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Humic substances: from structure to application through plant action
mechanism

Baigorri R."?, Urrutia O., Erro J.2, San Francisco S.",Garcia-Mina J.M.?
'"Timac Agro, Orkoien, Spain. roberto.baigorri@timacagro.es
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Keywords: structure, application, fertilization
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Humic substances (HS) are the Organic Matter component in soils that connect the
mineral phase with the vegetation cover. Like an interphase connecting the no-living and
the living world through a huge quantity of chemical and biochemical reactions. And this
marvelous ecological role is possible because of the high versatility of HS.

We previously describe the HS adaptability to different soils (acidic, alkaline, sodic,
saline...) in relation to the structural complexity in function to these soil characteristics.
Thus Gray, Brown or Fulvic fraction, showed different molecular arrangement and
structure. And how humification is an ordered and no randomness process in which
composting is a very early step. In a biological point of view, we described the hormonal
mechanism in which HS are involved when are in contact to plants promoting development
and growth in both root and shoot.

Finally, here we show the applicability of HS in the manufacturing of different
products:

1. a solid granulated fertilizer, in which a humic phase was applied to a sulphate-
phosphate matrix yielding the previously anion-metal humic complexes described in soils,

2. a humic based iron chelate protected by a second organic molecule (Fig. 1) to
prevent the collapse of iron humate and,

3. livestock humic-feed in two different phosphate phases as monocalcium and
dicalcium are, yielding phosphate-calcium-humate bounds in function of their different pH
and crystallographic cell.

Host biomolecule

. T P
L R

Figure 1. Humic-iron chelate protected by a second organic molecule.
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Key roles of humic substances in global biogeochemical cycles

Cervantes F.J.
Engineering Institute, Universidad Nacional Autbnoma de México (UNAM), Unidad Juriquilla,
Querétaro, Mexico, E-mail: fcervantesc@iingen.unam.mx

doi: 10.36291/HIT.2019.cervantes.012

Microbial reduction of humic substances (HS) is a respiratory process involving
extracellular electron transfer, which has significant impact on the transformation and fate
of inorganic and organic contaminants in organic rich environments. The present work
aims to provide an overview on the new scientific advances revealing novel roles of HS in
key biogeochemical cycles. Anaerobic methane oxidation (AOM) linked to microbial
reduction of HS [1] will be discussed. Also, the new findings indicating the potential role of
HS on mitigating emissions of both methane and carbon dioxide in wetlands will also be
examined [2]. Regarding the N cycle, the novel humic dependent-anaerobic ammonium
oxidation [3] process will be presented and its potential role in marine N cycle will be
discussed. Moreover, recent findings indicating the potential role of HS on mitigating the
emissions of nitrous oxide from wetlands will also be presented [4].

References
1. Valenzuela et al. Appl. Environ. Microbiol. 2017. 83, e00645-17.
2. Valenzuela et al. Sci. Total Environ. 2019. 650, 2674-2684.
3. Rios-Del Toro et al. Environ. Sci. Technol. Lett. 2018. 5, 571-577.
4. Valenzuela et al. Unpublished data.
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Regulation of methanogenesis over introducing of humic compounds
to biocatalytic systems with complicated content

Efremenko E."?, Senko 0."? Stepanov N."2, Volikov A.B.", Mareev N.V.", Perminova I.V.’
'Lomonosov Moscow State University, Moscow, Russia, elena_efremenko@gmail.com
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doi: 10.36291/HIT.2019.efremenko.013

Landfills of solid household waste pose a serious long-term risk to the environment
and public health. This is due to the active production of landfill gas, which mainly contains
CH4 and CO; with a low addition of H,S, Hz, and NHs. For this reason, in many developed
countries, special procedures are used to minimize landfill gas emission. The search for
new solutions to reduce the intensity of landfill gas production and the proportion of CH4 in
its composition is highly relevant.

CH4 is formed as a result of the metabolic activity of methanogenic microbial
consortia that are formed spontaneously under natural conditions and consist of hydrolytic
and acetogenic bacteria as well as methanogenic archaea [1].

Recently, the inhibition of the methanogenic activity of anaerobic consortia by various
humic compounds (HCs) containing various functional (carboxyl, phenolic, hydroxyl, etc.)
groups, has been actively studied [2]. At the same time, it should be noted that under real
conditions (in landfills), microorganisms involved in the formation of biogas are in a stable
state due to both the formation of a stable consortia, high cell density, and immobilization
(sorption predominantly) on various materials. In this regard, it seemed appropriate to
study the effect of HCs on the methanogenic consortia and the methanogenesis process
itself in the presence of naturally and artificially immobilized forms of anaerobic
microorganisms [1].

The purpose of this work was to evaluate the activity of various natural methanogenic
consortia using the bioluminescent luciferin—luciferase method of ATP determination and
to compare this method with the traditionally used approach based on studying the
characteristics of methanogenesis: the process efficiency and the methane content in the
accumulated biogas. In particular, the new technique was applied to assess the effect of
different concentrations of HCs. This approach was used to analyze the effect of
introducing potassium humate and fulvic acids (1-10 g/L) into media with different
methanogenic consortia producing biogas.

The increase in the concentration of potassium humate led to a decrease in the
overall energy status of the cells and reduced methanogenesis efficiency. However, fulvic
acids introduced into the media stimulated methanogenesis in half of the tested consortia,
which was accompanied by an increase in ATP concentration in cell samples. So, a
positive correlation between the metabolic activity of cells in biogas formation and the
concentration of ATP was observed. ATP concentration control appears to be an attractive
tool for finding compounds that suppress methanogenesis in landfills.

Acknowledgements. This research was funded by the Russian Foundation for Basic
Research (Grant No. 18-29-25065)
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Living with microbes and stars: the discontinuous universe of natural
organic matter
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Various astrophysical and astrochemical environments and conditions readily
generate mixtures of complex molecules, commonly in the temperature range from 2500 —
2.725 K (the temperature of the cosmic microwave background). The compositional
diversity of these molecules exceeds that of our current terrestrial biomolecules by a
substantial margin. In the solar system, carbonaceous chondrites which show carbon
contents up to 5% are remnants from the initial times of solar system formation 4.54 billion
years (Ga) ago; very few other geological traces from the Hadean epoch (>4 Ga) remain
on Earth. Recently discovered organomagnesium compounds in meteorites (CHOMg) are
indicators of thermal and shock stress during meteorite formation, i.e. they are the first
identified geomolecules to relate organic molecular diversity and conditions of meteorite
formation. CHOMg compounds in meteorites can be seen as conceptual soil analogues
which existed at the time of the formation of the earth and even several millions of years
before that. They connect the previously known set of extraterrestrial abiotic CHNOS
molecules and the mineral phase. Thermostable CHOMg compounds might have
selectively preserved specific organic molecules through organo-mineral-interaction over
geologic time scales and are therefore relevant in origin of life studies.

Current terrestrial extreme environments such as Yellowstone National Park are
organic chemo-diversity hot spots and reveal an unique chemo-diversity that has not yet
been observed anywhere in aquatic surface environments on Earth. The formation of NOM
preceded the evolution of life and at any time in Earth’s history, coevolution occurred
between prebiotic/abiotic molecules, NOM and primitive and higher forms of life. The near
continuum of binding sites available to ions and organic molecules acts to buffer against
environmental and chemical extremes in the geo- and biosphere, which could damage life
because of their potent reactivity. This key supportive role of NOM in life processes is
sustained by strong interactions between biological and geochemical cycles.

Modern organic structural spectroscopy enables a thorough description of NOM
molecular features which reflect ecosystem conditions and formation history. Hence, NOM
from terrestrial (soil), freshwater (lakes, rivers, groundwater), marine (estuarine, surface
and deep ocean), atmospheric (secondary organic aerosols) and extraterrestrial sources
show distinct individual characteristics which in conjunction will enable a lively
representation of our boundless carbon and all other element cycles. This contribution will
use recent examples of molecular characterization of NOM from various sources to
illustrate avenues to a holistic contemplation of our Earth in an evolving universe.
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Humic substances in the healthcare industry
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Currently humic substances are being marketed as non-prescription products in a
range of categories across the globe. Different functionalities, potentials, abundance and
low cost raw material of HS augur a future in therapeutic product category or in
pharmaceutical excipient. But the way forward is not as easy as in case of non-prescription
products (majorly safety and quality data needed). The associated impediments are,

—requirement of full battery of safety and efficacy data (depending upon claims and
categories of the products);

— availability of consistent quality raw material;

— full chemical and analytical characterization;

— low yield and consumption of by-product;

— not well recognized by regulatory agencies.

So, it requires a consorted effort by different stake holders of product development. If
planned meticulously, it can also be dealt in a collaborative fashion with experts of specific
fields in fine tuning with regulatory requirements. The invited talk would touch upon these
nuances in details.
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Biodegradation of a petroleum-derived groundwater plume reveals the
compositional continuum of dissolved organic matter
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Quantitative and qualitative analytical techniques including dissolved organic carbon
(DOC), excitation-emission matrix spectroscopy (EEMS), ultrahigh resolution mass
spectrometry (UHR-MS), benzene polycarboxylic acid (BPCA), and nuclear magnetic
resonance (NMR) spectroscopy were utilized to measure the molecular-level composition,
structural, and reactivity continua of a dissolved organic matter (DOM) plume located at
the National Crude Oil Spill Fate and Natural Attenuation Research Site, near Bemidji,
Minnesota, USA. All analytical measurements indicate a smooth and continuous change in
DOM composition along the centerline of the plume transect. Regardless of
methodological selectivity or limitations, results from each technique tracked the same
path along the DOM continuum. Moreover, we show that the reactivity of the DOM pool is
dependent on the composition observed along the gradient. A detailed understanding of
the relationship between the composition and reactivity continua of DOM will aid in our
development of miniaturized (lab-on-a-chip) assays that provide quantitative field
measurements of DOM reactivity in aquatic ecosystems.
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Figure 1. PCA plot of the compositional continuum that results from biodegradation of
DOM produced from an aliphatic organic carbon source in a confined aquifer. Changes in
fluorescence, molecular-level composition, and structure across the DOM plume transect

are smooth and continuous, corresponding with a simultaneous decrease in microbial

reactivity. The discontinuity or gap in composition is an indicator of DOM from different
source material and corresponding reactivity potential.

Acknowledgements. Research supported by Shell Global Solutions, Enbridge
Energy, and U.S. Geological Survey Toxic Substances Hydrology Program. UHR-MS
analyses supported by the NHMFL User Program, NSF DMR-1157490.
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Methodological approaches in assessing the effectiveness of the use of
feed additives of humic nature in productive livestock
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The spectrum of biological effects of feed additives and preparations of humic nature
in industrial animal husbandry has a multi-vector dependence. At the same time, the
selection of humic-containing raw materials (peat, brown coal, leonardite, sapropel, and
also the products of the vital activity of worms) in terms of physicochemical, biological, and
environmental characteristics can be put in first place. Only after the first stage it is
possible to evaluate the biological effect of humic substances on the animal organism. The
report gives a retrospective of methodological approaches for the selection of humic feed
additives for various types of farm animals as adaptogens, immunomodulators and
regulators of metabolic processes of biological production synthesis. In our studies,
environmentally friendly peat was used from 3 different deposits of Ukraine, which were
selected after analysis of peat samples from 18 deposits using the screening system which
we developed for their assessment (Stepchenko L.M., Sedykh N.I. 2011). More than 30
years of experience in this area research allowed us to offer a certain sequence of
experiments stages to assess the effectiveness of humic nature feed additives in animal
husbandry. 1. Determination of biological characteristics of the studied feed additives and
determination of the presence of acute and chronic toxicity. 2. Conducting one or more
experiments on laboratory animals in order to determine the dose-effect relationship. 3.
Determination in laboratory animals (mice and rats), the level of antioxidant,
hepatoprotective and immunomodulating activities of humic nature food additives can also
be established by biological markers of indicators of homeostasis. 4. The transition to
checking the effectiveness of the use of feed additives for farm animals in an environment
of livestock. Initially, 2-3 dosages are used, the effectiveness of which was detected in
laboratory animals, taking into account the metabolic rate of the corresponding species of
productive animals and taking into account the duration of their use and compatibility with
veterinary measures that are carried out in the conditions of the economy. 5. Assessment
of the animals’ productive qualities, qualitative and quantitative characteristics of biological
products. The report will also present methodological approaches to determine the degree
of influence of humic nature feed additives on digestion processes, the degree of
metabolic restructuring of the liver function, the main indicators of homeostasis, as well as
quantitative and qualitative characteristics of the resulting biological products. Experiments
on the use of feed additives obtained from peat were carried out on the basis of a research
humic substances laboratory named after professor L.A. Christeva of the Dnipro State
Agrarian and Economic University and agricultural enterprises of Ukraine. As a result of
applying the proposed research approaches, we developed technological schemes for the
application of such feed additives as “Huminat”, “Hydrogumat” and “Humilid” for broiler
chickens, laying hens, ostriches, pheasants, turkeys, pigs of various technological groups,
as well as for cattle.

21



Book of Abstracts
Fifth International Conference of CIS IHSS on Humic Innovative Technologies «Humic substances and living systems» (HIT-2019)
October 19-23, 2019, Moscow, Russia

The colonic bioreactor — a forerunner model for future biotechnology
(function, role, products & management)
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Biotechnology is a key to our future. Using a bioreactor as a tool, men produce
already nowadays gas, food, enzymes, insulin and a diverse set of biologicals on a very
large scale. Adapting a biotechnology only on its own purpose, mankind is borrowing the
wisdom of life, originating from four billion years of evolution. Actually, our earth itself is a
large bioreactor, with a highly complex composition of different subsystems, each of them
again specialized for a distinct purpose. Colon, is one of the most sophisticated natural
bioreactors and as an organ indispensable for all vertebrates. Colonic bioreactor produces
energy, vitamins, hormones, neuronal active substances and is important for antigen
presentation purposes using a complex polymicrobial community. These functions are not
a random result of accidentally crossing microbiota, but a result of deliberate selection,
steering and facilitation of complex biomasses. We are just at the beginning of unravelling
advanced morphologic and functional solutions.

The lecture describes the principles by which our colonic bioreactor is maintained, its
relation to our health, functional disorders, inflammation, the interaction with antibiotics,
probiotics and — last but not least — humic acids. Different to antibiotics, and probiotics,
humic acids are extremely complex and still chemically poorly characterized. That is due to
the complexity of the microbiota and substrates that humic acids are originating from.
However, exactly this complexity stresses their highly differentiated role in microbe
mediated organic synthesis and degradation, which can be potentially used for the specific
regulation of polymicrobial metabolism within our bioreactor.
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Immunotoxicity and allergenic properties of humic acids isolated from
peloid

Zhernov Yu.V.1, Litovkina A.O.1, Perminova I.V.2, Khaitov M.R.

'National Research Center — Institute of Immunology FMBA of Russia, Moscow, Russia,

y.zhernov@nrcii.ru
2Lomonosov MSU, Department of Chemistry, Moscow, Russia

doi: 10.36291/HIT.2019.zhernov.018

Currently, biologically active food additives (BAFA) based on humic acids (HA) are
widely distributed, which leads to the appearance of clinical cases associated with
development of atypical reactions after ingestion of these supplements. HA are known to
possess a broad spectrum of pharmaceutical activity, including pronounced anti-
inflammatory and immunomodulatory properties. This fact stimulated us to study a
complex evaluation of the immunotoxicity and allergenic properties of HA.

The low-mineralized silt sulfide mud (peloid) samples were collected during spring,
2017 from the Molochka Lake of the Samara region, Russia. HA were isolated from peloid
samples using extraction with 0.5 M NaOH as described in [1]. The immunotoxicity and
allergenic properties of HA were evaluated according to the methodological
recommendations of the European Medicines Agency and Research center for medical
application, Russia. [2]. The effect of HA on the humoral immune response was evaluated
by the change in the number of antibody-forming cells (AFC) in the spleen of mice when
they were immunized with sheep red blood cells (SRBC) [3]. The effect of HA on the cell-
mediated immune response was evaluated on the model of induction of the type IV
hypersensitivity reaction to hapten reagent 2,4,6-trinitrobenzenesulfonic acid (TNBS)
(Sigma-Aldrich) [4]. The effect of HA on neutrophil activation was evaluated by phorbol 12-
myristate 13-acetate (PMA) and zymosan was assessed by Iuminol-dependent
chemiluminescence (CL) [5]. The serum total IgE level after intraperitoneal administration
of HA to BALB/c mice was studied by the solid-phase ELISA.

HA extract was studied in complex tests on a female F1 (CBA x C57BL 6) hybrid
mice and BALB/c mice weighing 18-24 g six weeks of age. Administered per orally in
doses of 100 and 1000 mg/kg (p.o.), HA exhibited neither immunotoxic nor allergenic
effects. In CL tests, HA administered in mice in a dose of 100 mg/kg (p.o.) during 14 days
inhibited the production of reactive oxygen species by neutrophils. HA administered to
BALB/c mice in doses of 100 and 1000 mg/kg reduced the intensity of systemic
anaphylaxis.

In conclusion, the results of our experiments indicate that HA from peloids does not
exhibit undesired immunotoxicity and allergenic properties and however pose questions for
the further investigation of BAFA based on HA as a potential allergenic agent.

References
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Methodology for immunotropic activity study of humic acids
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Investigation of the humic acids (HAs) effect on various factors of cellular and humoral
immunity is a currently important scientific field in immunopharmacology. We studied of
immunomodulating properties for peat HAs. For HAs isolation, nine representative types of
peat were taken from major peat bogs in the Tomsk region (Russia). The nine peat samples
analyzed varied in the botanical composition, the degree of decomposition (from 5-10% to 40-
45%), and the ash content (from 2.6% to 16.3%). The HA fractions isolated as described
earlier [Zykova, 2018] using basic (NaOH) and pyrophosphate (NasP,07) extractions, were
designated as HAb and HAp, respectively. Methodology for immunotropic activity study of HAs
consisted of several stages.

First step was the screening of HAs NO-stimulating properties (18 samples) of various
concentrations (0.1; 1; 10; 50 and 100 pg/mL) in murine peritoneal macrophages cultures. All
tested HAs exhibited stimulation of NO production. It was stated that HAp samples have
higher activity than HAb samples. The second step consisted of two experiments that were
carried out in murine peritoneal macrophages culture in comparison with lipopolysaccharide
(LPS) as stimulated control and the standard LPS inhibitor antibiotic Polymyxinum B that
blocks stimulating activity of LPS by binding with the endotoxin. Results showed that HAp
samples are more preferable in activation of macrophages than HAb samples due to their
immunotropic properties being independent from endotoxin presence. Absence of endotoxin in
natural substance is preferable in development of immunotropic medications. The HAp
samples of raised peats induced cells activation by classical path, increased NO production
and reduced arginase expression. Results allowed to determining the most active HAp
sample from the raised pine-cotton-grass peat (aHAp) as with addition of the LPS inhibitor in
the cell culture its NO-stimulating activity did not decrease, but increased, arginase activity
decreased. This indicates that aHAp sample have potential immunotropic activity mediated by
Th1-dependent immune response. The third step was a study of the cytokine profile for aHAp
sample that was carried out using key cytokines: IL-2, IL-4, IL-10, IL-12, TNF-a and INF-y. The
results showed that the aHAp sample reduced the production of IL-10 against the background
of stimulation of the production of key proinflammatory cytokines IL-2, IL-12, TNF-a and INF-y
by antigen-presenting cells. Thus, the aHAp sample showed the properties of a classic M1
activator, capable of supporting and enhancing the Th1 immune response. The fourth step
was to study the effect of an aHAp sample on the reactions of the Th1 and Th2-dependent
immune response in vivo. To assess the Th1-immune response, a mice immunization model
was used by ram erythrocytes. The effect of the aHAp sample on the humoral immunity was
evaluated by the number of antibody-forming cells in the spleen and the synthesis of
hemagglutinins. The effect of the aHAp sample on the cellular immunity was evaluated by the
delayed-type hypersensitivity reaction (this is a Th1-marker reaction). The course of
administration of the aHAp sample reduced the intensity of the cellular immunity reaction and
enhanced the indices of humoral immunity. This means that the aHAp sample really showed
the properties of a classic M1 activator, meaning it can stimulate the immune response in
infectious and inflammatory processes, chronic and oncological diseases. To evaluate the
Th2-dependent immune response, an ovalbumin model of animal immunization was used. We
investigated the level of IgG1 and IgE, degranulation reaction of mast cells and anaphylactic
index by Weigle. The aHAp sample was found to the active inhibition of the synthesis of 1IgG1
and IgE, stabilization of mast cell membranes and suppress Th2-dependent immune
response. This means that the aHAp sample has an antiallergic effect. Thus, HAs are
promising immunomodulators.
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Section 1
Humic substances as complex systems,
their composition and properties
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Soil cover of the Antarctic characterizes by relatively low thickness and spatial
discontinuity of the superficial organo-mineral bodies and the absence of the most of the
features that are specific for the “normal” soils (even for the high latitudes of the northern
hemisphere). That is why micromorphological method is considered as most suitable for
investigation of pedogenic features in the soils of Antarctica [1, 2, 3]. Soils, located on the
Ardley Island, Fildes Peninsula were selected for fine sections monoliths sampling. One
soil is normal organo-mineral soils under organic remnants of cereal plant — Deshampsia
antarctica (62-14-385 S, 58-58-486 W). Second soil was sampled under recent penguin
rockeries, which is now abandoned and faced to colonization of algae — Prasiola crispa
and cereal plant — Deshampsia antarctica (62-14-391 S, 58-580549 W). Soil samples were
air-dried and being passed through a 1-mm sieve for further chemical analyses. Fine
sections of soil material were prepared form micro monoliths of soils, sampled in field.
Samples were dried and saturated with resin. Thin sections were investigated with use of
polarization microscope Leica DM 750 p in transmitted light and crossed nicols. The
following soil micromorphological indexes have been investigated: soil microfabric, spatial
arrangements of fabric units, soil particles distribution, elements of microstructure and
character of organic matter. Soil formed under pure plant remnants without admixture of
guano showed formation of humus plasma on the surface of primary minerals. This
plasma forms the films or stains of organic matter, coating the mineral substrate. These
morphological formations can be considered as initial signs of pedogenesis. The more
developed stage of biogenic-abiogenic interactions is formation of soil aggregates,
cemented by humic materials. This type of interactions is more typical for superficial layers
of soils, formed under the sod horizons in locations of Deshampsia antarctica. Soils,
formed under guano showed formation of specific organic plasma, derived from organic
remnant of guano. This plasma plays an important role in aggregation of silt and sandy
particles and their stabilization on the surface of soils, which important in conditions of
stormy winds, and finally results in formation of stable soil cover on the territory of penguin
rockeries. Moreover, the guano plasma coatings penetrate into the deepest soil horizons
and result in enriching of all soil horizons by organic matter and mineral nutrients. This is a
reason of initiation of humification in all horizons of soil, affected by ornitogenic effect on
the topsoil layer. Thus, organic matter which is invisible on the macroscale, exist in soils of
various environment of Antarctica and can be fruitfully investigated with the use of modern
microscopic methods.

Acknowledgments. This work was supported by Russian Foundation for Basic
Research, project Ne 18-04-00900 “Ornitogenic soils of Antarctica: formation, geography
and biogeochemistry” and Saint Petersburg State University Internal Grant for the
Modernization of Scientific Equipment No. 1.40.541.2017.
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There are still no clear molecular formulas for humic substances (HSs), all the
suggested options have a schematic hypothetical character. In the second half of the 20th
century, the concept of HSs of different origin was developed: they have a common
principle of structure with a nucleus composed of an aromatic carbon skeleton substituted
by alkyl and functional groups and a peripheral part enriched with polysaccharide and
polypeptide fragments. However, some researchers believed that the HA molecule does
not contain repetitive subunits and consists of randomized polymers, including various
aromatic fragments. This concept is consistent with the hypothesis advanced by Piccolo
[1], who suggested that HSs have a supramolecular structure. The supramolecular nature
of humus acids could be considered proven by a number of instrumental techniques.

Of interest are studies focusing on the structural organization and parameters of
these structures in soils of different genesis and in different soil horizons. The objects of
our study were HAs (FAs) extracted from soils in Rostov region. The X-ray structural
analysis of HAs was conducted using X-ray.

It has been established that the supramolecular organization of HAs in Chernozems
and Chestnut soils can be described as a spatial structure composed of 2—4 layers of
condensed aromatic systems supplemented by a network of chain fragments with different
degrees of regularity and lengths. Structural parameters vary among soils of different
genesis and genetic horizons of the same soil. Interplanar distances are distinctly
registered; they vary from 0.349 to 0.371 nm. Down the profile an increase in the
interplanar distances and a decrease in the thickness of sets of chain fragments are
observed. It seems reasonable to assume that these primary particles of HSs consist of
formations that represent spatial structures of several layers of condensed aromatic
systems supplemented by a network comprised of chain fragments with different degrees
of regularity and lengths, as is schematically represented in Figure.

S5

Figure. Hypothetical structure of a humic acid structural fragment

Thus, our results suggest that humus compounds are organized as several oligomer
molecules associated into more or less condensed systems forming the basis for mobile
and steady supramolecular formations.

Acknowledgement. This research was supported by the Russian Federation Leading
Scientific School (NSH-3464.2018.11).
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In the context of radioactive waste disposal, Boom Clay (BC) is considered as one of
the potential host rock formations for the storage of high-level and long-lived (HLW-LL)
radioactive waste in Belgium. Boom Clay was deposited in seawater approximately 30
million years ago and is mainly composed of siliciclastic minerals, carbonates and organic
matter. Significant part of the BC organic matter (up to 250 mg C/L) occurs in dissolved
form, meaning it passes — by definition - a 0.45 pm filter. This dissolved organic matter
(DOM) differs in size (from hundreds to thousands of Da, Fig. 1), solubility at different pH-
values (humic and fulvic acids), structure (aliphatic versus aromatic) and reactivity
(functional groups). Previous studies [1] showed that DOM can form complexes with
uranium and thus, influence the geochemical behavior of uranium, however the complex

structure of natural DOM was not taken into account so far.

— - - Pore water DOM
—— DOM leached from clay

Normalized UV280

2 3 4 5
log Molecular Weight (Da)

Figure. 1. Mw distributions of BC DOM obtained by size-exclusion chromatography (SEC)
coupled to UV-Vis 280 for DOM obtained by piezometer sampling (pore water DOM) and
for DOM leached from BC sample from HADES underground laboratory in Mol, Belgium.

Therefore, two fractions of natural DOM were chosen to investigate their binding
properties towards uranium: a “small” (< 1 kDa) and a “colloidal” (0.45 ym — 100 kDa)
fraction. The small fraction was separated using ultrafiltration with 1 kDa PES membranes
from BC pore water sampled under in-situ conditions in the underground HADES facility
(~-223m). The colloidal fraction (Ex-045-100) was separated by leaching DOM with UP
water from a Boom Clay core, filtering it and recuperating the residue from 100 kDa PES
membranes. The current study is focused on the isolation, purification, and
characterization of the colloidal DOM fraction using UV-Vis, SEC, X-ray Photoelectron
Spectroscopy, chemical and elemental analysis and potentiometric titrations. Besides this,
the binding properties of the colloidal fraction towards uranium were evaluated through
determination of conditional complexation constants using TRLFS and UC experiments.
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Lignin structures are known to be included to the aromatic core of humic acids (HA),
which form the organic part of soils (Fleig, 1971; Manskaya, Kodina, 1975; Tuev, 1989;
Orlov, 1990; Chukov, 2001; Zavarzin, 2004). Lignin of different plant species has a varied
chemical structure and molecular weight (Fang et al., 2017). Features of the climate of
Transbaikalia: negative mean annual temperature (-4° C), soils for a long time (5-7
months) and deep (up to 3-4m) frozen, short vegetation period, summer is short but hot,
high solar radiation level (up to 3000 hours / year ), low precipitation (200-300 mm / year),
large fluctuations in the mean daily and monthly air temperatures. Such extreme
conditions promote a high accumulation of stable carbon compounds in the form of lignin
(up to 35%) in herbaceous plants as adaptation reaction. Grasses of Transbaikalia are
peculiar, due to the imposition of latitudinal and altitudinal zonality. Hence, the aim of the
study was to identify the quantity and quality of lignin phenols in herbs and their
transformation into humic acids. The objects of the study are grassy vegetation and humic
acids (HA) from the disperse-carbonate Chernozems of the Tugnuy Hollow of the
Selenginsky Middle Mountain and quasigley Chernozems of the South part of the Vitim
Plateau. Lignin was determined by mild alkaline oxidation of copper oxide in a nitrogen
medium (Ertel, Hedges, 1984) at the Hanover University, Germany, with the advice of
professors Gugenberger, and W. Zech from Bayreuth University. While determining lignin
parameters in grasses from two subtypes of Chernozems, we obtained: 1) vanillin phenols
are accumulated more intensive in herbs on permafrost Chernozems compared to steppe
ones; 2) lilac phenols content is higher in vegetation from permafrost Chernozems too; 3)
compositional ratio V: S: C of phenols in plants on permafrost soils was following: for forbs
5: 5: 1; for legumes 5: 3: 1; for cereals 1: 1: 1, and from steppe Chernozems, respectively:
for forbs 2: 3: 1; for legumes 3: 2: 1; for cereals 2: 1: 1. It would seem that soil
hydromorphism is more conducive to the accumulation of natural phenols in vegetation,
but this is not noticeable in a 0-10 cm layer of quasigley Chernozems, where V: S: C = 2:
1: 1 versus from steppe one: 3: 3: 1. HA from permafrost soils contain significant amount
of both vanillin and lilac structures, where V: S: C = 5: 4: 1, while in HA from steppe soils
this ratio is 3: 4: 1. HA from both soils contain the same number of lilac structures that
requires additional research. It should be assumed that initially high lignin content in
vegetation should have contributed to a high accumulation of lignin in soil and,
accordingly, in HA from permafrost soils. But the results show that there are more lignin
phenols in HA than in soil. It should be assumed: 1) part of the aromatic fragments of lignin
is included in the structure of the HA molecules; 2) most part of lignin transfer to humine,
which reaches up to 71% of the total carbon in quasigley Chernozems; 3) other part
remains in soil detritus (Chimitdorzhieva, 2016).

Preliminary data do not allow to explain the results because of a large complex of
factors (climatic conditions, physical and chemical properties of soils, unstable redox
potential, cryoarid microflora, grass species diversity, high solar radiation, and many
others).

This work was carried out under the theme of the state assignment No. AAAA-A 17-
117011810038-7.
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Humic substances (HS) are one of the largest reservoirs of carbon accumulation in
the biosphere. This becomes possible due to their high biochemical stability, which is
acquired in the process of humification. The study of the molecular mechanisms of
stabilization of HS in soils and other natural sites is one the fundamental problems of
natural science.

An important factor in the physical and biochemical stability of HS is the presence in
their composition of the cyclic type fragments and especially polyconjugated (condensed)
aromatic structures. From the point of view of biothermodynamic and biochemical stability,
cyclic structures (aromatic and heterocyclic) possess the greatest stability. Their content
relatively increases with the depth of humification.

The mechanism of the formation and accumulation of polyconjugate aromatic
structures in the soils HS molecules is still unclear. In the work of Lishtvan et al. (2012)
revealed the formation of aromatic polyconjugation systems by destroying molecular
fragments of an aliphatic structure and polymerization of monoaromatic fragments. At the
stage of the genesis of brown coal, when there is a sharp decrease in the content of
monoaromatic fragments and an increase in the content of polyconjugation systems, there
is also an increase in the size of “planar” graphite-like structures (Lishtvan et al. 2012).

In our studies, it was shown by solid-state 13C-NMR spectroscopy in humic acids
(HAs) of soils with a large degree of humification (chernozems and gray forest soils), there
are poly-conjugated aromatic structures of the “coal” type. But we did not find any poly-
conjugated aromatic structures in the soils HA of the taiga zone (the aromatic part is
represented mainly by “scattered” nuclei). Apparently, in the HA of chernozems, we are
dealing with purely soil biochemical processes of the formation of “humus coal’. Many
researchers attribute this stable organic substance to the fraction of humins associated
with clay minerals (Krasilnikov, 2016; Wang e.a., 2014). But the discovery of such
structures in HA preparations isolated from humus horizons by pyrolysis mass
spectrometry (Schulten and Schnitzer, 1995) and NMR (Chukov, 1998, 2018; Nicole
DiDonato, EA, 2017, etc.) indicates that the processes of formation of such stable
compounds occur during humification during the formation of the “nuclear” part of HA
macromolecules.

To decipher the molecular mechanisms of the formation of polyconjugate aromatic
structures, it is necessary to study the HS in both natural and experimental conditions. The
study of the HS of soils contrasting in the biohydrothermal conditions of humus formation,
as well as the study of the “further” humification and decarbonization of HS in model
laboratory experiments.
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Soil organic matter (SOM) is heterogeneous in composition, properties, structure,
functions, turnover and mean residence times of its components. Traditionally, the
chemical nature of humic substances (humic and fulvic acids) extracted from the soil
sample as a whole has been most thoroughly studied. Last decades, there has been
increasing interest in the chemical structure of the organic matter of different localization in
the soil matrix. In this context, the method of CPMAS >C NMR spectroscopy is becoming
increasingly popular due to the possibility of chemical characterization of low soluble
organic substances without destruction.

The aim of our work was to study the chemical composition of OM of different
localization in the soil matrix using the CPMAS "*C NMR method. The research subject
was the virgin Haplic Chernozem (medium loamy) on the loamy loesses (Streleskaya
steppe plot of the Central Chernozemic State Biospheric Reserve, Kursk region).

