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Abstract

The Curonian Spit, a massive sandy barrier separating the Curonian Lagoon from the Baltic
Sea, is one of the unique places in Europe. It stretches as a narrow (ranging from 0.4 to 3.8 km in
width) slightly concave arc for 98 km (46 km in Russia and 52 km in Lithuania) from the
Peninsular of Kaliningrad to the city of Klaipeda. The main environmental problem of the Spit is
the wind movement of the sands. The sand-fixing works were initiated in the second half of the
XVIII and continues to this day, but the problem of sand fixing is still relevant. However the
formation of relatively stable columnar and layered sand structures was observed on the lagoon
and the sea coast. The task of this work was to determine the reasons for the formation of such
structures, which is important for the continuation of work on strengthening the coastal zone of the
Spit. The main methods used in this work were scanning electron microscopy and EDS analysis for
determining the morphology and composition of particles, laser and x-ray diffractometry for
determining the size distribution and the mineralogical composition of particles. The study was
focused on sands of the coastal line, where wind activity is greatest. Sands of the sea and lagoon
coast differ not only in the size of the predominant fraction and morphology of particles, but also in
the type of relatively stable structures formed by them (layered structures of horizontal
stratification on the sea coast and columnar sands on the lagoon coast respectively). The formation
of sandy contact-aggregate structures (contacts of the edge-to-edge and face-to-face type,
respectively) occurs with the participation of clay structural bridges, without them the sands
remain incoherent. The use of lagoon marl with a high content of fine particles and CaCOj; can be
very promising for creating such clay-sand structures, fixing and stabilization of the sands.
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1. Introduction

The Curonian Spit, a massive sandy barrier separating the Curonian Lagoon from the Baltic
Sea, is one of the unique places in Europe in both environmental and geological terms. The spit
belongs to the largest accumulative phenomena in the Baltic Sea (Labuz et al., 2018), it stretches as
a narrow (ranging from 0.4 to 3.8 km in width) slightly concave arc for 98 km (46 km in Russia and
52 km in Lithuania) from the Peninsular of Kaliningrad to the city of Klaipéda. It represents a
typical erosional-accumulative body (Zenkovich, 1962; Boldyrev, 1998) related to the erosion of
cliffs on the Sambian Peninsula and bottom sediments of the Baltic Sea.

The Curonian Spit is a young geological structure (an ephemeral in the geological time scale)
that appeared in the Middle — Late Holocene as a result of sediment transport by coastal currents
and wind (Kharin G., Kharin S., 2006; Zhukovskaya, Kharin, 2009). The formation of its core
started 6—8 thousand years ago and is related to the end of the transgression of the Littorina Sea
(Bitinas et al., 2001, 2002, 2005; Bitinas, Damusyté, 2004; Cesnulevi¢ius et al., 2017). The Spit
assumed its present-day position and appearance approximately 3—5 thousand years ago at the
Littorina and post-Littorina stages (Blazhchishin, 1998) and 2 thousand years ago it reached the
continental coast (Kabailiene, 1967; Kunskas, 1970; Starkel, 1977; Gudelis, 1979, 1998a, b; Kliewe
and Janke, 1982; Mojski, 1988; Miiller, 2004). Curonian barrier—lagoon conjugated system likely
formed simultaneously during the Holocene optimum (Badyukova et al., 2008, 2011).

Geologic structure of the Spit is made up by eolian, marine and water-glacial Quaternary
deposits of the contemporary and upper sections. The eolian complex composes the avandune, the
upper layer of palve and the thick layer of the dune massifs. Beneath it there is the sea generation
of sands with the stringers of loam, peat, silt and so on, that are underlain by moraine and inter-
moraine loam of the Valdai Glaciation. According to Gudelis’s model (Gudelis, 1954) widely
accepted today, the Curonian Spit consists of sand dunes, including immobile dunes of first
generation, mobile dunes of second generation, and avandunes. Their thickness (height) reaches
60 m.

Wind-blown sand movement is the main geomorphological geodynamic process that
currently occurs in the Spit (Cesnulevi¢ius et al., 2017). The dune complexes are the main relief
elements of the Curonian Spit. Its dunes are the highest dunes in Northern Europe and reach more
than 30 m in many areas; the Vicekrugo dune (67 m height) is the highest dune form along Baltic
Sea coast. All the biggest dune’s massifs are forming so-called Great Dune Ridge that stretches
along the entire lagoon coast of the Spit. The history of geological development of the Great Dune
Ridge is poorly known except the fact that the Great Dune Ridge has been formed only starting
from the XVI century due to extremely high aeolian activity influenced by destructive human
practices — clearcutting of forests in the greater part of the Spit (Gudelis, 1998a; Bucas, 2001;
Dobrotin et al., 2013; Bitinas et al., 2018).

Vegetation plays a key role in sand stabilization and relief stability. A sandy surface that is
devoid of vegetation tends to be deflated (Labuz et al., 2018). Starting in the beginning of XIX
century, a substantial part of the Curonian dunes was artificially forested. It arrested some aeolian
activity and protected the villages against sand invasion. At the same time, starting in 1805, the
artificial foredune was formed along the entire length of the marine coast of the Curonian Spit. This
foredune protected (as a barrier) the inner part of the Spit from the seashore sand drift. The sand-
fixing works continues to this day. However, as proved by observations and demonstrated in many
publications, sands of the Curonian Spit cannot withstand the destructive wave and wind activity.
The problem of sand fixing is still relevant.

