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The article provides research results and comparative analysis of humic acids
in sod-podzolic soil of the Experimental Forest of the Russian State Agrarian
University (protected area) and urban soils located in the Timiryazev district
of Moscow. Humic acids of the zonal sod-podzolic soil of the Experimental
Forest include four fractions with varying molecular weight: the 1st fraction —
> 23 440 unified atomic mass units (amu), the 2nd one — 13 340 amu, the 3rd
one — 5500 amu and the 4th one — 2 460 amu. The fraction with a molecular
weight of 5 500 amu and a relative content of 38 % dominates among them,
while the share of low-molecular fractions (< 20 000 amu) accounts for 70 %
of the total mass of humic acids. When weight-average molecular mass of
humic acids is 17 530 amu, the average molecular mass of the low-molecular
fractions is 9 960 amu. Humic acids of urbanozems differ in molecular weight
composition from humic acids of sod-podzolic soil. In most cases it consists of
5-6, less commonly of 3, fractions with molecular weight from 1 780 to >
23 440 amu. The share of medium- and high-molecular fractions fluctuates
from 31-37 % to 47-50 % of the total mass of humic acids. The characteristic
feature of humic acids of urbanozems is the presence in their composition of
low-molecular fractions with such molecular weights, which are not found in
humic acids of sod-podzolic soil. Thus, humic acids of urbanozems are
characterized by higher weight-average molecular mass ranging from 17 680
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to 19 980 amu, as well as by higher weight-average molecular mass of the
low-molecular fractions which vary from 10 680 to 13 650 amu.

Keywords: sod-podzolic soil, urbanozem, humic acids, fraction, molecular
weight, weight-average molecular mass.

INTRODUCTION

In the study of soil organic substance gel chromatography
method has become widely used, it has recommended itself as a
reliable and fast way to fractionate and determine molecular masses of
humic substances in the study of their formation processes, migration
and transformation. With its help a significant amount of valuable
scientific information on the characteristics of various soil organic
substance has been obtained. In particular, it became possible to
establish well the polydispersity of humic acids, i.e. the presence of
molecules with different molecular weights among them (Khan
Friesen, 1972; Goh, Williams, 1979; Aleksandrova, 1980; Orlov, 1990;
Piccolo, Conte, 2000), provided that a molecular mass (MM) of humic
acids (HA) have a very wide range (Tan, Giddens, 1972; Kolesnikov,
1978; Orlov, 1990; Popov, 2004), and the fractions themselves differ in
composition and properties.

With a decrease in MM in HA, as it was shown, the content of H
and N decreases, the amount of O, carboxyl groups, the degree of
oxidation and the fraction of cyclic structures in their composition
increase (Swift, Posner, 1972; Tan, Giddens, 1972; Aleksandrova,
1980; Goh, Williams, 1982; Lishtvan et al., 2012). A decrease in the
molecular weight of HA is accompanied by an increase in their age
(Chichagova, Tarasova, 1992) and the concentration of paramagnetic
centers (Strigutskii et al., 1992). The HA high-polymeric fraction are
enriched in fatty acids, polysaccharose and polypeptides; the
concentration of photosensitizer chromophores is much lower in them,
and therefore, the absorption intensity in the UV and the visible
spectrum parts is lower (Rishard et al., 2008).

These and other materials (Okolelova, Baranovskaya, 1987;
Mamontov et al., 2009; Karpukhin et al., 2010) allowed us to expand
significantly our understanding of formation and functioning of the soil
organic part and the peculiarities of its transformation under the
influence of natural and anthropogenic factors. However, they were
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obtained in the study of virgin soils and soils of agrocoenosis, while the
information on the peculiarities of the molecular weight HA
composition of urban soils is virtually absent. At the same time, such
information is, of course, necessary to obtain whole and objective
picture of the characteristics of the organic substances in urbanozems
as the most important factor determining their stable state and effective
functioning.

MATERIALS AND METHODS

The objects of our research were urban coenoses soils of the
Northern Administrative District of Moscow: sod-podzolic soil of the
Experimental Forest (protected area), the urbanozems of Dubki Park,
lawns of Timiryazevskaya Street, interbuilding territory along
Timiryazevskaya Street (IBT), Koptevsky boulevard, mini-park in
Bolshaya Academicheskaya Street.