SOM pools were isolated by a modified variant of granulo-densitometric fractionation,
which allows subdividing SOM into four pools: free OM (LFfr), occluded OM (LFocc), OM
of clay (Clay) and OM of the residue of soil after the removal of LF and clay (Res).

It is shown that OM pools with different localization in the soil matrix differ
significantly in their chemical structure. The data confirm the plant origin of free OM, its
chemical structure is the closest to that of plant residues: ~ 50% of C contributes by O-Alk-
fragments, mainly from carbohydrates with various degrees of polymerization. Aromatic
fragments making up 21.8% of C, are presented predominantly by guaiacyl, syringyl and
cumaryl structural units of lignin. The decrease in O-alkyl C and the increase in aromatic C
in passing from free to occluded OM, indicates a deeper degree of microbiological
processing of organic material in the occluded OM, including such resistant to degradation
components as cellulose, lignin and tannins. OM in clay is characterized by higher
contribution of O-alkyl C and alkyl C as compared with occluded OM but lower proportion
of aromatic fragments (by 2.1 times) and carbonyl groups (by 5.5 times). These structural
features indicate the predominantly aliphatic nature of C associated with clay. Moreover,
long-chain structures - the most hydrophobic component of OM predominate among alkyl
fragments of clay: the signal intensity at 30 ppm was very high. A sharp increase in the
contribution of peptides (1.5 times) along with the alkyl C in clay is apparently due to the
presence of microbial products and cellular debris with a high content of alkyl fragments.
The spectra of the Res are close to those of Clay, but have noticeable differences: the
share of aromatic C in Res increases by 1.4 times, and alkyl, on the contrary, decreases
by 1.4 times. Apparently, these differences are due to a greater degree of Res
heterogeneity. In addition, the increase in the share of aromatic C may be due to the
presence of black carbon components in this fraction.

Revealed structure peculiarities of the different OM pools, isolated by granulo-
densitometric fractionation, indicate the specificity of OM biodegradation processes
occurred in various components of soil matrix.

Acknowledgements. The research was provided partly by financial support the
Russian Science Academy Presidium (Grant 2018-2020) with the use of the equipment of
the Center for Collective Use of V.V. Dokuchaev Soil Science Institute.
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Fedotov P.S."?, Rogova 0O.B.3, Dzhenloda R.Kh."?, Karandashev V.K."*

"National University of Science and Technology “MISiS”, 4 Leninsky Prospect, Moscow 119049,
Russia

\/ernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of Sciences, 19
Kosygin Street, Moscow 119991, Russia

3Dokuchaev Soil Science Institute, 7 bld 2 Pyzhevskiy Per, Moscow 119017, Russia

*The Institute of Microelectronics Technology and High-Purity Materials, Russian Academy of
Sciences, 6 Institution Street, Chernogolovka 142432, Russia

doi: 10.36291/HIT.2019.fedotov.027

The role of rare earth elements (REEs) in soil-plant systems has attracted an
increasing attention but still remains somewhat unclear. Apart from in-vivo studies on the
uptake of REEs by plants, in-vitro chemical fractionation of REEs in soil according to their
physicochemical mobility can offer additional insights into the behavior of REEs. In the
present work the fractionation of REEs has been studied by the example of background,
aerially and hydrogenically contaminated soil samples using dynamic (continuous flow)
extraction, which allows one to mimic natural conditions and minimize artefacts. The
eluents applied addressed exchangeable, specifically sorbed, bound to Mn oxides, bound
to metal-organic complexes, and bound to amorphous and poorly ordered Fe/Al oxides
fractions extractable by 0.05 M Ca(NOs),, 0.43 M CH3;COOH, 0.1 M NH,OH-HCI, 0.1 M
K4P207 at pH 11, and 0.1 M (NH4).C,04 at pH 3.2, respectively. The distribution of trace
metals (such as Pb, Cu, Zn, Ni) between separated fractions varies with sample and is
dependent on the type of contamination. However, for all studied samples, the recoveries
of REEs by pyrophosphate are surprisingly high, up to 40-45% of their total concentrations
in background and anthropogenic transformed floodplain soils. The contents of REEs
bound to Fe/Al oxides are relatively low, no more than 12%. REEs in other fractions may
be taken into consideration only for aerially contaminated soil. To the best of our
knowledge, such predominant association of REEs and metal-organic complexes (e.g.
humic and fulvic compounds) independently on the type of soil has not been reported
before.

To the best of our knowledge, the predominant association of REEs and metal-
organic complexes in soils regardless the sample type and contamination is reported for
the first time. This finding may offer a novel insight into the fate and behavior of REEs in
soil-plant systems. The results should be extended to a variety of soil samples of different
origin. Besides, it may be beneficial to apply another SEP (Mittermuller et al, 2016) under
dynamic conditions and to compare the data obtained.

For the risk assessment, it would extremely important to study processes of
adaptation of REEs entering the soil with various carriers such as phosphorus fertilizers,
coal and phosphate dust, industrial wastes, etc.

Acknowledgements. The authors would like to acknowledge the financial support
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Russian Federation (Program of Increasing Competitiveness of NUST “MISiS”, projects No
K1-2014-026, No K2-2017-088).
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Solutions of colored natural compounds isolated from soils, bottom sediments, brown
coals, "crude oils" and asphaltenes are characterized by a continuous uniform increase in
the absorption intensity with a decrease of wavelength in UV and visible spectral regions.
The similar nature of the spectra can be explained in different ways: high molecular
weight, wide polydispersity, random molecular structure, wide variety of chromophores, the
effect of the “total spectrum” of the ensemble of molecules, as well as the combined effect
of all the above reasons. Characterization of UV and visible spectra of uncertain
composition compounds can be successfully used to quickly assess the direction of
changes in natural organic matters (OM) in dynamic natural systems. The criteria SUVA2s4
and Sr. are usually used to characterize the spectra. It is believed that the SUVAgs,4
criterion has a close correlation with the aromaticity of OM, and Sr with their molecular
masses [1, 2].

The content of organic matter and its individual fractions in layered samples isolated
from the old arable horizon were studied in different age (7 and 75-80 years) fallow soils. It
was shown that with age of deposits there is a significant increase in the content of OM in
the upper layers of the old arable horizon and the content of water-soluble and alkaline-
soluble fractions. The qualitative composition of the labile OM fractions was evaluated
according to the SUVA.4 and Sr criteria, which were calculated from the absorption
spectra in the UV range. It was shown that in the upper part of the old arable horizon (0-5
and 5-10 cm) there is accumulation of water-soluble and alkali-soluble humic substances
(HS) with a lower degree of aromaticity and higher molecular weight than the HS in the
total thickness of this horizon, apparently due to the predominant accumulation of younger
more aliphatic compounds under the fallow vegetation. With the age of the deposit, the
aromaticity of water-soluble OM significantly increases, which may indicate a preferential
selection of more water-soluble molecules that are more resistant to destruction. In the
case of alkaline-soluble OM, this tendency is practically does not appear. It can be
concluded that the factor of selective conservation of stable compounds for this fraction is
not so relevant, and the stability of alkaline-soluble HS in soils is most likely due to their
spatial inaccessibility to heterotrophic microorganisms due to the formation of
supramolecular aggregates, as well as interactions with minerals and metal ions.

Acknowledgements. This work was supported in part by the Russian Foundation for
Basic Research, research project Ne 17-04-00846.
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The soil organic matter investigation is a necessary stage for solving many problems
related to the effective soil resources exploitation and forecasting the techno-pedogenesis
effects. Humus plays the major role in soil formation. On the one hand, it is very dynamic
and sensitive to changes in the environment and/or anthropogenic impacts. On the other
hand, it is a conservative part of a soil that has a certain tolerance towards disturbing
impacts and can preserve its ecological status in the city conditions.

The aim of this paper was to discuss the specifics of accumulation and migration of
soluble organic matter (SOM) through soil profile. The most mobile fraction of soil humus
was isolated by cold and hot distilled water extraction according [1]. The SOM fraction was
determined on a TOC-L CPN Shimadzu carbon analyzer with the solid sample combustion
unit SSM-5000A.

The most typical soils were selected from seven soil profiles to identify patterns. All
studied soils were divided into two groups depending on the level of transformation:
natural soils (Haplic Chernozems (Calcic)) and anthropogenic soils (Urbic Technosols).

Haplic Chernozems (Calcic) are characterized by high humus content, but large
amount of humic acids is strongly associated with calcium. As a result, SOM takes only a
small part of soil organic matter and usually do not exceeding 0.14% for soil in whole,
which corresponds to 4.0% in terms of C org. These values are much lower for Urbic
horizons of anthropogenic soils and amounts to 0.04% to soil or about 2.0% in terms of C
org. Natural soils are characterized by a smooth decline absolute and relative SOM values
down the profile. In individual cases there is a slight accumulation of SOM was observed
for carbonate barrier in horizon B. These processes are noted for soils with high content of
total humus in surface humus accumulative horizons under forest vegetation where
migration organic matter in the soil profile is most pronounced. Anthropogenic soils are
characterized by a morphological two-fold profile. The upper part is represented by Urbic
horizons, lower part is buried Haplic Chernozems, often deprived of upper horizon A to a
depth of 20-30 cm. As a result, Urbic Technosols is characterized by the chaotic
distribution of SOM in anthropogenic thickness and a smooth decline in the buried
chernozem thickness. Besides, long-term conservation of soil profile under impermeable
coatings contributed to lack accumulation of SOM into the carbonate barrier in the lower
part of the profile.

Acknowledgement. This research was supported by project of Ministry Education and
Science of Russia, no. 6.6222.2017/8.9. Analytical work was carried out on the equipment
of Centers for Collective Use of Southern Federal University "Biotechnology, Biomedical
and Environmental Monitoring" and "High Technology".
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The key processes in biology and medicine are molecular recognition. In these
processes, there is the formation of non-covalent complexes due to ionic, van der Waals,
hydrogen and coordination bonds, as well as hydrophilic and hydrophobic interactions.
The strength of the non-covalent interaction between the two molecules is characterized
by the dissociation constant Kd, which is related to the standard free energy by the
equation AG%.e = RT In Kd. Humic substances (HS) as supramolecular receptors bind
various ligands (metal ions, hydrophobic organic compounds, cationic and anionic
polyelectrolytes, etc.) with the formation of non-covalent complexes characterized by the
corresponding values of dissociation constants. In particular, according to the results of
our studies, the Kd for humic acids (HA) with various metal ions vary from 10° M to 10"
M in dependence on the reaction conditions. Complexes of HA with hydrophobic organic
compounds are characterized by Kd values from 10° M to 10° M. The strength of
interpolyelectrolyte complexes (IPEC) is expressed by Kd values from 107" M to 10° M.
Corresponding to these Kd values, the free binding energy also changes. A characteristic
feature of the molecular recognition by the humic receptors of the abovementioned ligands
is their low specificity that can be explained by the dissipative nature of HS. Moreover, HS
belong to systems with disordered bonds of elements that freely change their relationship
to each other under various factors influence.

The conformational variability of HS has a great influence on the affinity for ligands. If
necessary, part of the internal free energy of the HS goes to the establishment of
conformation favorable for ligand binding and then AGgee decreases. Of particular
importance are the hydrophilic/hydrophobic properties of HS. As a rule, the attachment of
polar ligands to the HS occurs with the formation of the same hydrogen bonds that exist in
the HS molecule. Hydrogen binding is a very important determinant of the specificity of
molecular recognition. But, hydrogen binding does not always affect the change of free
energy, since the energy that increases upon complexation represents a balance between
the energy of hydrogen bonding in the complexes and the energy of cleavage of hydrogen
bonds with the polar groups’ ligands and HS. Hydrophobic compounds bind to HS
differently depending on difference in their structure and provide a more accurate
determination of the free binding energy in intermolecular interactions.

36



Book of Abstracts
Fifth International Conference of CIS IHSS on Humic Innovative Technologies «Humic substances and living systems» (HIT-2019)
October 19-23, 2019, Moscow, Russia

Determination of metals in humic acid salts by ICP-AES

Karpukhina E.A., Vlasova E.A., Volkov D.S., Proskurnin M.A., Perminova |.V.
Lomonosov Moscow State University, Moscow, Russia, karpukhina.evgeniya@gmail.com

doi: 10.36291/HIT.2019.karpukhina.031

Humic substances (HS) consist of heterogeneous, difficult to separate mixtures of
closely related organic macromolecules with a wide molecular weight distribution and a
rich variety of functional groups. Due to many ways they interact with organic and
inorganic substances in the environment, HS are of great importance for the biosphere. In
particular, the high complexing ability of HS with metal ions has a significant effect on
transport, deposition, and the presence of heavy metals in soils and water systems.

As humic substances are widely used as fertilizers in agriculture, the ability to
determine the amount of heavy metals associated with HS in commercial samples is of
great importance for predicting and accurately assessing the amount of certain metals
introduced into the soil, as it is necessary to be able to evaluate both the toxic properties of
the fertilizer and its nutritional properties. For example, humates of coal origins often
contain arsenic, which is contained in the feedstock.

The best method for determining the metal content in humic samples is atomic
emission spectroscopy with inductively coupled plasma (ICP-AES). It is widely used in
biological, medical, and environmental studies, in particular for the determination of metals
in waters, soils, and other natural materials. ICP-AES is a highly sensitive method,
provides the results with high accuracy in the range from ultralow to macroscopic amounts,
and simultaneously determines more than 70 elements.

As the objects of study, the salts of “Life Force” (sodium humate, Russia), “Sakhalin”
(potassium humate, Russia) and “Powhumus” (potassium humate, Germany) humic acids
were selected. An ICP-AES Agilent 720ES spectrometer with axial plasma view was used.

The following methods for the decomposition of humates were selected: direct
introduction of aqueous solutions with and without preliminary centrifugation, nitric acid
extract, fusion with lithium metaborate, and microwave decomposition with nitric acid. The
following metals were determined: Ag, Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg,
Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, V, W, and Zn.

The study of humic preparations of coal origin using ICP-AES showed that all the
studied samples have the same elemental composition and differ in the ratio of
components: in Powhumus S, Ti, Li, Cr and As prevail; in Sakhalin, Sr, Ba, Co, W and Cu.
The content of microimpurities was calculated in the samples (Sakhalin, about 1440
mg/kg; Powhumus, about 470 mg/kg; and Life Force, about 290 mg/kg) and
macroimpurities excluding potassium and sodium (Sakhalin, about 450 g/kg, of which 350
g/kg is silicon; “Powhumus” is about 360 g/kg, of which 315 g/kg is silicon; and the Life
Force is about 163 g/kg, of which 142 g / kg is silicon).

Comparison of decomposition methods showed that the most complete extraction of
elements (except Cd, As, and S) occurs by fusion with lithium metaborate. For Ca, S, Ni,
and Be, sample preparation method was not of great importance; for other decomposition
methods, the content of elements increased in the series of an aqueous solution — nitric
acid decomposition — fusion.

If necessary, rapid assessment of the metal content in humic samples can be limited
to the analysis of aqueous extracts without subsequent centrifugation.
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An active, slow and passive pools of soil organic matter (SOM) plays different roles in
soil media. Wherein their closely link each other by degradation and restoration processes
in soils. The behavior of active pool of SOM during soil restoration more or less is known.
Herewith features of restoration slow and passive pools not clear enough.

Thermolabile organic matter is a part of SOM, which volatilized at heating up to
350°C. Content of thermolabile organic matter in soil closely correlated with active C pool.
In contrast thermostable one are volatilized at temperature from 350 to 600 °C and can be
attributed to slow and passive pools of SOM. In this connection molecular structure both
thermostable and thermostable parts of SOM can be studied by double-shoot pyrolysis
combine with gas chromatography mass-spectrometry (double-shot Py-GC MS).

Goal of this work was to investigation of changes of molecular composition of slow
and passive pools of Haplic Chernozems (Loamic, Pachic) during restoration after total
degradation of organic matter without the receipt of plant residues.

Objects of this work were Haplic Chernozems of long-term field experiments:
permanent tilled bare fallow since 1964 (total degradation of SOM), unmanaged fallow
since 1998 after permanent tilled bare fallow since 1964 (reclaimed soil) and annually
mown steppe (undisturbed soil).

Molecular set of slow pool was estimated by second step of pyrolysis Py-GC MS of
humic acids are isolated from Chernozems. The passive pool composition was evaluated
by second step of Py-GC MS of whole soil.

Slow and passive pools of degraded Chernozems have height abundance of not
available for plants nitrogen compounds. In process of restoration of Chernozems in slow
pools polysaccharides accumulate. In passive pool increased content of alkanes and
aromatic structures.

Acknowledgements. This work has been supported by Russian Science Fund,
project # 19-16-00053.
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With the objective of identifying degree of water quality change at a long-time
transportation of potable water on vast city networks, as well as in dead-lock zones,
potable water quality of the surface water intake of Ufa city was analyzed with a use of
different GC and HPLC techniques. Forty-six volatile and semi-volatile organic compounds
were detected in potable water according to an obligatory water quality control program,
and more than 250 organic compounds were identified under supplementary monitoring
program. It was shown that halogenated by-products were formed during the first hours of
contact between residual organic matter present in water and chlorinating agent, which
was added at the city water treatment plant. Additional formation of trihalomethanes (up to
40%) was caused by the presence of residual chlorine during transportation of water via
the distribution system. The content of haloacetic acids and semi-volatile halogenated
organic compounds in potable water dropped down by 70-90% of the initial one after water
exited from the plant. At the same time, these zones were characterized with enhanced
concentration of squalene that was proposed as an indicator of intensity of
biotransformation processes occurring in water (Figure1).
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Figure 1. The scheme of the city water distribution networks and the content of the main
classes of organic water pollutants.

Carcinogenic and non-carcinogenic risks reduction was demonstrated in case of
transportation of potable water from the surface water intake to remote and dead-lock
zones of the city water network. In case of the ground water intake the risks mentioned
were shown to increase. The latter is constrained by increasing of content of metals and
chlorination by-products.
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The complex aromatic structure and hydrophobic properties of lignin, as well as its
high biochemical stability determine the unique role of this biopolymer in the processes of
humification, organomineral interactions and structure formation. Typical structural
fragments of lignin in soils are also recognizable for a long time, because fragments of
partially decomposed lignin unavailable for microorganisms are stabilized on the external
surfaces of metal oxides or clay minerals.

Quantile distribution of lignin (lignin oxidation products (VSC), mg/g Corg.), the
degree of oxidation (ac/al),, the degree of lignin transformation with respect to the original
plant tissue (T, %) in gran-size fractions of soils of the North Caucasus and gray soils of
the Moscow region showed that with a decrease of the fraction size (<2 ym, 2-20 ym), the
amount of lignin in them is significantly reduced — 10 times compared with large fractions
(20-250 pm, >250 um). Most of the oxidation products of lignin phenols (up to 50 %) are
associated with the coarse sand fraction (>250 pym). However, maximum oxidation level
(ac/al)v and the degree of biopolymer transformation (T,%) and low values of S/V-relations
is observed in the most shallow silty and silty fractions, which are due to as a selective
loss of syringil aromatic structures, and demethylation of metaxylene groups.

Adsorption of lignin phenols on the mineral surface is facilitated by the high specific
surface area of the mineral phase and its positive charge. Biopolymer molecules are
encrusted with clay minerals and become inaccessible to microorganisms. This is
probably the reason for the high correlation between lignin content (VSC) and specific soil
surface values. High values of specific surface area are caused by the presence of mixed-
layer minerals in the studied soils. Layered silicates are represented by illite (polytype
2M1), kaolinite (low-temperature polytype 1TC), and vermiculite (polytype 2M) and illite-
montmorillonite. It can be assumed that oxidized lignin monomers are fixed by clay
minerals. The "ideal" matrix for adsorption of lignin phenols and enzymes is amorphous Fe
and Al hydroxides. They are widely distributed in the soil in the free form or in the form of
Fe-Mn nodules.

Table 1. Lignin parameters of soil gran-size fractions

Soil (mm), fractions, Lignin Syringic phenols/ Vanillic Syringic acids/ Amino
(um) (VSC), vanillic phenols acids/ syringic sugar,
mg g'1 Corg (S/IV) vanillin aldehydes mg g'1 N
(ac/al), (ac/al)s
Soil, <2 mm 11.6 0.80 0.27 0.40 70.9
Clay, 0-2 ym 6.7 1.09 0.33 0.45 38.3
Silt, 2-20 ym 18.9 0.75 0.29 0.41 48.9

Acknowledgements. This work has supported by RSF (grant 17-14-01120).

References
1. Kovalev I.V., Kovaleva N.O. // In: 19th International Conference of Humus Substances and their
Contribution to the Climate Change Mitigation, 16-21 September, 2018, Albena Resort,
Bulgaria, pp. 119-122.

40



Book of Abstracts
Fifth International Conference of CIS IHSS on Humic Innovative Technologies «Humic substances and living systems» (HIT-2019)
October 19-23, 2019, Moscow, Russia

n-Alkane distribution in buried soils: implication for paleoecology

Kovaleva N.O.", Stolpnikova E.M.?, Kovalev I.V."
'Lomonosov Moscow State University, Moscow, Russia, natalia_kovaleva@mail.ru
2Severtsov Institute of Ecology and Evolution RAS, Moscow, Russia

Keywords: n-alkanes, palaeosols, Pleistocene, isotope composition, past vegetation, paleoecology
doi: 10.36291/HIT.2019.kovaleva.035

Organic matter of palaeosols is an important resource of information about
paleoclimate, which makes it possible to judge the type of past vegetation. Carbon isotopic
and n-alkane composition are the most informative methods for study of palaeosols and
sediments with low humus content. Long-chain unbranched alkanes can persist for a long
time in soils and sediments and save information about past vegetation cover, algae and
bacteria pools.

The object of study is the Early Paleolithic multi-layered site Mukhkai Il located in the
eastern part of the North Caucasus (Dagestan, Russia) at an altitude of 1629 m above sea
level. Due to its location on the plateau-like surface, Early Pleistocene sediments have
been preserved here. This lagoon-sea sequence contains cultural layers with multiple finds
of Pliocene-Early Pleistocene fauna bones and stone tools of Olduvay culture.
Paleomagnetic analysis dates all discovered deposits to the Matuyama epoch and
indicates two positive excursions: Jaramillo (1.07-0.99 Ma) and Olduvai (1.77-1.95 Ma)
subhrons. The age of these sites is estimated at 2.1-1.7 Ma.

Determination of the isotope composition of carbon organic matter of soils and
sediments was carried out using a Thermo-Finnigan Delta V Plus IRMS mass
spectrometer (data are expressed in relation to the PDB standard). Thermo Flash1112
element analyzer was used to measure the nitrogen and carbon content. Qualitative and
quantitative determination of n-alkanes was carried out by capillary gas-liquid
chromatography. The analysis was carried out on an Agilent 6890 gas chromatograph with
a flame ionization detector and a column DB-1ms. The standard mixture of n-alkanes C12-
C36 was used for calibration. Magnetic susceptibility (x, cm3/g, CGS) was measured by
kappametr KT-5.

The isotope composition of organic matter corresponds to the C3 vegetation and
ranges from -26.1 - -27.2%.. It becomes heavier (-24.6 - -20.3%o0) in modern humus
horizons, which has formed under alpine mountain grasses. The samples have enriched
with biomarkers of woody vegetation (n-alkanes C27 and C29), especially in the horizon
below the cultural layer. At the same time, the dominance of medium chain alkanes and
the excess of even alkanes over odd ones are recorded. This suggests that formation of
sediments possibly occurred in flooded conditions with contribution of algae and bacteria.

Thus, despite the low content of organic matter, there are the stages of its
accumulation distinguished in the Early Pleistocene sequence and these stages are not
always associated with cultural layers. These pedolithic sediments were formed in stable
hydromorphic conditions without abrupt changes of plant populations throughout the Early
Pleistocene. Such uniformity of conditions may be related to position of the ancient site on
a lagoon shore that was a part of Akchagyl-Apsheron Caspian basin.

Acknowledgements. This work has supported by RSF (grant 17-14-01120).
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The studies of anthropogenesis influence on physical and physicochemical
properties of soils experience a notable shift. Apart from traditional approaches to
assessing the bulk properties, the new information level is to determine soil fractions and
aggregate structures including the changes at meso- and microaggregate levels. IR
photoacoustic (PA) spectroscopy is an instrument for delicate measurement and modeling
of the dependence of soil properties on its physical and elemental composition, moisture,
porosity, and density. The PA effect is based on the absorption of IR radiation by the
sample followed by the heat transfer to the environment. Pressure waves in surrounding
gas are detected by a sensitive microphone providing high sensitivity of measurements [1].
FTIR PA spectrometry has several features like simpler sample preparation, small
amounts of the test sample, and the ability to monitor the penetration of radiation in the
sample.

In this study, the dependence of mid-IR PA spectra of chernozem soils of various
agrogenesis conditions was studied and compared with ATR-FTIR spectroscopy. PA
modality provides measurements of soil aggregates up to 2-5 mm without sample
decomposition, which is a unique property of this modality. The spectra quality does not
change for various size fractions. PA spectra clearly show the organic matter region from
1800 to 1300 cm™ with some differences in the composition. Below 1300 cm™, the bands
are weak in comparison, which is different from PA measurements of other types of
samples like engineered nanomaterials. In our opinion, it requires theoretical modeling and
experimentally studying model systems. For soil, PA and ATR modalities are
complementary — while ATR provides high sensitivity for the mineral part of soil, the
organic part is rather poorly revealed, and vice versa for PA measurements. ATR spectra
of soil fractions in the mineral part are different, and FTIR PA and ATR measurements
may be used together for studying soil degradation and recultivation processes.

Acknowledgements. The authors acknowledge the financial support of The Russian
Science Foundation, grant no. 19-13-00117.
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The aggregation of soil clay particles is the basis of soil structure formation. However,
mechanisms of that aggregation are still debatable. Our approach is that combine action of
two types of soil organic polyelectrolytes (PE) — labile ones released by soil biota in situ
and highly transformed organic PE (Humic substances (HS)) may be responsible for such
aggregation. Labile polyelectrolyte (in our experiment it is chitosan) behaves as a
flocculant linking mineral particles modified by HS. To confirm our hypothesis turbidimetric
and rheological studies of model clays (montmorillonite and kaolinite) and carbonate
systems modified with HS were carried out. It was shown, that the modification of clay by
humic acid does not affect rheological behavior of their pastes but the strength of such
systems enhanced considerably after the interaction of modified clay with a flocculant.

The action of polyelectrolyte mixture has a synergetic effect on the aggregation.
Synergism of PE action is explained by the structure of mixed PE layers on the surface of
clay particles. The strongly adsorbing cationic polymer (flocculant) having a big number of
contacts with the surface of clay particles, forms a thin layer due to charge neutralization
and decreases the electrostatic repulsion between particles. They can approach to closer
distances that favors the ,bridging” flocculation via extended macrochains of anionic
polymer (HS) located on the surface. Adsorption of phenols with one, two and three
hydroxyl groups that may be incorporated in the HS structure was measured on different
soil minerals. It was shown that increasing number of phenolic hydroxyl groups leads to
the increase of phenol adsorption on minerals. Clays were found to be better phenol
sorbents compared with carbonate and different micas (biotite, muscovite and vermiculite).
The modification of montmorillonite with glucose increases adsorption of all phenols.

The proposed adsorption-flocculation mechanism of soil formation due to combine
action of different types of organic polyelectrolytes may be applied to other fields of
investigation, for instance, the study of aggregation of colloid and particulate riverine
matter in the mixing zone river-sea (delta, estuary) where settled aggregates may be a
beginning of soil formation [1], water purification and preparation of sand-clay pastes for
various applications.

Acknowledgements. The work was supported by the grant RFNP (project Ne AAAA-
A16-116030250108-3).
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Based on a model experiment, the binding ability of humic acids (HAs) of Hemic Folic
Cryic Histosol (peat with vegetated plots) to lead and cadmium ions was revealed. It has
been shown that the process of adsorption of metal ions by suspended humic acids is
similar to the process of complexation of metal ions with certain functional groups of
dissolved HAs. This trend follows the Irving-Williams series, which describes the stability
order of metal complexes. For humic acids, the stability of complexes with dipositive metal
ions is of the following order: Pb** > Cd?*, which is partly due to a decrease in the ionic
size and the effects of the ligand field. The thermodynamic characteristics (limiting specific
adsorption, constant of sorption equilibrium, Gibbs energy, entropy and thermal effect of
sorption) of the adsorption process of selected heavy metal ions are calculated. It was
found that the critical specific adsorption of Pb?* ions is almost an order of magnitude
higher than that of Cd®** ions and amounts to 0.0078-0.034 mmol / L for Cd*" ions and
0.16-0.29 mmol / L for Pb?* ions. The changes in the sorption enthalpy are 48.4 kJ/mol for
Cd?" ions and 22.6 kJ/mol for Pb** ions indicate the endothermic nature of adsorption on
HAs preparations. This is due to the chemisorption processes. A large amount of heat is
spent on the destruction of the hydration shell of metal ions, which is confirmed by the
positive values of the change in sorption entropy. It was shown that the limiting stage of
adsorption for Pb®" ions is the stage of ion diffusion to the sorbent, and chemosorption
itself proceeds quite quickly. Values of AS> —10 J / (mol - K) indicate a dissociative
adsorption mechanism for both metals, i.e. non-adsorbed ions in solution are in a more
ordered state than after adsorption. Negative values of the Gibbs energy change for Cd**
and Pb? ions indicate that the adsorption of Cd?** and Pb* ions by humic acid
preparations of peat soils is a spontaneous process with a complex mechanism including
complexation and ion exchange processes.

Acknowledgements. The reported study was funded by RFBR according to the
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50015 (sorption properties of humic acids).
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The mechanisms involved in the formation of the soil geochemical fluxes are
dependent on the physical state of the solid, liquid and organic soil phases. The synthesis
and decomposition of organic matter and the formation of the finely dispersed and soluble
humic acid fractions play an important role. The geochemical processes in soils occur as a
result of three forces: (1) the adhesion or the mutual molecular attraction between fine
particles less than 2-3 um in size, thus resulting in their coagulation and aggregation into
the <1 um fractions (the effect of sorption); (2) the molecular absorption of water onto the
surface of fine particles of the solid and organic soil phases, which causes soil swelling
(the effect of water intake); (3) the molecular interaction between the soil phases and
gravity moisture promoting the dissolution and removal of weathering products.

Excess water in soil pores will tend to mix with elements and their compounds to form
soil solution, which move through the pore space due to gravity formation the soil
geochemical fluxes. The interaction between the aggressive humic acid fraction and the
soil microorganisms results in the formation of complex cations ([FeHSO4]", ([FeHSO4]2+,
([CuHSO,]" and protons ([H']) in soil pores. With increasing pH in the solution (<3.5),
complex salts dissociate to give high-charge cations (Fe*®*), Cu?*, Zn?*, Pb?*) [1]. In the
presence of free oxygen, the oxidizing properties of manganese effect the dissociation of
Co* and Co”. Such components are indicative of hypergene conditions within the
Okhotsk region. The concentrations of elements in the soils correlate with the organic
matter content and particle-size distribution.

Two types of geochemical migration fluxes were identified in the background: (1) N —
natural and (2) A — anthropogenic. The natural migration fluxes are directed vertically
downward the soil profile and assist the subsurface exchange of substances.

The anthropogenic migration fluxes are related to areas of mining operations. The
waste produced during open-pit mining and other mining and smelting operations in a
source of soil contamination with heavy metals. After being exposed to air, the oxidation of
sulfide-bearing minerals takes places according to the following reaction: 2FeS, (pyrite) +
2H,0 +70, = 2FeS0O, + 2H,S04, with the formation of unstable iron sulfates [2]. The
products of the mineral degradation and the fine particles of weakly oxidized mineral
substances are transported down the slopes with the rain water runoff and form the
anthropogenic migration fluxes.

The concentrations of heavy metals are generally high in the vicinity of each mining
site, which represents the zone affected by mining lying within a 200-500 m radius
depending on the natural conditions.

We thank |.V. Perminova, Doctor of Sciences (Chemistry) and Professor of Moscow
State University, Faculty of Chemistry, for valuable advices in this work.
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1D NMR spectrometry is a powerful tool for characterization of the humification
process occurring in the bog ecosystem and for analysis of its dynamic. However, there
are some limitations of the mentioned method in analysis of the randomized polymeric
mixture such as humic acids (HA). The peak overlapping is one of the main problems. To
avoid this limitation 2D NMR spectrometry method is nowadays widely used. Application of
this technique to the HA analysis enhance the information value of the analysis results.

In the present study 2D NMR experiment was conducted for the characterization of
the peat HA modification through the peat core. For this purpose, HA were isolated from
each of 7 layers (from 0 to 375 cm depth) of peat according to [1]. Then, 50 mg of the
extracted HA was dissolved in 600 pyL of d6-DMSO and further analyzed using 600 MHz
Bruker Avance Ill NMR spectrometer. 1H-13C heteronuclear single quantum coherence
(HSQC) spectra were collected.

An example of HSQC spectrum (one of the 7) presented on Fig. 1. All obtained
spectra can be separated on 4 main regions. For region A decreasing of the fatty and
amino acids signal was observed with the increasing of the layer's depth. In aliphatic
region B the dynamic of carbohydrate increasing up to the maximum on the layer 35-85
cm was found. Also, in region B tyrosine and phenylalanine amino acids were determined.
We faced with difficulties in the interpretation of the results in aliphatic region C due to the
intense signal of the internal standard, which will be removed in further experiments. For
aromatic region D the decreasing of the well resolved signal of the aromatic compounds
was observed.

