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The present paper deals with environmental pollution, toxicity of chemicals, prepared according to
novel technologies and used as fertilizers, daily products, petroleum products, polymers, solvents,
detergents, explosives and other products, in different branches of industry. Finally circular
agriculture with corresponding aims and scales summarizes discussions by presenting the circularity
of existing in branch processing. In the presented material lately developed the global ecological
technology based on joint application of plants and microorganisms naturally decontaminating the
environment are discussed. Agricultural harvest processing is presented as typical example of
circularity where the processing of wastes undergo to the further microbial transformation by
basidial fungi, degrading natural polysaccharides and forming biomass containing typical for
basidial fungi cells compounds such as proteins, amino and organic acids, vitamins and other
products. The whole process of agricultural harvest processing with low waste technologies is

presented as classical example of circular agricultures. © 2024 Bull. Georg. Natl. Acad. Sci.
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Nowadays, urgent need for acceptable collabora-
tive link between industry, economy and ecology
becomes basic necessity. These links are parti-
cularly important in agriculture harvest processing
of food, beverages, wine. Since, the world develo-
ping vector is unique and rather changeable, it
permanently requires special attention and corres-
ponding action. No doubt, the world today differs
from what it was even few decades ago. In addition
to the existing planetary environmental problems
new ones, by time raised: formation of stable
anthropogenic substances by realization of novel
innovative technologies, as final products, inter-
[1-3]. These stable

mediates and/or wastes

anthropogenic substances being released into the
environment and accumulated in soil and water
reservoirs due to their stability and toxicity, create
highly undesirable additional ecological danger.
Nowadays, demands of the pesticide quality
became more severe, according to which pesticides
should satisfy to human beings and environment
requirements. It becomes clear that local ecological
technologies (chemical, physical, biological) being
used nowadays are unable to even protect the
existing ecological balance. Being highly important
problem, environment should attract much of
society’s attention today, because tomorrow, it

could be already late. Likely, the most realistic way

© 2024 Bull. Georg. Natl. Acad. Sci.
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to keep the current ecological stability and improve,
is to pay more attention to the vitally important,
most global natural processes, accelerating
intensity of the colossal amount of carbon and
nitrogen compounds circulation: photosynthesis
and molecular nitrogen fixation. Such possibilities
definitely exist. Despite the enormous financial
cost, attention should be paid to the landscaping of
huge desert areas of North Africa, South-West Asia
and other similar places, by rapidly growing and
nitrogen fixing plants, their growth promoting
microflora including nitrogen fixing bacteria. It
should be noted that quite large part of the world’s
population suffers from shortage of food. The
purpose of circular economy is to maximally use all
planetary existing potential of food and energy
resources to feed and satisfy global community
creating for Homo sapiens lifesaving way in

parallel to society development.

Environment. Permanently worsening environ-
ment in the 21 century reached the level that affects
everyone’s life. Nowadays environmental prob-
lems, should be discussed as problems of the entire
planet due to the universal distribution of toxicity.
The annually increasing amount of natural and
especially anthropogenic contaminants in the
biosphere, mostly of technogenic origin and toxic
nature, reached critical level and clearly expressed
tendency for further growth. In 2021, the EU
produced total of 279 million tons of industrial
chemicals (both hazardous and non-hazardous) and
consumed 299 million tones, it is 4% increase
compared with 2020. So, the amount of consumed
chemicals of different molecular weights, reactivity
and toxicity, such as petroleum products,
pesticides, fertilizers, solvents, emulsifiers, paints,
synthetic polymers, explosives, etc., is annually
growing [4]. Approximately 50-70% of these sub-
stances are effectively used in agriculture and
different fields of industry being metabolically or
conditionally degraded. More hazard and hardly