Since the middle of the 20t century, the Curonian Spit has become an object of
comprehensive investigations (aeolian process, geological context, morphogenesis of dunes,
granulometric composition of sand, age and composition of the lagoon marl, etc.). Whereas
mineral and granulometric composition of sand and the outcrops of lagoon marl have been known
for decades, their important features such as particle morphology, composition and form of
manifestation of minerals, are overlooked. It should be noted that the latter can largely affect the
physical properties of sand deposits, their fixing and stabilization. For example, the formation of
relatively stable unusual columnar sand structures was observed on the lagoon coast and layered
sand structures on the sea coast. The task of this work was to determine the reasons for the
formation of such structures, which is important for the continuation of work on strengthening the
coastal zone of the Spit.
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2. Materials and methods

Study area and samples

The climate of the Curonian Spit is maritime — sub-continental and is characterized by
frequent and intensive changeability of weather, by mild winter and moderately warm summer
(Orlyonok, 2002). The mean annual temperature in February is —4.1 °C and in August 17.3 °C
(Peyrat, 2007; HELCOM, 1996). The average annual air temperature is +7.0 °C, with the absolute
minimum of —26 °C (January) and the absolute maximum of +31 °C (June). The average annual
precipitation is 660 mm, the maximum falls on the period from October till February. The height of
the snow cover is up to 15—20 cm. Westerly and south-westerly winds from the Baltic Sea are
prevailing on the Spit, their mean velocity being 5.5 m/s. The study area is located in a zone of high
wind activity with a wind power up to 600—700 W/m?2. Strong winds with a speed of 15 m/s and
more (stormy) occur in the region in autumn and winter, on average up to 5—10 times a year. Storm
winds sometimes reach hurricane force — up to 25—40 m/s. It influences the sand movements and
causes a phenomenon called “drunk forest”, especially on the windward slopes and on the coastal
line (UNESCO WHN, 1999; Kalinauskaite, Laaka-Lindberg, 2013).

The study was focused on sands of the coastal line, where wind activity is greatest. The most
distinct morphology sampling sites and samples along onshore and offshore of the Curonian Spit
were selected. The samples were taken to the depth 0—10 cm in June 2019. The sampling sites are
briefly characterized in Table 1 and are shown on a schematic map (Figure 1) and photos (Figure 2).

Table 1. Brief characteristics of the sampled sites in the coastal line of the Curonian Spit

No Site Morphology of sampling site and samples

1 Lagoon coast sandy cliff near Neringa, columnar sand 10x10 c¢m top face
55°17'33"N, 20°59'58"E  of the column, height up to 25 cm

2  Lagoon coast dunes, leeward side (wind shadow) of the dune, its foot
55°12'01"N, 20°52'59"E

3  Sea coast the sandy cliff, grey layered sand at its base
54°59'31"N, 20°33'36"E

4  Sea coast the sandy cliff, outcrop of buried podzolic paleosol, the

54°59'53"N, 20°34'30"E fallen part of the illuvial horizon paleosol

5  Sea coast beach, dark crimson sand
55°02'23"N, 20°38'57"E

6  Lagoon coast beach, dark crimson sand
55°02'40"N, 20°40'37"E

7  Sea coast sand beach, piece of layered compacted clay 10x20x5¢cm in
55°09'48"N, 20°48'53"E size with fine white inclusions
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Fig. 1. Schematic map showing coastal sections characterized by the present-day processes
(1) abrasion, (2) destruction of avandunes, (3) accumulation (Kharin G., Kharin S., 2006)

and sample site locations (4)
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Fig. 2. Landscapes of the sampling sites: a — sand cliff of the lagoon coast, columnar sand (site 1);
b — dune wind shadow of the lagoon coast (site 2); ¢ — the sandy cliff of the sea coast (site 3); d —
outcrop of buried podzolic paleosol, the fallen part of its illuvial horizon, arrows (site 4); e — dark
crimson sand of the sea and lagoon beaches (sites 5 and 6); f — layered compacted clay of the sea
beach (site 7)

Methodology

The major methods were granulometric and gross analyses, optical (OM) and scanning
electron microscopy (SEM). Optical studies were performed on a Discovery V.12 microscope with
an AxioCam MRc5 camera (Carl Zeiss, Germany). The SEM analysis was carried out using VEGA 3
LMH (TESCAN, Czech Republic). For the analysis, the samples, after grinding and sieving through
a 2-mm sieve, were prepared via pouring, Pt-spraying and magnification of up to 20,000.
A backscattered electron detector (BSE detector) was used for the analysis of phases with a high
atomic number. When images are acquired using a BSE detector, phases with a high average
atomic number are reflected in contrast more vividly than those with a lower atomic number.
The X-max 80 energy-dispersive spectrometer (Oxford Instruments, UK) was used to analyze the
elemental composition of the most representative regions. The capture area of the microanalysis
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was about 1 pm in diameter. If a smaller object was scanned, the result was distorted due to the
influence of the surrounding matrix or the carbon table of the device. The particle size composition
(without decomposition of carbonates) from 0.01 to 2,000 um determined with the laser
diffraction method on a particle size analyzer SALD-2300 (SHIMADZU, Japan). Before the
analysis on the SALD-2300 (flow cell), a water suspension of the test sample (~0.5 to 1 g depending
on the suspension absorption) was treated with ultrasound (built-in disperser for sample
homogenization) (Wolform, 2011; Rawle, 2017; Kharitonova et al., 2017). The contents of selected
chemical elements were determined via the X-ray fluorescence method (XRF) (Pioneer S4, Bruker
AXS, Germany), using the silicate technique. Desktop X-ray diffractometer “MiniFlex II” (Rigaku
Corporation, Japan) was used to determine mineralogical composition. X-ray diffraction patterns
were recorded in Bragg—Brentano geometry, sample preparation and interpretation according to
Moore and Reynolds recommendations (Moore, Reynolds, 1997).

The SEM, XRF and X-ray diffraction analyses were carried out in the Analytical Centre at the
Institute for Tectonics and Geophysics, Khabarovsk, Far East Branch of the Russian Academy of
Sciences.

3. Results and discussion

Before characterizing sand and their structures observed on the coastal line, we introduced
data on particle-size distribution (PSD), which is one of the fundamental features of sediments,
in many ways determining their physical and chemical properties. Additionally, PSD is a source of
important information about the origin of sediments (alluvial, marine, and eolian), their transport
history and sedimentation conditions. According integral analysis PSD, samples of both the lagoon
and the sea coast are coarse sand (particle size 200—2000 um), the content of which is 9o % or
more (Table 2). An exception is a sample of compact clay from the sea coast (Figure 3), the content
of coarse sand is less than 10 %, main fraction is fine sand (particle size 50-200 um).