¥2ippm)

Figure 1. HSQC spectrum of HA isolated from peat layer 35-85 cm
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Soil organic matter (SOM) plays an important role in terrestrial ecosystems
(agroecosystems, grasslands and forests). SOM is very important in maintaining fertility
and in improving physical, biochemical and biological soil properties. Classical analytical
(laboratory) methods of determination SOM (carbon /SOC/, humic substances /HS/, humic
acids /HA/ etc.), which are accurate and sufficiently reproducible, but at the same time
very often demanding on staff working in a specialized laboratory, further on time
(relatively long time to determine the result), but also on financial means. The aim of the
study is to present new possibilities of determination of SOM content and its quality /HS,
HA/ using NIRS.

Identical soil samples from different ecosystems (arable land, grassland, forest) were
measured using classical laboratory methods and on a FOSS NIRSystems 6500
instrument dispersive spectrometer (Company NIRSystems, Inc., Silver Spring, USA).
Sample scanning was set in reflectance mode for the 400-2500 nm range. WinlISI |l
software (Infrasoft International, Inc., USA), version 1.50, Partial Least Squares (PLS) and

Figure 1. Tightness of the relationship between laboratory analysis and NIRS prediction of
SOC in agriculture soil /arable land/ (left) and HA in forest soils (right).

The precision of the determination, expressed as the value of the determination
coefficient (R?) of the calibration set (n = 130-550) for the SOM parameters (Corg, HS,
HA), is in the range of 0.85-0.99 (0.80-0.90 applicable) for common agricultural or forestry
practice (0.90 or more excellent). Measurement (determination) is sufficiently accurate,
safe to work and has no negative impact on the environment.

Acknowledgement. The work was supported by the project MZe RO-0418, NAZV No:
QK1810010 and QK1810233.
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Humic substances (HS) are supramolecular systems of natural organic compounds
with a high degree of structural heterogeneity, which determines their resistance to
biodegradation. HS consist of aromatic rings and aliphatic chains and contain both polar
groups and non-polar fragments, which gives them amphiphilicity, that is, the ability to
exhibit both hydrophobic and hydrophilic properties [Milanovsky, 2000]. An integrated
approach consisting in studying the composition and properties of HS using the method of
liquid chromatography of hydrophobic interaction allows us to obtain valuable information
on the structural and functional parameters of humic (HA) and fulvic acids (FA) of various
genesis isolated from chernozem-permafrost soils and Transbaikalia Burozem.

Figure 1. Chromatograms of humic (a) and fulvic acids (b) Meadow Chernozem permafrost
soils.

Chromatographic analysis of the HS of soil genetic horizons (Fig. 1) showed the main
patterns of differentiation of the amphiphilic components of HA and FA according to the
profile. The composition of both HA and FA contains components with pronounced
hydrophilic properties. In fulvic acids, the hydrophilic fraction is predominant and accounts
for approximately 80—-90% of the total area of the chromatogram. Hydrophilic components of
HA make up 28-41% of the total area of chromatograms. HA of Burozem and meadow
chernozem soil, respectively. The relative content of hydrophobic components in the
composition of HS increases in the series: FC (Burozem) —FK (Meadow Chernozemic) —-HC
(Burozem) —HC (Meadow Chernozemic). The ability of humic acids to coagulate with
calcium salts, their carbonization, degree of aromaticity, and other basic chemical and
physico-chemical parameters changes in a similar way.

Due to the predominance of lateral radicals in their molecules, humic acids of Burozem
have a higher hydrophilicity than HA from meadow chernozem soils, in whose molecules
aromatic carbon networks predominate. Therefore, HA Burozem are prone to peptization,
which is why their high resistance to electrolytes and mobility in the soil profile are related to
that of meadow black-chernozem soil. Most likely, the more pronounced hydrophilic
properties are in HV, the more these substances will be mobile in the soil profile, and to a
greater extent, they will act as agents for acid hydrolysis of minerals and elute. Hydrophobic
HSs, on the contrary, will be fixed at the place of formation, forming the accumulative
characteristics of the profile. Apparently, this is the meaning and role of the amphiphilic
property in the formation of the humus profile of soils.
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Humic substances are one of the main structure-forming components of soils. These
are responsible for its fertility and resistance to erosion processes, which can occur under
the influence of both natural and anthropogenic factors. Such factors in the cold climate of
the European North of the Russian Federation include, first of all, the cyclic cryogenic
exposure. Its influence on the state of the humus component of soils is currently scarcely
investigated. It is known that one of the forms of the presence of humic acids in the soils is
the colloidal (semi-colloidal) form [1-3]. At the same time, it should be noted the extremely
low stability and regenerative capacity of soils of the Arctic regions.

The goal of this research is to investigate the effect of cyclic cryogenic exposure on
colloid-dispersion parameters of the humic substances.

An analysis of the data obtained by the method of quantum correlation spectroscopy
allows saying that a rather high polydispersity characterizes the studied sample of
humates isolated from the coarse humus horizon of forest podzolic soil. It should be noted
that even in the region of low concentrations (100 mg /1), supramolecular formations
D = 80-3000 nm are fixed in the solution of humic substances, which is apparently due to
their functional nature and indicates a high ability to intermolecular interactions. In this
case, the contribution of groups of particles of each dimension to the dynamic light
scattering is directly proportional to both their numerical value and diameter.

The obtained results indicate that cyclic cryogenic exposure contributes to the
gradual partial destruction of supramolecular formations of the humic substances. It is
confirmed both by a decrease in the contribution to the light scattering of a group of large
associates with D = 500-3000 nm, whose contribution to the total number of particles is not
significant, and the total redistribution of particles by size. It is seen that even with a four-
time freeze-thaw cycle, particles are redistributed in size from D = 80-500 nm to D = 20-
100 nm.

Thus, the results obtained during this study indicate the sensitivity of the
hydrodynamic characteristics of humic substances to cyclic cryogenic exposure. It is
shown that humates isolated from the coarse humus horizon of forest podzolic soil, even
with significant dilutions, are predominantly in the form of supramolecular formations of an
associative nature. It has been established that cyclic freezing contributes to a decrease in
colloid-dispersion characteristics (particle sizes and contribution to light scattering) in
aqueous solutions of humates. That is associated, apparently, with the partial destruction
of their macromolecular formations and requires further investigation.

Acknowledgements. The reported study was funded by RFBR according to the
research project Ne 18-05-60151 & Ne 18-35-00552.
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The waters of open reservoirs, soils and organogenic rocks contain high-molecular
organic compounds of natural origin - humic substances (HS). HS, having a large number
of diverse functional groups, is capable of entering into redox, sorption, and complexing
interactions with iron, as one of the most common elements in the Earth's crust.

Earlier, we showed that, HS of different origins and fractional compositions are
adsorbed selectively on macroporous weakly basic anion-exchange resin (MWBAER) [1].
So, HS of coal origin are sorbed on MWBAER by predominantly carboxyl groups of
aromatic fragments, while lignosulfonate derivatives, by means of strongly acidic sulfonic
groups. Thus, in the process of HS sorption on MWBAER, fractionation of individual
functional groups of natural polyelectrolytes is carried out, which allows them to be
excluded from further interactions, for example, with transition metal ions. It is known that
MWBAER by immobilization of HS can be used for sorption of iron ions for natural water
treatment. Therefore, it is obvious that 57-iron, being a Méssbauer nuclide, can be used as
a probe for structural fragments of HS capable of forming coordination bonds with iron
atom.

To demonstrate the possibilities of this approach for studying the fractionation of HS
functional groups using MWBAER, MWBAER immobilized by HS after adsorption of 57-
iron chloride solutions was studied by Mdssbauer spectroscopy. Two HS preparations was
immobilized in MWBAER: Sakhalinskii potassium humate (OOO Biomir-2000, Moscow,
Russia) of coal origin and sodium lignohumate (OOO NPO RET, St. Petersburg, Russia),
which is produced via the oxidation of lignin sulfonate. The conditions for sorption of 57-
iron ions were determined based on previously obtained isotherms of adsorption of iron
salts on these sorbents. Modssbauer spectra were obtained both for wet adsorption
products frozen to the temperature of liquid nitrogen, and for dried samples at room
temperature. The Mdssbauer spectra are broadened, asymmetric doublets (Fig. 1), which
can be satisfactorily described by a superposition of two or three subspectra of symmetric
doublets corresponding to different sites of probe atoms.
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Figure 1. Méssbauer spectra at 298 K of 57-iron sorbed on MWBAER immobilized with: a)
potassium humate, b) sodium lignohumate.

Thus, the method of fractionation of the functional groups of HS using MWBAER was
tested, which allows us to study the nature of the coordination "HS - iron" interaction. It is
shown that coordinated HS iron can occupy two or three different positions at the
formation of bonds with fractionated by functional groups HS.
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Organic matter of some natural objects (soils, brown coals, peats, bottom sediments
etc.) is a complex of various organic compounds. In addition to humic substances (HS) in
its composition includes: lipids (waxes, fats, gums and et al), pigments
(oxyanthraquinones and related substances, tetrapyrole compounds and carotenoids),
kerogen, glomalin and so on. In the traditional assessment of qualitative composition of
natural object organic matter, all the listed substances, as well as the hydrolytic
degradation products of particulate organic matter, pass into the alkaline solution
(Figure 1). The resulting mixture, which has both specific and individual organic
compounds, is usually separated into fulvic acids, hymatomelanic acids, and humic acids
only.
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Figure 1. Scheme of humic-like compounds isolation by alkaline solution
and their separation.

We propose new approaches to isolate clean HS from natural objects. They includes:
(i) preliminary extraction of individual organic compounds, which are soluble in 90 %
acetone solution (specifically tetrapyrole compounds and carotenoids); (ii)) HS and
glomalin isolation by organic solvent after a preceding protonation; (iii) HS separation from
glomalin by a certain sorbent; (iv) isolation of water-soluble organic compounds, as well as
fresh and semi-decomposed postmortem residues and excreta of plants and soil biota;
(v) lipid isolation by benzene-ethanol mixture; (vi) kerogen determination by thermal
method (based on of the loss on ignition).

These approaches were experimentally tested on samples of some soils. Note that
the biological activity of HS, which were isolated by an organic solvent, was higher activity
of HS, which were isolated from same soils by an alkaline sodium pyrophosphate solution.

The authors understand that the new scheme of HS isolation from natural objects is
not yet fully worked out, that it is only the first approximation for decision of problems,
which are connected with HS chemistry.
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Combination of aromatic or aliphatic structural moieties with polar functional groups
dissociable in an aqueous solution represents a structural motif abundant in anthropogenic
environmental solutes such as pesticides, surfactants or antibiotics. The amphipathic
structure provides these compounds with versatility of possible molecular interactions that
they can be involved in. We have performed an extensive experimental study focused on
binding of various model organic ions to humic substances of diverse origin. For this
purpose, we have combined various analytical strategies, including spectroscopic assays
(differential UV-VIS spectrometry, steady-state and time-resolved fluorescence
spectroscopy), originally developed diffusion techniques (experimental evaluation of the
solute molecular transport in a medium with homogenously dispersed humic substances),
and examination of the binding thermodynamics based on (isothermal titration) calorimetry
and equilibrium dialysis (see Fig. 1). This contribution evaluates the particular merits of the
individual experimental techniques and summarizes the main findings on what type of
molecular interactions plays a principal role in binding charged organic compounds by
humic substances.
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Figure 1. Schematic diagram of the equilibrium dialysis experiment
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The interactions of standard humic acids provided from International Humic
Substances Society (IHSS) specifically Leonardite Humic Acid Standard 1S0104H have
been deeply studied with organic ionic compounds (such as surface active agents and
organic dyes). The unconventional diffusion and dialysis techniques (originally developed
on our institution) have been used for the study on binding of organic species to humic
acids. Two types of humic acids have been compared — humic acids with selectively
blocking carboxylic functional groups (-COOH) in comparison with humic acids in their
native form.

The results of dialysis experiments confirm the strong affinity of both types of humic
acids towards to ionic species. Surprisingly, the effect humic acids modification (blocking
of carboxyls) is minor than it could be expected. The modified equivalents of standard
humic acids had almost the similar affinity towards to ionic compounds with non-modified
(native) humic acids.
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Figure 1. Schematic diagram of the equilibrium dialysis experiment
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Humic substances are the products of extremely complex chemical and microbial
processes of the decomposition and secondary synthesis of plant and animal residues in
soil and water. Humic substances (including humic and fulvic acids) are naturally
photoactive components, which are widely present in environment. Humic substances
representing the main fraction of organic matter receive increased attention because of
their reactivity as light absorbers. Depending on their origin and structure, humic
substances have a remarkable ability to absorb light and transfer this energy to other
substrates and in some cases strongly affect photolysis of xenobiotics.

The absorption and fluorescence spectra of different samples of humic acids (HAs)
are investigated. The samples of HAs were prepared from peat of Arkhangelsk Region.
The comparison of this HAs with the samples of humic acids obtained from Aldrich
Chemical Co is carried out.
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Figure 1. Dependence of the optical density of the absorption spectra of various HAs
samples on the drying time.

The longer is the duration of drying of the samples, the lower the optical density of
the absorption spectra. In the process of humification and with the duration of peat drying,
the fluorescence intensity of the HAs increases. The dependence of the fluorescence
spectra of the investigated samples on the fluorescence excitation wavelength was found.

The effect of UV radiation from excilamps on the spectroscopic properties of humic
acids has been investigated.

An important point to emphasize is the significance and prospects of optical and
photochemical methods in determining the characteristics and functions of humic acids as
extremely sensible and informative methods.
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The peatlands investigated are in the ecoton south tundra — forest-tundra (Komi
Republic, Russia, Plots 1-1, 1-2) and ecoton north tundra — south tundra (Nenets
Autonomous Okrug, Russia, Plots 2-1, 2-2). Humic acids (HAs) from the two permafrost
peat soils — Hemic Folic Cryic Histosol (Plot 1-1, Plot 2-1) and Hemic Folic Cryic Histosol
(Turbic) (Plot 1-2, Plot 2-2) have been studied from peat plateau-thermokarst complexes.
A quantitative assessment of the content of functional groups and molecular fragments of
studied HAs ("*C-NMR CP/MAS data) indicates the difference in their molecular
composition in seasonal thawed (STL) and permafrost layers (PL) of peat. Specifically, the
aromatic fragments and methoxy groups show increasing trends and paraffin groups show
decreasing trends with respect to depth for all soils. The obtained values of the number
average molecular weights (M,) of the studied HA preparations have a significant variation
(6.9-23.1 kDa) in peat profiles (Fig.). The highest M,, of HAs are confined to the upper
horizons of the STL, due to the greater contribution of long chain paraffin structures (up to
35%) and polysaccharide fragments (up to 27%), which leads to an increase in the Stokes
radius of HA molecules. Increasing the degree of peat decomposition down the profile and
the associated greater humification of the organic material, cause a systematic decrease
in M,. Profile reduction of M, is due to decrease of proportion of high and medium
molecular weight fractions and increase of proportion of low molecular weight fraction. The
M, increment in the lower horizons of plots 1-1, 1-2, 2-2 is likely due to the coagulation of
HAs on the mineral matrix of peat deposits (the peat of these horizons has high ash
content) to form high molecular weight HAs. Thus, it has been shown that the humification
of organic peat material is associated with the transformation of high molecular weight HAs
structures enriched in paraffin and carbohydrate fragments to condensed structures with
lower molecular weights.
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Figure. Number average molecular weight of the HAs from the Plot 1-1 (A), Plot 1-2 (B),
Plot 2-1 (C), Plot 2-2 (D).
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Emergent functional behavior of humic substances as result of
chemical characteristics
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The structural organization of humic substances (HS) has been a central question of
earth sciences for several decades. Recently, HS were recognized as complex mixtures of
small molecules and oligomers. We investigate the correlation between the chemical
composition of HS, perceived as labile aggregates, and their emergent functions (EF).

Complex organic mixtures can be considered within the context of complexity theory.
The study is done through investigations of how interactions between parts creates an
emergent collective system behavior and how the system interacts and forms relationships
with its environment [1]. In order to create a model of HS, which illustrates the connection
between chemical composition and EF, the theoretical model should encompass
properties that relate to H-bonding, hydrophobic and charge-transfer interactions and
depend on conformations. Therefore, we developed a computational approach that
combines with ideas of supramolecular structural organization and dynamic combinatorial
chemistry [2]. The focus of the work was on the labile (reversible and changeable),
connection between molecular units with bonds (interactions) that form and break on
elementary step timescales. The important reactions are dissociation, proton transfer,
hydrogen bond interactions, which occurs in a timescale range of pico- to nanoseconds.
Therefore, the composition of a system will depend on its environment.

Computational modelling was used to help to understand the processes and
mechanisms on the molecular scale that occur in different fractions of the HS, fulvic acids
and humic acids, as they interact with metal ions and organic pollutants. The conformational
changes in different solvents were also investigated. The importance of non-covalent
interactions in the EF of HS is highlighted. H-bonding, hydrophilic/hydrophobic surface areas
and Tr-stacking interactions play a significant role in aggregation processes as well as in the
sorption of environmental pollutants. The interaction of a polar pollutant, phenol, with HS
occurs through H-bonding, whereas non-polar benzene interacts through hydrophobic and
mr-stacking interactions. The non-polar pollutant results in a much stronger sorption by HS
and causes an additional structural rearrangement of the aggregates. The interactions of HS
with metal ions revealed a variation of the studied properties of HS, including H-bonding,
structural conformation, the hydrophilic/hydrophobic surface areas and the potential energy,
with the change of environmental conditions. Thus, a decrease of water content or an
increase of cation concentration resulted in higher Me binding and aggregation with a
decrease of the potential energy, i.e. formation of more stable aggregates.

The significance of this work is in shifting the focus from a search for the exact
“unique” structure of HS to the correlation of chemical characteristics of the sample with its
emergent functional behavior. The new approach could be beneficial in solving ongoing
disputes in the field of HS research, since it reveals how different properties of HS emerge
from their chemical composition. Overall in this work we showed that recognition of HS as
labile supramolecular aggregates of different molecular fragments, allows one to consider
the lability of the system when it interacts with environmental pollutants.

References
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Chernozems are among the most fertile soils relevant for global food production and
the main part of productive agricultural land in Russia is confined to Chernozems. Soil
organic matter (SOM) of bulk samples and size fractions (by dry screening) of
Chernozems with a rather wide agricultural use history (from intact steppe to permanent
bare fallow) was studied by thermogravimetry (TGA) under pyrolysis conditions in an inert
atmosphere to approach its transformation depending on the type of use. The data basis is
a 55-year-long field experiment of the Kursk Research Institute of Agricultural Production
and V.V. Alekhin Tsentralno-Chernozemny Nature Reserve of Russia. It was shown that
the SOM of the formed deciduous tree shelterbelt soil is the least thermally stable over the
whole decomposition temperature range and contains the maximum amount of thermally
unstable compounds. Among the aggregates of this soil, the aggregates with a size of 1-2
mm are the most thermally stable, the least stable are 7—10 mm in size and less than 0.25
mm, which is confirmed by the whole set of applied statistical criteria. Steppe soil stands
out for its highest thermal stability formed over the centuries of lack of ploughing under
predominant grassy vegetation. Moreover, all its aggregates contain predominant amounts
of thermally unstable SOM, the most thermally stable are aggregates of 1-2 mm. SOM
recovery processes that occur in soil of the overgrown fallow and no-tillage farming if
compared with the initial (bare fallow and cropland, respectively) are not the same.
Predominant SOM accumulation occurs in aggregates of 0.5—-1 and 1-2 mm.

With systematic observation of agricultural land, a statistically significant increase in
T50 in the range of 170-600 °C. A new parameter to assess the degree of organic matter
degradation, the ratio of the mass loss in the 380—-600 to 170-380 °C temperature range
that is referred to as two-range thermal stability ratio. It is shown that this relative index
discriminates soil samples depending on the land use type and does not require the
knowledge on carbon content. As well as a decrease in two-range thermal stability ratio,
the same range may indicate the manifestation of SOM degradation processes and the
need for measures to compensate for a decrease in thermally unstable SOM components.
At the same time, state-of-the-art thermogravimetry is a highly automated method of
analysis, which almost does not require consumables and operator time, and thus can be
used in small laboratories.
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authors acknowledge the financial support of The Ministry of Science and Higher
Education of the Russian Federation, budget project 0591-2019-0024.
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Despite being extensively studied for decades, the origin of natural organic matter
(NOM) optical properties remains debatable. While the possibility to describe as a
superposition of individual chromophores seems the most obvious approach, several facts
contradict this hypothesis. As a result, speculations on the dominating role of
chromophores interaction in the formation of NOM spectral properties are widely
discussed in the literature. However, although it is quite obvious that electronic interaction
must occur in such a complex molecular ensemble as NOM, a direct experimental study of
this phenomenon has not been reported yet. In this work we aim at demonstration of the
role of electronic interaction in the formation of NOM optical properties. Making use of
time-resolved spectroscopy techniques in the subpicosecond to nanosecond ranges, we
uncover the chain of events which lead to the formation of the red edge in NOM optical
spectra. Then, we burn a hole in the NOM spectra and show how this affects the energy
transfer chain. Based on these experiments, a semi-quantitative model of photophysical
processes in NOM was developed.
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lignin material determined by ultra-high resolution mass-spectrometric
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Oxidized lignin materials possess a wide range of biological activity including
hepatoprotection [1]. However, molecular complexity prevents a determination of active
species and, consequently, a description of the molecular mechanism of their action. At
this regard FTICR MS in combination with isotopic tags provide a unique opportunity to
obtain structural information about individual molecular components, which can be used
for in silico search of molecular targets. Here, we report on the first combination of several
selective labeling techniques to enumerate functional groups and structural fragments of
water-soluble product of oxidative degradation of lignin BP-Cx-1.

Carboxylic, carbonyl and phenolic moieties were determined by selective
incorporation of deuterium tags via esterification, reduction and acetylation, respectively. In
most cases, the numbers of oxygen atoms were covered by these functional groups.
Additionally, we observe electrophilic addition of deuterium, which clearly indicates the
presence of a,B-unsaturated carboxyls and carbonyls in the BP-Cx-1 structures.
Application of acid-base catalyzed H/D exchange enabled to determine the substitutional
pattern of aromatic rings. The obtained results were used to extract structures from the
curated database of biological activity ChEMBL, which matched results of FTICR MS
analysis and isotopic labeling. The developed approach can be considered as a first step
in the understanding of the BP-Cx-1 biological action.

iz, [ FTICR | omreaion,
e ) gt Wl e | e —— v
D-tags L_MS__|2) ChEMBL

Figure 1. Work-flow for the BP-Cx-1 individual components determination using FTICR
MS, isotopic labeling and ChEMBL data-mining.

Acknowledgements. The work was supported by the Russian Science Foundation
(grant no 19-75-0092). The support of IUPAC project 2016-015-2-600 (IP, OL, EN) is
kindly appreciated.

References
1. Fedoros E.I. et al. // Oncotarget. 2018. 9:18578-18593.

59



Book of Abstracts
Fifth International Conference of CIS IHSS on Humic Innovative Technologies «Humic substances and living systems» (HIT-2019)
October 19-23, 2019, Moscow, Russia

Synthesis of hydroxide iron(lll), which stabilized by fulvic acid.
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Iron Deficiency Anemia is the global health problem both for humans, animals, and
plants. Iron replacement therapy is the most adopted method of iron deficiency correction.
Iron(lll) hydroxide stabilized with polysaccharides is among the most prospective
medications. However, it may induce specific adverse reactions (e.g., anaphylactic shock).
The alternative medications are needed. In our research, we used fulvic acids instead as
polymaltosate for stabilization of iron(lll) hydroxide. Fulvic acids are natural macroligands
with high binding affinity for iron(lll). We hypothesized that they can serve as prospective
ligands for stabilization of Fe(lll) hydroxide. To achieve this goal, we carried out syntheses
with polymaltosate and fulvic acid.

Firstly, we prepared iron(lll) hydroxide by mixing solutions of FeCl; and NaHCO3; at
pH 7. The precipitate of Fe(OH); was collected and added with the heated-up solution of
maltodextrin. The precipitate was centrifuged and the product was designated as PMFe1.
The similar synthesis was carried out with fulvic acid and the obtained product was
designated FAFe2. The obtained samples were analyzed using X-ray diffraction analysis
(XRD), TEM and Moessbauer spectroscopy. It was found that the both samples contained
ferrihydrite nanoparticles. Moessbauer spectroscopy confirmed that iron was located in
octahedral oxygen package.

The obtained samples and the parent FA were analyzed for iron-binding capacity
using ferrozine test. Ferrozine and Fe*" form a complex with violet color. Addition of both
FA, FAFe2 and PMFe1 caused a decrease in color intensity. It is indicative of inhibitory
activity and binding capacity of these samples. The control experiment was carried out
with EDTA. The results are presented in Fig. 1.
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Figure 1. Concentration dependence of inhibition activity of the samples tested

The highest activity was characteristic of PMFe1 and FA, who should very high
activity in binding Fe(ll). Activity of FAFe2 was similar to control, indicative of high activity
of all samples tested. The obtained results may open a way for preparing FA-based iron-
containing compounds for iron replacement therapy. They can be also used for designing
biocatalytic systems for facilitating microbial redox-reactions.

Acknowledgements. This research was partially supported by the Russian
Foundation for Basic Research (grant 18-29-25065).
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The effect of electrolysis on size dispersion of humic substances
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The chemical and biological activity of humic substances (HS) determines their
relevance in agriculture, production of sorbents and nanocarriers of various ions, etc. At
that, they are characterized by complexity and inconstancy of the composition, which limits
the possibility of application. There are various ways to modify the HS. Along with a
change in the ionic composition, a significant part of them is aimed at stabilizing particle
sizes in solutions, because this largely determines the properties (in particular,
bioavailability) of the products obtained [1]. For the purification of such preparations, an
electrolysis method is effective, which can also affect the processes of the association of
macromolecules. Therefore, it is of interest to consider the effect of electrolysis on inert
electrodes on the dispersion of HS molecules size in solution.

Humic substances were isolated and fractionated according to [2]. The electrolysis
was carried out at a current density of 250 mA /m? on iron electrodes in an alkaline
medium at a concentration of HS 1 g /| for 6 hours. The dispersion parameters were
measured by quantum correlation spectroscopy (HORIBA LB-550) at an initial
concentration of HS (1 g /I) and after dilution 200 times.

The obtained data confirm that during electrolysis in an alkaline medium, anodic
dissolution of iron practically does not occur. Two groups of particles were detected in the
initial preparations of HS: 2-12 nm in diameter (individual macromolecules and small
associates) and 200-900 nm (larger supramolecular formations). With the increase in the
concentration, an equilibrium shift towards large particles is observed. After electrolysis,
the polydisperse bimodal character of the particle size distribution is preserved. At the
same time, the system becomes more homogeneous: HS macromolecules form
associates of a smaller size (50-400 nm), and the monomolecular fraction is not
determined. The revealed changes are probably due to electromagnetic and thermal
effects and are explained by an increase in the number of active centers, as a result of
which the tendency of HS to association increases, but smaller aggregates are formed.
This allows one to expect an increase in the bioavailability of HS as a result of electrolysis.

Thus, the analysis of molecules size dispersion showed that the HS particles are in
the form of agglomerates in solutions. A significant contribution of associative processes to
the formation of HS properties is revealed. During electrolytic exposure, the dispersion of
the particle size changes: it becomes more uniform, and the particle size decreases. This
can positively affect the bioavailability of humic preparations.

Acknowledgements. The reported study was funded by RFBR according to the
research project Ne 18-05-70087.
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Humic substances and plants

63



Book of Abstracts
Fifth International Conference of CIS IHSS on Humic Innovative Technologies «Humic substances and living systems» (HIT-2019)
October 19-23, 2019, Moscow, Russia

64



Book of Abstracts
Fifth International Conference of CIS IHSS on Humic Innovative Technologies «Humic substances and living systems» (HIT-2019)
October 19-23, 2019, Moscow, Russia
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nanodiamonds

Abmetko I.V.", Chernysheva M.G.", Kulikova N.A."2, Badun G.A.", Perminova I.V."
'Lomonosov Moscow State University, Moscow, Russia, ira_abmetko@mail.ru
2Bach Institute of Biochemistry of RAS, Moscow, Russia

doi: 10.36291/HIT.2019.abmetko.056

Tritium labeled compounds can be used as a tracers of compound concentration in
different systems including biological objects [1]. The method is characterized with high
sensitivity and the detection level is determined by the specific radioactivity of the labeled
compound.

In present study the approach was applied for characterization of adsorption
composites of detonation nanodiamonds and humic substances (HS). We used
nanodiamonds (Aldrich) as received and subjected to air annealing that results in the
reversion of zeta potential of nanoparticles in the aqueous suspension from positive to
negative value. Coal humic acids and peat fulvic acids were used. Tritium label was
introduced in the HS using tritium thermal activation method according to the procedure

[2].

Composites were purified from non-bound HS and final composites were
characterized by dynamic light scattering to determine particles size and zeta potential in
the aqueous suspensions and liquid scintillation spectrometry to direct determination of HS
surface concentration. To analyze the composites uptake and biodistribution in plants
adsorption complexes of non-radioactive HS and tritium labeled nanodiamonds were
obtained [1, 3].

In the presentation we are going to discuss the peculiarities of HS adsorption on
nanodiamonds, the influence of HS type and surface properties of nanodiamonds. It was
found that equilibrium adsorption of fulvic acids on positively charged nanodiamonds
riches 80 mg/g and decreases to 30 mg/g after washing the composite from poorly bound
HS. In the case of nanodiamonds subjected to air annealing adsorption was as much as 3
times lower.

Moreover, both initial and annealed nanodiamonds, as well as its adsorption
composites were tested in the matter of how it can be uptake by wheat seedlings. In this
experiments tritium labeled nanodiamonds [3] were used in both in the control experiments
with plants and preparation of adsorption composites with HS following by interaction with
wheat seedlings. It was shown that adsorption on roots was less for nanodiamonds
subjected to air annealing, while penetration into above-ground parts was similar for both
types of nanodiamonds. The detail results will be shown in the presentation.

Acknowledgements. This work was supported by Russian Foundation for Basic
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n-Alkanes attribute among the most hydrophobic organic molecules of soil lipid
fraction that allows them to be associate with an organo-mineral matrix forming resistant
complexes. n-Methyl ketones are produced during first steps of n-alkanes degradation.
Annual dynamic of main alkane homologues ratios — CPIl, OEP, LSR, calculated for soil
density fractions allows to estimate the nature of the organo-mineral associations in the
natural systems should not only open up a new road towards improved understanding of
organic C and N dynamics in soils and sediments, but also facilitate the modeling of the
fate and transport of contaminants [1].

The test plot was selected under lime tree plant community where typical Albic
Retisols are developed. Sampling was made from leaf litter, roots of topsoil, soil of
horizons AY, AYel, EL, BT, twice in autumn and once in summer. Soil density separation
was performed using flotation method in heavy liquid ZnCI2 (p= 1.60 g cm-3), the two
fractions was separated — the free light fraction and the heavy one. In these samples total
C and N concentrations were determined with a CHNS analyzer (Elementar). Lipid
components were extracted by the method of pressurized fluid extraction in ASE 200
(Dionex). Sample purification and fractionation were carried out in an adsorption column
with aluminum oxide. The qualitative identification and quantitative determination of target
components were performed by GC/MS Agilent 6890N (Agilent Technologies) with a
quadrupole mass-selective detector MSD5973N (Agilent Technologies).

The relative content of n-alkanes in SOM increases for the bulk samples down the
soil profile up to 2 times and reaches maximum quantity in the EL horizon -725 pg/gCorg.
Analysis showed significant seasonal changes in the content and compositions of n-
alkanes. In summer their amount in light fraction is about 1-2% of total carbon, and
increased up to 4-8% during the autumn. n-Alkane content increases from 195,3 to 360,6
Mg/gC in bulk soil with the dominance in the upper part of the profile of long-chain plant
origin alkanes (C27, C29) and an increase of the part related to medium-chain in
underlying horizons as a result of a greater contribution of bacterial biomass (LSR
increases from 8.5 to 10.5).

The maximum content of even n-alkane homologues in the soil was observed during
the leaf and root residual inflow and the process of its subsequent microbial degradation,
which were detected by the shifting of homologs composition ratio. The content of ketones
in the free OM fraction is low, because ketones formed during the oxidation of detritus of
alkanes quickly undergo further biodegradation. At the same period, there was a relative
increase of the content of n-methyl-ketones associated with the mineral part of the soil.
This is possible during the mineralization of the corresponding n-alkanes, strongly bound
in the layers in organo-mineral complexes of soil particles, but available to microorganism
action. n-Alkanes become vulnerable to fermentative oxidation, which contributes to
surface n-methyl-ketones enrichment [2] that slows down the process of n-methyl-ketones
mineralization.
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The technology for producing humic biological products from vermicomposts
(biohumus) by alkaline treatment in the liquid phase allows one to obtain concentrated
preparations containing almost all components of vermicomposts, including humic acids in
high concentrations. In the experiments, for the production of liquid humic products used
vermicompost obtained in "comperemedia" piles of cattle manure, with compost worms
Eisenia fetida. Vermicompost (humidity 60-70%) was loaded in the vessel was added 0.1
M solution of potassium pyrophosphate in 0.1 N. the solution of KOH. Alkaline extraction
was performed with constant stirring of the mixture at 80°C for 30 min. The resulting
mixture was sedimented for 30-60 minutes; the supernatant (alkaline extract) was poured
into the storage tank. The alkaline extract was cooled to room temperature and, to obtain
the finished product, neutralized with a solution of nitric acid HNO3 to a pH of 7.0-8.0 [1].
Sterile “Zhansaya” soybean seeds were placed in Petri dishes with a diluted preparation
(1:100) and germinated at room temperature in a germination chamber. Distilled water was
used as a control. The duration of the experiment is 7-8 days. The experiment was carried
out in three agility.