It was previously established that urbanozems significantly differ
from zonal sod-podzolic soil both in labile, dynamic properties and in
fundamental, relatively stable indicators. In contrast to acidic,
unsaturated with bases sod-podzolic soil, urbanozems are characterized
by a neutral or slightly alkaline PH, a higher content of humus,
exchangeable Ca and Mg and a wider ratio of Ca: Mg in the humus
layer, free carbonates presence; their profile may be not differentiated
by granulometric and total composition. Compared to zonal sod-
podzolic soil, urbanozems contain less total SiO,, TiO, and often Na,O,
more Al,O3, Fe;03, MgO, CaO (Mamontov et al., 2016).

To obtain the specimens the humic acids were extracted with 0.1
n. NaOH solution to the maximum extraction after preliminary
decalcification of the soil according to the generally accepted technique
(Orlov, Grishina, 1981). Sephadex G-50 was used to fractionate HA.
The concentration of HA added on column was 4 mg/ml; 0.1 n NAOH
solution served as a solvent, 0.015 M phosphate buffer with pH 7.5 —as
an eluent, the sampling choice was carried out through 2 ml, the optical
density was measured at KFK-3-01 at the wavelength of 315 nm. Blue
dextran was used to determine a free volume; MM fractions of HA
were found by the empirical formula (Osterman, 1985).
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RESULTS AND DISCUSSION

Fractionation of the studied soils HA on Sephadex G-50 helped
reveal the heterogeneity of their molecular mass composition (Fig. 1).
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Fig. 1. Gel-filtration chromatograms of humic acids in urban soils.

Four fractions are clearly distinguished on the HA gel-filtration
chromatogram of the sod-podzolic soil located in the regions of
different MM, and there are six fractions on the gel chromatogram of
the HA of Koptevsky Boulevard urbanozem. The first and the last
fractions in the area of high and low MMs were more or less clearly
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distinguished on the HA gel-filtration chromatograms of other
urbanozems, and between them there is a vast area assigned to fraction
2 where it did not occur any distinct separation into fractions. The
eluents belonging to this area of gel-filtration chromatograms were
collected, evaporated, each to a volume of 2 ml, and passed over
through a gel column. As a result of this the HA in some urban soils
could be divided into a number of fractions (Fig. 2).
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Fig. 2. Gel-filtration chromatograms of the 2™ fraction of humic acids in
urban soils.

Three fractions were found in the HA of the urbanozems in
Dubki Park and the lawn of Timiryazevskaya Street, and four fractions
— in the HA of the urbanozem in the mini-park in Bolshaya
Akademicheskaya Street, while the HA of the urbanozem of the
interbuilding territory were not divided into fractions.

The assessment results for molecular weight composition of the
HA in the studied soils are presented in Table 1.
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Table 1. Molecular weight composition of humic acids in urban soils
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In most cases the soil HA of every studied objects are
characterized by their molecular weight compositions, which manifest
themselves to varying degrees of dispersion, MM values of individual
fractions and their relative contents.

According to the obtained data the HA of zonal sod-podzolic soil
in the Experimental Forest which was formed under a mixed timber
stand consist of four fractions that differ in MM and their relative
content. Fraction 3 with a molecular mass of 5 500 amu and its relative
content of 38 % prevails in the HA composition. The next most
significant contribution to the total HA mass is the extracted free
volume fraction 1 with MM > 23 440 amu with its relative content of
30 %. In quantitative terms fraction 2 is close to it, having a molecular
mass of 13 330 amu, which accounts for 24 %. Fraction 4 with MM of
2 460 amu was found in a very insignificant amount of 8 % in the
composition of sod-podzolic soil HA.

The bulk of HA molecules is believed (Orlov, 1990) to have
average molecular sizes ranging from 20 000 to 80 000 amu. Based on
these data, HA of sod-podzolic soil in the urban forest coenosis,
experiencing a relatively small anthropogenic load, are characterized
by a relatively low degree of dispersion. They are mainly represented
by low-molecular fractions (< 20 000 amu), which amounted to 70 %
of HA mass, and the weight-average MM of HA amounted to 17 530
amu, whereas weight-average MM of low-molecular fractions was
9 960 amu.