biodegradable compounds, remain in soil and water
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reservoirs for a long time, several decades. As it
was discovered [5-8]; two metabolically active
representatives of the nature: microorganisms and
plants assimilate almost all kinds of toxic conta-
minants and degrading permanent decontamination
and protection of the environment. Complex decon-
tamination processes consisting of many stages and
chemical transformations are mainly based on
biological oxidation of natural and artificial
technogenic compounds, carried out by microbial
and plant enzymes, could be expressed by the
following simplified general scheme (Fig. 1).
Transformations presented in Fig. 1 naturally
take place by using existing power of nature direc-
ted to transform environmental toxicity to nontoxic
compounds acceptable to plants and microorga-
nisms. As it was primarily detected [5-8] both mic-
roorganisms and plants convert (metabolize) toxic
chemical compounds to cells typical metabolites, or
finally mineralize them, mainly by the above
presented mechanisms of biological oxidation. It
has also been shown that natural biological effi-
ciency by decontamination power significantly
superiors to all used ecotechnologies. The selec-
tion of microbial strains and plants varieties as
ecological agents actively decreasing the spread in
nature toxicity allows for the creation of micro-
bial/plant based ecotechnologies in a global scale.
Such technologies are one of those real processes
that could be used for the purification of large
polluted areas, avoiding the use of the deconta-
minating environment technologies that worsen the
nature. Bioremediation and phytoremediation frie-
ndly to nature technologies are based on the use of
selected strains (or microbial consortia) and plants
representing accelerated copies of natural processes
carrying out exhausted decontamination of the
environment. Being an economically competitive
with conventional technologies they attract more
and more attention as active instrument for the

global decontamination of environment.
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Organic, hydrophobic (nonpolar) contaminants ‘

Primary enzymatic transformations

Reduction: nitroreductases,
dehalogenases, etc.

Oxidation: monooxygenases,
peroxidases, phenoloxidases,
laccases, dehydrogenases, etc.

Hydrolysis - esterases

.

|

Intermediates, transformed contaminants, with
hydrophilic (polar) functional groups
(-OH, —COOH, —NH,, etc.)

Continued intermediates transformation,
mineralization by oxidases and enzymes
of Krebs cycle

Final cell metabolites, CO,, H,0

Fig. 1. Basic processes of toxic compounds decontamination process in plants and microorganisms.

Technologies. Annually increasing planetary
population (approximately by 100 millions of
citizens) need for food, feed, energy and industry
extra quantity of carbon and nitrogen. The total
planetary amount of these elements is strongly
limited. The first and the most real and attractive
source is atmosphere containing a great amount of
nitrogen (78% of atmosphere gases) and carbon
dioxide (0.005%).

supported by two natural processes — photosyn-

Planetary life is greatly
thesis and biological fixation of molecular nitrogen,
accumulating carbon in the form of organic com-
pounds and usable forms of nitrogen. Photosyn-
thesis is a natural process of organic compounds
synthesis from carbon dioxide and water by green
plants and certain microorganisms using light
energy; molecular nitrogen fixation is a complex
natural process of converting gaseous nitrogen (N>)
into NH3, NO, and NOs by free living and sym-
biotic nitrogen fixing bacteria with plants partici-
pation. These compounds are absorbed by plants
and microorganisms and converted into cellular
organic nitrogen containing compounds (amino
acids, proteins, nucleic acids, etc.) that are further
consumed by animal organisms for their growth
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and development. These two naturally occurring
attractive global biological processes largely deter-
mine the existence of life on the Earth.

The unimaginable list of various technologies
is so large that it is impossible even to enumerate
them. Quite often the well-developed economic
concept becomes a base for the novel technology.
Exceptionally wide possibilities of current techno-
logies especially in chemistry and biology allow to
produce the huge amount of diverse products,
including great amount of stable, carcinogenic che-
micals, pesticides, petroleum products, polymers,
solvents, detergents, explosives, etc. up to biodeg-
radable, physiologically active analogues of secon-
dary metabolites, medicines, etc. One of the main
requirements to novel chemical technologies, not of
military significance, is their nontoxic nature.
Regularly produced in a huge amount are chemicals
unfortunately containing toxicity (fertilizers, pesti-
cides, daily products, varieties of chemicals, etc.),
that worsen the environment. For the massive pro-
duction of non-toxic chemicals, the careful selec-
tion of all compounds participating in chemical
reactions should be carried out. Selected chemicals

should be free of toxicity but if toxic compounds
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participate in chemical synthesis frequently toxicity
is transferred into the final product.