In fig. 1 presents the results of experiments on the germination of soybean seeds of
the variety "Zhansaya" using a liquid humic preparation from vermicompost at a dilution of
1: 100

1 2 s

Figure 1. Zhansaya soybean seedlings treated with a liquid humic preparation in a 1: 100
dilution. Left - control, without treatment (distilled water).

Morphometric indicators were used to evaluate the effect of the drug: the length of
the main root (mm), the number of lateral roots of the main root (pcs). As a result, it was
found that the average length of the main root in the experiment was 195 mm, in the
control - 130 mm.), The number of lateral roots of the main root in the experiment was 19
pcs., In control 7, which clearly indicates the positive effect of liquid humic preparations on
the germination of soybean seeds.
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The influence of fulvic acid on seed germination and plant productivity
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Intensive field cultivation technologies cause a degradation of the soil. One of the
ways to increase the activity of the soil and the productivity of plants is to use biological
preparations and bioorganic fertilizers [1]. Fulvic acid application increase root activity
[3], improve growth of plants and yield quantity and quality, limiting the development of
some pathogens [2]. Also, fulvic acids improve soil physicochemical conditions [4].

The vegetation and field experiments were conducted in 2017-2018 at the Rumokai
Experimental Station of the Lithuanian Research Centre for Agriculture and Forestry. The
preparation Mineral Ful (bioactive fulvic acid complex) was used in our experiments.

Fulvic acid increased spring wheat seed germination 6.1 % (Table 1), height of
shoots — 2.9 %, air-dry mass of shoots — 12.5 %, air-dry mass of roots — 22.7 % (Table 2)
compared to control. Fulvic acid increased the spring wheat grain yield 14.7 %, the sugar
beet roots yield — 7.9 % (Table 3).

Table 1. The influence of fulvic acid and chemical stain on wheat seed germination

Treatment Amount (%) of Amount (%) of
germinated seeds seeds damaged by
After 3 days After 7 days Fusarium spp. Monographella nivalis
Control 79.5 90.3 3.8 2.7
Fulvic acid 87.0 95.8 1.8 2.0
Stain 43.0 92.2 1.2 1.0
Table 2. The influence of fulvic acid and chemical stain on wheat shoots and roots
Treatment Shoots Mass of shoots, g Mass of roots, g
height, cm Fresh Air-dry Fresh Air-dry
Control 20.7 8.3 1.6 8.2 2.2
Fulvic acid 21.3 9.7 1.8 11.6 2.7
Stain 15.7 8.0 1.4 9.1 2.5
Table 3. The influence of fulvic acid on spring wheat and sugar beets yield
Treatment Spring wheat Sugar beet
Yield, Amount of crude protein, Yield, Sugar content,
tha” % tha %
Control 2.281 9.8 89.54 15.06
Fulvic acid 2.616 10.5 96.58 15.30
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Scorzonera tau-saghyz is an endemic of Kazakhstan, capable of accumulating up to
40% of rubber in dry roots in quality not inferior to rubber of hevea. Currently, research is
underway to restore the abundance of this species, as well as to develop effective and

cost-effective biotechnologies for producing commercial rubber from S. tau-saghyz roots
[1, 2].
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Figure 1. Appearance of the root system of S. tau-saghyz seedlings grown without
biohumus (1) and with the addition of 20% biohumus (2) (on day 172 of the experiment).

Laboratory studies have shown that the application of vermicompost in the amount of
20% contributes to the improvement of growth parameters and survival of seedlings
S. tau-saghyz. So, when you make vermicompost average height and number of leaves
were almost 1.5 times, the dry weight of the aboveground part of seedlings S. tau-sagyz
more than 2 times, the survival rate of seedlings by 7.1% higher than in the controls. Most
of the studied morphological parameters of the root system S. tau-saghyz did not differ
significantly, while the number of lateral roots of the main root, and the maximum length of
lateral roots adventitious roots 1st order when making vermicompost were, respectively, 2
and 4 times higher than in controls. The use of vermicompost can substantially contribute
to the development of cost-effective modern biotechnology aimed at restoring the strength
of nature and getting a commercial rubber root S. tau-saghyz.

The data obtained can be used in the development of cost-effective modern
biotechnology to restore the number of naturally rare and endangered species, rubber tau-
sagyz and a commercial rubber from roots S. tau-saghyz.
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Beneficial effect of “EIdORost” on seed germination energy of wheat,
mung beans and radish

Filippova O.I.1, Kulikova N.A.1, Konstantinov A.I.1, Grigoryeva I.O.1, Zhilkibayev O.T.2,
Perminova I.V."

"Lomonosov Moscow State University, Moscow, Russia

2Al-Farabi Kazakh National University, Aimaty, Kazakhstan, zhilkibaevoral@mail.ru

doi: 10.36291/HIT.2019.filippova.061

"EIdORost" is a universal organic fertilizer and natural plant growth regulator. It
consist of salts of humic and fulvic acids (12%), a complex of minerals and trace elements,
amino acids, flavonoids and etc. Among the numerous hypotheses about the nature of the
physiological activity of humic substances (HS), the hypothesis about their hormone-like
action, which is primarily understood as an auxin-like effect, has recently become the most
popular [1]. Therefore, HS is widely used in agriculture as a stimulator for plant growth at
the early stages of their development. Our study was aimed to estimate effect of
"EIdORost" on germination energy of crops belonging three agricultural groups: grains (on
the example of wheat Triticum aestivum L., cv. L1), legumes (on the example of mung
bean Vigna radiata (L.) R.Wilczek. cv. "Pobeda-104") and small-seeded vegetables (on
the example of radish Raphanus sativus L. var. sativus cv. Krasnyi Velikan). To reach this
goal, plant seeds were germinated in the presence of "EIdORost" of different
concentration; distilled water was used as a control.

The content of organic carbon (OC), humic and fulvic acids in “EldORost” measured
using TOC analyzers Shimadzu (Japan) were 68, 59 and 9 g OC/I respectively. Mean-
weighted molecular mass was 7.4 kDa, and polydispersity was 3.4. Carbon distribution
among structural fragments determined using 13C NMR spectroscopy demonstrated
relatively high content of carboxylic groups (13%) and aromatic structures (44%).
“EIdORost” increased seed germination energy for all the studied plants (Figure 1).
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Figure 1. Effect of “EIdORost” on germination energy.

Our results demonstrated that maximum beneficial effect of “EIdORost” was
observed when initial solution of plant growth stimulator was diluted 150 times, whereas
more concentrated solution were less efficient. So, “EIdORost” is a promising product for
pre-sowing seed treatment.
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To obtain high crop yields, the intensity of the initial processes of plant growth is of
great importance. Scientific studies have established that pesticides can have a
depressing effect on the physiological processes of cultivated plants. Some protectants
have a negative effect on the linear growth of seedlings and germination. The
effectiveness of pre-sowing treatment of seeds can be increased by the introduction of
regulators or fertilizers into the solution of the protectants.

Research objective: evaluation of preparations for pre-sowing seed treatment by the
method of seedlings.

The method of seedlings is based on the reaction of the test culture and allows you
to determine the effect of drugs on the growth and development of plants. The following
drugs were studied: Rostok — a humic preparation from peat (manufacturer of LLC «SPC
"Evrika", Russia), Gumisol — a humic preparation from vermicompost (manufacturer of LLC
«Agrofirm «Hermes», Ukraine), PreCede™ — an aqueous mixture of nutrients
(manufacturer ATR Nutrition, Canada). The seeds of the test culture (spring wheat) were
soaked in water and preparations in a concentration according to the recommendations of
the manufacturers. In glasses (500 ml) filled with dark gray forest soil, 15 pieces were
sown per vessel. The vessels were placed in an air conditioner at t = 20°C with a
changeable program of day and night. Four repetitions. In the course of the experiment,
the germination energy (on day 4), germination (on day 7), the length and mass of the root
system and the terrestrial part of plants (on day 14) were recorded.

The seed germination energy in the control was 32%, the tested drugs increased it:
Rostok — 2.1 times, PreCede™ — 1.8 times, Gumisol — 1.6 times. Germination was
significantly increased by Rostok and PreCede™ preparations by 17 and 15%,
respectively. The drug Humisol reduced germination by 3%; the difference with the control
is not significant.

The development of the root system was positively affected by all the drugs studied,
but to a different extent. The number of roots was most formed during seed treatment with
Rostok, an increase of 18% to the control. PreCede™ and Gumisol increased the number
of roots by 9 and 3%, respectively, but the increase in the use of the last drug is not
significant. According to the length of the root system, the difference between the
preparations is not significant, an increase relative to the control: Rostok — 27%,
PreCede™ — 27%, Gumisol — 24%. The mass of the root system exceeded the control:
PreCede™ — by 55%, Rostok — by 53%, Gumisol — by 19%. The difference between the
first two drugs in this indicator is not significant; the last drug is significantly inferior to the
previous ones.

According to the length and weight of the plants, the greatest increase in control was
obtained from the use of the Rostok preparation — 38 and 93%, respectively. PreCede™
had an average effect on these parameters, an increase of 17 and 24%. The lowest
increases from the drug Gumisol — 10 and 2%, respectively, the increase in plant mass is
not significant.

Thus, we recommend adding the Rostok humic preparation to the protectant mixture.
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Various organic materials are widely used in agriculture with the aim of improving soil
quality, plant nutrients regime, and plant production. Both lignohumate and biochar, co-
products of thermochemical conversion of lignocellulosic materials, are marketed as
universal soil improvers [1,2]. Their sorption properties are especially relevant in case of
polymetallic soil contamination, since these substances have a sufficiently high exchange
capacity with respect to metals. However, rather conflicting data on the effectiveness of
these products as well as ambiguous effects of their combined and separate applications
are published.

We investigated the impact of biochar (70-80% pure carbon, Company “Metakom”,
Russia) and lignohumate (C total 36 %, Company “RET”, Russia) on plant responses in
two typical agricultural topsoils (0-20 cm): Chernozem (Voronezh region, organic carbon
5.4%) and Agrozem (rice fields of Kalmykia, organic carbon 1.5%). Natural and metal-
spiked (650 mg/kg Pb + 1100 mg/kg Zn + 660 mg/kg Cu) soil samples were analyzed.
One week after metal spiking, biochar (5%) and lignohumate (0.25 %) were added. The
pots with soil samples were incubated for 120 days at 22-24°C and 60% relative humidity.
We analysed growth parameters (seeds germination, roots and sprouts length) of
seedlings of three species: Sinapis alba (mustard), Raphanus sativus (radish), Avena
sativa (oat). Each experimental had 3 replicates.

The results indicate that: 1) effects of exogenous organic matter application on plant
responses varied greatly between humus-poor and humus-rich soils; biochar and
lignohumate amendments significantly increased plant root and spout length in
chernozem, whereas their effect was slight in the humus-poor soil; 2) effect of lignohumate
and biochar mixture was significantly higher than that of lignohumate amendments (radish
and oat - roots length more for 39-36% and roots length - 25-28%); 3) biochar added to
humus-poor soil caused a strong inhibitory effect on seed germination of all plant species,
sprout length by 35%, and root length by 15%; the combined introduction of lignohumate
and biochar had a small positive effect only on oats. Interestingly, on unpolluted samples
test parameters of A. sativa were more informative, while in the presence of heavy metals
in the samples, plant reactions to biochar and lignohumate were better seen on mustard
S. alba which is used as green fertilizer (“green manure crops”) or “siderites”.

Thus, the results indicate that effectiveness of biochar and lignohumate amendments
(both alone and in mixtures) have the potential to substantially improve the quality and
fertility status of a certain type of agricultural soils polluted with high concentrations Cu, Pb
and Zn. No significant plant-stimulating effects were detected in humus-poor soil neither in
polluted any un-polluted samples.

Acknowledgements. The work is supported by the RFBR (project 18-04-01218-a).
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Physiological activity is one of the important environmental functions of humic acids
(HA). We are studying the physiological effect of HA preparations on the unicellular green
alga Chlorella vulgaris. To assess the effect of HA preparations on algae, indicators such
as photosynthesis, respiration, cell numbers and sizes were used.

The structural and functional properties of HAs isolated from contrasting soils vary
greatly. This is due to the specific bio-hydrothermal conditions of humification, which
determines the molecular structure of the preparations. The content of aromatic structures
in HA molecules was determined by 13C-NMR. The content of free radicals was evaluated
by method ESR.

The study of the rate of photosynthesis and respiration of Chlorella vulgaris was
carried out by the oxygen content in the light and in the dark. The duration of the
interaction of algae cells with HA ranged from 1 to 5 days. The size and abundance of the
algal cell culture were estimated by direct counting under a microscope using a computer
program for analyzing graphic images (in Python), as well as a Shimadzu SALD-2201
laser diffractometer.

During the research, it was found that HA preparations favorably affect the
physiological processes of the culture of the alga Chlorella vulgaris. In the range of
concentrations from 0.001 to 0.007%, HA concentrations of up to 0.003% are optimal. At
HA concentrations of more than 0.003%, a negative effect of HA is observed for all
preparations: photosynthesis decreases in Chlorella vulgaris cells and destructive
processes increase sharply, causing an increase in oxygen consumption.

The positive effect of the aromaticity of the preparations and the concentration of free
radicals of chernozem HA on the acceleration of photosynthesis of Chlorella vulgaris was
shown. HA of sod-podzolic soils with low aromaticity and low content of free radicals
stimulate mainly the processes of reproduction.

As a result of the studies, a tendency of a positive effect of aromaticity and
concentration of free radicals of HA preparations on the acceleration of photosynthesis of
Chlorella vulgaris was noted. On the contrary, the stimulation of the processes of the
Chlorella vulgaris culture reproduction can be associated with a low concentration of free
radicals and a small fraction of aromatic fragments in the HA molecules.

Acknowledgements. This work was supported by the RC SPbGU “Cultivation of
microorganisms” project No. 116-7485.
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In this study, the effects of some plant activators on plant growth characteristics, yield
and biochemical properties of cherry tomatoes grown in two different soil media (stressed
and regular soil) were investigated under controlled greenhouse conditions. Studies were
conducted in pots. Powhumus (PH), seed covering (SC), root enhancer (RE) and fulvic
acid (FA) were treated as seed and drench applications. Treatments were grouped as
follows: Control 0: no treatments, PH 1: PH seed coating, SC 1: SC seed coating, PH2: PH
seed coating +PH, SC 2: SC seed coating +PH, RE: RE seed coating +RE, FA: FA seed
coating +FA. In order to determine the effects of the applications on plant growth
parameters were examined, such as dry plant and root weight, plant height, stem
diameter, leaf number; yield parameters such as fruit number per cluster, fruit height, fruit
diameter, fruit weight, cluster weight, cluster number per plant and yield per plant; mineral
content of leaf, root and fruit; chlorophyll reading value (SPAD); and some fruit
characteristics such as total soluble solids (TSS), fruit dry matter (DM), and vitamin C.
Furthermore, some physiological and biochemical characteristics of tomato leaf such as
malondialdehyde (MDA), hydrogen peroxide (H,O3), proline and sucrose, and antioxidant
enzyme activities (catalase-CAT, peroxidase-POD and superoxide dismutase-SOD) were
also determined. All plant activators improved plant growth and yield of tomato under both
soil conditions. Plant activator applications increased the plant height, stem diameter, leaf
number, SPAD, plant dry weight and root dry weight, and the highest effect were
determined as 59% (FA), 47% (RE), 54% (SC2), 38% (FA), 60% (RE) and 70% (RE) in
regular soil, and as 79% (FA), 50%(RE), 60%(FA), 42%(FA), 78%(FA), and 72% (FA) in
stressed soil, respectively, as compared to the control 0 treatment. With the applications,
increases in DM, vitamin C, TSS, fruit height, fruit diameter, fruit weight, cluster weight,
cluster number per plant, fruit per cluster, yield per plant were 12%(RE), 33% (SC1), 29%
(SC1), 15% (SC2), 23% (SC2), 43% (SC2), 45% (SC2), 21% (RE), 26% (SC1) and 56%
(RE) in regular soil and 41% (SC2), 40% (SC1), 38% (SC1), 21% (FA), 26% (FA), 53%
(FA), 54% (FA), 58% (FA), 58% (FA) and 81 % (FA) in stressed soil, respectively, as
compared to the control 0. According to the study result, FA generally had more positive
effects than the other treatments under stressed soil conditions. Applications were more
effective on plant growth, fruit characters and yield parameters in stressed soil plants than
those in regular soil. RE was the most effective application for mineral content (leaf, root
and fruit) in regular soil, whereas the most effective application in stressed soil was FA. N,
P, K, Ca, Mg, Mn, Na, Zn, B, Fe and CI content (leaf, root and fruit) in regular soil was
increased by 23-90% as compared to control, whereas this was ranged from 40 to 92% in
stressed soil. CAT, POD and SOD activity, H,O,, MDA and proline content were
decreased in regular and stressed soil with treatments as compared to control, but POD
activity was more in SC 1 application in stressed soil. The content of sucrose elevated with
especially RE treatment (57% increase in regular soil, 65% increase in stressed compared
to control). In conclusion, plant activator treatments could be suggested to be used
especially in cherry tomato cultivation in problematic soil areas.
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Chemical modification with the aim of changing the composition of humic acids (HA)
and introducing new functional groups into their structure is a promising direction for
improving and obtaining the necessary properties of humic substances. The greatest
attention is drawn to their biological activity, which is associated with the ability of HA to
participate in redox reactions in a plant cell, depending on the content of various structural
groups (quinoid, phenolic), the degree of aromaticity, and the ratio of hydrophilic and
hydrophobic fragments [1,2].

The purpose of the study is to evaluate the biological activity of native and modified
humic acids isolated from brown coal of the Tisulsky deposit of the Kansk-Achinsk basin
(TC) and its naturally oxidized form (TCO).The humic acids were modified with hydrogen
peroxide and n-butanol. The change in the functional and structural composition during the
modification was studied using EPR, *C NMR CPMAS.

Tests were conducted to determine the biological activity of HA in the form of sodium
humates (0.005% aqueous solutions) obtained from native and modified humic acids using
“Iren” wheat seeds. Biological activity was evaluated by three test functions - seed
germination energy (GE), root length (RL), seedling height (SH) and the phytoactivity index
(F1) was calculated, which reflects the deviation of the test function from the control (seed
germination in water) .

Initial HA showed bioactivity in relation to wheat seeds. FI humic acids TC exceeded
the control experience by 12%, series TCO by 20%. There is a tendency for indicators of
all test functions to exceed control. For example: SH excess by 17% (HA TC) and 33%
(HA TCO). When using HA modified with hydrogen peroxide of various concentrations, the
dependence of the FI on the concentration of paramagnetic centers (PMC) in humic acids
was found. Modification with hydrogen peroxide leads to a decrease in the content of PMC
and a decrease in the biological activity of HA. When using HA modified by n-butanol
alkylation, Fl was 1.14 and 1.24; SH exceeded control by 29 and 37% for TC group and
TCO group respectively. Humic preparations obtained from modified by n-butanol
alkylation of HA can be considered promising for subsequent tests in field experiments.

Acknowledgements. This work was supported by the Russian Foundation for Basic
Research (grant no. 18-55-91033) and performed with the use of the equipment of the
Center of Collective Use at the Federal Research Center of Coal and Coal Chemistry,
Siberian Branch, Russian Academy of Sciences.
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EDTA is one of the widely used ligands for delivering minerals to plants. It is known
that EDTA-ion forms stable, highly soluble compounds with many metals in a wide pH
range. This provides easy transport of mineral nutrients to plant tissue. Therefore, EDTA
complexes, for example, with iron are often used in laboratory practice as a control when
studying the absorption of other iron-containing preparations by plants or in agrochemistry
production for the operational prevention of plant diseases. In the first case, sometimes,
iron compounds in the presence of humic substances (HS) are considered as alternative
iron-containing preparations [1]. In the second case, the contact of the iron(lll)-EDTA
chelate with the HS of the soil or substrate on which the cultivated plant handled is
inevitable. In any case, participation and possible role of HS in the distribution of iron-
containing preparations general and, in particular, iron(lll)-EDTA chelate are of interest.

Therefore, the aim of this work was to study the possible participation of HS coal in
the distribution of iron(lll)-EDTA chelate in the parts of wheat Triticum aestivum L. at root
and foliar uptake. The autoradiographic method is studying the distribution of nuclides in a
plant directly. It is based on the use of the sensitivity of some materials to radionuclide
radiation. In the present work are used, BaFBr:Eu®* luminescent screens in the Cyclone
Storage System (Perkin Elmer) digital radiography system were used as a detector. As the
detected radionuclide, 55-iron was used, which is characterized by optimal characteristics
both in terms of radiation energy (mainly B-radiation - 231.4 keV) and half-life (2.73 vy).
With this radionuclide label iron(lll)-EDTA chelate was synthesized, and the purity of which
was confirmed by thin-layer chromatography. This radiation-emitting material was used to
prepare four solutions: two for the experiment with root absorption, and two for the
experiment with leaf absorption, differing between the pairs by the concentration of
iron(lll)-EDTA chelate (0.558 and 0.055 mg/l, accordingly). In each pair, one solution
contained only iron(lll)-EDTA chelate, and in another potassium humate was additionally
added to a concentration of 1000 mg/l. The root uptake experiment was use 18 days of
age wheat seedlings, which were placed for one day in vessels with a labeled solution.
The leaf absorption experiment was carried out with seedlings of wheat, which were
sprayed with a labeled solution and kept for 7 days. After germination, the plants were
washed, dried and subjected to autoradiography. In total, 18 plants at root uptake and 16
plants at foliar uptake were studied. From the data obtained it follows that the presence of
HS affects the distribution of iron(lll)-EDTA chelate. Sic, the formation of “films” was
observed the roots at accumulating the iron-containing preparation. HS contribute is
evenly distributed iron contained preparation in the shoots at root uptake. In the absence
of HS, the 55-iron is predominantly located at the points of the most intensive plant growth
— at the tips of the roots, at the tips of the shoots, and also in the thickened lower part of
the shoot. During foliar uptake of iron concentration is observed in the at root part of
shoots, and in the presence of HS, the iron content is much higher. Thus, in the work the
role of HS in the distribution of iron in such a strong complex compound as iron(lll)-EDTA
chelate is demonstrated.
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This abstract presents the result of the studies of soil formation on the different aged
coastal bars in transgression zone of the Ladoga Lake in the Nizhnesvirsky Nature
Reserve (Leningrad region, North-West of Russian Federation). The Ladoga Holocene
transgression is one of the most informative and applicable models for pedogenesis,
successional processes occurring in young and mature areas can be traced here. Local
processes of soil formation such as podsolization, gleyfication, peat formation and humus
accumulation were identified. Physical, physic-chemical and biological soil properties with
a detailed description of the morphology of soil of different aged coastal bars are
presented. The investigation presents the data on the soil chronoseries, located on the
four Ladoga coastal bars with different ages from 70£25 to 1590425 years BP. The trends
of accumulation and transformation of organic matter, elemental composition of humic
acids (HAs), development of plant communities and the influence of the soil formation
factors on the rate of formation of soil horizons were estimated. The degree of soils
organic matter stabilization has been assessed with the use of modern instrumental
methods (spectroscopy of nuclear magnetic resonance (CP/MAS 13C-NMR). Analysis of
the molecular composition of HAs showed that aliphatic groups accumulate in the soils.
This is due to the high level of hydromorphic in this environment. Due to evolution of
podzols, aliphatic groups and the accumulation of humic substances in the soil are
increased, with increase of aliphatic groups in molecular composition of HAs it makes HAs
more aggressive and leads to increase migration ability. The molecular composition of
HAs of young soils is enriched with aromatic fragments and oxygen-containing functional
groups, which ensures their high thermodynamic stability. Also the taxonomy composition
of microbial communities of different-aged soil has been investigated. Different groups of
microorganisms are considered as responsible drivers of various soil formation processes.
Copiotrophic  microorganisms (belonging to Proteobacteria, Actinobacteria and
Bacteroidetes phyla) dominated in microbial communities of the topsoil (organic) horizons.
Podzolic (E) horizons were characterized by the increased abundance of Mycobacterium
sp. (Actinobacteria). In deeper horizons, the percentage of copiotrophic bacterial groups
decreased providing the growth of oligotrophs, as well as archaeal lineages. The deepest
(gleyic, G) horizons were characterized by the presence of anaerobic, methane-producing,
bacteria.

Thus, the connection between microbial community structure and the continuous
development of the soil profile was revealed. The change in physic-chemical parameters
was the key driving factor causing the adaptation of the prokaryotic community. The older
coastal bar expressed the clearer signs of podzol formation, the greater thickness of the E
horizon, and the more obvious dissimilarity between the microbiomes in different genetic
horizons. This indicates that microbial community can be considered as a driving
mechanism, which regulates solum vertical differentiation within the time of podzol
ontogenesis.

Acknowledgments. This work was supported by Russian Scientific Foundation,
project Ne 17-16-01030 “Soil biota dynamics in chronoseries of posttechnogenic
landscapes: analyses of soil-ecological effectiveness of ecosystems restoration”.

79



Book of Abstracts
Fifth International Conference of CIS IHSS on Humic Innovative Technologies «Humic substances and living systems» (HIT-2019)
October 19-23, 2019, Moscow, Russia

The properties of humic acid — cytotoxic study

Bratishko K.A."?, Buyko E.E."?, lvanov V.V.?, Zykova M.V.?
"Tomsk Polytechnic University, Tomsk, Russian Federation, https://tpu.ru
2Siberian State Medical University, Tomsk, Russian Federation, https://ssmu.ru/ru/

Keywords: humic acids, cytotoxicity, MTS
doi: 10.36291/HIT.2019.bratishko.069

Humic acids (HA) are applied in alternative medicine but for their implication in the
official medicine a wide-range preclinical and clinical studies are needed. Cell-viability
cytotoxicity test is necessary to evaluate potential safety profile of HA and to choose the
proper concentrations for the future investigations. To conduct the cytotoxicity-test the peat
HA sample has been chosen. Isolation of HA sample was performed by the pyrophosphate
(NasP>07) extraction as described earlier [Zykova, 2018]. The raised pine-cotton-grass
peat (R=30-35 %, 10-50 cm) was taken from peat oligotrophic bog in Tomsk region
(Bakchar bog area, Russia). For this sample promising antiradical and antioxidant
activities have been shown during the previous studies [Zykova, 2018].

The cytotoxic properties of HA were evaluated on 3T3-I1 cell-line using the standard
MTS-assay  (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium). MTS-assay was performed after achieving 100% confluence of cells using
the CellTiter 96® Aqueous Cell Proliferation Assay (Promega). Briefly, DMEM/F12 (100 ul)
was supplemented with MTS solution 20 ul/well, incubated for 1 h, and then the
absorbance was recorded at 490 nm with a 96-well plate reader Sunrise RC4 (Tecan).
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Figure 1. Viability test of HA with MTS (3T3-L1, 24 h of incubation). Viability is expressed
as % of control (mean). The results are given as the mean + SD (n=6). * indicates a
significant difference (multiple t-test) from control (p < 0.05).

Figure 1 shows the results of a cell mitochondrial activity viability test (MTS-test) after
24 h of incubation of 3T3-L1 fibroblastic cells with eleven different concentrations of HA
from 3.125 to 400 pg/ml. At 25, 50 and 100 pg/ml HA there was no influence on the cell
viability. However, a concentration-dependent toxic effect of HA was revealed on the cells
cultivated with the 150 - 400 pg/ml HA (for 13.0, 12.5, 12.9, 11.05, 11.2 % respectively).
Alternatively, cell viability was increased in presence of 3.125, 6.25, 12.5 ug/ml HA (for
18.5, 14.3, 7.5% respectively). This pronounced effect may have been caused by the
increasing of cell proliferation at less concentrations of HA. The cytotoxicity at the higher
doses of HA can be explained by the osmotic effect and ability of HA to penetrate nuclei
and to influence on the DNA binding affinity of the transcriptional factors [Yang et al.,
2002]. Eventually, HA doesn't demonstrate strong cytotoxic properties and allows to
conduct investigations in wide range of concentrations.
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Humic substances can influence on various plant and microbial cell components
such as plasma membrane, mitochondria, DNA containing components, and cytosol [3].
Such changes can be considered both positive and stressful for organisms. It has been
known that fungi can respond to stress changing the composition of membrane lipids and
synthesizing protective osmolytes [1] Melanin-synthesizing fungi, as a rule, are
characterized by high resistance to external influences. The aim was to study the effect of
humic acid (HA) on cytosolic soluble carbohydrates and lipids in melanin-synthesizing
fungus Alternaria alternata to understand whether the action of HA is stressful.

Fungal culture was cultivated on a liquid Chapek medium with the addition of peat
HA (100-200 mg/L) and without it as a control. Mycelium was investigated in trophophase.
The method of lipid extraction inhibiting phospholipases was used to analyze the lipid
composition of fungal cells. Quantitative analysis of the membrane lipids was performed
using two-dimensional thin-layer chromatography. The method of gas-liquid
chromatography (GLC) was used to study the composition of fatty acids in fractions of
polar or individual lipids. The osmolytes were determined by the method of GLC
trimethylsilyl sugar derivatives with an internal standard after extraction and purification.

Mannitol and trehalose dominated within the composition of osmolytes. Under the
action of peat HA level of mannitol reduced, while the level of trehalose increased (by 1.5-
2 times). Within membrane lipids, phosphatidylcholines, phosphatidylethanolamines, and
phosphatidic acids dominated. However, more distinct effect of HA was observed in the
structure of other lipid groups, namely an increase in the proportion of sterols and
sphingolipids. It has been known that an increase in trehalose is a response to heat shock,
in sterols - to a microbial attack; and a high proportion of phosphatidic acids in the
membranes can indicate an overall adverse effect on living organisms [1, 2]. Thus the
increase in the proportions of sterols and trehalose in our experimental research can be
considered as stress response of fungal cells on peat HA.

The study was supported by the Russian Foundation for Basic Research (project 18-
04-01218).
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The need to intensify agriculture in densely populated areas of South-East Asia leads
to the active use of fertilizers and pesticides. For pest management of rice farmers often
use insecticides of the group of neonicotinoids. It is known that humic substances affect
the behavior of organic pollutants in the environment. Humic substances are able to bind
toxicants, changing their migration ability, as well as to have a stimulating effect on the
microbial community of the soil, accelerating the process of decomposition of organic
pollutants.

The aim of our work was to assess the effect of humic product on the transformation
and migration of pesticides in soils. The object of the study was widely used on the island
of Bali drugs based on neonicotinoid insecticides: thiamethoxam, Imidacloprid sand
fipronil. During the model experiment, soil samples with insecticides and humic preparation
were incubated for 14, 28, 56 days at a temperature of 25°C. Humic preparation was
introduced as a solution with a concentration of 0.25% (5 ml per 25 g of soil). During the
experiment, the indicators of the microbial state of the soil (basal respiration, nitrogen
fixation, methane formation) were measured. The method for determining pesticides in soil
is based on acetonitrile extraction and subsequent determination on a chromato-mass
spectrometer (HPLC-Q-TOF).

The results show an increase in methane formation in the soil on day 7, which can be
associated with a significant number of methanogenic bacteria in flooded rice cakes. As a
result of the experiment, after 14 days, a decrease in the content of Imidacloprid in the
variant with the introduction of humic substances by 30% was revealed. The decrease in
the detectable pesticide in soil may be due to the specific effect of humic preparation on
certain groups of microorganisms.
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Peculiarities of antioxidant activity of humic substances

Kudryasheva N.S."?, Kovel E.S.", Sachkova A.S.%, Rozhko T.V.*

"Institute of Biophysics FRC KSC SB RAS, Krasnoyarsk, Russia, n_gdr@yahoo.com
2Siberian Federal University, Krasnoyarsk, Russia

*National Research Tomsk Polytechnic University, Tomsk, Russia

*Krasnoyarsk Medical Academy, Krasnoyarsk, Russia

Keywords: antioxidant activity, enzymatic bioassay, humic substances, bioluminescence, reactive oxygen
species

doi: 10.36291/HIT.2019.kudryasheva.072

Humic substances (HS) are known to function as natural toxicity attenuators in
natural solutions, involving solutions of redox-active compounds. In our study we
monitored toxicity of oxidizer solutions under addition of HS.

Bioluminescence bacteria-based and enzyme-based bioassays were used to monitor
toxic and antioxidant effects at cellular and biochemical levels, respectively. The
bioluminescence assays are widely used to monitor toxicity of media due to high rates of
the assay procedures and simple registration of the luminescent signal. These features
provide a large number of measurements under comparable conditions, which is extremely
important for statistical processing. A suppression (or activation) of maximal
bioluminescence intensity is a quantitative characteristic of general toxicity (GT) in the
environment. A particular feature of the enzymatic bioassay is specificity to the group of
toxic agents of oxidative nature: additionally to reducing maximum luminescence intensity,
a bioluminescence delay period occurs; it depends non-additively on the oxidizer
concentration and redox potential. This feature is a basis for monitoring the oxidative
toxicity (OxT) of the environment. Hence, the bioluminescent enzymatic bioassay can be
used to determine both: changes of GT in high-concentration solutions of HS and ability of
HS to change OxT of media, i.e. antioxidant activity of HS.

Toxicity and antioxidant activity of HS was studied in a wide range of their
concentrations. The toxicity of HS solutions was evaluated with effective concentrations
EC-50; detoxification coefficients Doxr and Dt were used to evaluate antioxidant activity
in solutions of organic and inorganic oxidizers. The toxicity and antioxidant activity of HS
were compared to those of the other bioactive compound, fullerenol-60 (F). Differences in
the effects of HS and F were related to (A) the mobility of functional groups and fragments
of HS, (B) their higher ability to reduce the content of reactive oxygen species (ROS) in the
solutions. The peculiarities of the HS antioxidant effect were: the low active concentrations
of HS, dependence of their antioxidant activity on time and oxidizer’ hydrophobicity.