HA of urbanozems in various urban coenoses are characterized
by a different molecular-mass composition than sod-podzolic soils
usual for the Experimental Forest territory. The differences relate to
both the degree of HA dispersion and the values of molecular masses
and the relative content of individual fractions.

The interbuilding territory HA consists of only three fractions.
Fraction 2 prevails among them with a molecular mass of 11 350 amu
and a relative content of 55 %. The lowest content — 5 % caracterizes
fraction 3 with MM of 2 090 amu. Fraction 1 with MM > 23 440 amu
is contained in amount of 40 %.

In general, the interbuilding territory HA differ significantly
from sod-podzolic soil HA. They are less dispersed and the fraction
dominating in their composition is absent among the HA fractions of
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sod-podzolic soil. In addition, they contain 10 % less low-molecular
fractions and have a higher approximate weight-average MM of 18 500
amu, weight-average MM of their low-molecular fractions (11 200
amu) is also higher.

The HA of the urbanozem in Dubki Park and the lawn of
Timiryazevskaya Street consist of five fractions. In addition to the
same dispersion degree their molecular mass composition has a number
of similar features. First of all, it should be noted a high content (47—
50 %) of extracted free volume fraction 1 with MM > 23 440 amu.
Along with this they include low-molecular fraction 5 with a relatively
close molecular size (2 880-3 390 amu), which is contained in a very
small amount (1-4 %). Finally, they have a rather close approximate
weight-average MM (19 560-19 980 amu) and the same total content
of low-molecular fractions (50-53 %).

The HA of the urbanozems in Dubki Park and the lawn of
Timiryazevskaya Street differ in MM absolute values of fractions 2, 3
and 4. Among them there are no fractions of the same size, the nature
of the individual fraction contribution to the total HA mass is also
different.

Along with the low-molecular fraction 5 the HA of the
urbanozem of Dubki Park includes three more low-molecular fractions
with MM of 16 980, 13 340 and 9 660 amu, and their relative content is
almost the same and amounted to 14 %, 17 % and 18 % respectively.
Weight-average MM of all low-molecular fractions is 13 650 amu.

The content of low-molecular fractions in the HA composition of
the urbanozem in the lawn of Timiryazevskaya Street is more
contrasting. Among them fraction 3 with MM of 12 300 amu and
relative content of 29 % clearly dominates. Fraction 4 with MM of
4 320 amu is presented in a very small amount (2 %); fraction 2 with
MM of 14 450 amu amounted to 18 %, average MM is 12 890 amu.

Compared with HA of sod-podzolic soil, the HA of the
urbanozems in Dubki Park and the lawn of Timiryazevskaya Street are
more dispersed compounds, which is associated with the existance of
low-molecular fractions that are absent in the HA of sod-podzolic soil,
however, the contribution of all low-molecular fractions in total mass
of urbanozems HA is less. In this regard, in comparison with sod-
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podzolic soil HA they have a higher approximate weight-average MM
and weight-average MM of low-molecular fractions.

The HA of the urbanozems in Koptevsky Boulevard and the
mini-park in Bolshaya Akademicheskaya Street are the most disperse
ones, consisting of 6 fractions and having a fairly similar molecular
weight composition, which is manifested in the similar MM values and
the content of its main fractions. The highest content, amounting to 31—
31 %, is a characteristic of extracted free volume fraction 1 with MM >
23 440 amu. The next most important fraction is 4 with MM of 8 220-
8 910 amu and the relative content of 24-25 %. This also applies to
fraction 3, which in both cases has an MM of 10 470 a.m. and the
relative content of 10-12 %. In total, these three fractions account for
66—71 % of the total HA mass; therefore, they mainly determine the
characteristics of their molecular weight composition and weighted-
average MM values, which are also quite close to each other. The HA
of the urbanozem in Koptevsky Boulevard have approximate weighted-
average MM of 17 680 amu and of low-molecule fractions — of 10 990
amu, the HA of the urbanozem in the mini-park in Bolshaya
Akademicheskaya Street — 18 150 amu and 10 680 amu respectively.