There are some interesting relations between
the toxicity and the structure of the organic
compounds. Back in 1869, Richardson discovered
[9] the dependence between the size of chemical
compounds molecular mass and their biological
activity. This postulate has been many times pro-
ved. The increase of molecular mass of alcohols’
resulted in increase of their narcotic and toxic
properties, the only exception is methanol as basic
compounds forming toxic metabolites. Richard-
son’s Law effectively works in case of alkanes,
alkenes, alkynes, dienes, cycloalkanes and some
other homologous of these series of compounds;
the exception are aromatic hydrocarbons. In
organic chemistry this Law is effective up to some
level of molecular masses. In some cases the
increase in molecular masses of compounds results
in decreasing the toxicity, for instance in case of
aliphatic diols chains prolongation decreases
toxicity of compounds, the most toxicity reveals
ethylenglikol; thus, obviously the Law has quite a
few limitations and could not be used as a widely
accepted universal methodology.

There are some other data indicating relation-
ship between the structure and the toxicity of com-
pounds. One single side chain of cyclic compounds
in comparison with its isoform shows increased
narcotic properties. Among the number of the cases
incorporating in cyclic structures carbon atoms
reveal more toxicity in comparison with acyclic
analogous. Linear carbon compounds are more
toxic as compared with branching structures. Cor-
relation of the toxicity also is observed in compo-
unds containing different number of chemical
bonds between carbon atoms. Quite often organic
compounds toxicity depends on the location of
halogen atoms in the aliphatic chain. The toxicity
of benzene homologs depends on functional groups
location. Toxicity is observed to less degree in case
of position of functional groups in para- position

compared to orto- and meta- isomers [10,11].
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No doubt, the above mentioned and some other
assumptions could be successfully used in synthetic
chemistry to avoid or significantly decrease the
toxicity of final compounds. But it should be
underlined that the above mentioned and other
existing suppositions based on structure-toxicity
relationships could not be accepted as general rules
for common applications due to many limitations.
Their effective application is limited by some
particular cases.

Novel methodology, such as QSAR (Quanti-
tative Structure—Activity Relationship), allows
more sharply pre-install and evaluate the action of
chemical compounds on biological objects [12-15]
This methodology allows to pre-install possible
toxicity of produced compounds and range of their
lethal action (LDso). QSAR concept is based on a
supposition that physiological activity of chemical
compound is a function determined by its mole-
cular structure. That makes possible to predict the
results of physiological activity of compounds
based on the analysis of their quantitative chara-
cteristics of particular structure features data. The
linear relationship between physiological activity
and chemical structure of compounds is manifested
between lipophilicity and toxicity. From this point
of view highly informative is coefficient of com-
pounds distribution between nonpolar and polar
solvents, for example, oil-water partition coeffi-
cient. It has been proved that this addiction could
be calculated from structure of the molecule, by

following equation:
log(1/C) = —k(log P)’ +k'(log P)+ po + k",

where C corresponds to the dose calculated accor-
ding to its physiological action, as for instance
LDso, logP is the partition coefficient between
octan-1-ol and water, G is the substituent electronic
effect of Hammet, and &, £’, p and k" are the
regression coefficients, derived from the statis-
tical curve fitting [13]. It has to be underlined that
there are no common rules as a universal indica-

tions due to what kind of chemical groups or
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compounds should be used in synthesis to produce
final nontoxic chemicals; but above brought infor-
mation still allows, in a number of the cases, the
production of nontoxic, friendly to nature chemi-
cals.

Synthetic chemistry comprises organic, inorga-
nic, and biological materials to construct molecular
architecture of increasing complexity through the
purposeful realization of chemical reactions poten-
tials. In this field the advantages should be given to
the degradable fertilizers, pesticides, polymers,
daily products, stabilizers, aromatizes, etc., recei-
ved by green technologies. It would be also quite
reasonable to mention the movement of so called
Green Chemistry, the new direction of chemistry
started in 20" century. The strategy of Green Che-
mistry is the creation of environmentally safe che-
mical technologies and products such as solvents,
fertilizers, pesticides, etc. [16]. As highly perspec-
tive and environmentally safe way is recognized the
wide application in chemical and biological
technologies all kind of enzymes based reactions
carried out by microorganisms or enzyme prepa-
rations. The future of a novel highly scientific tech-
nologies as a platform related to their wide appli-
cations should be first of all chemicals nontoxicity
and friendly to nature relation [17-19]. Further
development and improvement of natural-like
technologies quality and quantity should allow step
by step to replace extensive industry to green inten-
sive so much needed for the growing population of

the planet.

