but
its major part is associated with readily leached (water-
soluble) organic carbon.

(2) Fresh water almost does not leach Cu(II) from
typical chernozem. On the contrary, a major part of
this HM is leached from soddy-podzolic soil by fresh
water, presumably, as the ingredient of chelates with
dissolved organic matter.

(3) A small pool of the Cu(II) associated with col-
loidal organic matter is constantly leached from
soddy-podzolic soil during a long-term washing; how-
ever, this is not the case for typical chernozem.

(4) The dissolved Cu(II) most likely associated
with mobile organic matter is the prevalent HM form
leached from soil.
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021
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Fig. 4. Dependences of the concentration of copper in free organic matter (Cufree) and organic matter bound to colloidal particles
(Cucoll) on the volume of eluent and its replacement for (a) soddy-podzolic soil (0–1500 mL of distilled water followed by 1500–
1800 mL of 0.1 M NaCl solution and finally distilled water) and (b) typical chernozem (0–3150 mL of distilled water followed by
3200–4000 mL 0.1 M NaCl solution and finally distilled water). 
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(5) The main Cu(II) amount leached from typical
chernozem is associated with degradation of soil
structure and release of intraaggregate dissolved
organic matter.

(6) The structure of soddy-podzolic soil is more
resistant to the destruction caused by the osmotic
pressure formed in aggregates as compared with typi-
cal chernozem.

Correlation analysis of the amount of organic mat-
ter leached from the examined soil samples and Cu(II)
compounds (Table 2) demonstrates a tight correlation
of the amount of leached HM (in free and colloidal
forms) with the content of dissolved organic matter in
eluent in the case of soddy-podzolic soil (r = 0.94 and
0.63, respectively).

However, any correlation between the colloidal and
dissolved organic matter in eluent was unobservable.
Presumably, this is associated with competitive inter-
actions at the moment when the Cu(II) mobilized by
the dissolved organic matter is leached concurrently
with colloidal particles.

On the other hand, this interaction pattern was
unobservable for typical chernozem. However, a tight
correlation (r = 0.85) between the leaching patterns of
Cucoll and Cufree was observed, presumably resulting
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Table 2. Coefficients of the correlations of the organic matter
different copper forms

Statistically significant correlations (α = 0.05) are boldfaced (n = 11

Parameter
Soddy-podzolic soil

Cdis Ccoll Cufree Cucoll

Cdis 1 –0.02 0.94 0.63
Ccoll – 1 –0.09 0.09

Cufree – – 1 0.52

SUVA254 – – – –
from the dependence of HM leaching on soil structure
degradation when all Cu(II) compounds are leached.
The correlation (r = 0.88) between the leaching of
organic matter in a dissolved form and within colloids
confirms this assumption.

Of interest is the absence of correlation between the
SUVA254 value and Cu(II) behavior. This fact may be

associated with an equilibrium pattern of pollution:
soil samples were treated with Cu(II) solution at a
concentration threefold higher than the threshold
limit value followed by 30-day incubation with moist-
ening to field water capacity once every 7 days. Under
these conditions, the Cu(II) behavior will be primarily
determined rather by the mode of its existence (free
dissolved or colloidal) than by the structure of organic
matter, as well as the corresponding Cu(II) binding
constants. Note that the constant of Cu(II) binding to
dissolved organic matter is by two orders of magnitude
higher as compared with colloidal organic matter [13].

Assessment of the Cu(II) amount leached from soil
column demonstrated that the mean HM content in
the column after washing was 3.25 mg/kg for soddy-
podzolic soil and 3.23 mg/kg for typical chernozem
(Table 3); the corresponding values before washing
were 3.47 and 5.68 mg/kg. Statistical analysis (t-test)
 leached from soddy-podzolic soil and typical chernozem with

 for soddy-podzolic soil and n = 7 for typical chernozem).

Typical chernozem

Cdis Ccoll SUVA254 Cufree Cucoll

1 0.88 –0.62 –0.38 –0.24

– 1 –0.58 –0.35 –0.18

– – – 1 0.85
– – 1 –0.33 –0.14
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Table 3. Cu(II) content in soddy-podzolic soil and typical
chernozem samples before and after washing at the column
inlet, middle part, and outlet

Sample
Cu, mg/kg

SPS TCh

Before washing 3.47 5.68

Column inlet 3.06 2.67

Column middle part 3.24 3.21

Column outlet 3.45 3.81
demonstrated that the Cu(II) concentrations before
and after washing differed in a statistically significant
manner (α = 0.05) for both soils (soddy-podzolic soil
and typical chernozem).

The performed experiment has shown that only 6%
of the applied HM was leached from soddy-podzolic
soil versus 43% leached from typical chernozem. Pre-
sumably, this large amount of Cu(II) leached from the
column with typical chernozem is explainable by
intensive degradation of its structure. In general, the
Cu(II) distribution along the column height for both
soddy-podzolic soil and typical chernozem suggests a
low mobility of the metal in the examined soils. Pre-
sumably, this is associated with the Cu(II) redeposi-
tion in the lower layers of soil samples during the migra-
tion along the columns. As is evident from Table 3, the
Cu(II) content at the column outlet was close to its
concentration in the initial soil samples.

CONCLUSIONS

The change in the composition of soil solution
during intensive washing with fresh water followed by its
saturation with salt and subsequent switch back to fresh
water destroys soil aggregates in soddy-podzolic soil
and typical chernozem. This is explainable with the cre-
ation of a high osmotic pressure in soil aggregates inte-
riors directed from the center of aggregates to the inter-
aggregate pores (cracks). In addition to the osmotic
effect, the dissolution of humus substances resulting
from the replacement of exchangeable calcium by
sodium may enhance the destruction of soil aggregates
as well as the peptization of clay particles because of an
increase in the electrokinetic potential under saturation
with exchangeable sodium on the background of a dras-
tic decrease in the total salt content of the solution.

The aggregates of soddy-podzolic soil are more
resistant to such destruction as compared to the aggre-
gates of typical chernozem. Most likely, this is associ-
ated with the percolative regime during formation of
soddy-podzolic soil when the most water-stable struc-
tures are selected.

Under equilibrium conditions, Cu(II) in typical
chernozem is mainly bound to intraaggregate organic
matter, which is untypical of soddy-podzolic soil.
Washing of the Cu(II)-polluted soddy-podzolic
soil with fresh water enhances the active leaching of
HM, whereas Cu(II) is almost not leached from typi-
cal chernozem under these conditions.

The leaching of HM in the typical chernozem pol-
luted with copper is associated with the its structure
degradation and the release of intraaggregate organic
matter.

As for the soddy-podzolic soil polluted with
Cu(II), the leaching of HM is directly associated with
the f low of dissolved organic matter. After the main
part of dissolved organic matter is leached from soddy-
podzolic soil by fresh water, this fresh water carries out
Cu(II) mainly within colloidal particles. However,
Cu(II) is not leached from typical chernozem under
these conditions.

In soddy-podzolic soil, immobilized HM is com-
petitively bound by dissolved organic matter. This fact
is confirmed by a tight correlation of Cdis with free

copper compounds, Cudis (r = 0.94), and the absence

of correlation between the f low of organic matter in a
colloidal form and the copper content in mobile col-
loidal particles. In the case of typical chernozem, the
flows of free Cu(II) and the Cu(II) bound to mobile
particles are independent of the quantitative charac-
teristics of the f lows of organic carbon both colloidal
and dissolved.
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