Table 2. Selected physical and chemical properties of sandy samples

Particle size

C e
distribution, % Gross composition, %

No Particle size, um

200
<50 gg; — | Si0, | TiO. | ALOs | Fe.05| MnO | CaO | MgO | Na.O | K.O | P.Os
2000

1 o0 01 999 9057 01 14 10 00 03 02 04 0.5 0.1

2 o) 0.3 99.7 0964 0.0 1.1 1.0 00 02 02 04 04 0.1

3 o 9.6 00.4 93.0 0.1 2.6 1.5 0.0 0.4 0.4 0.6 1.1 0.2
4 o 11 98.9 929 0.1 2.5 2.2 0.0 0.3 0.3 0.6 0.8 0.2
5 o 10.8 89.2 334 19.2 56 174 0.9 2.3 1.4 0.7 0.1 0.4

6 o 7.2 028 282 236 4.8 176 0.9 2.0 1.3 0.8 0.1 0.5

7 31.8 59.0 92 344 05 35 54 02 261 17 0.7 13 0.2

72




Biogeosystem Technique, 2019, 6(2)

Fig. 3. Photomicrographs of sandy samples: a — site 1; b, ¢ — site 3 (arrow — kidney sepiolite
microaggregate); d — site 4; e — site 5, 6; f — site 7. For other explanation see text

The sand of the sea and lagoon coasts differs significantly in the differential particle size
distribution (Figure 4), which is associated with the wind and wave activity of the coasts (it is much
higher on the sea coast). Thus, the most representative fraction of the lagoon coast sand (sites 1 and
2) is the coarse sand fraction 500—-1000 pum (Lozet, Mathieu, 1990). It is characterized by a peak in
differential curves with a maximum of 700 um and an intensity of 12.4 %. For the sea coast sand
(sites 3, 5), the peak of the differential curves falls on the medium-coarse sand fraction 200—
500 um (290 um and 12.2-14.4 %, respectively). They differ also in the asymmetry of the peaks.
If for the sands of the lagoon coast the asymmetry is left (Figure 4a), then for the sands of the sea
coast it is right (Figure 4b). The shift of the maximum particle size peak for sample 4 appears to be
related to the formation of cutanes from iron hydroxides and siderite on the surface of sand grains.
Sample 7 is characterized by the smallest particle size, the maximum peak of the main fraction
113 um with an intensity of 6.0 % and left asymmetry (Figure 4c). Next we will return to the
consideration of the properties and genesis of the latter.
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Fig. 4. Particle-size distribution in samples, differential curves: a — lagoon sand, thick line — site 1,
dashed line — site 2, thin vertical line — upper limit of fine sand size 200 um; b — sea sand, thick
line - site 3, 5, 6; dashed line — site 4; ¢ — site 7

Light colored sands (samples 1—3, Figure 3) are represented by well sorted coarse-grained
sand. Quartz prevails in their mineralogical composition (Figure 3a, b), their SiO. content reaches
90 % or more (Table 2). Amount of feldspar and sepiolite (kidney shaped microaggregate —
Figure 3c) is subordinate. Differing from them by a more brown color and weak sorting of particles,
sample 4 (the illuvial horizon of the buried podzolic paleosol) contains significantly more oxides
and hydroxides of iron, due to which the particles are cemented. Dark colored sands (samples 5
and 6, Figure 3e) differ significantly from light sands (samples 1—3). Their grains are more rolled,
they contain significant amounts of heavy minerals (magnetite and ilmenite); the content of
lightweight silicates (quartz and feldspar, mainly K-feldspar) in them is much smaller (Table 2).
Sample 7 (sea coast, sand beach) is represented by fine-grained gray clay-clastogenic mass with
rare grains of quartz, micro-flakes of clay minerals and shells of micromollusks (Figure 3f) and
characterized by an abnormally high CaO content (>25 %).

Thus, according to the basic methods of analysis (gross and granulometric analyses, optical
microscopy), which characterize the properties of the sample as a whole, the proximity (similarity)
of the physical and chemical properties of samples 1—4 (15t group, light colored sands), samples
5—6 (2nd group, dark colored sands) is clearly diagnosed. Lagoon and sea coast sands of the 1st
group differ in granulometric composition and content of Al.O5;, which is associated with wind
activity coasts and participation in the composition of sands clay minerals. However, it is very
difficult to explain why relatively stable (without external influence) columnar sands are formed in
one case (site 1); in the other there is the formation of stable sand structures of horizontal
stratification (site 3). Attempts to explain the stability of certain sand structures on the Curonian
Spit have already been, and very interesting. Thus, Jarmalavi¢ius and colleagues (Jarmalavicius et
al., 2015) found that the height of the dune depends on the granulometric composition of the sand
and the ratio of its individual fractions. But the authors used mainly a statistical approach for the
explanation.

Without the involvement of new approaches and methods of analysis it is also difficult to
explain the extremely high content of CaO (26 %) in sample 7 (layered compacted clay), in which
the content of SiO, is close to that in the sands of 2 group (~30 %). The contribution of
micromollusk shells to the content of CaO does not exceed 10—15 %. We suppose that the most
relevant approach may be the use in this case of high-local analytical methods, such as scanning
electron microscopy, XRF and X-ray diffraction analyses, in conjunction with standard physical
and chemical methods.

SEM methods allow high resolution determination of the morphology of individual particles
and their qualitative composition (at a "point" of ~ 1um2 and selected fragments). The use of SEM
and EDS-analysis revealed differences in the morphology and fine structure of the studied samples,
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the characteristics of which were similar at standard methods of analysis. Thus, sample 1
(columnar sand, site1) is characterized by a significant number of grains with flat faces and
relatively clear edges. Clay particles are concentrated on them, forming thin structural bridges
(Figure 5a). The grains of grey layered sand (site 3) are also flat, but more rolled and smaller.
In contrast to sample 1 clay particles is concentrated on flat surfaces of sand grains; herewith the
area of the formed structural bridges is much larger (Figure 5c). Apparently, the formation of
columnar structures (site 1) occurs due to clay structural bridges — separate contacts of edge-to-
edge type — between sand grains (van Olphen, 1977; Osipov, 1989). The formation of stronger
contacts of the face-to-face type leads to the formation of more stable sand structures of horizontal
stratification (site 3). Since the strength of the structure is determined not only by the strength of
the individual contact, but also by the number of contacts per unit surface area (Osipov, 1989).
In turn, the overwhelming number of quartz grains of sample 2 (leeward side of the dune, the base)
have large cavities, cavities and pits in place of the destroyed vacuoles and cracks of an annular
nature. Allocation of clay bridges structure on them is not diagnosed (Figure 5b), so the formation
of contact-aggregated structures does not occur.