Change of ROS content under addition of HS was studied in tritiated water (Tritium is
a beta-emitting radionuclide of low-specific radioactivity, product of a lot of radiochemical
processes, which is intensively accumulated in environment now). Tritum and HS
demonstrated synergetic activation effect on the bioluminescence enzymatic bioassay.
Content of ROS was evaluated by chemiluminescence luminol assay. Correlations
between bioluminescence response and ROS content were found in solutions of HS+
tritiated water, revealing molecular aspect of HS antioxidant function in diluted solutions.
Additionally, statistical processing revealed a decrease of stochasticity in tritium low-dose
effects under exposure to HS.

Acknowledgements. The work was supported by the PRAN-32, grant of RFBR N18-
29-19003, RFBR and Krasnoyarsk Regional Foundation N18-44-242002, N18-44-240004.
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Bacteria and bacteriophages successfully coexist for more than two billion years. In
addition to biological mechanisms, a significant contribution to this phenomenon is made
by such a factor as the presence of humic substances (HS). It is particular importance for
high-density ecosystems. The aim of this work was to assess contribution of HS into
adsorption of bacteriophage on the surface of the host cell. We used two laboratory
models of the host and virulent bacteriophage, nominally: Escherichia coli (str. C600) and
bacteriophage 9g, and clinical isolate Staphylococcus aureus (str. A515) and
bacteriophage phA515. E. coli C600 is a representative of Gram-negative bacteria,
whereas St. aureus A515 is a representative of Gram-positive microorganisms. Both host
strains were first grown in LB medium overnight, diluted, was grown to logarithmic phase
and then washed with M9 minimum medium. The cultures of bacteriophages were added
to the cells with multiplicity of one phage particle per hundred cells. Then, the content of
free phage was measured. Three HS samples were tested in this study: aqueous HA
(SRHA), peat HA and coal HA. They were added to test media in concentrations of
100 pg/mL. For E. coli C600 / 9g, an increase in the bacteriophage single burst was
observed: up to 1200 particles per cell compared to 800 in the control. In the presence of
peat HA, the phage unit cycle did not change, but the yield of phage particles was five
times larger than for SRHA. The presence of coal HA caused an increase in the amount of
adsorbed phage particles and a decrease in the half-adsorption time of phage particles
(from 5 to 2.5 min). For the St. aureus A515 / phA515, the presence of all HS samples
caused an increase in the time of half-adsorption from 4 to 8 min, which might be
associated with enhanced aggregation of the cells as compared to control. The presence
of SRHA has also caused an increase in the release time of phage particles without an
increase in the page yield per cell. In case of SRHA, it can be concluded that we observed
an increase in the single burst time. Conclusion can be made that HS affect all most
important environmental characteristics of bacteriophage. This may be important for
explanation of the persistence of virulent bacteriophages and of their hosts in natural
ecosystems. Some ways for a use of HS in controlling phage cycle might be suggested.
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Gas emissions from the landfills pose a threat to human health and provide a large
source of greenhouse gases. Of particular concern is methane emission. The existing
solutions to suppression of methane emission are costly and not efficient. New biocatalytic
systems are needed. It has been reported in the literature that humic substances (HS) are
capable of inhibiting methane synthesis by methanogenic bacteria. HS are natural
polymolecular systems with numerous hydroxy- and carboxy-aromatic units. For
enhancing inhibition ability of HS, it is necessary to increase their acceptor properties
determined by the content of quinone units in the structure. Previously, we described a use
of phenol formaldehyde condensation as the synthetic approach for preparing quinonoid-
enriched HS [1]. In this work, we use Fenton oxidation for developing the green synthesis
of quinonoid-enriched HS. Potassium humate from leonardite (CHP) and fulvic acids (FAP)
were used for modification. Structure of the prepared products was studied using FTIR-

and NMR- spectroscopy. Quinonoid centers used in this study are presented in Figure 1.
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Figure 1. Quinonoid centers incorporated into the humic materials used in this study:
hydroquinone (1), 2-methylhydroquinone (2), 1,4-naphtoquinone (3), 2-hydroxy-1,4-
naphtoquinone (4), 1,4-dihydroxy-9,10-anthraquinone (5).

The redox capacity of all derivatives was determined as described in [2]. The method
is based on reduction of KsFe(CN)s to KsFe(CN)s. To get information on distribution of
quinonoid-centers between molecular components of HS, we fractionated the CHP-HQ250
derivative on SPE PPL cartridge at pH 2 and 7.

According to the redox measurements, the reducing capacity of CHP was very low —
0.3 mmol/g, the values for its derivatives with anthraquinone (AQ) and naphthoquinone
(NQ) were close to 0. Much higher reducing capacity (1.3 mmol/g) was obtained for
hydroquinone derivative (CHP-HQ250). The fraction of this derivative isolated at pH 7 had
the highest redox capacity of all the CHP-derivatives (1.8 mmol/g). The obtained results
are indicative of high accepting properties of CHP and its NQ and anthraquinone
derivatives, which are most suitable for suppressing methanogenic activity of microbial
consortia. At the same time, fulvic acids and CHP-HQ possessed high donor capacity
which is indicative of their substantial antioxidant properties. Our results show that directed
modification is a promising tool for tailoring redox properties of HS.

Acknowledgements. This research was supported by the Russian Foundation for
Basic Research (grant 18-29-25065).
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The aim of the work was to investigate the effect of humic substances (HS) on the
viability of bacteria destructing hydrocarbons. It was shown that the introduction of HS
(0.03-3.0 g/L) into the Acinetobacter junii culture of the stationary growth phase resulted to
an increase in the number of viable cells (VC) up to 15 times compared to the control
without HS during 4 months storage (Fig. 1A). The increase in the number of VC is
associated both with an increase in the formation of persistent cells (P) [1], which mature
into resting cells (RC) [2], and stress-protective (antioxidant [3]) activity of HS. The
introduction of HS into the pre-stationary bacterial culture of Rhodococcus erytrhropolis led
to an increase in the number of VC up to 11 times during storage for 1 month (Fig. 1B).
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Fig. 1. A. Change in the number of viable cells of A. junii (% of control) during storage for
30 and 120 days in the control (without HS) and experimental variants with the addition of
Humikom: 1 - control, 2 - 0.03,3-0.15,4-0.6,5-1.5,6 - 3.0 g/L.

B. The number of viable cells of R. erytrhropolis after 1 month of incubations with different
concentrations of HS (g/L): 1-0.15; 2 - 0.5; 3 - 1.5, compared with the control without HS
(100%). HS are: HS - Sakhalin, G7 - Humate+7, S - sapropelic, HI - Irkutsk, HT -
Technoexport, LH - Lignohumate, F - fulvic acids, PH - Powhumus.

The formation of persistent cells is increased by the most oxidized hydrophilic HS
(increased content of alkyl, alkoxy, carboxyl and carbonyl groups), and the stress-
protective activity of HS is determined by the contribution of less oxidized humates with
higher antioxidant activity (increased content of aromatic carbon, both substituted and not
substituted heteroatoms).
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Bioluminescence of marine bacteria is sensitive to toxic compounds. That is why the
bacterial bioluminescent assay systems are used as biosensors in ecology and medicine.

Bioluminescent assays in vivo and in vitro were used to monitor detoxification of
solutions of radionuclides of low activity by humic substances (HS).

Effects of low-level radiation on bioluminescent assay systems in vivo and in vitro
were studied. Bioluminescent assay systems of different levels of organization were used:
intact bacteria and bioluminescent enzyme reactions. Solutions of 241Am and Tritiated
water (HTO) were used as sources of radiation.

Detoxification of the radioactive solutions by HS was under study. It was shown that
HS change bioluminescence kinetics in 241Am solutions approaching it to control.

HTO and HS demonstrated synergetic activation effect on the bioluminescence
enzymatic bioassay.

Acknowledgements. The work was supported by the PRAN-32, grant of RFBR N18-
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An analytical test based on the use of bioluminescent bacteria is characterized by a
quick response and qualitative analysis. Additionally, it is possible to adapt existing
portable devices for its use [1,2]. Particular attention is paid to the use of biosensitive
elements in the form of immobilized bioluminescent bacterial cells [3,4]. It was previously
shown for a biosensitive element developed on the basis of the bacterial Photobacterium
phosphoreum cells immobilized in macroporous poly(vinyl alcohol) cryogel (PVA cryogel).
It was found that such a biosensitive element can be successfully used for analyzing the
toxicity of media containing heavy metal ions, phenol derivatives, and organophosphorous
pesticides, both in a discrete and flow-through mode [3,4]. The PVA cryogel as a carrier
positively influences the stability of the cell bioluminescent signal in the absence of toxins
and does not affect the bioluminescent registration with the modern devices used in the
experiments.

The use of immobilized bacterial cells of P. phosphoreum for primary screening of
humic compounds (HCs), proposed for use to suppress gas evolution from landfills, from
the point of view of their toxic effect on cells of microorganism, was proposed in this work.

It was shown that in the studied range of concentrations of HCs (0.1-10 g / I) there is
a notable direct correlation between the concentration of HCs and the residual
luminescence intensity of immobilized P. phosphoreum cells. Moreover, those HCs that
had the maximum effect in the case of suppression of the methanogenesis process [5],
maximally inhibited the luminescence of photobacteria

Thus, it can be argued that the biosensitive element in the form of immobilized
P. phosphoreum cells can be used a primary screening tool for assessing the effect of
HCs on cells of microorganisms.

Acknowledgements. This research was funded by the Russian Foundation for Basic
Research (Grant No. 18-29-25065).
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Cryolithozone biogeocenosis are characterized by low biological turnover capacity,
mosaic of soil and vegetation cover, poor species composition of phytocenoses and their
low bioproductivity.

Samples of clean and oil-contaminated oligotrophic peat of undisturbed structure
(monoliths) were taken on hilly peatlands of the northern taiga of Western Siberia,
developing in permafrost conditions. Peat was maintained throughout the experiment at
natural humidity, for which the monoliths were regularly weighed (once every three days)
and, if necessary, sprayed with water. The thawing periods (temperature + 7°C) and
freezing (-10°C) lasted 14 days, the duration of the experiment was 4 months.

To assess the effect of pollution on the composition of organic matter and the change
in the microbial community, the following parameters were determined: the content and
composition of labile humic substances (Clhs) (labile humic (Clha) and fulvic acids (Clfa),
total carbon content (Ctot), water-extractable carbon content (Cw), basal respiration (BR),
microbial biomass carbon (MB), petroleum content in samples (OilP). Results are shown in
Table 1.

Table 1. The content of oil products, various fractions of organic matter and
indicators of microbiological activity of peat

Depth, Clhs, Clha, Clfa, Cha/ Cw, Ctot, Cw/ Cw/ Clhs/ J MB, QilP,
cm % % % Cfa % %  Ctot,% Clhs,% Ctot,% COy/gxh ugCg mg kg

QOil 0 1218 342 877 039 146 4257 344 1202 28.62 12.90 1088.6 2247
Oil 15 18.02 7.08 1094 074 129 4438 290 7.13 40.61 23.76 1821.6 9581
QOil 20 18.00 658 1142 058 096 5045 191 536 3568 17.57 1528.6 13300
QOil 25 2156 758 1398 054 080 5032 158 3.69 4284 6.60 503.1 25707
Qil 30 2083 6.75 14.08 048 057 53.08 1.07 273 39.24 4.63 197.6 35240
Clear 0 1545 290 1254 026 167 43.09 388 10.83 3584 109.69 8876.8 1161
Clear 15 2170 6.76 1494 045 1.12 4485 250 517 48.38 69.21 5475.2 5064
Clear 23 2169 719 1449 050 089 5073 176 4.12 4275 11.52 1357.4 5940

Clear 30 1742 622 11.20 054 065 5179 125 371 33.64 5.43 260.3 6162
Clear 40 2051 6.71 13.80 050 0.63 5122 123 3.07 40.04 4.42 213.4 5785

The content of the Clhs Clear variant is relatively evenly distributed over the profile,
decreasing in its lower part. In the Qil variant, an increase in the content of Clhs occurs at
the bottom of the profile; this is probably due to the increased hydrophobicity of peat due
to the content of QOil, and soluble fractions of organic substances accumulate in the lower
part of the profile contaminated with oil products. Low biological activity in the upper
horizons contributes to this, since bioavailable organic matter is not consumed by
microorganisms.

Differences in the indicators of microbiological activity between the Clear and Oil
variants are maximal in the surface layers of peat. In the upper layer of the BR in the Clear
variant, it is almost 8 times higher than in the same peat layer in the Oil variant, the carbon
content of the microbial biomass was 8900 ugC/g in the Clear variant and 1090 pg/g in the
Oil variant.
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ATP-measurements in estimation of effect possessing by humic
compounds on various cells of microorganisms
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The effectiveness of using the estimation of adenosine triphosphate (ATP)
concentration in cells to control the cell viability of microorganisms in a wide variety of
biocatalytic processes has been repeatedly demonstrated [1-4]. The ATP concentration
can be quickly and easily determined using bioluminescence with great accuracy, even
with an ultralow content of the substance in the sample (as low as 107 = 107" M), using
luciferin—luciferase reagents [4,5]. However, when using ATP-analysis to determine the
energy status of cells in any new biocatalytic process, it is necessary to evaluate the
possible effect of components of the culture media on the activity of the applied samples of
luciferase, since it is known that some substances can inhibit this enzyme [5].

In a study of the use of humic compounds (HCs) for suppression of biocatalytic gas
evolution from landfills, it was proposed to use the ATP-analysis to assess the viability of
cells of anaerobic microorganisms involved in the process of gas formation [6]. For this,
the inhibitory effect of HCs on the luciferase reagent was previously evaluated.

It was found that HCs in a concentration of more than 0.1 g /L in the cultural media
have a notable inhibitory effect on luciferase, and the concentrations of HCs more than 5
g/L completely inhibit the luminescence of this enzyme.

Guided by these results, in order to adequately assess the concentration of
intracellular ATP in cells exposed to presence of HCs, the analyzed samples of cultural
media with HCs were diluted an appropriate number of times to avoid inhibition of
luciferase within analysis. A positive correlation between the metabolic activity of cells in
biogas formation and the concentration of ATP in cells was observed. So, the control of
ATP concentration appeared to be an attractive and simple tool for finding compounds that
can suppress methanogenesis in landfills.

Acknowledgements. This research was funded by the Russian Foundation for Basic
Research (Grant No. 18-29-25065).
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Humic product enhances the effect of a biological agent: combined
application of Trichoderma sp. and Lignohumate® to suppress a
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Possibility of humic products to enhance the effect of biological agents to suppress
plant pathogens is often reported. Development of new formulations of environmentally
friendly products based on both humics and biological products is highly relevant,
especially for tropical regions, where plants are susceptible to numerous fungi diseases.

The objective of this study were: (1) to evaluate how effective is the combined
application of Trichoderma sp. and humic product Lignohumate® (LH) to control cabbage
clubroot, a disease caused by the soil-borne fungi Plasmodiophora brassicae and (2) to
estimate the best ratios for a combined humic-biological formulation.

The field experiment was conducted in Bali (Indonesia) using cabbage (Brassica
oleracea L.) susceptible to clubroot disease. Trichoderma asperellum isolated from
cabbage plantation was applied in levels: 0 (control), 1x108, 2x10°, and 3x10° spores per
plant. LH was used in concentrations 0, 0.01, 0.02, 0.05, 0.1, 0.5, 1.0, and 2% (w/v) to
pour planted cabbage. Leaf area and chlorophyll content were measured after planting.
After harvest the disease incidence, total amount of galls on roots, root and canopy dry
weight, and microbial population (bacteria, fungi, and Trichoderma) were determined.

Results. Experimental field was heavily infected with clubroot: incidence of disease
achieved 88% at the control treatment. When added separately, both tested products
contributed to a decrease in the incidence of 1.3-1.8 times (up to 66 and 49%). Effect of
Trichoderma alone was visible, but statistically insignificant, whether LH alone at highest
doses (1 and 2%) was able to decrease the pathogen infection. At combined application of
Trichoderma with LH at rates higher than 0.02% the positive effect was much more
pronounced, and in some cases the incidence of disease decreased up to 42-58%. The
combination of treatments that gave the best effect was the T. asperellum treatment on
population of 3x10° spores with LH-dose 0.5% which provided the least disease incidence
(7.1%).

Besides of disease incidence, both products affected also the root galls formation,
reducing their amount on cabbage roots in 2-3 times. LH enhanced the effect of
Trichoderma and at the most effective treatment (T. asperellum population of 3x10° CFU
with 0.5% LH) the minimum amount of galls was observed: 1 against 19 in control. At LH
rates 1% and 2% amount of galls on roots was higher than at 0.05%. The lowest root
weight, indicating minimum level of root infection, was also observed for the same treatment.
The highest content of chlorophyll in leaves and canopy dry yield was recorded for 0.5%
concentration of LH. Application of LH also stimulated the microbial population in soil, and
the concentration of 0.5% provided the highest increment of bacterial and fungi population.

Conclusion. Humic product LH demonstrated the capacity to enhance the effect of
antagonistic fungi Trichoderma to suppress the pathogen of clubroot disease
Plasmodiophora brassicae. The best combination of humic and biological products was
3x10° spores of T. asperellum and 0.5% LH. The higher concentrations of LH did not
provide further positive effects.

Acknowledgements. This work was supported by the Russia-ASEAN Project. Authors
are grateful to Ltd RET for providing the LH samples and recommendations.
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The processes of microbiological humification of bark of coniferous trees at two levels
of mineral fertilizers with using of biological preparation Barkon developed in the ARRIAM
(Saint Petersburg, Russia) were studied. The dominated microorganisms in Barkon were
mycromycetes Penicillium chrysogenum (Thom 1910) OH 4 RCAM 00741 and bacteria
Pseudomonas fluorescens 7RCAM 00537. The composition of the biopreparation included
micromycetes, cellulolytic and nitrogen-fixing bacteria, and lignin decomposers bacteria
(Sviridova et al., 1993). The biochemical conversion processes in compost occurred with
the close interaction of micromycetes from genus Pennicilium and Pseudomonas
fluorescens bacteria in a self-organizing biosystem (Fig.1). As it was shown by factor
analysis, the micromycetes in this biosystem mainly destructed of polymer organic
molecules of lignocellulose, due to the presence in them of oxidoreductases (Vedenyapina
et al. 2010). The absence of an optimal organization of humification processes was
revealed without the use of a biopreparation indicates

The optimal technological conditions for composting wastes of coniferous wood using
nitrogen fertilizers and biopreparation — Barkon have been identified. As a result of
composting obtained an organic fertilizer. This fertilizer was tested on phytotoxicity. It was
fixed that the fertilizers studied do not possess phytotoxic activity and inhibit the
development of phytopathogenic micromycetes Fusarium oxysporum.
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Figure 1. A graph of the maximum correlation coefficients between the biochemical
characteristics of compost and the microbiological composition of the biosystem during the
destruction of sawdust conifers trees. Note: Numbers correspond the designations: 1 —
micromycetes (cells), 2 - proteolytic bacteria (cells), 3 - amylolytic bacteria (cells), 4 —
lignin decomposers bacteria(cells), 5 - cellulolytic bacteria (cells), 6 - Niota, 7 - N-NO3, 8 -
Corg, 9 - level of humification of compost, 10 - C-CO5, 11 — using/unusing of N (1/0), 12 -
using/unusing of a biopreparation (1/0).

This work was supported by a subsidy of the Ministry of Education and Science of
the Russian Federation Ne 14.607.21.0178, unique identifier of the agreement:
RFMEFI60717X0178.
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Effects of lignohumate and biochar on microbial communities in
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Structural and functional microbial characteristics are considered as sensitive
indicators of soil health. The abundance and diversity of microorganisms determine high
metabolic potential of soils. In different countries, a specific set of indices — determined by
the structure and composition of microbial communities—is used to normalize soil quality
and to assess environmental risk. However, stability and reliability of microbial indices in
soils that differ in humus status have not been sufficiently studied.

The aim of this study was to compare the influence of lignohumate and biochar on
microbiological properties of soils polluted by several metals, differing in organic matter
content.

Responses of soil microorganisms (fungi and bacteria) on lignohumate (dose of
0.25%, total C content of 36%, Company “RET”, Russia) and biochar (dose of 5%, total C
content of 70-80%, Company “Metakom”, Russia) were evaluated in four typical
agricultural topsoils (0-20 cm) under controlled conditions using pots experiments.
Functional and structural characteristics of microbial communities were analyzed by
microbiological, chromatographic and biochemical procedures, including analysis of
microbial lipid profiles (GC-MS method), PCR diagnostics, multi-substrate testing (MST).

The results showed that lignohumate and biochar (separately and in mixtures)
affected both fungal and bacterial communities. The effect of organic amendments on the
composition and structure of soil microbial communities was remarkably stronger than that
of Cu, Pd, and Zn addition.

Lignohumate and biochar application resulted in higher microbial carbon biomass
(Cmic), microbial quotient (qCO3), soil enzyme and MST activities. Humus-rich soils were
more markedly affected than humus-poor soils.

The change in fungal biodiversity was stronger than in bacterial biodiversity. Biochar
alone affected more severely the structural and functional microbial characteristics than in
mixture with lignohumate. The most remarkable effects were in metal-polluted, humus-
poor soils.

Biochar and lignohumate resulted in higher soil pH and nutrient content.

The effect of humus content in natural samples of investigated soils was stronger
than lignohumate and biochar addition and metal contamination on all parameters. This
fact should be taken into account for the efficient use of nature-friendly technologies.

Our results highlight additional research need for a better understanding of the effect
of humic substances and biochar on microbial communities of different soils and their
further effects on ecosystem functions.

Acknowledgements. The work is supported by the Russian Foundation of Basic
Research (project 18-04-01218-a).
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Oxidation and condensation of low molecular weight phenolic compounds (PC) in the
presence of biocatalysts is considered an important pathway of humic substances (HS)
formation and organic C accumulation in soils [1]. Recently we have found occurrence of
phenolic acids in lichens: p-hydroxybenzoic acid (HDB), syringic acid (SYR) and vanillic
acid (VAN) were most abundant, while protocatechuic acid (PCAT) and caffeic acid (CAF)
occur in trace amounts [2]. We hypothesized that phenolic acids detected in lichens may
serve as precursors of HS at the pre-vascular stage, however their oxidative reactivities
require investigation. In this work we studied oxidation of phenolic acids by laccase of
lichen Solorina crocea both in homogeneous and heterogeneous systems. We have
prepared solutions of individual phenolic acids as well as mixtures of SYR and VAN acids
with p-HDB acid (mixture 1), PCAT acid (mixture 2), gallic (GAL) acid (mixture 3) and CAF
acid (mixture 4). Concentration of each acid in the mixture was 2 mM. Reactions were
carried out in 20mM Na-acetate buffer (pH 4.5) within 24 hours with both free laccase and
laccase immobilized on hydroxyaluminum-kaolinite. Phenolic acids were analyzed by RP-
HPLC as described in [2].
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Fig. 1. Oxidation of phenolic acids mixtures by laccase in homogeneous (A) and
heterogeneous (B) systems.

We have found that oxidative reactivity of individual phenolic acids varied
considerably and formed the order: GAL=CAF>PCAT>SYR>>VAN. Hydroxybenzoic acid
was not oxidized under the reaction conditions used. When present in mixtures, reactivity
of OH-substituted phenolic acids formed the order CAF>GAL>PCAT (Fig 1A). Methoxy-
substituted VAN acid was oxidized only in the presence of GAL and SYR acids (mixture 3),
while SYR acid was actively oxidized only in the absence of GAL and CAF acids (mixtures
1 and 2). Transformation of PCAT, GAL and CAF acids by laccase considerably increased
in the presence of the mineral phase (Fig 1B) which is important finding in relation to
aromatic C accumulation in soils.

Acknowledgements. The work was supported by RSF grant 17-14-01207.
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Relative analysis of functional groups of humic acids of peloids
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Nowadays there have been established a large number of positive effects of humic
substances on living systems. An adaptogenic, regenerative, anti-toxic, immunotropic
effect of humic acids of different origin has been detected in several studies. As natural
environmentally friendly substances, humic acids of peloids (HAs) are characterized by
non-specific universal pharmacological action. The probabilistic character of substance
organization, its heterogeneity, heterofunctionality and polymolecularity create
considerable obstacles for using humic peloid products in medical practice.

The purpose of this work is a comparative analysis of infrared and ultraviolet spectra
of humic acids (HAs) of peloids and magnesium, calcium, zinc and silver (I) humicates, as
well as a qualitative analysis of the products of HA hydrolysis using the method of high
performance liquid chromatography (HPLC).

In order to justify the interpretation of the results of the spectral analysis and to
identify individual components, an HA solution with 1.0 % (mass) concentration was
exposed to acid hydrolysis. The products of hydrolysis were extracted with the help of
chloroform, carbon tetrachloride, ethyl acetate and diethyl ether. Derived eluents were
exposed to HPLC with the preliminary derivation using the liquid chromatograph Diotronic.

The products of acid hydrolysis of HAs contain a considerable amount of
components, which differ slightly depending on the extractant. According to the time of
sample emergence, the following compounds can be identified: caprylic, octanoic,
pelargonic, vanillic, myristic, azelaic, palmitic, oleic acids, dehydroabietic acids,
cyclohexanol, glycerol, 18-methyl-nonadecanol, hexadecanol, octadecanol, 2-
octyldodecanol, tetracosane, heptacosane, cholesterol and squalane.

The infrared absorption spectrum of free humic acids of peloids has a profile typical
of the class of compounds under study. The positions of intensity peaks of the absorption
bands prove that the substance under study is an HA. In order to justify the assignment of
bands, the spectra of metal humicates which have a similar look were obtained. A
considerable increase of the band intensity within the frequency interval of 1623-1605 cm™
and the band transformation at 1709 cm™ into a small shoulder at the peak of a fluctuation
band of a free group -COOH is observed in humicate spectra. The noted changes allow to
state that the peaks within the frequency interval of 1623-1605 cm™ are mostly conditioned
by fluctuations of the bonds of carboxylate ion. The spectra were analyzed by calculating
the ratio of relative intensity of bandwidths at 1615 and 1710 cm™. The results of
calculations showed the inverse ratio of optical density of the bands with the mentioned
frequencies. Based on these calculations, a relative quantitative assessment of the level of
free and ionized carboxylic group in the samples under study was made.

The obtained experimental results of spectral analysis and the component structure
of the products of hydrolysis allow assessing the functional structure of HA peloids with
more precision.
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Today the fact that the mobility of male germ cells is the key factor influencing
delivery of fatherly genetic material to an ovum does not raise doubts. Kinetic
characteristics define quality, viability of spermatozoids and its cryotolerance. Decrease of
spermatozoids mobility can lead to an astenozoospermia and be the reason of male
infertility. Correction of spermatogenesis is most often carried out by use of hormonal
therapy which possesses side effect breaking physiological parameters of an organism.
The low efficiency of therapy is caused by insufficiency of knowledge of the factors
defining mobility of gametes. In this regard the great interest is attracted by drugs on the
basis of peloid. Components of peloid have antioxidant, reparative, cytoprotective,
proliferative effect. Maintaining constancy of structure of bio-systems, humic substances
(HS) of peloid promote restoration of biological norm at disease states.

The aim of this work was a research of impact of HS of peloid on mobility of men's
gametes.

The experiment was conducted on volunteers at the age of 25-30. Fractions of 0.1%
solutions of humic substances of peloids were used: humic acids (HA), hymatomelanic
acids (HMA), and initial HS extract (HFA). In the series of experiments a buffer solution
FertiCult flushing (HEPES, 4 g/L HSA) (FertiPro, Belgium) and a specimen solution were
added to the target volume of the purified ejaculation sample. A series of experiments with
the different content of peloid drugs was carried out to determine the optimal
concentration. Changes in sperm motility were observed after 10, 30, 60, 120 and 240
minutes of incubation at room temperature. Ejaculation analysis was carried out using
Nikon Eclipse E200 microscope (Japan) and computer sperm analysis Sperm Class
Analyzer from Microptic SL (Barcelona, Spain) in accordance with WHO
recommendations. The results were evaluated using the statistical software package
SPSS 12.0.2 of the same name company (or Statistica 6.0 of Statsoft). Based on the
results of data allocation checking for compliance with the normal allocation,
nonparametric methods of comparing the parameters in the test groups (Mann-Whitney
criterion) were used. The data obtained by us prove adaptogenic properties of humic
peloid drugs, which do not have a negative impact on the life of biotest. We have identified
differences in the kinetic characteristics of the tests depending on the type of drug. The
results of sperm motility measuring in samples with the addition of HS show that in 10
minutes of incubation there is an improvement in the kinetic properties of sperm.

Thus, the humic components of the peloids have the ability to increase human sperm
motility in vitro. The intensity of the effect depends on the type of peloid drug,
concentration, incubation time. The obtained results determine the perspective of studies
of the effect of humic peloid drugs on male fertility function.
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Experiments on the use of humic preparations as a feed additive for farm animals
were started in the 60s and are currently ongoing. Extensive experimental material has
been accumulated, proving that the use of humates leads to an acceleration of animal
growth, a decrease in the incidence and mortality rate, and an increase in their body's
resistance to adverse environmental conditions. The consequence is an increase in animal
productivity. Based on this, the purpose of scientific research is to develop a technology
for producing a feed additive based on potassium humate. The test of a feed additive
based on potassium humate was carried out on laboratory white outbred mice, with
appropriate feeding and keeping conditions.

Groups of animals were selected on the basis of analogues. Before setting up the
experiment, the animals were kept in quarantine for 7 days. The drug was administered on
an empty stomach after a 12-hour fasting diet. Observation of animals was carried out
during the entire period of the experiment.

Adult white mongrel mice with an average body weight of 23 g were used to
determine the growth and development properties of the preparation. The study drug was
administered using vodka. During the experiment, 3 groups of animals were formed (3
experiments and 1 control), 3 mice in each group. Animals received the study drug in
dosages: group 1 and 2 (experience) received a 0.1% solution of the drug per 1 liter. The
animals in the control group were given drinking water in similar volumes. The animals
were constantly monitored, paid attention to behavior, physical activity.

The negative effect of liquid humates on the animal organism has not been identified.
The animals of the experimental group, compared with the animals of the control group,
were more active, mobile, well-fed food, hairline had a natural shine.

It was noted that the fluctuations in the gain in live weight between control animals
and animals receiving liquid humates in the age group of animals from 1 to 3 years were
53-55 grams per day for different animals, and 154 grams per day for one to three months
old day.

Thus, the test results showed that the introduction of liquid humates in the diet in
addition to the main feed did not negatively affect the behavior and condition of the
animals.
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The behavior of compounds in the aqueous can be considered as a model of the
interaction of the compounds with cellular membrane. The result of the interaction strongly
depends on the conditions including pH, salts concentration, presence of other compounds
that can form composites and etc.

In present work we studied the behavior of fulvic acids separated from Suwannee
River (SRFA, IHSS standard) in the aqueous-xylene system. We used tritium labeled
SRFA to determine its concentration in the bulk of organic phase and at the liquid-liquid
interface by means of scintillation phase method [1]. Two important conditions that can
significantly affect humic substances were considered. They are ionic strength of the
aqueous phase and the presence of proteins that can be encapsulated by humic materials.

The experiment was carried out in 0.028 M phosphate buffer (pH 6.8) as well as in
phosphate buffered saline (0.16 M, pH 7.3) to analyze the influence of ionic strength on
SRFA behavior. It was found that the increase in the ionic strength doesn’t change the
distribution ratio, while results in the increase of the adsorption as much as one order of
magnitude.

In the studying the interference of SRFA and globular proteins during the adsorption
at the liquid-liquid interface and distribution in the aqueous-xylene system hen egg white
lysozyme and human serum albumin were used as model proteins. In these experiments’
tritium label was contained either in protein or in SRFA.

It was found that both proteins reduce adsorption of SRFA, while adsorption of
albumin in presence of SRFA was close to the adsorption of free protein, and it depended
on the SRFA concentration in the case of lysozyme: at low SRFA concentrations it was
lower than for free protein and exceeds this value for high SRFA concentration. Moreover,
when SRFA was mixed with lysozyme the formation of insoluble complexes was observed
as it was shown previously for coal humic acids [2]. Using tritium labeled materials we
have determined the composition of the complex for different concentrations of SRFA.

The details of SRFA interaction with lysozyme and albumin will be discussed in the
presentation.

Acknowledgements. This work was supported by Russian Foundation for Basic
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BP-Cx-1, novel polyphenolic ligand, is a water-soluble fraction of wood lignin and is
the platform for a portfolio of innovative pharmacological products such as antineoplastic
agent BP-C1, radiomitigator BP-C2 and geroprotective composition BP-C3 [1]. In our
previous study, a number of polyphenolic components of BP-Cx-1 (flavonoids, sapogenins,
phenathrenes etc.) were identified as the major carriers of biological activity of BP-Cx drug
family. In vitro and in silico target screening yielded overlapping lists of target proteins:
adenosine receptors A1, A2A; dopamine receptor DRD4; glucocorticoid receptor GR;
serotonin receptor 5-HT1; prostaglandin receptors PGI2, EP2; muscarinic cholinergic
receptor, GABAA receptor [2]. Most of them are involved in cancer and/or inflammation
signaling pathways.

In the present study, the IC50 of BP-Cx-1 was measured by radioligand method and
a range of IC50 values between 22.8 and 40.3 ug/ml were obtained for A1, A2A, BZD,
EP2 and IP (PGI2) receptors. IC50 for 5-HT1 and for GR were 3.0 uyg/ml and 12.6 pg/ml,
respectively, both being within the range of BP-Cx-1 concentrations detectable in in vivo
models (see Panchenko et al abstract in this conference book).