The differences between the HA of these soils are due to the
MM values and the relative content of fractions 2, 5, and 6. The HA of
the urbanozems in Koptevsky Boulevard has the MM value of fraction
2 of 14 450 amu, with the relative content of 19 %, and the HA of the
urbanozem in the mini-park in Bolshaya Akademicheskaya Street has
less MM of fraction 2 of 13 340 amu, although its content is the same.
The lowest molecular fractions 5 and 6 also differ from each other. In
the HA of the urbanozem in Koptevsky Boulevard these fractions have
MM of 3130 and 1 780 amu with a relative content of 10 % and 5 %,
whereas in the HA of the urbanozem in the mini-park in Bolshaya
Akademicheskaya street its value is 4 320 and 3 390 amu with 5 % and
4 %, respectively.

On the whole, the HA of the urbanozems in Koptevsky
Boulevard and in the mini-park in Bolshaya Akademicheskaya Street,
as well as the HA of sod-podzolic soil, consist mainly of low-molecular
fractions but they are more dispersed compounds with higher average
MM. They are formed by fractions which are absent in the HA of sod-
podzolic soil, with the exception for the HA of the urbanozem in the
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mini-park in Bolshaya Akademicheskaya Street, which, like the HA of
sod-podzolic soil, contain a fraction with MM of 13 340 amu,
approximately at the same quantity.

Thus, the HA of urbanozems are characterized by a different
molecular mass composition compared with the HA of zonal sod-
podzolic soil of the protected area that was slightly changed as a result
of human activity influence. The differences relate to both the degree
of HA dispersion and the MM values of the individual fractions, as
well as the approximate weight-average MM of HA and weight-
average MM of low-molecular fractions. They can be explained by
various reasons but obviously the anthropogenic factor plays a key
role.

In contrast to the soils of forest conservation and protected areas,
the urban soils, which form the main background of the soil cover in
cities, are much more prone to anthropogenic impact which affects
their regimes and properties, including the molecular weight HA
composition. This may be due to the fact that in urban soils the
humification process takes place under qualitatively different
conditions in comparison with zonal sod-podzolic soil of natural
coenosis. This can be explained by both different chemical and
physicochemical properties of urban soils, and by the change in the
nature of vegetation. The replacement of mixed timber stands, which is
a natural condition of soil formation, with grassland vegetation or
mainly deciduous trees with abundant grassy cover affects the scale
and chemical composition of plant litter annually entering the soil.
Changes in the conditions for humification process, as well as
introduction into constructing soil profile of organogenic materials
which already contain formed humic substances, will affect HA
qualitative characteristics and, in particular, their molecular masses. At
the same time, it is of great importance the fact that the HA of these
organogenic materials is resistant to environmental conditions usual for
urbanozems. It is possible that some part of low-molecular fractions of
urbanozems HA has not formed as a result of humification process in
urban soils, has not remained from the original soil and has not entered
soil profile during its formation. They can be a product of larger HA
molecules destruction which were part of the organogenic substances
used while urbanozems were creating and turned out unstable under
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other conditions compared to those in which they were originally
formed. One way or another, the discrepancy between the molecular
weight composition of urbanozem HA and the molecular mass of the
HA formed under zonal soil formation type can lead to instability of
organic profile of artificially created urban soils and its accelerated
degradation, as a result of which the soil cover cannot properly perform
its environmental functions.

CONCLUSIONS

1. Humic acids of urban soils have a complex molecular weight
composition and consist of various fractions that differ in their
molecular weights and relative content.

2. The humic acids of zonal sod-podzolic soil consist of four
fractions with molecular weight from 2 460 to > 23 440 amu with the
prevalation of low-molecular fractions, which account for 70 % of the
total mass of humic acids.

The humic acids of urbanozems consist of five to six fractions
with molecular masses from 1 780 to > 23 440 amu, less frequently of
three fractions with molecular weight from 2 090 to > 23 440 amu, the
contribution of low-molecular fractions in the total mass of humic acids
varies from 50 % to 69 %.

3. At urban conditions the anthropogenic impact on composition
and properties of soil organic part prevails over the natural factors of
soil formation, which causes a change in dispersion degree and an
increase in the approximate weight-average molecular mass of
urbanozem humic acids, compared to the humic acids of zonal sod-
podzolic soil by 150- 2 450 amu, and the average molecular mass of
their low-molecular fractions — by 720-3 690 amu.
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