Fig. 5. Micrographs of the quartz sand in sampling sites of the Curonian Spit: a — site 1, arrow —
clay “bridge” on edge of the grain; b — site 2; ¢ — site 3, arrow — clay “bridge” on the face of the
grain; d — site 4; e, f — sates 5 and 6. SEM, BSE-detector, for other explanation see the text
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The cemented neoformations (ortzands) found on the sea coast are the falls of the illuvial
horizon of buried podzolic paleosol. Their high connectivity and hardness in the dry state is
determined by the formation of a large number of ferrous organomineral contacts (bridges
structure) on the surface of clastogenic grains, mainly quartz (Figure 5d). According to EDS-
analysis, the carbon content in them reaches 40 at. % , iron and aluminum — up to 6 and 2 at. %
respectively (Figure 5d, arrow).

Due to the long-term influence of wind and wave activity the quartz grains of the dark sands
(sites 5 and 6) compared to grains of the light sands are more rounded in shape and have small
cavities and pits on the lateral surfaces (Figure 5e). Grains of diagnosed heavy minerals — garnet
(Figure 5f), magnetite Fe;0,, ilmenite FeOTiO.,, kyanite Al.SiO;, monazite (Ce, La)PO,, are also
well rolled. Quite unusual rounded shape of the grains is observed for zircon ZrSiO, (Figures 6a-e).
It should be noted that the composition of the dark sands of the sea and lagoon coast is close (Table
2), except for the presence of freshwater diatoms in the composition of the latter (lagoon sands)
(Figure 6f). According to gross analysis data, SEM and EDX-analysis, ilmenite FeO-TiO.
predominates in heavy minerals. There is quite large size up to 400 um grains of monazite,
containing in addition to the basic elements (La and Ce) Pr, Nd and Th.

Fig. 6. Micrographs of the heavy minerals in sand of the Curonian Spit (sampling sites 5 and
6): a — magnetite Fe;0,; b — ilmenite FeO-TiO., inclusion of apatite Caz(PO,);(OH) in the center of
the grain; ¢ — kyanite Al.SiO;; d — zircon ZrSiO,; e — monazite (Ce, La)PO,; f — diatom on ilmenite
grain. SEM, BSE-detector, for other explanation see the text
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The similarity (with significant differences) of the mineralogical composition of sandy
samples of the studied territory is that all of them, including the sample of layered compact clay,
contain sepiolite and calcium phosphate (apatite). Sepiolite and apatite are diagnosed mainly in the
form of rolled kidney shaped grains with a size of 300-1000 pm (Figures 7, 8). Single
microaggregates of fine weathered sepiolite (Figure 7d, arrow) and destroyed weathered grains of
apatite (Figure 8d, arrow) were additionally diagnosed in the grey layered sand sample (site 3).
The detection of fine sepiolite microaggregates can serve as an indirect confirmation of its
participation (as fine sepiolite bridges) in the formation of layered sand structures.

It was not possible to detect sepiolite in sample 4 (the falls of the illuvial horizon of buried
podzolic paleosol) by SEM and EDX-analysis methods, because the particles are covered with thick
ferrous organomineral films. For the same reason it was not possible to find grains of apatite in this
sample. However, phosphorus has been diagnosed in the ferrous organomineral films (Figure 8e).
According to EDS-analysis its content in films reaches 1.2 at. %. In a sample of layered compact
clay, P is fixed only in the composition of clay microaggregates (Figure 8f), its content reaches
2.5 at. %, and the atomic ratio of P and Ca in them is close to that in apatite.

Fig. 7. Micrographs of the sepiolite grains in the sands of the Curonian Spit: a — site 1; b — site 2; c,
d — site 3, arrow — microaggregate of weathered sepiolite; e — site 5; f — site 7. SEM, BSE-detector,
for other explanation — see the text
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Fig. 8. Micrographs of the apatite grains in the sands of the Curonian Spit: a — site 1; b — site 2; c,
d — site 3, arrow — weathered apatite grains; e — site 4; f — site 7. SEM, BSE-detector, for other
explanation — see the text

It should be noted that the extremely high content of CaO in the sample of layered compact
clay is associated not only with the presence of micromollusks, but also high-carbonate clay
(sepiolite) microaggregates (Figure 9a), calcite microaggregates (Figure 9b), mesocrystals
(Figure 9c) and multiple toroid-shaped microforms of CaCO; (Figure 9d). These toroid-shaped
microforms of CaCOj; are characterized with internal diameter of 8—10 um and cross-sectional
radius of about 1 um. The formation of such microstructures was recorded for vaterite (the most
soluble and unstable polymorphic modification of CaCOs) ex situ and in situ (Jiang et al., 2017;
Kharitonova et al., 2018). X-ray diffraction data confirmed the presence of not only the calcite
phase in the sample, but also the vaterite phase. According to the nonclassical mesocrystal concept
(Colfen, Antonietti, 2008), stability of vaterite in situ is explained by the formation of hierarchically
organized superstructures from separate nanocrystallites under the influence of steric constraints.
In these conditions, a framboidal pyrite also is formed (Figure 9e).

The most interesting result, from our point of view, should be considered the detection of
freshwater diatoms in the sample of layered compact clay from the sea coast (Figure 9f). These data
correlate well with the results of diatom analysis Kabailiene M. (Kabailiene, 1967, 1997) of the
lagoon marl. Coupled with data from the study of 'dune tectonics' or extrusion of lagoon marl from
beneath sand dunes (Buynevich et al., 2007, 2010; Bitinas et al., 2010; Sergeev et al., 2017), the
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latter circumstance with a high degree of confidence allows us to assert that the sample of layered
compact clay is relict lagoon marl from the sea-floor. Due to the contribution of river sediments,
it is characterized by an increased content of potassium.