Further, distribution of [3H] labelled BP-Cx-1 in murine fibroblasts NIH3T3 and
MCF7/R carcinoma cells was studied by autoradiography method. [3H]-BP-Cx-1 (marked
by silver grains formed under tritium B-irradiation) was mainly localized along the cell
membrane, in the perinuclear region and in the nucleus, suggesting ability of BP-Cx-1 to
penetrate cells and bind to membrane or cytosol receptors. It is hypothesized that [3H]-BP-
Cx-1 detectable in the nucleus is part of an activated GR complex, known to be involved in
regulation of transcription of genes responsible for the anti-inflammatory response.

It is reported, that glucocorticoids may act at the very first step of the immune
response by modulating differentiation, maturation and function of dendritic cells (DCs) [3].
In our experiment, we observed similar effect of BP-Cx-1 on DCs: downregulation of
expression of the lipid-presentation molecule CD1a, co-stimulatory molecules CD80, CD86
and CD 40, decreased production of pro-inflammatory cytokines IL-4 and TNFa and
increased production of anti-inflammatory cytokine IL-10. Observed production of G-CSF
and GM-CSF by DCs in response to treatment with BP-Cx-1 may explain the
radiomitigating effect of BP-C2.

This work was supported by Russian Science Foundation [Grant No 16-15-00142].
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Adsorption of ciprofloxacin and diclofenac using humics and silica-
coated Fe;0,4 nanoparticles

Gorlov N.1, Privar Y.2, Bondarenko L.1, Gorbunova N.3, Bratskaya 8.2, Kydralieva K3
"Moscow Aviation Institute, Moscow, Russia, kamila.kydralieva@gmail.com

?Institute of Chemistry, Far-Eastern Branch, Russian Academy of Science

*|nstitute of Applied Biochemistry and Machine-Building, Moscow, Russia

Key words: ciprofloxacin, diclofenac, humic acids, magnetite nanoparticles, alkoxysilane, adsorption
doi: 10.36291/HIT.2019.gorlov.090

The emerging pollutants such as non-steroidal anti-inflammatory drugs (diclofenac
sodium, DCF) and antibiotics (ciprofloxacin, CIP) have aroused increasing concerns, and
the efficient removal of pharmaceuticals from wastewater is becoming an urgent problem.
An eco-friendly composites consisting of FesO4 nanoparticles modified by humic acids
(HA) and/or 3-aminopropyl-triethoxysilane (APTES) have been fabricated via an in-situ/sol-
gel method, characterized and used for CIP and DCF adsorptive removal. XRD, SEM,
Mossbauer spectroscopy, zeta potential (DLS), N, adsorption-desorption measurements
and elemental analysis were employed to characterize all synthesized composites:
FesO4/APTES, Fe;04/HA, Fe3s04/APTES/HA. The adsorption kinetics, isotherms as well as
various influence factors, e.g., pH, ionic speciation and strength on the CIP and DCF
removal were systematically investigated. The CIP and DCF recovery was studied from
0.1 mM solutions at solid:liquid ratio 1:1000, pH 7.5, and the contact time 24 h. The
equilibrium concentrations were determined spectrophotometrically.

Fes04 conjugation with humic acids lead to increase specific surface from 117 to 142
m?/g for the FesO4 and the Fe304-HA20 (20 wt% of HA), respectively. The sorbents under
study are characterized by a high sorption capacity regarding to ciprofloxacin. The results
obtained indicate that the adsorption of CIP by the Fe;04-HA20 is largely enhanced in
comparison with the bare Fe;0,.

High uptakes of diclofenac reaching 178 and 256 mg g for FesO4/APTES/HA and
Fe;O4/APTES composites respectively proved that the obtained xerogels are potential
candidates for removal of drugs from waters and wastewaters. The isotherm of DCF
adsorption was described well by the Freundlich model.

The results showed that the presence of HA weakened the sorption capacity of
FesO4/APTES, but decreased its toxicity towards Paramecium caudatum and Sinapis alba.

To maximize the removal degree for DCF, ultrasonic (US) treatment in the absence
or presence of FesO4/APTES and HA was investigated. Two frequencies, three time and
three pH conditions were tested (30 and 100 kHz; 5, 10, and 30 min and 3, 7, and 9,
respectively). The adsorption of DCF has increased when Fe3;O4/APTES in the presence
HA was sonicated at 100 kHz, pH 3 (58%, respectively) compared with 30 kHz, pH 3
(32%, respectively) within 30 min. These facts suggested that the fabricated composites
have great potential for CIP and DCF-contaminated water treatment.

Acknowledgement. This research has been financed by the Russian Foundation for
Basic Research (#18-44-920007 for composites fabrication and DCF sorption and #18-33-
00335 for CIP sorption).
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Shilajit that emerges as a resinous exudation from rocks of mountains is considered
to be a complex product of biotransformation of plant residues [1]. Antiviral activity of
shilajit resulting from its biological activity was repeatedly reported [1-2]. However,
structural composition of its active components remains unknown. In this study we
investigated inhibitory effect of dried water extractions of 11 raw shilajit samples originated
from different geographic regions on HIV in cell-based ass 1ys Structural analysis of the
samples were conducted using quantitative solution state °C NMR spectroscopy. The
HIV-1 899A was used in this study to infect TZM-bl cells (NIH AIDS Reagent Program No.
8129, USA) obtained by genetic engineering of HeLa cells. ECsy values of dried shilajit
water extractions were calculated using the Reed and Muench method. To obtain
structural composition data, recorded '*C NMR spectra of shilajit samples were divided
into intervals corresponding to typical structural units of natural organic matter (Figure 1)
and integrated.

A strong direct correlation (R=0.82; p-value=0.02) between ECs; values measured for
shilajit samples and percentages of non-phenolic aromatic carbon was observed. Thus,
aromatic structures were found to reduce antiviral activity of shilajit, and this was
drastically different from the results obtained later for humic substances [3].

Antiviral activity of shilajit samples indicates that these substances hold significant
promise as safe and efficacious antiviral drugs for treatment of HIV infection. Further
studies of their antiviral activity and identification of antiviral structural components should
include preliminary sample fractionation and separation of low-molecular aromatic
compounds.

Aromatic
Carboxyl&amide Alkyl chains
]
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Figure 1. A typical >C NMR spectrum of shilajit in D,O and regions of typical structures.
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In the first experiment on the broiler chickens in 2019 at the Slavinskaya poultry farm
in the Krasnodar region 4 buildings were involved. The building number 22 (38 788 heads)
and building number 16 (40 040 heads) were two control groups. The building number 23
(38 800 heads) and building number 20 (45 310 heads) were experimental groups. The
broilers in the experimental groups received Reasil® Humic Health feed material
additionally as part of the premix at the dose 0.5 kg of the feed material per 1 ton of feed.
Reasil® Humic Health is based on unmodified microporous humic acids from Leonardite.
The conditions and therapeutical preventive treatment schemes for all chickens were the
same.

At 18 days of age a control slaughter of chickens was carried out in the quantity of 10
heads from each group. The muscle tissue was investigated. The analysis by the Premi
test system for the presence of a residual amount of antibiotics and coccidiostatics in the
broiler meat of all control groups showed a positive result, and the analysis of the meat of
the experimental group showed the negative result. A repeat test at 21 days of age
showed the same results.

In the second experiment broilers of the COBB 500 cross were reared at the vivarium
of Saratov State Vavilov Agrarian University. From 21 day of age, all chickens were given
the drug “Florfenicol” orally for 7 days, in dosages according to the instructions for use.
During the experiment chickens of the 1st, 2nd and 3d experimental groups in addition to
the main diet were fed Reasil® Humic Health in the amount of 1.0, 1.5 and 2.0 g per 1 kg
of feed respectively. Poultry slaughter was carried out 24 hours after the start of antibiotic
drinking and after 24 hours, 72 hours, 7 days and 10 days after stopping the antibiotic
drinking. As a result, it was found that the combined use of the antibiotic Florfenicol and
Reasil® Humic Health in doses of 1.0-2.0 g / kg of feed does not prevent the accumulation
of the antibacterial drug in muscle tissue at therapeutic concentrations. The combined use
of the antibiotic Florfenicol and Reasil® Humic Health in a dose of 1.0 g / kg accelerates
the elimination of the antibacterial drug from broiler’'s body by 2 times, and in doses of 1.5
and 2.0 g / kg of feed — by 4 times after discontinuation of antimicrobial therapy.

The results of two experiments show that the feed material Reasil® Humic Health
based on unmodified microporous humic acids from Leonardite accelerates the elimination
of antibiotics and coccidiostatics from the muscle tissue of broiler chickens.
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Antibiotic resistance became a global problem, while microorganisms developed
several adaptive tools to escape the action of antibiotics. The most efficient tool, which is
used by gram-negative bacteria, is enzymatic degradation of antibiotics. It is realized via
release of beta-lactamases which are capable of degrading beta-lactam ring of the most
powerful beta-lactam antibiotics. To overcome this problem, inhibitors of beta-lactamases
are widely used in clinical practice. However, they are quickly loosing activity due to
efficient molecular recognition developed by microorganisms. The aim of this work was to
test humic substances (HS) as a new type of beta-lactamase inhibitors. The ideas behind
were: firstly, HS are capable of interaction with a broad range of enzymes and this might
reduce activity of beta-lactamases; secondly, molecular ensemble of HS has dynamic
constitution which might hinder molecular recognition of HS or embedded antibiotics by
bacteria. For achieving the goal of this study, we have synthesized CENTA, which is a
chromogenic analogue of beta-lactam antibiotic cephalothine as described in [1]. We used
CENTA as a chromogenic substrate for studying enzymatic activity of B-lactamase TEM-1
in the presence of sulbactam (clinically approved beta-lactam inhibitor) and humic
materials used in this study. A set of humic materials used for testing was assembled from
the samples differing substantially in hydrophobicity and functional group composition. It
included coal hymatomelanic acid (CHM-Irk), coal humic acid (CHA-Irk), coal humic acid
(CHP), hydroquinone derivative of CHP (CHP-HQ), and peat fulvic acid (PFA-HT).

The parameters of enzymatic kinetics of CENTA hydrolysis by the TEM-1 [-
lactamase were determined. The values of KMet and Vmax accounted for (89 £ 1) uM and
(1.9 £ 0.1) uM/s, respectively. The inhibition constant (Kl) of the enzymatic hydrolysis of
CENTA by sulbactam accounted for (12.7 £ 2.5) yM. A competitive type of inhibition was
established. According to the data obtained, the most active was a mixture of sulbactam
and CHA-Irk, which reduced initial hydrolysis rate by 42%. The presence of CHA-Irk
enhanced activity of sulbactam two times.

The second place in potentiating inhibition efficiency of sulbactam was taken by
CHP-HQ, whose presence inhibited the reaction by 39%. It was followed by CHA-Pow and
CHM-Irk, which reduced the hydrolysis rate of CENTA by 31% and 30%, respectively.
Fulvic acids (PFA-HT) had the lowest synergetic activity — the resulting inhibitory activity
accounted for 23%, which is very close to the activity of pure sulbactam (21%).

The results obtained are indicative of synergetic action between humic substances
and low molecular weight B-lactamase inhibitors. The value of the found synergetic effect
was the highest for the most hydrophobic coal humic materials, and the lowest one — for
the hydrophilic fulvic acids.

Acknowledgement. This research was partially supported by the Russian Foundation
for Basic Research (grant 18-29-25065).
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Humic acids (HAs) positively affect many body systems: excretory, digestive,
nervous. In a few studies, the effect of HAs on the activity of the cardiovascular system is
proved [Zykova, 2017; Lasukova, 2018]. With pathology of the heart and blood vessels,
which annually take the lives of about 17 million people, there is a decrease in exercise
tolerance due to the development of hypoxia. Due to the high mortality from cardiovascular
disease, it is important to investigate the actoprotective activity of HAs.

Materials and methods. HAs were isolated by alkaline extraction from sample of
lowland wood-grass peats collected from «Tagan» deposit of Tomsk region
[Zykova, 2013]. Physicochemical study of HAs carried out [Zykova, 2013]. Bioactivity of
HAs was tested on 40 utbred male rats “Wistar” 250-300 g in autumn. The animals were
divided on 4 groups of 10 animals each (Table 1). Solution of NaCl and HAs was
administered intragastrically to experimental animals before 30 min swimming at the rate
of 0.5ml per 100 g of mass. As forced exercise used a forced swimming test
[Pat. 2617206]. Upon completion of the five-day testing, all animals were withdrawn from
the experiment by simultaneous decapitation under CO,-anesthesia. Decapitated animals
collected blood to obtain serum. To assess the level of glycolytic processes during
exercise, the rat serum lactate content was determined [Brancaccio, 2010; Brooks, 1999].
The concentration of lactate in the serum of the experimental and intact groups was
determined by the colorimetric method [Dolgova, 2012; Kamyshnikov, 2000].

Table 1. The distribution of animals in groups

Group of animals Living 0.9 % NaCl 1 % HAs Swimming test
conditions intragastricall

Intact daylight - - -

Control No 1 daylight - - +

Control No 2 daylight + - +

Experimental group daylight - + +

Results and discussion. The use of the HAs solution and the presentation of physical
exercise to rats in the form of a swimming test until they were completely tired during the
5 days of the experiment contributed to their performance (Table 2). Determining the
degree of change in endurance showed an increase of 24-39 % by the last day of testing.

Table 2. The effect of the HAs on the performance of rats in a swimming test

Group of animals/Swimming days Intact duration (s)

1 2 3 4 5
Intact Did not swim
Control No 1 38 46 53 52 47
Control No 2 64 61 65 69 63
Experimental group 70 76 101 97 97

The use of HAs before the start of physical activity led to the maintenance of the level
of lactate in the blood (Table 3) at the level of reference values.

Table 3. The effect of HAs on serum lactate levels

Group of animals Intact Control group No 1 Control group No 2  Experimental group
Lactate level (mmol/l) 3.7 4.5 3.1 3.5
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Current list of water pollutants is long and includes heavy metals, organic
compounds, microorganisms, etc. A common organic pollutant is humic substances (HSs),
known surfactants, which creates a problem of higher metal content in water. Furthermore,
HSs are polydisperse which leads to premature sorbent saturation and filter clogging,
shortening their lifespan. In addition to that, humic acid salts are highly soluble in water,
changing its organoleptic parameters and making it importable. Therefore, HSs removal
from water is an important task for water quality improvement. An important part of water
purification process intended to reduce organic compound content is its treatment with
oxidizing agents.

The task of this work was to assay the process of potassium humate (concentration
ranging from 0 to 250 mg I|-1) treatment by two oxidizing agents of different nature.
Oxygen-ozone mixture was a control oxidant as it is commonly used for water purification.
Aqueous ferrate-ion was used as an alternative, formed by leaching the product of self-
propagating high-temperature synthesis (SHS) between iron and potassium nitrate [1].
Compared to ozone water treatment, ferrate as an oxidizing agent offers many
advantages. As such, ferrates have high redox potential. Also, their reduction results in
iron (llI) hydroxide formation suspension able to absorb remaining pollutants making it
easier to remove them by filtration.

HSs content after the oxidation was monitored by spectrophotometry and
permanganate index method. It was shown that the nature of oxidizing agent affects to
reaction mechanism and HSs removal effectiveness from water. Comparative assessment
of aqueous HSs toxicity towards Scenedesmus quadricauda (Turp.) algae before and after
oxidation was carried out by chlorophyll fluorescence measurement after one day long
exposure of algae to the HSs solutions. It was shown that in the high HSs concentration
interval (above 100 mg I-1) the ozonized oxygen treatment decreases the toxicity level
while ferrate-ion treatment increases the toxicity of HSs solution. In the concentration
interval below 100 mg I-1 both oxidants decrease the toxicity level after treatment. It was
also shown that oxidation using ferrate decreases Fv/Fm ratio which indicates the
decrease in the number of active photosystems. This number shows that such conditions
as exposition to ferrate oxidized HSs are extreme for algae and cause it to become
dormant. Therefore, as shown in the two examples of oxidants, using oxidizing agents for
water treatment requires further analysis of possible consequences of HSs harsh
oxidation.
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project Ne 20-03-00854.

References
1. Pankratov D.A. et al. // Patent #RU 2600346.

107



Book of Abstracts
Fifth International Conference of CIS IHSS on Humic Innovative Technologies «Humic substances and living systems» (HIT-2019)
October 19-23, 2019, Moscow, Russia

Assessment of pharmacokinetics and biological effects of lignin-
derived polyphenolic compositions BP-C3 and BP-C2 in in vivo models

Panchenko A.V.", Fedoros E.I."?, Pigarev S.E."?, Maydin M.A.", Gubareva E.A.",
Bykov V.N.", Drachev I.S.', Anisimov V.N.", Chernysheva M.G.?, Badun G.A.?,
Perminova V.2

'Petrov National Medical Research Center of Oncology, Saint Petersburg, Russia,
ando.pan@gmail.com

2Nobel, Ltd., Saint Petersburg, Russia

*Lomonosov Moscow State University, Moscow, Russia

Keywords: lignin, polyphenolic composition, BP-C3, BP-C2, pharmacokinetics, effects
doi: 10.36291/HIT.2019.panchenko.096

BP-Cx-1 is a water-soluble multicomponent composition of polyphenolic compounds
derived from lignin-based enterosorbent - Polyphepan® treated in the alkaline medium at
the elevated pressure and temperature with continuous supply of oxygen [1]. BP-Cx-1 is
used as base for a number of compositions with different activities. BP-C3 is a formulation,
which comprises BP-Cx-1 with iron complex, selenium, ascorbic acid and retinol. Long-
term treatment with BP-C3 had anticarcinogenic and geroprotective activity in female SHR
mice [2]. BP-C3 was found to reduce the toxic effect of 5-fluorouracil against
hematopoiesis and intestinal epithelium which was evident by preserved organ/body ratios
for the lymphopoietic organs, anemia reduction and intestinal crypt survival [3]. BP-C2 is a
composition which comprises BP-Cx-1 with ammonium molybdate, developed as
radioprotector/radiomitigator [4]. BP-C2 was tested in two total body gamma-irradiation
models (CBA and C57BL/6 mice) and exhibited a radiomitigating effect in the midlethal
range of radiation doses. BP-C2 improved animal survival, protected intestinal crypts and
Lgr5+ stem cells and enhanced extramedullar hematopoiesis in the spleen. Neither BP-C2
nor BP-C3 administered to intact animals has effects on blood count or biochemistry, body
weight or animal behavior. For pharmacokinetics, the labeled [3H]-BP-Cx-1 was
administered intravenously or by gavage once to BALB/c mice. In case of i.v.
administration the primary organs of accumulation were the lungs, liver, kidneys and
spleen (50-5000 pg/g tissue). BP-Cx-1 has low oral absolute bioavailability, its
concentration in animal organs is several orders of magnitude lower than when
administered i.v. (2-18 ug/g tissue). The present study demonstrated the feasibility of using
a lignin derived polyphenolic compositions to diminish the toxic effects of chemotherapy
and radiation injury. Both studied compositions provide significant protection effect against
intestinal injury caused by chemical (BP-C3) or radiation (BP-C2) exposure. The extensive
therapeutic potential of lignin derived polyphenolic compositions is yet to be explored.

This work was supported by Russian Science Foundation (grant #16-15-00142) and
by Russian Foundation for Basic Research (grant # 18-33-20147).
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BP-C2 is a drug candidate developed as a radiomitigator for civic applications and as
a medical countermeasure for radiation emergencies [1]. In rodents exposed to gamma-
radiation BP-C2 has demonstrated radiomitigative potential believed to be mediated
through hematopoietic and intestinal progenitor stem cells [2].

Objective of the study presented here was to evaluate antigenotoxic potential of BP-
C2 using in-vivo alkaline COMET assay. 35 male albino rats (Rattus norvegicus) were
randomized to one of the 5 experimental groups (n=7). 0.9% sodium chloride was used as
the negative and methyl methanesulfonate (MMS) as the positive control. MMS (40 mg/kg)
or NaCl 0.9% were administered intraperitoneally once. BP-C2 was administered at 20
mg/kg, 200 mg/kg or 2000 mg/kg by gavage once 1 hour before administration of MMS.

Effects of MMS and BP-C2 were assessed by estimating the percentage of DNA in
comet tail in three cell subpopulations: hepatocytes, red bone marrow cells and peripheral
blood leucocytes (Table 1).

Table 1. Amount of DNA in the comet tail, %

NaCl 0.9% MMS MMS+BPC2  MMS+BPC2 MMS+BPC2
Target Time (Negative (Positive 20ma/k 100ma/k 2000ma/k
control) control) 9’9 99 9’9
1 hr. 5.5+0.8 14.2+3.6" 11.141.5" 9.8+1.0"° 7.9+1.3°
Hepatocytes 6 hrs. 6.80.8 24.9+4.0' 18.1+3.2" 9.0+0.1"* 8.1+1.7°
18 hrs. 5.60.7 31.3+5.2' 17.9+4.0"° 10.241.4™° 9.0+3.0°
1 hr. 3.810.7 8.8+1.0' 8.0+1.0’ 4.6+1.4° 5.0+0.8°
Leucocytes 6 hrs. 3.1+0.6 13.5+1.0' 15.5+2.0' 3.840.6° 9.7+2.0'
18 hrs. 4.0+0.6 17.24+2.8" 13.5+2.0° 5.1+2.3° 10.3+1.1"°
Red bone 1 hr. 11.9+2.4 23.3¢3.4: 19.1i3.41“Z 18.8i6.6112 19.3¢2.o11Z
marrow cells  _8.rs: 9.8+1.4 33.112.51 25'11'3'31} 19.513.21'2 21.012.9;
18 hrs. 8.1+1.5 30.7+1.9 20.4+2.5" 13.5¢1.4" 10.1£1.2

T~ p<0.05 vs Control; * — p<0.05 vs MMS

In animals treated with MMS, at the lowest tested dose (20 mg/kg) BP-C2
significantly reduces percentage of DNA in comet tail in all three cell types, though not
reversing it to the level observed in the control group. At the higher doses (100 or 2000
mg/kg) BP-C2 almost completely reverses DNA damage in all three cell types.
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The promising area for today is the searching for natural substances that can reduce
the negative impact of hypoxia and oxidative stress on the body and thus can increase
nonspecific adaptive resistance and affect the lability of the hemostasis system. It is known,
that humic substances do not have a toxic effect that can increase the level of resistance of
the animal body [1-3], but their effect on the system of hemostasis under the conditions of
stress factors of different genesis has not been studied. Therefore, the aim of the study was
to investigate the effect of feed additives of humic nature (FAHN) Humilid and Eco-Impulse
Animal, which were obtained in different ways from the same peat on the state of the system
of hemostasis of rats against the background of stress factors.

The studies were performed on white sexually mature young male rats weighing 180-
200 g based on vivarium. The animals were divided into 5 groups of 8 animals each. Group
1 (control) - intact animals. Rats 2, 3, 4 and 5 groups modeled combined stress. The model
of water-immobilization stress in combination with elements of emotional stress (lengthening
of daylight) was taken as a basis, due to which the effect of combined stress was achieved.
The comparative analysis of the effect of the FAHN Humilid (acid-alkaline hydrolysis) and
Eco-Impulse Animal (alkaline hydrolysis of peat using electric shock) on the overall
parameters of the hemostasis system. Results were statistically analyzed using the one-
factor dispersion analysis ANOVA. For all statistical calculations, the significance was
considered as the value of P < 0.05. It has been established that due to water-
immobilization combined stress in rats, a significant prolongation of prothrombinase complex
formation time, prothrombin activation time, and an increase in fibrinogen content compared
to intact animals. In rats that received the FAHN Humilid after a stressful period,
normalization of the formation time of the prothrombinase complex was observed, both
externally and internally. In addition, in these rats, the time of prothrombin activation and the
amount of fibrinogen did not differ from the control values. In turn, rats treated with Eco-
Impulse Animal FAHN showed stabilization of prothrombinase complex formation externally,
whereas indicators characterizing the intrinsic pathway of prothrombinase formation,
prothrombin activation time, and fibrinogen count did not differ from that of animals who did
not receive any feed additives. Therefore, humic substances in the composition of feed
additives Humidil can act as activators of faster formation of nonspecific adaptation of the
hemostasis system to the action of stressors. The Eco-Impulse Animal, obtained by the
specific method, exerts its influence only at the first stage of coagulation hemostasis. It is
possible that upon receipt of this FAHN, substances that have not been used in the
processes of plasma factor synthesis or that have an inhibitory effect on the course of
hemostasis reactions may have been formed.
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Humic substances exhibit antioxidant activity due to phenolic and other groups in
their structure. At the same time, some of the groups in their structure are in the oxidized
form, for example, quinones, converting them to the reduced form, it is possible to
increase the antioxidant activity of humic substances. Based on the difference in
antioxidant activity, amount of oxidized groups in the structure can be estimated.

Two humics samples were used in this work: humic substances of leonardite - HS
(Humintech, Germany) and fulvic acids of groundwater - FA (Humintech, Germany). To
study the more oxidized form of humic substances, quinone derivatives of hydroquinone
(HS-HQ, FA-HQ) and pyrocatechol (HA-PQ, FA-PQ) were obtained by Fenton reagent
(Fe?**, H,0,) treatment in alkaline condition. The reduced form of humics was obtained by
NaBH, treatment; for this, 5 ml of a 5 g/l solution of NaBH; was added to 5 ml of a 200
mg/I solution of humics sample, kept for 24 hours, after which excess NaBH4 was removed
by adding 1M HCI to pH=7. Determination of antioxidant activity was carried out using the
ABTS radical according to the widely used method, Trolox was used as a standard, the
measurement results of Trolox equivalent antioxidant capacity (TEAC) are shown in the
figure below.
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Figure 1. TEAC of humic substances and their quinone derivatives before NaBH4
treatment (white columns) and after (gray columns). (P=0.95, n=3).
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As can be seen from the results, TEAC of HS sample are noticeably lower than FA,
which can be explained by the large contribution of phenolic groups to the structure of
fulvic acids. But after NaBH, treatment the value of TEAC is compared amounts to 3
pgmol/mg, which is caused by the transition of quinone groups to hydroquinone form in HS.
Quinone derivatives show an average TEAC activity — about 2 pmol/mg, and their
reduction by NaBH, leads to an increase TEAC in HS derivatives and a decrease in FA
derivatives, which may be associated with partial destruction of individual groups in
relatively small fulvic acid molecules. If we pay attention to the difference between the
initial and reduced forms, the initial sample of humic substances - HS, as well as their
pyrocatechol derivatives are of the greatest values, which indicates the greatest
contribution of oxidized fragments to their structure.

This research was supported by the RFBR (grant # 18-29-25065).
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The high reactivity of humic substances (HS) is caused by the presence of a large
number of functional groups in the composition of their macromolecules: primarily
carboxyl, hydroxyl, carbonyl, nitrogen and sulfur containing groups. Functional groups of
HS are inclined towards selective coordination, especially in relation to transition metals.
Several methods are known for the synthesis of preparations of HS and iron: by the
interaction of aqueous solutions of HS and iron salts; by means of mechanical dispersion
(dry grinding of HS powder and magnetite in a ball mill); by chemical coprecipitation in the
presence of HS (the Massart method), and by the interaction of metallic iron with aqueous
HS solutions by oxidative in situ synthesis [1]. However, there is no direct evidence of the
existence in these compounds of coordination bonds between iron ions and functional
groups of HS. Perhaps this is due to the limited number of accessible functional groups of
HS capable of forming strong covalent bonds with iron ions, as well as steric hindrances. It
is obvious that the modification of HS using ligands that are prone to the formation of
coordination bonds with iron will make it possible to obtain HS compounds with a high
content of fixed iron. This may be of practical interest, for example, for agrochemical
purposes. Such a modification of the HS is possible as a result of the esterification of the
cyclopentadienyl derivative with the hydroxyl groups of the HS. It is known that CsHg easily
forms cyclopentadienyl T-complexes with iron - as ferrocene.

Ferrocene has great sustainability, chemical and thermal stability, lability in redox
processes, has non-toxic effects. Ferrocene can be used as initial compound for number
of derivatives with various substituents. Therefore, ferrocene carboxylic acid chloride was
used as the initial reagent for the modification of HS. The initial ferrocene was acylated
with acetic anhydride for obtain acetylferrocene. Then ferrocene carboxylic acid was
obtained by oxidation of acetylferrocene. The ferrocene carboxylic acid chloride was
obtained at interaction of ferrocene carboxylic acid with thionyl chloride.

Modification of HS of coal by hydroxyl groups with ferrocene carboxylic acid chloride
was carried out with benzoyl chloride under the conditions of inverse phase-transfer
catalysis [2]. The product synthesized in the work is insoluble in water, but it is well soluble
in some organic solvents. HS modified by ferrocene obtained as a result of described
operations was characterized by such physico-chemical methods as: Mdssbauer and IR
spectroscopy, DTA, TGA with analysis of evolved gases and size-exclusion
chromatography. It has been shown that the physico-chemical properties of the resulting
HS modified by ferrocene contain characteristic features of both HS and ferrocene.
Average molecular weight of HS after modification has decreased by half. Iron in the
preparation is in three coordination positions, and 7% of iron (ll) in one of them. In the
samples is not confirmed present initial ferrocene or it derivatives used in the synthesis.
Thus, the work carried out the modification of the HS by ferrocene and showed that the
obtained compound has unique properties that differ from the initial HS.

The authors thank Borisova N.E for assistance in obtaining IR data and useful tips.
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The rate of application of emamacin—benzoate to control fall armyworm (Spodoptera
frugiperda) — an invasive species on maize plant is increasingly alarming in Nigeria and
little or no attention is paid to its residual effect on soil properties and soil fauna. This study
was conducted to test the insecticidal effect of vermicompost tea as a viable and
sustainable option to emammacin-benzoate on fall armyworm. A comparative study was
carried out to test the effectiveness of vermicompost tea over emamectin-benzoate.
Vermicompost tea was produced from the mixture of organic materials, characterized and
screened in the laboratory to determine the lethal concentration and time. The
vermicompost and emamectin-benzoate were subjected to spectroscopic analysis to
identify their functional groups using Fourier Transform Infra-Red (FTIR). Elemental
composition of the vermicompost was determined using ICP. Data obtained were
subjected to analysis of variance and mean values was separated using Fischer’'s
LSDO0.05. The FTIR result of vermicompost and emamectin-benzoate revealed similar
functional groups like amides and haloalkanes which could be responsible for their
insecticidal efficacy against fall armyworm. The insecticidal effect of vermicompost tea at
100 % concentration against fall armyworm was not significantly different from effect of
emamectin-benzoate on maize plant tissues. Vermicompost tea applied at all levels
effectively reduced number of damaged leaves and improved maize yield, similar to the
effect of emamectin-benzoate. No significant effect of vermicompost tea and emamectin-
benzoate was observed on soil fauna and soil properties except soil pH. However,
vermicompost tea should be subjected to more instrumental analyses to establish its
structure.
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The search for new functional materials is one of the defining characteristics of
modern science and technology. Metal nanoparticles, in particular, platinum nanoparticles
can possess a wide range of properties that can be used for many practical applications.
Platinum has high corrosion resistance and numerous catalytic applications including
automotive catalytic converters and petrochemical cracking catalysts.

Previously, first time we studied characteristic of water-soluble silver and gold
containing nanocomposites with a variable amount of the metal component based on
reducing and stabilizing matrix of humic substances isolated from various deposits in
Mongolia [1-2]. The humic substances of therapeutic mud have the greatest reducing and
stabilizing ability among the investigated objects [3-4].

Due to potential technological interests of platinum nanoparticles, the synthesis and
study of nanoparticles was a very active field of research during last years. In particularly,
these studies of nanostructured materials show a strong dependence of their properties on
size and shape. For example, the size effect on the catalytical efficiency is known, and the
perspective effect on catalysis by the shapes of metal nanoparticles is anticipated and
under investigation.

In the present, we report on the result of synthesized Pt-containing nanocomposites
based on humic substances. The composition and properties of humic substances isolated
from therapeutic mud in Mongolian deposits are established. The methodology of
obtaining platinum-containing nanobiocomposites using a matrix of humic substances is
described and their composition and structure are characterized by a complex of modern
physicochemical methods, such as X-ray energy dispersive spectral microanalysis,
infrared spectroscopy, ultraviolet spectroscopy, X-ray diffraction analysis, scanning
electron microscopy.
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Liquid fertilizers produced from peat and vermicompost become more common in
agriculture, especially in organic farming. As far as it is known, extracts of peat and
vermicompost contain a complex of bioactive substances: vitamins, phytohormones,
amino acids, humic acids and so on acting as important nutrient and growth-stimulating
substances used for treatment of agricultural crops. The use of these components in liquid
fertilizer improves efficiency.

However, liquid fertilizers have a number of disadvantages, the most significant of
which is a high content of ballast substance — water. Long-distance transportation of liquid
fertilizer increases transportation costs and the need in increase of concentration of liquid
fertilizers or, in other words, reduction of product cost per hectare of land is crucial for
research works for countries with vast areas such as Russian Federation and Republic of
Kazakhstan.

We are working on production of new liquid humic fertilizers using combined
feedstock such as brown coal, peat and vermicompost. We have produced samples of
liquid fertilizers with an increased content of humic acids (25 times) preserving useful
properties of peat and vermicompost extracts. This has been achieved by mixing two
different extracts of brown coal one of which is rich with salts of humic acid and the second
one as the source of a number of bioactive substances.

The produced samples were studied using a screening electron microscope JSM-
6490LV, systems of energy-disperse microanalysis INCA Energy and structural analysis
HKL-Basic. It was shown that the samples contain useful elements such as K, Ca, Mg and
Fe. IR Fourier spectra of samples were made using spectrometer Shimadzu IR Prestige-
21 with attenuated total reflection Miracle by Pike Technologies.