Circular economy. Circular economy concept and
strategy attract international attention in light of
increasing consumption and resources use by a fast-
growing population with rising standards of living.
Circularity refers to the uses and reuse (retrans-
form, rebuilt, resynthesize, etc.) of resources,
materials and products, with the aim of maximal
use of all type of valuable carbon, nitrogen and
other not renewable elements and material sources.

It should be underlined that circular economy does
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not require any additional resources or materials
and is based on the reuse of traditional wastes and
low cost materials and elements (carbon, nitrogen,
and other elements) containing substrates. This is a
comparatively new economic model [20-22] repre-
senting sustainable progress towards efficient green
growth, moving from a consumption and disposal-
based linear model to extending the life and use of
products and materials maximally minimizing
wastage. The circular economy clearly goes beyond
resource recycling providing the framework to
develop new economic model aimed at increasing
the value, use and life of materials and circularity
of used elements. Circular economy strategies have
been under development just in the last few years.
Widely applying circular economy strategy and
approaches influences industry potential, by signi-
ficantly decreasing industrial emissions, by redu-
cing the production of hazardous substances and
contribute to climate change mitigation. Having
clearly seen economic and ecology effects circular
economy allows increase diversity of products does
not requiring the additional resources. Under cir-
cular economy, global, eco-friendly technologies,
creation of novel products and the maximal use of
all kinds of technologically available materials and
elements have an interdependent, organic relation-
ship that supports the existing standard of life.

To demonstrate effectiveness of circular eco-
nomy strategy in industrial processes, good exam-
ple would be, the analysis of the technologic pro-
cessing of agricultural harvests in different bran-
ches of food industry: such as, essential oil
production, cane industry, wine making, etc.,
accompanied by forming the huge amount of plants
wastes. Below are presented the consequence of
action corresponding to the novel technological
path from soil to the final traditional and novel
products, based on maximal effective use of
carbon; These processes are based on internally
accumulated wastes and do not require any
additional resources (22).
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soIL CONVENTIONAL
TECHNOLOGIES
Wastes,
Healthy Harvest plants
Healthy harvest processing biomasses
Soil
Treated by non Market Products: essential oil,

toxic pesticides canning products, wines,

corn products, potato
products, etc.

Fig. 2. Circular processing of agricultural harvest.

According to circular economy strategy after
the final stages of harvest processing and formation
of main product, process with wastes treatment is
continued; followed by consistent use of valuable
carbon compounds (carbohydrates, amino and
organic acids, phenolic compounds, vitamins, etc.)
from the primary wastes (by: extraction, separation,
thermal treatment, hydrolysis, high pressure, etc.)
as a traditional renewable food and feed ingre-
dients; after such treatment, the most effective way
of residual waste biomass, further processing could
be the microbial transformation by nontoxic basi-
dial fungi strains or consortia, degrading natural
polysaccharides: cellulose, hemicellulose and lig-
nin, by set of basidial fungi extra cellular enzymes:
cellulases, hemicellulases (xylanases), ligninase,
Mn-dependent peroxidase, etc., converting natural
polysaccharides into the high quality valuable

Bull. Georg. Natl. Acad. Sci., vol. 18, no. 4, 2024

WASTES MICROBIAL
PROCESSING TRANSFORMATION
Extraction, Basidial Plants polisacharides
Separation, fungi conversion into single

High pressure, cell protein (SCP)

Thermal processing, etc.

| |

The sum of plants Selected Converted biomass,
metabolites (food and genera of cantaining non toxic
feed ingredients) basidial fungi ~ single cell metabalites

(protein, carbohydrates,
amino and organic acids,

feeding product, such as, single cell protein, (in
average basidial fungi strains require 8-15 weight
parts of cellulose for the formation of one weight
part of protein; authors data!) formed biomass
containing other regular metabolites of basidial
cells, represents healthy, novel product highly
effective for feeding animals and poultry.

Finally, the low-waste technological chain pre-
sented above completely corresponds to the circular
economy strategy and includes production of tradi-
tional products, elimination of all valuable compo-
nents from the primary harvest wastes, formation of
novel products — single cell proteins, enriched by
diverse secondary metabolites typical for basidial
fungi. Transformed by basidial fungi biomasses are
commercially valuable on three levels: as food ing-

redients, as a feed ingredients and as fertilizers.
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