Fig. 9. Micrographs of layered compacted clayey sample (site 7): a — aggregate of CaCO;-sepiolite;
b — aggregate of CaCOs; ¢ — mesocrystal of CaCOs; d — toroid-shaped microform of CaCOs; e —
framboidal pyrite; f — microaggregate with freshwater diatoms. SEM, BSE-detector, for other
explanation see the text

Note that calcium carbonates as well as clay minerals are important structuring agents of
soils and sands. So the use of lagoon marl with a high content of fine particles and CaCO; can be
very promising for creating sandy contact-aggregated structures, fixing and stabilization of the
sands.
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4. Conclusion

The paper presents data on particle size distribution, morphology, composition and
manifestation of minerals in light and dark colored sands on the coastal line of the Curonian Spit,
where wind activity is greatest. Samples of both the lagoon and the sea coast are well sorted coarse-
grained sand (particle size 2002000 pm), the content of which is 90 % or more. Quartz prevails in
mineralogical composition of the light sands. The dark sands of the coastal line contain a
significant amount of heavy minerals (ilmenite, magnetite, zircon, garnet and monazite) and are
less susceptible to wind erosion. Grains of diagnosed heavy minerals are relatively well rolled,
which is due to the long-term influence of wave activity. Quite unusual rounded shape of the grains
is observed for zircon.

Light sands of the sea and lagoon coast differ not only in the size of the predominant fraction
(200—-500 and 500-1000 pum respectively) and morphology of particles, but also in the type of
relatively stable structures formed by them (layered structures of horizontal stratification on the
sea coast and columnar sands on the lagoon coast respectively). The formation of sandy contact-
aggregate structures (contacts of the edge-to-edge and face-to-face type, respectively) occurs with
the participation of clay structural bridges, without them the sands remain incoherent.

In turn, the lagoon marl is characterized by a high content of clay and silt particles and
calcium carbonates, which are important structuring agents of the sands. So use of the lagoon marl
can be very promising for creating clay-sand contact-aggregated structures, fixing and stabilizing of
the sands.
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Abstract

The article is devoted to the problem of air pollution in large cities and the need for its
research, taking into account territorial features (zoning of the city). Much attention is given to
studies of Russian and foreign scientists in this area. The aim of the investigation is to study the
influence of the territorial features of the districts of the capital of the Altai Territory — the city of
Barnaul on the air environment by calculating a generalized indicator that could be used as a basis
for improving quantitative environmental assessment procedures. The analysis of the state of
atmospheric air in the city of Barnaul for the winter period: December-February 2019 was carried
out to calculate the generalized indicator. The main source of information was the daily data of the
Altai Center for Hydrometeorology and Environmental Monitoring on exceeding the maximum
permissible concentration in each of the five districts of the city for six pollutants: carbon
monoxide, suspended solids, nitrogen dioxide, carbon (soot), phenol, formaldehyde. Using the
method of two-stage ranking, the integrated indicator of the level of air pollution in each district
was calculated based on the rating of the regions. The calculation method can be applied for similar
purposes in a comparative assessment of the ecological state of the districts of any cities.
The results of the study are presented on a city map using the color scale. Areas with the most
complex and most favorable environmental conditions have been identified. The analysis of the
causes has been carried out, among the leading factors of air pollution in the city the following are
highlighted: the main characteristics of the transport network in the district, the presence of
industrial enterprises and the peculiarities of wind rose in the period under review. In conclusion,
options for improving the situation are proposed, among which the leading one is to change the
path of movement of transit transport, currently following through the regional capital.

Keywords: environmental situation, air pollution, environmental impact, ranking method,
MPC excess, ecological zoning, mathematical methods in ecology, solving environmental problems.

1. BBegeHnue

OpHOI 13 3HAYUMBIX ITPO0JIEM COBPEMEHHOT'O OO0IIeCTBa SABJISAETCSA YPOBEHDb DKOJIOTHUECKON
O0ezomacHocTd. TpagUIIMOHHO paccMaTPUBAIOTCS CJIEAYIOIINE COCTABJISIONINE SKOJIOTHYECKOH
00CcTaHOBKU: 3arps3HeHue aTMocdepsl, autocdepbl u ruapocdepsl. I1o KaXkaoMy HampaBIeHHIO
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MIPOBOJISITCS HAYYHbBIE MCCIEA0OBAHUS U IIPEAJIATalOTCs PEKOMEHJAIMH 10 YIIYUIIIEHHIO COCTOSTHHUA.
OnmHako i TOBBIMIEHUS S(P@PEKTUBHOCTH TAKUX MEPOIPHUATHH  HEOOXOAMM  ydeT
TEPPUTOPHUAIIBHBIX OCOOEHHOCTEN MECT, TJle aHATM3UPYeTCA MpobsieMa. ATO CBS3aHO C HATMIUEM
YHUKAJIbHBIX XapaKTEPUCTHK, B TOM YHCJI€ KJIMMAaTHYECKUX OCOOEHHOCTEH y Pa3JIMYHBIX TOPOJIOB U
JIPYTUX TEPPUTOPHUH.

B mociemnee BpemMs Bce Oosiblllee BHUMAaHHE TIPUBJEKaeT mpobJsieMa 3arps3HeHUs
BO3YIIHON cpeZibl. JTO CBSA3aHO CO CJAEAYOIIUMHU TPUYHMHAMH: TIIPEXKIE BCETO, OIaceH
MTOBBIIAIOIINICA YPOBEHDb YpOAHU3AIUH, KOTOPBIH BEAET K KOHIIEHTPAIIUU ITPOHU3BOCTBEHHBIX U
JKWIBIX OOBEKTOB Ha OTPAaHHUYEHHOW IUIONIAA, YTO OOYC/JIOBJIMBAET IIOBBIIIEHHE YPOBHS
3arps3HAIONINX BeIecTB. PocT aBTOMOOM/IM3AIUY BEJET K JOIOJTHUTEIBHBIM MIPO0JIeMaM B BUJIE
MOBBIIIEHUSA BBIOPOCOB OT aBTOMOOWIbHOrO TpaHcmopra (Psbem, 2018). HccinemoBanue
BOB/IYIITHOH CpeZibl B TOPO/IaX B HACTOSIIEE BPEMs SIBJISIETCS BayKHOU 3a/1adel.