Experimental researching of new products are still in progress.
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Humic acids (HA) are often used as a stabilizer for magnetite nanoparticles (Fe;O4)
and as a functional component for magnetic nanocomposites. Despite the protective shell
of HA the oxidative degradation of FezO4 to maghemite Fe,O3; nanoparticles is observed.
This led to a change in the biological activity of the composite (Terekhova et al., 2018). To
improve chemical stability of Fe3;O,4 the surface charge control was used through pre-
treatment using silanes. In this study, effect of HA adsorption on pH-dependent surface
charging and aggregation of the Fe3zO4 functionalized by 3-aminopropyl-triethoxysilane
(APTES) was studied. A set of the Fe;O4-APTES samples were formulated: under argon
(Ar) or air atmosphere and/or further dialysis (D) and subsequent treatment of the
samples: in harsh (US-treatment) and mild (magnetic stirrer, M) conditions. As a total, five
samples were obtained: Fe3Os, Fes3Os-APTES (Ar), FesOs-APTES (Ar-D-M), Fe30s-
APTES (Ar-D-US), and Fe;04-APTES (air).

Magnitude of isoelectric points (iep, the pH of & = 0), zeta-potential and
hydrodynamic size were measured at 25 + 0.1 °C in a disposable zeta cell (DTS 1060) of
NanoZS (Malvern, UK) apparatus [2]. The range of pH was between ~3 and ~10.
According to the magnitude of the shift of the pH-dependent zeta potential functions due to
the sorption of increasing amount of HA in case of all samples, it is possible to formulate a
series of samples in which the sorption capacity decreases: Fe3Os-APTES (Ar-D-M)>
Fes304-APTES(air) > Fe304>Fe304-APTES(Ar-D-US) >> Fe304-APTES (Ar).

Treatment way has a great effect on the sorption capacity of the samples. Dialysis of
the sample Fe3O4-APTES (Ar) led to enhance adsorbing of HA. The sample exposed to
the magnetic stirrer has a larger sorption capacity than the sample after the US-treatment:
Fes304-APTES (Ar-D-M)> Fe304-APTES (Ar-D-US) >> Fe304-APTES (Ar). It is likely that
harsh conditions during sonication (extreme high temperature and pressure in cavities
forming at interfaces) led to destroy Fe;O4-APTES-HA bonds and reduce the sorption
capacity.

The hydrodynamic diameter increases near the isoelectric point for the samples
Fe;04-APTES without HA. The hydrodynamic size for the samples Fe;O4-APTES at pH <
5 and pH> 9 varied from 700 nm to 300 nm. In the range 5<pH<9, the hydrodynamic size
is about 100-300 nm. But, the hydrodynamic diameter for Fe;04-APTES the increases
near the isoelectric point (from 200 to 750 nm), when not fully coverage with HA. In case of
full coverage with HA, the hydrodynamic size remains unchanged at all pH range (around
150 nm for all of samples).

Acknowledgements. This research has been financed by the Russian Foundation for
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At present the question still remains whether the toxicity of iron oxide nanoparticles
(NPs) from the released ions or NPs itself arises and how humic acids (HA) can influence
on toxicity of NPs. In this study effect of humic acids, an natural organic polyligand that
easily coordinate to iron (ll, Ill) ions and graft to FesOs NPs surfaces, on behavior of
Fe;04-NPs were investigated in the aspects of their toxicity using standard test systems
with higher plants Sinapis alba and invertebrates Paramecium caudatum. The Fe(ll, 1l)-
humic complexes were prepared by reaction of weighed amounts of the HA and the iron
source with HA:Fe ratio of 1:0.150 (w/w). Colloidal Fe3;O04-NPs were synthesized by a
chemical precipitation method in situ when the magnetic particles are grown within the HA
matrix that provides steric stabilization of the colloidal system.

Several treatments of the test cultures were made: a) control A — tap water without
Fe and HA; b) control B - tap water with Fe (ll) or/and Fe(lll), c) control C — tap water with
HA, d) five treatments with the following substances: Fe(ll, Ill)-HA: Fe(ll)-HA, Fe(lll)-HA,
Fe(ll, llI)-HA, Fe304-NPs and Fe3;O04-NPs-HA. Endpoints (EC50) and threshold level
(EC20) for samples with acute toxicity have been studied in test systems with S. alba and
P. caudatum. The toxicity of the samples was also measured three months after storage.
According to toxicity decreasing for both test cultures the studied samples can be arranged
in the following order: Fe(ll), Fe(ll, 1) = Fe(lll) >HA >Fe304-NPs-HA >Fe(lll)-HA >Fe(ll)-
HA = Fe(ll, lll)-HA >>> Fe304-NPs.

For higher plants S. alba, the addition of HA to Fe(ll) and Fe(lll) and their mixtures
reduces their toxicity. However, when HA were added to Fe;O4-NPs, the toxicity of NPs
increases significantly. In relation to infusoria P. caudatum, the addition of humic acids to
Fe(ll) ions and Fe(ll, Ill) reduces their toxicity (in relation to the mixture - significantly).
However, in the case of Fe (lll) the toxicity of the complex increases after the addition of
HA. The toxicity of the nanocomposite Fe;04s-NPs-HA decreases slightly compared to
nanoparticles Fe;O4-NPs.

Three months after storage, the toxicity of humic acids and the composite Fe3Os-
NPs-HA decreased in relation to higher plants S. alba. In relation to infusoria P. caudatum,
complexes with HA also remained less toxic than ions Fe (I), Fe(lll) and a Fe(ll, lll) of
ions. However, the composite Fe3Os-NPs-HA turned out to be more toxic than HA and
nanoparticles Fe3O4-NPs and this nanocomposite before storage.

Thus, the addition of humic acids reduces the toxicity of iron ions but increases the
toxicity of FesO4 nanoparticles. After three months of storage humic acids become less
toxic, however, nanocomposites Fe3O4-NPs-HA retain their toxic effect.

Interpreting the results was performed by a two-way ANOVA with interactions using
XLSTAT Software, 2014. The treatment method (single HA, single NPs or their mixture)
and the treatment concentration have a significant effect on acute toxicity samples. For
both Fe304-NPs and Fe304-NPs-HA the toxicity more largely depend on the treatment
concentration.

Acknowledgements. This research has been financed by the Russian Foundation for
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More than 50 years Krasnoyarsk Mining-Chemical Combine (MCC) manufactures
weapon plutonium in single-pass production reactors cooled with water of the Yenisei
River. Water discharge from these reactors is the major source of radioactive
contamination of the Yenisei River. Sediment composition influences the level of
radioactivity to a high degree. The total concentration of measured radionuclides
(excluding *°K) increases as the sediment decreases in size and becomes less well sorted
and as the textural distribution of the sediment becomes more skewed toward fine
material. Organic matter has important influences on the fate of environmental pollution in
water dam reservoirs. The aim of the studies was to assess content of organic matter
fractions in Yenisei River's bottom sediments, and to determine their influence on the
content of heavy metals and PAHSs. In sediment samples, the content of C organic (Corg),
C extracted (Cex), C humic acid (Cha), C fulvic acid (Cfa) and C non-hydrolyzed (Cnh),
buffer capacity, and content of heavy metals and PAHs was analyzed. The formation of
radioactive flood-land deposits is provided by rapid deposition of suspended material in
stagnant zones during periodical flood. Humus compounds contribute significantly to
accumulation of radionuclides in the flood-land deposits and bottom sediments.

Radionuclides can also form stable, insoluble complexes with humic materials that
tend to reduce radionuclide mobility. These insoluble complexes may be radionuclide-
humate colloids that subsequently precipitate from solution or complexes of radionuclides
and humic substances that sorb to clay minerals or other soil particulates strongly enough
to immobilize the radionuclides. Colloid formation appears to be favored by increased
radionuclide concentration and lowered pH; however, the conditions that favor formation of
insoluble complexes that sorb to particulates are still poorly understood.

Radiochemical analysis of separate fractions showed that about 20% of Pu and Am
are associated with the organic fraction: Pu is nearly equally distributed between Cha and
Cfa fractions, whereas Am is preferentially associated with the Cfa fraction (the most
mobile fraction of humus matter). It was demonstrated in model experiments that the
calciumhydrocarbonate type of water of the Yenisei River causes suppression of formation
of mobile fulvate complexes of hydrolyzable radionuclides and, therefore, their transfer into
the aqueous phase. In combination with the observed very high distribution coefficients of
the radionuclides and low content of their mobile geochemical forms in flood-land deposits
of the Yenisei River this suggest that they cannot contribute somewhat significantly to the
secondary radioactive contamination of the river water by all mechanisms except migration
by mechanical transfer.
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Hydrolytic lignin is a valuable raw material used in various industries. After chemical
processing of hydrolytic lignin, waste products containing organic compounds, including humic
substances (HS), are formed. Biostimulants based on humate-containing raw materials are widely
used in agriculture. HS can reduce the influx of heavy metals into the plant, linking them to the HS-
metal complexes, which limits the bioavailability of metals [Koukal, 2003; Vereshchagin, Reyzvich,
2005]. The scientific literature provides information on the use of lignohumates (LH) in soils with
polymetallic pollution [Izosimov, 2016].

The possibility of using hydrolysis lignin processing waste as a humic fertilizer is a promising
direction in addressing waste management issues. This study examined three types of hydrolysis
lignin processing waste. Results revealed the presets of organic matter in waste, including HS. The
possibility of using these wastes as LH is assessed. Based on the growing experience, biological
activity, fertilizer value, and remediation potential of LH were studied when applied at various
concentrations. The effect of different concentrations of LH obtained during the processing of
hydrolytic lignin on the value of biomass and quality indicators of salad «Vitaminnyy» (Latuca sativa
L.) was evaluated. LH was added in two concentrations - 0.05 and 0.1 mg C per 1 kg of soil. The
comparison was carried out with absolute control and control with the introduction of full mineral
fertilizer. The addition of salad biomass to the control with full mineral fertilizer for both doses of LH1
was 38-39%, for LH2 17-38%, which indicates the high efficiency of the tested LH (Fig. 1), while the
high concentration of LH turned out to be more effective.

When full mineral fertilizer was applied, the content of nitrates in the lettuce exceeded the
maximum concentration limit and amounted to 4782.5 mg per kg of crude material. The use of all LH
test subjects made it possible to obtain environmentally friendly products, the nitrate content of which
was lower than the maximum concentration limit (MCL), while the absolute nitrate content was more
than halved compared to the control with full mineral fertilizer (Fig. 2). The effect of LH1 on an
increase in the level of chlorophyll in salad and LH3 on an increase in the content of carotenoids was
traced.
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On soils with a soil pollution level of copper 1 the MCL produced by the introduction of copper
chelate, the responsiveness of salad plants to the use of three tested LH was analyzed. When
copper was introduced into the soil, its content in salad leaves on the variant without LH reached the
MCL. When LH1 was added at a high dose and LH2 at a low dose, the copper content in plants was
significantly lower than the MCL, all other doses of LH did not allow lowering the copper content
below the MCL. The effect of the changes made in the content of total chlorophyll, carotenoids,
cellular proteins, and protein, compared with a positive result, was weakly expressed in comparison
with the experiment with the original soil and more often turned out to be unreliable.
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"Soil organic matter — soil mineral matter — humic substances" interfaces are crucial for soil
organic matter pool, soil structure and productivity. Agronomy technical means and technologies
for humic substances apply to soil are outdated. The technological platform of land use is imitative
and leads to improper humic substances management, and humic substances potential for soil full
scale improving is restrained.

Standard soil tillage, as well as reclamation tillage fails to transform the soil aggregate
system adverse properties. Copying Nature in standard soil processing system leads to upper soil
layer excessive dispersion, dead-end porosity, soil compaction and heavy block structure. In result,
soil aggregates composition responsible for the “mineral matter — water — organic matter” interface
become deteriorated and in its turn deteriorates humic substances functioning in soil.

For breaking through the fundamental shortcoming of current industrial technological
platform in the field of “agrarian soil mineral matter — humic substances” interface and better result
of humic substances apply, in the framework of Biogeosystem Technique (BGT*) methodology we
propose a transcendental (uncommon for Nature — not fully imitating the natural phenomena)
approach to soil ameliorative processing — BGT* soil improvement — device and technology for
illuvial horizon intra-soil milling. Milling working body is fully immersed into the soil. Transcendental
artificial soil weathering is applied — not the soil upper layer, but internal soil illuvial layer. Intra-soil
milling of a 20-45 cm layer is forming the soil illuvial horizon micro- and mezo-aggregate
geophysical system structure. Machines were developed, field trials fulfilled.

The “mineral matter — water — organic matter’ interfaces become more controllable.
Favorable conditions for humic substances soil functioning, rhizosphere and plants growth are
creating. 36 years after one-time 20-45 cm layer intra-soil milling, the soil micro-aggregates prevail,
water penetrates the soil freely. This provides the multilevel “soil mineral matter — water — organic
matter” interfaces, promotes flocculation of the soil particles and dissolved organic matter. Internal
soil geophysical and organic-mineral structure surface become more stable.

The plants consume less energy and water, simultaneously use more nutrients, sequestering
more CO, and releasing more ionized O, most useful for CH, and other air pollutants oxidizing and
stability of the Earth atmosphere. Soil microbiological process important for soil “mineral matter —
water — organic matter” stable interfaces and humic substances soil functioning is optimized, C
content is increased: in 0-20 cm layer for 25%, in 20-40 cm layer for 60%.
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In this work have been presented the results of the investigation of humic acids
obtained from Mongolian and Russian naturally-oxidized form of brown coal. Humic acids
and their soluble salt (humates) have been characterized for elemental content, functional
groups, biological activity and solution properties, like optical density, threshold of
aggregation and viscosity. Several structural parameters were determined by FT-IR
spectroscopy, gel chromatography. We found that soluble salt of the humic acids were
able to stimulate the immune system of sick animals, especially on stimulation of transfer
of 0 — lymphocyte to T and B — lymphocytes. Antioxidant properties of humic acid in the
form of sodium salt relatively to living systems was investigated in vitro and in vivo
condition. It was found antioxidant properties of humic substances consists in decreasing
synthesis of malondialdehyde that is intermediate product of animal fat peroxidation. As a
result, we could develop three commercial products to be used as plant growth stimulator
(humic fertilizer); feed humic acid preparation named Humaton for animals and humic mud
preparation for treatment of human skin disease. All these products were standardized and
have been used. In cooperation with Federal Research Center of Coal and Coal Chemistry
of Russian Academy of Sciences is also being carried out evaluation of the biological
activity of native and modified humic substance (HP) in order to build a humic preparation
to counteracting desertification. Studies have shown that the destructive alkylation and
subsequent debituminating of initial coals changes the structural group composition of
humic acids, increases the degree of aromaticity. It was established that the biological
activity of HP is directly proportional to the following structural parameters: the degree of
aromaticity fa, the hydrophilic-hydrophobic parameter fhh, and the parameter reflecting the
ratio of aromatic and aliphatic fragments of organic mass of HP (aromaticity / aliphaticity)
far / al.

This work was supported by the Russian Foundation for Basic Research (grant no.
18-55-91033) and Mongolian Academy of Sciences (grant no. LLUYT/OXY/ - 2018/09).
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Humic acids (HA), natural polyelectrolytes and strong chelates can effectively prevent
the aggregation of magnetite nanoparticles, from one side, and from another side, HA as
antioxidants can affect the iron species state. The increasing application of iron-based
nanoparticles has raised concerns regarding their environmental behavior and potential
ecological effects. After release into the environment, iron-based NPs undergo various
transformations via the interactions with different geochemical and biological components,
which ultimately influence their behavior and potential toxicity. In this study, the oxidation
of HA-coated magnetite nanoparticles (Fe3;Os-HA NPs) is investigated under mild and
harsh conditions in order to understand the oxidation behavior and the chemical stability of
transition forms in the presence of humic acids. XRD analysis and Madssbauer
spectroscopy were used to identify the phase composition of NPs and the change in the
oxygen environment of iron atoms.

The chemical precipitation in situ method with in the HA matrix or the self-assembly
method was used to formulate the FesO4s NPs from Fe(ll) and Fe(lll) salts by NH,OH
addition in argon atmosphere. To simulate the oxidation process of the Fe;O4-HA three
treatment ways were used: mild (storage in tap water during 24 hours, st) and two huge
conditions (influence of concentrated HNO3 or mechanical treatment in the grinder at 1400
rom in 10 min in air atmosphere, mill). As a total, the following samples were analyzed:
Fes04-HA (ini), FesOs-HA (st), Fe304-HA (HNO3) and FezO4-HA (mill) and NPs of Fe3Oq4
(ini), Fe304 (HNO3) as a control.

According to the XRD data, main phase for all samples tested before and after
oxidation is a magnetite Fe304 NPs. Complete phase transformation to maghemite Fe;O3
for all samples under treatment (storage in H>O, nitric acid and mechanical treatment) was
evidenced by Mdssbauer spectroscopic measurements. Thus, XRD technique suffers from
serious limitations and ineffective in discriminating magnetite. The oxidative degradation of
Fe;O4 to Fe;O3 nanoparticles changed in the order: FesOs (HNO3) < Fe3O4-HA (st) <
Fes0s-HA (HNO3) < Fes04-HA (mill), and indicates oxidative effect of HA towards Fe**
ions.

Mitigating effect of HA on bioactivity of two types of iron oxide nanoparticles of Fe;O4
and y-Fe,Os3 to the green algae Scenedesmus quadricauda and the higher plant (seeds of
white mustard Sinapis alba) a higher plant (white mustard) were investigated with a focus
on the effect of oxidation state. Results show that the growth inhibition by iron oxides
nanoparticles (NPs) to both test-species increased with oxidation of the NPs with an order
FesO4 (ini) < Fe3O4-HA (ini) < Fep03-HA (above FezO04-HA (mill)). The main toxic
mechanism, which could explain the difference in toxicity of the NPs is probably Fe?* and
Fe® ions release. These findings will be helpful for the understanding of HA role on the
fate and toxicity of iron-based NPs in the environment.

Acknowledgements. This research has been financed by the Russian Foundation for
Basic Research (#19-33-90149/19).
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In this study, magnetic nanoparticles (NPs) coated by humic acids (HA) was used to
separate a reference VD2 oil from oil-water mixture. Iron oxide NPs are attractive for their
inherent low toxicity and magnetism, which allows easy separation of NPs from fluids. Iron
oxide NPs were synthesized using a hydrothermal method in air atmosphere. Ferric
chloride and ferrous chloride along with HA were used as precursors, and ammonium
hydroxide was used as a precipitation agent. AFM images for NPs before and after oil
absorption were performed. DLS and zeta potential measurement were performed on a
Malvern Nanosizer instrument. Samples were characterized by FTIR spectrometer (FT-IR-
200, ThermoNicolet). XRD analysis was performed on DRON-UM-2. Oil samples were
prepared by mixing crude oil with pure distilled water in vial via sonication (40 kHz,
ambient conditions) for 10-60 minutes. Following the preparation of an oil-water mixture,
different amounts of NPS were added to the oil-water and mixed for 5-10 min via
sonication to obtain optimum oil:NPs ratio. The NPs concentration for the oil experiment
was in the range 4-70 ppm. Then, NPs were separated with Nd magnet (0.3 Tc) for
specific periods of time. The remaining oil-water solution in each vial was collected for
measurement by UV-vis (Shimadzu UV-2600) and fluorescence spectroscopy (Solar
CM2203).

The XRD spectrum of the synthesized NPs showed that magnetite (Fes;O,) is the
dominant phase of NPs, although the presence of some maghemite cannot be discounted.
The average crystal size of 18 and 11 nm for Fe;04 and Fe;O4/HA respectively.

DLS plot for FezO4 and Fe3zO4/HA NPs before oil separation experiment had one
single peak and the z-average was 140 and 230 nm respectively, while after oil experiment
z-average increases to 310 and 520 nm. Increases in the size of NPs indicate that oil is
adsorbed by the NPs and shows the presence of a second layer on the surface of NPs.

To quantify the oil removal, the fluorescence spectrum at excitation wavelength of
337 nm was recorded. Fluorescence spectroscopy results showed excellent oil removal
from oil-water mixture in the pure water in experiments with different concentrations of NPs
after 30 minutes of separation. By increasing the NPs concentration from 4 to 40 ppm, the
oil removal percentage increased from 42 to near 74 %. Fluorescence intensity decreased
indicating greater removal of aromatic hydrocarbons. These results are in agreement with
UV-vis data. Increasing of NPs concentration to 70 ppm lead to NPs aggregation, reducing
surface area and absorption capacity. It resulted in oil removal decreasing.

Fluorescence results in the experiments with effect of separation time showed that by
increasing the separation time from 10 minutes to 60 minutes, oil removal increased from
32 to near 100%.

In the presence of humic substances, reduction in NPs aggregation and
disaggregation has been observed. Moreover, in case of Fe;04/HA NPs the percentage of
the oil removal was higher than for bare Fe30,.

Future experiments with simulation of environmental conditions (salinity, pH, ions,
natural organic matter, oil grade and concentration) need to be developed.
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Peat is a unique natural composite, a source of humic substances and raw materials
for industry and agriculture. The aim of this work is to develop a new acylated
thermoplastic binder from peat to study the possibility of its application in the industry of
plate materials [1]. The esterification of peat was carried out in the processing of lowland
peat acetic anhydride by mechanochemical method with different molar ratio of reagents
from 1:1:0.5 to 1:1:2.5 for 30 min at 25 °C. The chemical composition of products of
esterification of peat given in the table 1.

Table 1. The influence of the molar ratio of OH:Ac,0 in the acetylation of peat in
conditions of intensive mechanical grinding on the properties of the obtained products*

Sample Mole ratio Content of acetyl Solubility in Conversion OH-
OH:Ac,0 groups, % acetone, % groups, %
Peat - - 5 -
1 1:0,5 10.5 20 42
2 1:1 11.7 30 47
3 1:2 15.2 47 61
4 1:3 17.8 60 71

*the mass of peat is 10.0 g, the temperature of the acetylation — 50 °C, the duration of the acetylation — 60
min.

It was found that with an increase in the molar ratio there is an increase in the
content of bound acetyl groups in products and their solubility in acetone (table 1).

The influence of duration mechanochemical treatment of peat on the process of
xanthogenation under the action of carbon disulphide in the presence of NaOH (table 2)

[2].
Table 2. Xanthogenation of peat

Duration xanthogenation of Solubility in water, %

Content CS,, %

peat, min
10 3.6 25
20 5.0 37
30 6.9 49
40 9.0 61
50 11.2 72
60 15.4 89

It is shown that the increase in the duration xanthogenation of peat is the increase in
the content and solubility products in water (table 2).

Acknowledgements. Thank you for submission of your abstract RFBR (project Ne 18-
43-860001_p_a).
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Electrophysical properties are the main indicator of carbon materials used in
electrothermal processes, as well as for the manufacture of superconducting materials,
capacitors and fuel cells from them [1]. Measurements of electrophysical properties were
carried out according to the method [2].

The electrophysical characteristics of an activated adsorbent from humic acid based
on coal from the Maykuben deposit (Kazakhstan) were investigated. Porous-carbon
material was obtained by carbonization and activation in argon and water vapor. The study
of electrophysical properties (dielectric constant (¢), electrical resistance (R)) was carried
out by measuring the electrical intensity of the samples on a LCR-800 serial device
(Taiwan) at an operating frequency of 1 kHz, 5 kHz and 10 kHz continuously in dry air in
thermostatic mode with exposure time at each fixed temperature (293-483 K). Based on
the data obtained, the band gap (AE) of the samples was calculated.

When comparing the electrophysical characteristics of the activated adsorbent from
humic acid at various frequencies, it was found that a change in frequency from 1 kHz to
10 kHz does not strongly affect the value of electrical resistance in the range 293-483 K.
For example, the IgR values at 293 K and at 1 kHz are 4, 03 ohms, at 5 kHz - 3.99 ohms
and at 10 kHz - 3.97 ohms, and at 483 K and at 1 kHz - 2.93 ohms, at 5 kHz - 2.92 ohms
and at 10 kHz - 2, 92 ohms. The values of dielectric constant (€) at various frequencies
varies with decreasing transition from 1 kHz to 10 kHz. For example, the value of € at 293
K and 1 kHz is 1.891 - 10°, at 293 K and 5 kHz - 3.295 - 10°, at 293 K and 10 kHz - 1.462 -
10°, and at 483 K and 1 kHz - 4.336 - 10°, at 483 K and 5 kHz - 5.474 - 10 and at 483 K
and 10 kHz - 2.013 - 10”. The above data show that the maximum values of € are obtained
by measuring a frequency of 1 kHz.

Acknowledgements. This work was carried out as part of the scientific and technical
program No. IRN BR05236359 “Scientific and technological support for coal processing
and production of high-value coal products” and project No. IRN AP05130707 on the
theme “Development of technology and creation of the production of carbon
nanocomposite materials based on domestic mineral raw materials for cleaning the gas
phase and wastewater ”, funded by the Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan.
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A huge amount of oil polluted soils are located in Russia. The solvent/chemical
surfactant washing technique is widely applied for the oil-contaminated soils, but use of it
leads to soil recontamination. Natural surfactants based on humic substances (HS), the
active matrix of organic matter of soils, peats, natural waters, can be an alternative to
chemical surfactants.

The aim of this research is evaluation of the prospects for the use of humic
substances as washing agents compare to chemical surfactants in the remediation of oil-
contaminated soils.

Gravimetric analysis determination of oil content showed that coal HS "Powhumus" is
the most active washing agent towards both the native oil-contaminated soil and to model
systems. The use of Powhumus reduced the content of oil hydrocarbons from 5.00 to
1.81% in the case of model systems and from 28.96% to 12.79% for native oil-
contaminated soil. The action of Powhumus is comparable to the well-known synthetic
surfactant (sodium lauryl sulfate). It is shown that the effectiveness of the Powhumus
increases by 20% upon condition of oil-degradation preparation “Rhoder” use. The
introduction of oil degradation microorganisms contributes to the formation of more
favorable conditions for the development of soil microorganisms and the degradation of
soil contamination. The analysis of group composition of residual oil contamination of soil
washed various surfactants and subsequent application of the biological product showed
that Powhumus is the most effective agent for the removal of light and heavy oil
hydrocarbons of contaminated soils. The coal humic substances "Sakhalin" are more
effective for removal of oil polyaromatic hydrocarbons from contaminated soil. In use of
water and synthetic surfactants as washing agents of oil-contaminated soil, the natural
microbiota of the contaminated soil was suppressed. In use of the natural surfactants
based on humic substances led to the development of Pseudomonadaceae,
Rhodococcus, Bacillaceae, Sarcina soil bacterial community.
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Silver nanoparticles (Ag-NPs) enter the environment as a result of their intensive use
to impart bactericidal properties to the products. In addition, Ag-NPs are used as broad-
acting antiseptics as an alternative to antibiotics. At the same time, it is of great interest to
study the interaction of Ag NPs with the most reactive components of natural ecosystems -
humic substances. The aim of this work was to evaluate the binding properties of humic
substances of coal with respect to silver nanoparticles using the method of quenching of
fluorescence.

As HS, we used coal HA (CHP) and their derivatives modified with hydroquinone
(CHP-HQ). Quenching experiments used citrated Ag NPs and ionic silver in the form of
silver nitrate. Fluorescence spectra were obtained at pH 12 and a carbon concentration of
5 mg/L to exclude the effect of the internal filter. The silver content ranged from O to
5x10~° M. The quenching constant was calculated using the Stern-Volmer equation.

It was found that for all HS samples, in the presence of silver ions, fluorescence
quenching is observed. The dependence of Fo/F on [Ag’] was linear, which allowed the
use of the Stern-Volmer equation to calculate the fluorescence quenching constant:

Fo/F=1+K[Q],

where Fo and F are the fluorescence intensities in the absence and in the presence
of a quencher, respectively, [Q] is the quencher concentration.

The quenching constants for HA coal and HA coal modified with hydroquinone were
2.12*10* L/mol and 2.25*10* L/mol, respectively.

When quenching the fluorescence of Ag-NPs, the dependence of Fo/F on [AgNPs] is
characteristic of two types of fluorophores, one of which is not available for the quencher
[1]. In this case, a modified form of the Stern-Volmer equation was used to calculate the
fluorescence quenching constant:

Fo/F=1/f1K[Q]+1/f4,

where f; is the fraction of the initial fluorescence available for quenching.

The quenching constants for HA coal and HA coal modified with hydroquinone were
3.02*10° L/mol and 2.10*10° L/mol, respectively. Thus, the values of the quenching
constant of the Ag fluorescence of HS nanoparticles exceeded by two orders of magnitude
the values of the quenching constant of the fluorescence of HS by ion silver. Nonlinear
quenching as a result of adsorption of HV on Ag-NPs.
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Humic substances interfaces in the "environment — soil — soil organic matter — soil
mineral matter — technical means and technologies of agronomy, land reclamation, and waste
utilization" are the great challenge concerning the current "Ecosphere — Technology" conflict
caused by the current outdated imitative technological platform of land use. Copying Nature
leads to soil degradation, water scarcity, improper waste management. This interfere the
humic substances soil improving and plant fertilizing function. Mechanisms of the fundamental
processes occurring at the “humic substances — mineral — water interfaces” remain elusive.
The problem of humic substances is to be discussed understanding critically the larger-scale
processes occurring at the mineral-water interfaces concerning the existing level of land use,
assessing as a whole the Humankind technologies suitability for geospheres.

Technological platform of Noosphere is to be developed concerning a current multi-
alternative business development model as becoming biosphere restricted. This fact is an
adverse circumstance for the functioning of humic substances in soil as an agent of soil
structure, nutrients turnover, and fertility.

For breaking through the fundamental shortcomings of current industrial technological
platform and better result of humic substances apply we propose a new field of science and
technology for world strategic development — Biogeosystem Technique (BGT*) — as the only
opportunity to face the large-scale calls: sustainable evolution of healthy soil, water saving,
high soil fertility, high quality environment to reduce the "organic matter — mineral — water"
interfaces elusiveness and increase the Biosphere stability.

BGT* — interdisciplinary institutional innovative integrated solutions, environmentally and
economically sound, increasing the Earth biogeochemical flux and biogeosystems stability.

BGT* — implements a transcendental (uncommon for Nature) technical approach.

BGT* —is proven in practice providing the synergy of theory and experiment.

BGT* provides: micro-aggregate soil illuvial horizon structure via intra-soil milling;
reduced fresh water consumption via intra-soil pulse continuous-discrete watering;
environmentally safe dispersed waste recycling for soil structuring and plant nutrition via intra-
soil milling and intra-soil pulse continuous-discrete watering-chemigation; and priority
conditions for humic substances function as an agent of soil organic matter synthesis and
stability, soil health and high productivity.
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The technique for formulation of magnetic ion-imprinted sorbents aimed at specific
metal ions seems to be the most attractive for the design of materials with various sizes,
shapes, compositions and morphology, which provide important opportunities for adjusting
and controlling the physicochemical properties of the collected materials and create an
important perspective for them application. To obtain magnetic selective ion-imprinted
sorbents, preliminary encapsulation of FesO4 nanoparticles into the HA matrix was used,
on the surface of which by successive “crosslinking” it is possible to create several layers
that add rigidity to the structure and also protect magnetite from the destruction of
aggressive substances. Fe;O4 nanoparticles were obtained by chemical precipitation by
the addition of FeCl, and FeCls solutions in the ratio 2:3 in NH;OH medium. The optimal
reaction parameters for the formation of the Fe;04/HA nanocomposite were determined,
where the concentration was 0.2 g of HA per 1 g of Fe304. The time of introducing HA into
magnetite medium was determined, which amounted to 20 sec.

A technique has been developed for producing magnetic multilayer selective ion-
imprinted sorbents with the formation of a crosslinked 3D structure of the composite based
on ammonium humate, phenylene diamine (FDA), solutions of target metal ions (Cu?*,
Ni?*). The resulting magnetic multilayer ion-imprinted materials (IIM) are selective with
respect to the target metals. The multilayer sorbents provide the integrity of the structure of
magnetite. Such multilayer magnetic ions-imprinted sorbents can be used repeatedly in
the technique of magnetic separation. The magnetic solid phase sorption characteristics
were studied. The effects of various parameters on the extraction efficiency such as pH of
solution, the amount of adsorbent, extraction time, the type and concentration of eluent
were systematically investigated. Furthermore, the thermodynamic and kinetic properties
of the adsorption process were studied to explore the internal adsorption mechanism.

Removal of the Ni(ll), Cu(ll) from the imprinted material and creation of cavities for
hosting Cu(ll) was proved by comparison of the response of IIM/HA/FDA to template with
that of non-imprinted material (NIM/HA/FDA). The relative selectivity coefficients of Me-IIM
for Cu(ll)/Co(ll), Cu(Il)/Cd(Il), Cu(l)/Zn(ll), and Cu(ll)/Pb(ll) were determined. The
experimental data fit well with the Langmuir adsorption isotherm. The max Cu/Ni-
adsorption capacity obtained from the Langmuir isotherm is 256 and 167 mg/g for
Cu(Il)/Ni(11) 1IM, respectively.
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The key factors for obtaining high-quality humic products are organic matter (OM)
source and technological regimes of OM treatment. LTD RET company has developed
and patented an industrial technology for the conversion of technical lignosulfonate with
following synthesis of a number of humic-like biologically active substances (HLS) [1],
which finally compose the commercial humic product Lignohumate® (LH). Yield,
composition and biological activity of the synthesized HLS depend on the technological
regimes used (alkali content, changes in temperature, pressure, oxidation rate and time)
and change with the course of technological process.

The objectives of the study are: (1) to characterize the product in a number of LH
samples taken at different times during the technological process using spectroscopic
techniques with further perspective to corroborate them with chemical composition and
biological activity of LH samples; (2) to reveal qualitative differences in LH spectral
features as a function of time. Samples of LH were taken from the heated working mixture
at certain time intervals from the start of the oxidation process: at 0, 15, 30, 45, 60 and 120
min. Spectroscopic measurements were performed to analyze LH samples dissolved in
water. Absorption spectra were measured with photometer Solar PB2201, fluorescence
spectra were detected with luminescence spectrometer Solar CM2203 with several
wavelengths of excitation.

Absorption and fluorescence properties of untreated lignosulfonate differ from that for
other humic products [2]. However, this study revealed characteristic spectral features
caused by samples treatment. Absorption spectra of all the samples demonstrated a local
maximum peak at 285 nm and a shoulder at 235 nm, which indicated the presence of
phenolic compounds. The intensity of peak at 285 nm in absorption spectra was
apparently decreasing along with duration of the technological process. Fluorescence
spectra of all samples upon excitation at 235 or 270 nm showed two overlapping emission
bands: with maximum at 320 nm (phenolic fluorescence) and within 400...420 nm (humic-
like fluorescence). The intensities ratio of those bands has been drastically changed during
technological processing, after 15 min of treatment the UV emission band peaked at 320
nm (excited at 235 nm) became prevailing in spectra and the maximum of the blue band
shifted from 400 to 420 nm. Fluorescence quantum yield of treated samples was
sufficiently lower for treated samples than that for untreated, and was found slightly
decreasing along with duration of the process. This makes possible to distinguish
untreated and treated LH samples even at short duration of process. This knowledge will
help to determine the optimum duration of the process for obtaining a high-quality product.

Acknowledgements. This work was supported by the Russian Foundation for Basic
Research (RFBF) under Grant Number 18-016-00078.
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Humic products as an independent type of agrochemicals are increasingly expanding
their presence in modern agricultural technologies, including gardening. They have long
proved their effectiveness not only for territories with a favorable climate and high intensity
of agriculture, but also under less favorable conditions, in particular in areas of arid
steppes and semi-deserts with semi-intensive and extensive farming. And this interest is
continuously growing up due to the widespread climate aridization in recent decades.

For over 25 years, our Group of Companies conducted numerous researches on the
use of our product “Lignohumate” on a variety of crops in various soil and climatic
conditions, including areas with insufficient moisture and high air temperatures.

Being of a practical use in agriculture for more than twenty years, “Lignohumate” has
proved its effectiveness. Application in combination with plant protection products provides
reliable yield increases. Although the main focus of Group of Companies’ products
application for decades has been and remains field crops, but recently agricultural
producers show more interest in gardening as well. Therefore we initiated the test program
for Lignohumate on pome and stone fruit crops, namely, apple and peach. These crops
grow in certain climatic zones. For this long-term study, the Crimean Peninsula and the
corresponding farms were selected.

This research is carried out under the supervision of the All-Russian National
Scientific Research Institute of Viticulture and Enology “Magarach” Russian Academy of
Science. The results showed, that when growing fruits, the additional yield reaches 5-6
t/ha. The effect of Lignohumate on the quality of the obtained production is even more
pronounced (increase in content of sugar and vitamins on 10-15%).

Due to the low cost per hectare, the use of Lignohumate as a component of a tank
mixture is highly cost-effective in of crop protection technics.
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The contact angle of wetting (CA) of the solid phase of Chernozems under the action
and aftereffect of mineral fertilizers NPK (4 years after the abolition of fertilizers) was
measured. The results of this study show that CA can serve as an integral indicator of soll
properties and reflect their change under anthropogenic influence. The use of mineral
fertilizers NPK increases the hydrophobicity of the surface of the solid phase of the
Chernozem. Three particle size and density fractions (M.S. Shaimukhametov method)
were identified, different in composition: silt fraction with particles less than 1 um, light
fraction (LF) with a density less than 2 g/cm® and the residue after the separation of the
first two fractions. Alkaline extracts of humus substances (HS) were prepared from the
initial soil samples, as well as silt and LF fractions using an alkaline solution of
pyrophosphate Na. Carried out the chromatographic fractionation of alkaline extractions
from soils and soil fractions of topsoil. The analysis of the obtained results shows that in
the areas of application of mineral fertilizers NPK there is an increase in the content of
hydrophobic components in the soil, which is consistent with the dynamics of the contact
angle of wetting. Analyzing chromatograms of the soil fractions can talk about the
redistribution of hydrophobic-hydrophilic components between them. More hydrophobic
fragments of HS are concentrated in the LF, more hydrophilic - in the silt fraction. At the
same time, the use of mineral fertilizers increases the degree of hydrophobicity of both the
LF and the silt fraction. The increase in the content of hydrophobic components in the silt
fraction in the application of fertilizers is more expressed than in the LF.

The site of aftereffect of mineral fertilizers is characterized by a smaller spread of the
above indicators, which indicates the alignment of the hydrophobic hydrophilic properties
of the soil and their fractions composition with the abolition of one of the factors of
anthropogenic load. We believe that liquid chromatography of the hydrophobic interaction
HS of soils and their fractions can be used in monitoring the state of the soil cover of
agricultural lands.

Acknowledgements. The authors acknowledge the financial support of the Ministry of
science and higher education of the Russian Federation budget project 0591-2019-0024.
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The knowledge problem of development is to identify critical boundary conditions of
ambiguity, complexity, equivocality, and uncertainty as an ecological analytical construct, and
apply new innovative possibilities for strategic improved landscape management in focus of
biogeochemical cycling and resources growth in every part of biosphere, in particular in vast low
productive terrains of dry steppe. It is pertinent that the uptake capacity of land-based soil carbon
(C) sinks be enhanced through targeted management. However, the best management practices
should not be focused on C sequestration from the atmosphere, or irreversible subsoil and
geological C burial. Simultaneous C global balance stimulation and C biological phase enrichment
are strongly needed. An attempt to have a carbon fixation effect for the sake of net hydrogen
production and negative balances of CO, emissions will turn to the atmosphere water vapor
excess after hydrogen burning. Water vapor is more dangerous greenhouse gas than CO,. Soil
organic matter (SOM) is declining in most agricultural ecosystems, impacting multiple ecosystem
services. The nature of C, nitrogen (N), phosphorus (P), and heavy metals (HMs) turnover is
critical for the global biogeochemical cycling. Currently, the stability of existing artificial steppe
ecosystems is extremely weak, and therefore the dryland C balance is switching from soil C uptake
to soil C efflux. The uncontrolled water, mineral and organic matter transfer is an adverse
consequence of the standard ecosystems management. Temporal dynamics of soil structure
alteration is deemed to be important for essential ecosystem functions but very little is known about
it. The state and transfer of SOM, P and other nutrients, and microelements including HMs are
closely linked to the content and state of carbonates in soil and in soil solution. Carbonates, as a
part of soil minerals, live and decaying organic matter cause the formation of associated ions and
complexes of carbonates, SOM, P, microelements, and HMs. Organic matter forms films on the
primary carbonates surface, reducing carbonate sedimentation. Thus, the range of mobility,
transfer, and bioavailability of organic matter, P, microelements, and HMs is vast and uncertain.
The cause of soil solution excess saturation with calcium carbonate, as well as the transfer and
accumulation of organic matter, and HMs is the ions association and formation of mineral and
organic complexes in soil solution. The properties, structure, and soil solution calcium carbonate
equilibrium (CCE) is under the influence of ions activity and determines the dynamics of material
composition, migration, and accumulation of mineral and organic matter into the soil continuum
aggregate system, determining the humic substances management success under the influence
of CCE.
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As part of the international long-term program Tandem'??' (2012-2021) we
investigated changes in the microbiological parameters of the soil at different locations
(soil index 27 to 67) through the application of various phytohormone-humic acid (PHC)
composites. PHCs applied in the spring during the spring stimulated photosynthesis and
contributed to the improvement of the biological parameters of the soil. In order to intensify
the conversion of organic material into humus and to stabilize these indicators in winter,
the experimental fields were treated after harvest with PHCs (autumn treatment - AT) [1].

The results of the monitoring of soil biology and yield increases showed additional
effects of a systematic AT. The averages were compared between 2012-2018 with
additional AT with the 2006-2011 control period. The AT resulted in a new biological
equilibrium in the soil with a 47 to 89% higher concentration of the air nitrogen-binding (N)
and phosphorus-mobilizing (P) bacteria relevant for biological plant nutrition. Yield
increases of 6.6 to 7.7 GE (10 to 22%) were achieved with the same or even lower N
fertilizer use. The efficiency of the N fertilizer used in relation to the yield (Y / N) increased
by 10 to 40%.
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Figure 1, 2. Effect of autumn treatment on biological soil fertility and yield at different sites
(average values: control: 2006-2011, AT: 2012-2018)
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The dynamics of the long-term effect of the soil additive Novihum on a wine
plantation, which was established in 2013 on a lignite open pit recultivation area, were
investigated. The additional plant physiological effect of Novihum, which correlates with
faster shoot growth, better vitality, greater photosynthetic performance and higher yields,
ends after about 5-8 years. The annual measurements of the chlorophyll fluorescence
dynamics (CFD) on the vine leaves proved to be particularly efficient, showing a linear
decrease in Novihum activity in terms of additional photosynthetic performance over the
entire period. In addition, we report on the geochemical initial state of the soil and results
from biological soil analyzes after the 5th year of cultivation. The latter, however, are only
snapshots and provide only initial hypotheses on the assumed role of the biological,
phytosanitary and physico-chemical initial state of the soil on the long-term effect of
Novihum. The influence of these soil parameters should therefore be investigated more
precisely in new experimental settings.
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Figure 1. Photosynthesis effectiveness (seasonal average) by Novihum compared to
control in %
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Iron deficiency, also known as chlorosis disease, is a frequent issue for numerous
crops and strongly impacts agriculture in the countries rich in calcareous soils. This is due
to the low availability of microscale iron(lll) (hydr)oxides abundant in soils with pH > 7.
Typical treatment of lime-induced chlorosis is the application of synthetic iron chelates
such as Fe-EDTA, Fe-DTPA, Fe—EDDHA, etc. While these compounds rapidly provide
plants with bioavailable iron, chelating agents can accumulate in soils, contaminate
groundwater, and increase the mobility of heavy metals and radionuclides. The high cost is
another important drawback of the iron chelate preparations. At the same time, nanosized
(<5-20 nm) iron (hydr)oxides exhibit good availability to plants and within the recent
decades became a versatile platform for the design of advanced iron nanofertilizers (Fe-
NF). Because of high affinity to the iron oxide surface and rich beneficial effects on plants,
humic substances (natural eco-friendly polyelectrolytes) are considered as the best
stabilizing agent for Fe-NF. However, for mass production and effective utilization of the
nanofertilizers, several fundamental and technological issues still should be solved,
including identification of the most bioavailable iron (hydr)oxide nanoparticles (in terms of
both phase composition and size), long-term stabilization of hybrid iron-humic colloids, and
development of the most effective application routes considering the nanoparticle uptake
and translocation in the target plants.

In the present conference contribution, we will discuss the most important features of
Fe-NF production based on the extensive studies pursued by our group. We
comprehensively characterize iron (hydr)oxide nanoparticles — the main part of the
nanofertilizers — using state-of-the-art materials science techniques: analytical
transmission electron microscopy (TEM), electron energy loss spectroscopy (EELS),
extended X-ray absorption fine structure spectroscopy (EXAFS), and small-angle X-ray
scattering (SAXS). We also use a great gift coming directly from the nuclei of Fe atoms:
the ability to analyze iron speciation by Mdssbauer spectroscopy including analysis of the
frozen aqueous reaction mixtures and °’Fe-enriched samples. These techniques allowed a
deep understanding of nanoparticulate iron (hydr)oxide chemistry and important iron-
humic interactions. Our bioassays include root application of Fe-NF to cucumber, wheat,
and soybean plants grown in Hoagland / Knop nutrient solutions or model calcareous soil.
Content of iron and chlorophyll a in the fertilized crops and their photosynthetic activity
were monitored. Mass spectrometry chemical analysis of soybean shoots, pods, and roots
fertilized with °’Fe-enriched preparations was used as well to track Fe-NF translocation.
Recent results on foliar spray application of the nanofertilizers would also be discussed.

This work was supported by the Russian Science Foundation (grant #16-14-00167)
and the Russian Foundation for Basic Research (grant #18-29-25065).
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Humic acids are among the most important constituents of soil humic substances,
because of relating to soil yield. They are of great importance not only in soil, but also for
solving environmental problems, in industry, and medicine. Considerable effort has been
made in their research. In spite of that, there is still up-to-date improving of their
identification methods. Determination of their structure is quite complicated and usually
elemental composition and non-destructive spectral techniques are applied. In this work,
SFS, FTIR, and "*C NMR spectroscopy were used for detailed characterization of soil HA
and lignohumates. *C NMR spectroscopy help us quantitatively detect different types of
carbon (e.g. carbonyl, carboxyl, aromatic, olefinic, anomers, and aliphatic carbon).
Percentage of aromatic and aliphatic carbons allows us to calculate aromaticity degree.
We came to the conclusion that soil HA contained higher amount of aromatic carbon and
less aliphatic carbon to compare with lignohumate. 3C NMR spectrum of lignohumates
(Fig. 1) indicated presence of phenolic carbon (C=0) at 143-157 ppm; sp3 carbon (C-O) at
43-87 ppm; aliphatic and methoxylic groups at 50-60 ppm; long ring —O-alkyl and —CH,—
groups at 30 ppm. Less content of aromatic carbon (region 106 — 157 ppm) and more
aliphatic carbon (region 15-106 ppm) was found in lignohumates. Indexes calculated from
different spectral measurements are considered as a very important indicators of HA
quality and origin.

Figure 1. *C NMR spectrum of lignohumate.
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The problem of complete (100%) restoration of affected soils after oil hydrocarbons
spills is still relevant, despite the efforts of researchers working in the field of
environmental engineering. The laboratory experiment focuses on studying the kinetics of
soil HS fractions, isotopic composition ">C (soil, oil hydrocarbons and microbial biomass)
and heterotrophs number.

Bioremediation of oil-pollited soil at 6°C by introducing a consortium of active oil-
degrading bacteria has failed in crude oil full biodegradation till the end of experiment (400
days), even with additional inoculations of the consortium. After adding crude oil the HS
content in the soil has grown, with the content of soluble HS being increased two-fold, and
the one of insoluble HS — three-fold, and remaining the parameters the same till the 400"
day (Figure 1).

_ te+10 is e
8 I HS soluble Laica
o 1 HSinsoluble . | .
d ] — — —  microbial number _
2 ——«—— crude oil content 4,2 B
“:‘3 1e+9 + T 5
S ] ] - 4,0 I 4 E\
b o
] 3,8 o
2 . |22
£ 1e+8 - L 26 E; S
>
2 F34 C c
= 1 < 5
3 = 32 = 5
*8 1e+7 A < 5 1 08)
o - 3,0
3 s S - L
2 r 0
< 28

1e+6 T . T . . 26

0 100 200 300 400 500
t, days

Figure 1. The kinetics of heterotrophs number, HS and crude oil content during in vitro soil
experiment.

Application of mass-spectrometry has made possible defining fractionation of carbon
isotopes of crude oil hydrocarbons by microorganisms. Heavy isotopes (5'>C) are picked
for the microbial biomass but the light ones (8'?C) are turned out as CO, [1]. Isotopic
composition of soil carbon has changed from §13C -29,94 to -29,18%., and the fact
confirms the effect of carbon isotopes fractionation by microorganisms which possibly is a
reason of incomplete oil biodestruction in soil.
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It is known that mechanochemical treatment in the presence of reagents of various
nature (acid-base, redox, enzymes) leads to changes in the quantitative contents,
physical, chemical properties and reactivity of the main components of peat, including
humic acids [1]. The aim of this work was to study the effect of mechanical and
mechanochemical activation of the West Siberian peat from forest steppe on its copper
ions bind capacity. The peat under study contains 2.7% humic acids, 2.8% fulvic acids and
2.17% of ash.

The mechanical activation of peat was carried out in a planetary mill AGO-2. The
mechanochemical activation of peat was carried out under the same conditions with 5%
wt. dry sodium percarbonate Na,CO3-1,5H,0,, which previously showed its effectiveness
in the mechanochemical oxidation of brown coal humic acids [2].

The surface properties of peat before and after mechanochemical treatment were
studied by thermal desorption of nitrogen. It was found that Cger increases from 6.26 for
the initial peat to 18.18 for mechanically activated (MA) peat and to 27.83 for
mechanochemically activated (MCA) peat. The capacity of the monolayer for the initial
peat is 0.957 mg/l, for MA peat it decreases to 0.858 mg/l, for MCA it increases to 1.092
mg/l. The specific surface area calculated by the Brunauer-Emmett-Teller equation for the
initial peat is of 4.2 + 0.3 m?/g, for MA peat is of 3.7 + 0.2 m?/g, for MCA peat it increases
to 4.8 + 0.3 m?/g.

The results of reverse potentiometric titration and IR spectrometry indicate that the
mechanical and mechanochemical activation of this type of peat under the conditions used
does not increase the content of phenolic and carboxyl groups. The IR spectra of MA and
initial peat are similar, while the IR spectrum of the MCA peat shows a decrease in
absorption in the regions of 1725 and 1260 cm™, with a simultaneous increase in the
regions of 1613 and 1418 cm™, which indicates the passage of a chemical reaction
neutralization of the acid groups of humic acids and their transformation into the form of
sodium humate.

Cu (Il) ions sorption experiments were carried out. The peat under investigation could
be efficiently used for removal of cooper from low-level liquid waste. Graphical solution of
the linear Langmuir equation for sorption on peat gives the following values Q = 2.5.107
mmol/g, and a constant = 0.76-10%. A comparison of the IR spectra does not show a
significant difference in the content of the main functional groups in the studied peat
samples. The spectra for mechanically activated peat before and after copper sorption is
almost identical, which may indicate the physical nature of the sorption of copper ions on
this peat. Sorption characteristics can be improved by changing the surface properties, for
example, by mechanochemical treatment under the described conditions.

The Russian Science Foundation, Project Ne18-77-10029, financially supported this
study.
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Pyrochar is a promising ameliorant obtained by pyrolysis of organic material under
oxygen deficiency conditions, the use of which is aimed at solving two of the most
important problems of our time: long-term improvement of soil fertility and the need for
atmospheric carbon sequestration [1]. The perspectives for atmospheric carbon dioxide
sequestration are associated with the fact that the carbon content in pyrochar, which is
usually resistant to oxidation, can be stored in soils from several hundred to thousands of
years [2]. Thus, the introduction of pyrochar, prepared and applied to soils in an industrial
scale, makes it possible to remove up to 50% of the carbon of the initial plant residues
from the biological circuit [3].

Along with inert components (benzene polycarboxylic acids), a significant part of the
carbon in the pyrolysis products of organic materials can be represented by humic
substances, glycolipids, phospholipids, etc. [2]. They will be characterized by different
resistance to microbial destruction, however, the introduction of these substances with
pyrochar can change the availability of available organic food for soil microorganisms. As a
result, after the introduction of pyrochar, the CO, release can increase due to the rapid
mineralization of the labile fraction of the pyrogenic material. In our work, using different
temperatures of pyrolysis, pyrochars were obtained from the remains of linden wood.
Humic-like substances were extracted with an alkaline solution [4]. Their qualitative
characteristics were studied by UV spectrometry. To study the effect of humic-like
substances on substrate-induced (SIR) and basal respiration of soil, model experiments
with the introduction in the soil of native pyrochar and pyrochar treated with an alkaline
solution were carried out. The intensity of soil respiration was determined after 3 months
and 6 months of incubation.

The results of the study showed that native linden pyrochars added to the soil cause
a short-term increase in soil SIR. The addition of pyrochar to the soil modified by treatment
with an alkaline solution leads to an additional increase in the emission of CO, from the
soil, which decreases slightly over time.

Acknowledgements. This work was supported in part by the Russian Foundation for
Basic Research, research project Ne17-04-00869.
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Humic substances have a wide spectrum of biological activity and therefore have
found applications in agriculture, veterinary, medicine, environmental technologies. Large
quantities of humic substances are produced in many countries around the world and their
use in various areas of the economy is developing. However, it should be noted that the
structure and properties of humic substances depend on their origin. However, as humic
substances can be obtained from diversity of different sources using different extraction,
concentration and purification methods, their properties and structure have high variability.
All these factors can influence properties and thus also application areas. Some
manufactures do not always correctly identify the sources of the humic substances, and
their use is not always justified. The aim of the study is to compare properties of
industrially produced humic substances with properties of humic substances of known
origin (soil, peat, water etc.). Another aim of the study is to develop authentication
methods of humic products, based on identification of their origin. In the study were used
potassium humates, humic acids and fulvic acids isolated from well characterized and
known sources: low rank coal, peat of different origin (low moor, raised bog peat), soil,
compost, vermicompost and others. The methods used for characterization includes
elemental analysis, spectroscopic characterization, UV, FTIR, fluorescence) and stable
isotope (86C, 6N, d0) ratio analysis. The results of the study indicate possibilities to identify
sources of industrially produced humic substances.

Acknowledgements: This work has been supported by the Latvian Council of
Science, Fundamental and applied research project Nr. Izp-2018/1-0009 “Properties and
structure of peat humic substances and possibilities of their modification”.
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Seventy percent of Kazakhstan land is subject to desertification. Today some 14 mil
ha out of 182 mil ha of Kazakhstan pasture lands are completely non-usable, and the total
degradation area exceeds 50 mil ha, which is explained by intensive and very intensive
desertification. One of the most efficient methods used to increase soil fertility and crop
yield is the use of organic fertilizers. They help increasing the content of humus in soil, soil
structure and avoiding many adverse consequences caused by the use of chemicals. In
general, environmental balance cannot be maintained without the use of organic fertilizers
for farming purposes. Therefore, development of new high-efficiency and low-cost
multipurpose organic fertilizers with complex features (regulating, antistress, immune-
stimulating, moisture-retaining, etc.) on the basis of humic acids becomes very urgent
since the need in high-efficiency phytoregulators is growing day in and day out. The
purpose of this work is the creation and introduction of a new domestic integrated high-
performance organic fertilizer for modern technologies to restore soil fertility, forests,
reduce land degradation in arid areas of Kazakhstan and increase the yield of agricultural
cultures. We have produced an innovative domestic plant growth regulator from highly
oxidized brown coal and lowland peat by extraction using alkali solutions adding a set of
amino acids, natural phytohormones and micro- and macroelements. The distinguishing
feature and scientific novelty of the proposed project as compared to the traditional ones is
the use of natural amino acids, phytoharmones extracted from vegetable raw materials
and addition of micro- and macroelements in certain proportions. In-depth laboratory and
demonstration field (microplot) comparative tests on cereals, vegetables and other crops
demonstrated a high efficiency of the new domestic multipurpose organic plant growth
regulator.

"EldoRost" is a natural regulator of plant growth and development and intended for all
types of crops in any soil and climatic zones. It promotes the cultivation of environmentally
friendly agricultural products and reducing the content of heavy metals, radionuclides and
nitrates in products. It is allowed to produce better and more environmentally pure
products (with a high content of carbohydrates, proteins, lipids and other valuable
substances). The national universal organic plant growth regulator is a natural product
what has valuable antioxidant properties. It is actively involved in the neutralization and
elimination of toxins.

The study the effect of a new organic fertilizer codenamed EIdORost on sowing
qualities, yield, and also on the fungal and bacterial microflora of grain seeds (wheat, rice),
vegetables (potatoes, carrots, cabbage, cucumbers, tomato), soybeans and fodder crops
(Sudanese grass) were conducted in laboratory and field conditions. The new product
(growth stimulator) "EldoRost" showed a higher stimulating efficacy in all cultures in
comparison with the standard product.

The organic product "EldOrost" increases the crops of the studied plants by 10-50%,
increases the root system, enhances the immunity and water-holding capacity of the soil,
and accelerates the synthesis of chlorophyll and the maturation of the crop by 10-12 days.
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Chemistry of corrosion processes is one of the most important scientific domain. The
most thoroughly studied mechanisms are that of corrosion of engineering materials under
the influence of reagents of anthropogenic origin. However, a significant part of metallic
structures contacts with ground and soils, containing natural polyelectrolyte of a
multifactorial action (acid-base, redox, complexing, etc.) — humic substances (HS). On the
one hand, due to their high reactivity, HS can directly interact, for example, with metallic iron.
On the other hand, it is known that archeologists often find metallic artifacts in very good
condition in saturated HS waters (bogs, peat bogs, etc.). In addition, mixed corrosion
inhibitors based on lignosulfonates, tannins and amino alcohols are suggested for the
protection of steel reinforcement in reinforced concrete. It is obvious that the mechanisms of
interaction of HS with metals are complex, and require a comprehensive study.

Earlier [see HIT-2017], we showed the role of HS in the corrosive destruction of iron-
containing engineering materials with metallic protective coatings of various nature. This
article discusses corrosion under the action of HS of the following non-ferrous metals:
aluminum, chrome, nickel, copper, zinc, tin, bronze, brass, nickel plated brass. As the
corrosive medium were used: a) tridistilled water (pH 6.5); b) 3% NaCl solution (pH 8.5); c)
0.01% HS solution (obtained by alkaline extraction from "Natural Humic Acids", LifeForce,
Saratov, Russia) (pH 7.6); and d) a solution containing 3% NaCl and 0.01% of the above HS
(pH 7.7). Samples of materials were exposure in these solutions at a temperature of 45°C in
the course of 48 hours. After the expiration, the properties of solutions for practically all
samples have changed significantly. So, solutions containing HS was almost completely
discolored (except for solutions that contacted with Cr, Ni and Al. For all samples, formation
of brown sediments was observed (with the exception of the zinc which dense white
sediment was observed). Scratches on the surface of some samples was covered with a
dense layer of brown corrosion products. Visually, the highest corrosion intensity was
observed for solutions with NaCl. The surfaces of the initial samples and the samples after
treatment was studied by optical microscopy (5 - 20), and SEM (with resolution to 200 nm).
The compositions of the metal substrate and the coatings of the materials were determined
by the energy-dispersion analysis method.

The nature of the changes on the metal samples surface and in the depth of the
"scratch" was controlled by comparison with similar data for untreated materials. From the
data of a microscopic study, it follows that on the surface of "active" metals (Al, Cu, Zn)
corrosion products are formed unevenly - distinct regions with more and less dense coatings
of corrosion products are clearly distinguished, clearly differing in their morphology and,
possibly by chemical composition. On the surface of the samples of "passive" metals (Cr,
Ni), thin layers of compounds are observed, but only under requirement of the presence of
HS in the electrolyte. The most intense formation of corrosion products for all samples is
observed in the area of "scratches" and natural defects, presented in the coating of the
studied materials. Moreover, products of corrosion are formed in water or NaCl solution as
loose morphology. In the case of solutions containing HS, including the presence of NaCl, a
dense coating is formed above the active (unprotected coating) surface of the sample,
possibly from sparingly soluble metal compounds and HS. Thus, using several samples of
non-ferrous metals, it was shown by direct experiment that despite its high chemical activity
to many metals, and in particular to iron, HS can serve as shielding corrosion inhibitors even
in such aggressive media as NaCl solutions.
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Hay4yHo-uccnepgoBatenbckme pabotel WHcTUTYTa o03epoBegeHus PAH (MHO3 PAH)
HanpaBneHbl Ha BCECTOPOHHEE WU3yYeHWe BOAHbLIX PEeCYpPCOB KOHTUHEHTaNbHbIX BOOOEMOB U
NnepcnekTMB X NPaKTUYECKOro NMpMMEHEHUS, BKMNOYas pasnuyHble BUObl N'YMUHOBLIX BELLECTB U
canponenen [1,2,4]. B HacTosilwee Bpemsa canponeny paccMaTpmBatoT Kak LLeHHOe opraHMyeckoe u
OpraHoMMHepanbHOE Cbipbe AS1A Pa3fMYHbIX OTpacnen CTpaHbl U 3aKOHOMEPHO cTann 06BLEKTOM
AetanbHOro u3dydeHus. HanomHum, 4TO canponenb — 3TO MNPOAYKT [AOHHbIX OTMOXEHUN
NPecHOBOAHbIX BOA4OEMOB, oObpasylwuinca B pesynbTaTe MOCTMOPTanbHbIX NpeBpaLleHuni
03€epPHbIX MTMAPOONOHTOB M TpaHchOopMaLMKM NOYBOrPYHTOBLIX YacTUL, NPU OrpaHU4YEeHHOM JOCTyne
Kucnopoga. OTOT MpUPOAHbIA MaTepuan npeacraBnseT cobon xeneobpasHyio Maccy, koTopas
NMOCTEMNEHHO YNIOTHAETCA NO Mepe yBenuyeHus rnyOuHbl OTNOXEHUA U ux Bospacta. CKkopocTb
ceauMeHTaLmMm U HakonneHus canponens 3aBUCUT OT MHOIMMX PakTOpPOB - BUOTUYECKNX (NSTAHKTOH
n 6eHTOC) M abuoTuveckmx (OCBELLEHHOCTb, rPaaMEHT CONMEHOCTM BOAbl, KOHLEHTpauus
pacTBOpPEHHbIX W KonnoumaHbix BewecTB) [1]. OgHako, HECMOTPA Ha MOLLUHbIE WU MOCTOAHHO
nononHsawLWmecs 3anackl canponens B Poccuu, WMPOKOro NpyMeHeHNs 3TOro NpUpPOAHOro Cbipbs
B 9KOHOMWKE CTpaHbl W, B YaCTHOCTU, B CEMbCKOM XO3SIMCTBE [0 CUMX NMOP OYEeHb OrpaHuyeHo. B
3TOM CBA3W LENbl HACTOALWEro WCCrnefoBaHus SBMASIETCA 9KOMOro-6mornornyeckas oueHka
BO3MOXHOCTM 1  6e30nacHOCTM MPUMEHEHUss B  CENbCKOXO3SANCTBEHHOM  MPOU3BOACTBE
yNbTpagucnepcHblx ryMmato-canponeneBbiX CyCneH3un.

B HacTosillee Bpems canponesib KOHTMHEHTanbHbIX BOOOEMOB PoccuuM CcTaHOBUTCH
BOCTpebOBaHHbIM Cblpb€M AN  MCMONMb30BaHWSA B Ne4vebHbIX uensdx, Ana npou3BOACTBa
copbeHTOB, OpraHoMuHeparbHbIX YAOOPEHUn WM nuweBbIX OUONMOrMYECKN aKTMBHbIX O06aBOK
(BAOos). B MHO3 PAH npoBeneHO cpaBHUTENbHOE uWCcreaoBaHWe rpaHyrnoMeTpudecknx u
BMonorM4yecknx CBOMCTB NYMUHOBBIX BELLECTB, NOSTyYeHHbIX U3 canponens TUNUYHbIM (LLeNOYHbIM
cnocoboM aKcTparMpoBaHus) [2,3] 1 NyTeM NPUMEHEHUS yrbTpa3ByKoOBOW kaButauuu. NokasaHo,
YTO NPUMEHEHME NYMWHOBBIX BELLECTB canponens ¢ NoBblEHHbIM COOEePXXaHMEM HaHo4acTuL B
KayecTBe npenapaToB B XMBOTHOBOACTBE MNPUBOAUT K CYLLECTBEHHOMY 3KOHOMWYECKOMY
adhdekTy. Mcnonb3oBaHue rymato-canpornenieBon CyCrneH3uuM B >KMBOTHOBOACTBE MO3BOSISET
YBENUYUTE CPEAHECYTOUHbBIA MPUPOCT XNBOW MaCChl XXMBOTHbIX 00 24% W BbIlE NO CPaABHEHUIO C
KOHTpOMbHbIMW  rpynnamu.  WMccnegoBaHus,  nNpoBedeHHble  COBMEeCTHO ¢ HayuHo-
uccnenoBaTeribCKUM MHCTUTYTOM 3KCNepuMeHTanbHon MeanuuHel PAH, nokasanu, 4to cycneHsns
canponenss obnagaet aganTOreHHblIM CBOWCTBOM, MOBbIWAET YCTOMYMBOCTb  KIMETOK K
HebnaronpuaTHbIM  YCHOBMAM, YBenuuuBaeT YHKUMOHAMNbHbLIA pPe3epB  MMMYHHbIX KNeToK
XMBOTHbIX. [lpenapaT o6bnagaetr CTPeCCNpPOTEKTMBHBIM W PaHO3aXMBASIOWNM OENCTBUEM.
MpupocT ypoxanHocTn nweHuubl gocturaet 20% ¢ 1 ra npy 3HAYUTENbHOM CHWXEHWW HOPMbI
BbiCEBA CEMSAH 3a CYET YBENUYEHUS KyLLEHWUs, akTuBaumm OUOXMMUYECKMX MpPOLIeCccoB
NOBbILLIEHHOMO  MOrfoLWeHnUs  yrnbTpaduoneToBoro  U3nyyYyeHus M YyCKOpEeHus npoLeccoB
oTOCUHTE3a B NIUCTbSIX 3@ CYET HAHO 4YacTuL C BbICOKOPA3BMTOW MOBEPXHOCTbIO U Hannivem
XUMUYECKN aKTUBHbIX (PYHKLMOHANbHbLIX rPynn B rymaTo-canponeneson cycneHauun. MNpumeHeHue
B pacTEHWEBOACTBE B KayecTBe yOoOpeHus M B XMBOTHOBOACTBE B BuOE KOPMOBbIX [00OaBOK
yNbTpaguCcnepcHon rymaTto-canponeneBor CYCrneH3unm u3 03epHOro canponens no3BonuT B
AanbHenweM 3aMeHUTb JOPOrocTosiLLMe MMMOPTHbIE NpenapaThl U pewnTb Npobnemy 3ameLleHus
nx umnopra.
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