AHayiu3  pe3yJsIbTaTOB  HWCC/IEIOBAaHUM  BO3AYIIHOHW CpeAbl TOPOJOB  Pa3IMUYHBIMU
HCCIeI0BATEISIMHU

Bompocs! aHaiM3a BO3AYIITHOM Cpeibl 00CYK/ITHCh B PA3IMYHBIX paboTax. B ncciaenoBanum,
BbINTOJTHEHHOM B Adranucrane (Hacumu, CosoBbeBa, 2017), Ha OCHOBE aHaIM3a BO3AYIIHOM
cpenpl Kabysa mosiygeHa perpecCMOHHasi MOJIEJIb, OTPa’Kamolas 3aBUCUMOCTb KOHIIEHTpAIUU
B3BEIIEHHBIX BEIECTB OT TpPeX METEOPOJIOTHYECKHX IIapaMeTpOB: TeMIlepaTyphl BO3/yXa,
BJIQA’KHOCTH M CKOpOCTU BeTpa. OJTHAKO aBTOpaM He YJaJIOCh MOJIYUYUTh YHUBEPCATBHYIO (hOPMYITY
JUIsT Bcex MecsaneB roza. B pabore (ITomensitko, JlomatwmHa, 2015) aBTOPBI OIIPOBEPTJIN
3aKJIIOYEHHE O TOM, UTO OJIMH W3 TopofioB-KypopToB (KHCIOBOACK) HE HMMeeT 3HAYUTEIHbHBIX
Mpo0JIeEM C HKOJIOTUUECKON Harpy3KoH. ABTODPBI yKa3aii Ha HEOOXOAUMOCTh CO3/IAaHUS CHCTEM
SKOJIOTMYECKOTO MOHHTOPHUHTA UM SKOJOTHUYECKOH O€30IMacHOCTH B MeCTaX BO3BEJEHUS U
(QYHKIIMOHUPOBAHHUS CTPOUTEJbHBIX KOMILIEKCOB U COOPYKEHHI, TPAHCIOPTHBIX CETEeH.
B uccnenoannu (I1llepbatiok, 2017) MpuBeAeHa OlleHKa BO3/IyIITHOU cpeibl B 3a0aKaIbCKOM Kpae
u Yure, chopMupoBaH peUTHHT GeZepaTbHbIX OKPYTOB II0 3KOJIOTHYECKOW O6e30macHOCTH
BO3AYIIHON cpeabl. OlleHKa BO3AYNIHOW cpefbl KpacHosipcka Ha OCHOBe KOMILIEKca
OMOMH/IUKAIIMOHHBIX (BU3YaJIbHBIX, MOP(POMETPUYECKHX, OUOXUMHUYECKHX) HCCIETOBAHUH,
C TOC/IEAYIONTUM CpPaBHEHUWEM IIOKa3aTresield, MOJyYEeHHBIX Ha TOPOACKUX U (POHOBBIX y4acTKax
MIPOU3paCTaHUs eI, I0Ka3ajia CyIlleCTBEHHOe 3arpsi3HEHNe BO3YIITHOHN cpebl ropoza (CrerneHs,
CobGonesa 2017). B pabore (buk0ysatoB u Ap., 2012) MpeACTaBJIEH AHAIN3 BO3AYIIHOU CPEJIbI
CrepsiiTaMaka, BbIZIeJIEHbI OCHOBHBIE ITPUYHHBI 3arPA3HEHHOCTH BO3/yXa, KOTOPHIMU SIBJISIOTCSA
MIPOU3BOJICTBEHHAS JIEATEILHOCTh TPEANPUITAN Pa3/IMYHOU HAIMPaBJIEHHOCTH, POCT YHCIA
aBTOMOOMJIEH, HUCIIOIb30BaHNE HU3KOKAUECTBEHHOTO TOIUITMBA HA MPEANPUATHAX SHEPTETUKU U B
MaJIbIX KOTeJIbHBIX. PaboTa (3BATHHIIEBA U JIP., 2018) MOCBAIIEHa aHAIU3Y BRIOPOCOB B BopoHeke.
ITokasana mpsiMast CBSI3b YPOBHs 3a00J1€Ba€MOCTH HACEJIEHUs W 3aTPSI3HEHUS TOPOJICKOUN CpEJIbI,
TIpeJICTaBJIEHBI JAHHBIE O PacCIIpe/ieJIeHUH BHIOPOCOB 110 palioHaM TOpo/a, OHAKO, K COXKAJIEHHIO,
aBTOpPbI HE PaCKpbUIM JleTajled MaTeMaTHYeCcKOro almapaTa, HCIOJIb30BAaHHOTO WMHU IS
KOJINYECTBEHHOU OIEHKH YCTAaHOBJIEHHOUN B3aUMOCBSI3H.

[esnpro paboThl ykpawHCKHX uccmenoBatesneii (Rusakova, Biliaiev, 2013) cramo co3pganue
MaTeMaTUYeCKOM MOJeJIM JJIA IIPOTHO3a YPOBHA 3arpsi3HeHHs aTMocdepbl Ha yJIHIAX
MHKpPOpPalOHa, HaXOZAIIUXCA BIOJIb aBTOMarucrpajied. B pesyibraTe Hee BO3MOKHBI PacyeThl
BEPOATHBIX BHIOPOCOB C yUeTOM HaJIMUMA 3/IaHUU U UX B3aHMHOE PacIoJIoKeHHe B MUKpOpaloHe
ropoza, CKOpOCTH U HallpaBJIeHus BeTpa, atMochepHoi nuddysun.

B kauecTBe METO/IOB OIIEHKH SKOJIOTUYECKOTO COCTOSIHHsS HWHTEPEC BBHIBBIBAET IIATEHT
POCCHUUCKHMX YYEHBIX 00 OIleHKe CTelleH! Jerpajilaliii TeXHoJIaHAmadTa IpU XUMUYECKOM
3arpsi3HEHUM, OCHOBAHHBIM Ha TpexX JdTamaX: HOPMHPOBAHUHM 3arps3HEHUs H3ydaeMOou
TEPPUTOPHUU U COIPSDKEHHOW TEPPUTOPHH, HE3arps3HEHHOH XMMUUYECKHUM 3arpsA3HUTENIEM;
ompejieJIeHE€ COOTHOIIIEHUS HOPM HM3y4aeMOW U CONPSKEHHOW TEPPUTOPUH U OIpeeeHue
CTelleHU Jerpajlaliiid II0 COOTHOIIEHWI0 BSTux HopM (MwuHKMHA ¥ Ap., 2014). MHOrUMH
3apyOeXKHBIMU HCCJIEAOBATENISIMUA C IEIbI0 OIEHKU HKOJIOTUYECKOTO COCTOSTHHS HCIIOJIB3YETCS
METO/I PAHKHUPOBAHUSA: aHAIN3 BO3JIYIIHON CPEJIbl TOPOJICKON MECTHOCTHU IPOBEJEH C MOMOIIIBIO
PaHXUpOBaHUE TEPPUTOPUI HA OCHOBe MeTo/ia puHATH:A peitennii PROMETHEE (Nikolié et al.,
2009); paHKUPOBAaHUE PETHOHOB /IS BBISBJIEHUS IPUYHH SKOJOTHYECKHUX MTPO0OJIEM MTPUBEAEHO B
(Setton et al., 2015), B uccienoBanuu (Giusti et al., 2018) onleHKa KOHIIEHTPAIUH UCIIOJIB3YEMBIX B
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HaCTOsAIee BpeMs IECTUIN/IOB B aTMOChEpPHOM BO3JlyXe TaKKe MPOBEEHA C HCIOJIH30BAHHEM
MeTO/Ia PAHKUPOBAHUA.

V3yueHue cOCTOAHUA S5Kocdepbl, B UYAaCTHOCTH, OIl€HKA BO3ZAYIIHOH cpesibl aKTyasibHA.
OnmHako paboT, MOCBAILIEHHBIX aHAIN3Y arMochepHOro BO3/AyxXa B TOpPOJAX HA OCHOBE
OOBEKTUBHBIX JAHHBIX, [TOJIyUeHHBIX C HCIOJIb30BAHUEM MaTeMaTUYeCKUX METO/IOB, U C YU4eTOM
TEPPUTOPUAJIBHBIX OCOOEHHOCTEH UX PAWOHOB 3arpsA3HEHHsA, IOKa IO HalleMy MHEHUIO
HEeZIOCTAaTOYHO. [lepCeKTUBHBIM HAIpPaBJIEHUEM SIBJISIETCA OLIEHKA HKOJIOTUYECKOTO COCTOSHUSA C
HCIIOJIb30BAHUEM METO/IOB PAHXKHPOBAHMUS.

[enpro HacTOAIIENH PabOTHI CTAJO BBIJIEJIEHHE BJIUSHHUA TEPPUTOPUAIIBHBIX 0COOEHHOCTEN
paiioHoB BapHaysa Ha COCTOSHUE BO3ZAYIIHON CpeZbl C MOMOIIBI0 PAHKUPOBAHUSA HA OCHOBE
pa3paboTaHHOTO HAMU B IIEJISIX yCOBEPIIEHCTBOBAHUSA IIPOIEAYP KOJTUUECTBEHHON 9KOJIOTUUECKOM
OLIEHKU 0000IIeHHOr0 ITI0Ka3aTeJid.

2. MaTrepuaJjbl 1 METOAbI

B ocHoBy wuccienoBaHus TMOJIOXKeHa exkecyTouHas wuHdopmanusa Antaiickoro I[I'MC o
npeBbimieHun [1/IK 1Mo cireyomuM IecTH 3arps3HSIONIUM BelecTBaM: okcuj yriepoaa (CO),
B3BEIlleHHbIE BellecTBa, AuoKcuys aszora (NO,), ymiepox-caxka (C,), d¢enon (CesHeO),
dopmanbaerun (CH.O). I[I/IK nmpumeceli B aTMOchepHOM BO3/yXe HAaCeJIEHHBIX MECT, PUHATHIE
cOIVIacHO rurneHmdyeckuM HopmaTtuBam I'H 2.1.6.1338-03 MunszpaBa Poccuun, mpejcTaBiieHb B
Tab6aune 1 (AII'MC, 2019).

Taosmmma 1. [T/1K Habsr0/1aeMbIX 3aTPS3HSAIONTNX BEIIIECTB

3arpsa3HsIollee BelecTBO ITJIK, mr/ms3
MaxkcumMasibHas pazoBast CpennHecyTouHas 7103a
J03a

B3BernieHHEbIe BeliecTBa 0,5 0,15

Oxkcwup yriiepoga 5,0 3,0
Jlnokcum a3ora 0,2 0,04
®deHot 0,01 0,006
dopMasbaerus, 0,050 0,010
Caxxa 0,15 0,10

Jlnsi mpoBefeHUsA WCCIENOBAaHUN BBHIOpAaHO 3MMHee BpeMs 2018-2019 roja. B kauectBe
00BEKTOB HCCIIEIOBAHMS UCIIOJIb30BAHBI IIATh paioHOB bapHayia (Tabtuna 2).

Tao6auna 2. Paiions! ropozaa bapraaysia

Paiionbr ITnomanp, Km2
OKTsAOpbCKUH 69,4
IlenTpasbHBIN 145
JleHMHCKUH 125,6
UnpycTpuaabHbIi 129,9
7Kene3HOTOPOKHBIN 15,5

B 1mpomecce BbIIOJIHEHUA uccaenoBanuss cpopMUpoBaHa TabJWIa, OTpakarolas
exxefHeBHOe mpeBbliiieHne [T/IK mo ka)k1oMy U3 3arpsA3HAOIINX BEIIECTB IO KaXKJAOMY pPauloHY.
dparMeHT AJaHHBIX TIpeJicTaBseH B Tabsurie 3.
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Taoaunma 3. ExenneBHoe mpesbimenne IIJJK okcuaa yriieposa B parioHax ropogia bapraysia
(dbparmeHT cOOGCTBEHHOU Oa3bl TAHHBIX)

PaitoHbI\faTa | 11.02.2019 | 12.02.2019 | 13.02.2019
OKTAOPBCKUI 1,2 1 —
[{eHTpa/TBHBIN 1,5 1,3 _
JleHnHCKUHI 1,7 1,2 _
NuaaycTpuaabHBIN 1,2 1 _
Kene3zHoiOpOKHBIN — - —

Jlns omipenienieHus1 BJUSAHUS TEPPUTOPHATIBHBIX OCOOEHHOCTEN HAMHU COCTaBJIeHA METOAUKa
Ha OCHOBE pPAaH)XUPOBAHHSA HWHTErPAJIbHBIX IOKa3arejied. BBIOpaHHBIA METOM TOJXOMUT MJIA
pellleHusl TTOCTaBJIEHHOHW 3a/1auMl B CBSA3HM C TE€M, YTO PaHTU YZOOHBI i1 CpaBHEHUS OOBEKTOB,
BBISIBJIECHUs TIpo0OJIeM W WX IPUYHUH KM IIOCTAHOBKU 33/1ad JaJIbHEUINNX WCCIeA0BaHU;
WHTErPaJIbHBIN MMOKa3aTeb HA OCHOBE PAHTOB IMO3BOJIsIET PEIIUTh MHOTOKPUTEPUATIBHYIO 3a/1a4y
CpaBHEHUs PAallOHOB MO HECKOJIBKUM IOKa3aTesaM (3arpA3HA0INM BelecTBaMm). J{Jis ero pacuera
IIPOU3BE/IEHBI CIIEAYIONINE BBIYUCIEHU: IPOCYMMUPOBAHbI exke/lHeBHbIe (g) mpebimenus [1JK
[0 KaK/IOMY 3arpsA3HApIneMy BemlecTBy (i) mo padionam (j) — aj,. B pesysibrare mosydeH
WHTETPAJIbHBIHN j-bI PAHOHHBIN MIOKA3aTENb 110 i-OMY 3arpsA3HSIONIEMY BEIECTBY:

EDILH @)

Ha ocHoBaHUH BBIIIOJIHEHHOI'O COIJIACHO YPaBHEHUIO (1) pvaéTa IIPpOBEACHO PAHXKHNPOBAHHE

palioHOB 10 YPOBHIO 3arpA3HEHHUS HCCIeNOBAaHHBIMH BemiectBaMu (Rj). MTOroBelii paHr

3arps3HeHMs palioHa BhIpakeH B Buze padra (pyHKIMs rank) OT CyMMBI YacTHBIX PAHIOB IIO
HHAWBUAYA/JIbHBIM 3arpA3HUTEIAM:

R, =rank)_R; (2)

Takum 06paszoM, moyrydeHbl 0000IIeHHbIE TTOKA3aTeH SKOJOTUUYECKOTO COCTOSTHUS PalioHa,
KOTOpbIe MOTYT IPUMEHATHCA /IJI1 CPAaBHEHUS TEPPUTOPUI.

3. O6cy:kneHue

B pesysibTaTe pacueTa WHTErPAJIBHOTO MOKAa3aTesIs I KKIOTO palioHa ropojia IOJIydeH
cymMapHbIA paHr 3arpssHeHus (R;). Ha PucyHke 1 mpezcraBieHa kapTa paiioHoB baphayia,
Ha KOTOPOH OTOOpa’KEeHBI PE3YJIHTATHl PAHKUPOBAHUSA C HCIIOJIb30BAHUEM YEPHO-0€I0M MIKAJIBI
(Hanbosiee Ge30MacHbIe TEPPUTOPUU OTMEUYEHBI 6eTbIM (POHOM).

Hawubosiee HeGaronpusaTHAs SKOJIOTHYECKAS CUTYAlHs C 3arpsA3HEHHEM BO3/yXa B 3UMHHI
nepuoy, cyoxuaach B lleHTpasbHoM, a Haubostee 6yaronosyyHas — B JleHuHckoM paiioHe. HoBbie
pe3ysbTaThl B IEJIOM COIVIACYIOTCSA C IIOJMyYEeHHBIMU paHee B XOJe IPeABAPUTEIbHBIX
HCCIIe/TOBaHUI, BBITTOJTHEHHBIX KoJteramu (Psber, [1lepbakosa, 2015).

Obpamaschk Kk aHanmu3y 4dacTHbIX paHroB (Ri r7e 1 — wmHzaekc lleHTpasibHOTO paiioHa),
MIPOCJIEIKUBAETCH  CJIeyIolass ocoOeHHOCTh: palOH B3aHUMaeT IIepBble MecTa (HamMeHee
6J1aTOIIOIyYHbIE) TI0 BCEM 3arpsA3HAIONINM BeIeCTBAaM KpoMe (eHosa. DTO CBHAETEHCTBYET O
CIIpaBEJIMBOCTH BBIBOJIa 00 0OIIed HeOJaromoydHOH SKOJIOTHYEeCKOH oOcTaHOBKe B cdepe
armMocdepHOTo BO3/IyXa Ha pacCMaTPUBAaeMOU TEPPUTOPUH KPAE€BOM CTOJIUIIBI.

LenTpanpHbli pation bapHaysa oTingaeTcs 00IBIITON J0JIEH TEPPUTOPHUH, 3aHATON YACTHOU
3aCTPOMKOU U HAJIMYMEM IIPOMBIIIIEHHBIX 00beKTOB. KpoMe TOro, 1o TeppuUTOpuU 3TOTO paioHa
IIPOXO/IUT 3arpy:KeHHas aBTOMOOWIbHAs Jopora — 3MEeHHOTOpcKui TpakT. OCHOBHOU
0COOEHHOCTBIO TPAaKTa fABJIAIOTCA TPAHCIIOPTHBIE 3aTOPBHI U OOJIBIIOE KOJIMYECTBO TPAH3UTHOTO
IrPY30BOTO TPAHCIOPTA, CJAEAYIONIEro U3 NPUrpaHUYHBIX rocyzapctB (PecmyOsuku Kaszaxcraw,
Keipreizcrana u p.), B KpyIiHble ropoza 3amnajgaou Cubupu: HoBocubupck, HoBokysnerk, Tomck,
Butick u B oOpaTHOM HampasyieHuU. HecMOTps Ha HajlM4uue JIECHOU IOJIOCHI B/IOJIb JOPOTH, OHA He
B COCTOSTHUM OCAJIUTh 3aTPA3HEHMUs, KOTOPbIE HECET BO3JIYIIHBIA MTOTOK C aBTOJI0POTH, TIOCKOJIBKY
KOJIMYECTBO BBIOPOCOB OT MPOXOZSAIIET0 TPAHCIIOPTA OYE€Hb BEJIMKO, a KOHCTPYKIUS U IIUPHHA
JIECOTIOJIOCHI HEITPHUEMJIEMA JIJIsI PEIIeHUs 33/1a4H 3aIUThI COTPSKEHHOH ¢ HEI0 TEPPUTOPHH.

HaubGosee O6narompusaTHass oOCTaHOBKa OTMeuaeTcs B JIEHHMHCKOM padOHE: COTIJIaCHO
aHAJIM3y WTOTOBOTO paHTa, a TaK)Ke YaCTHBIX PAHTOB padiOHA MO 3arpsA3HAIONIAM BeIIeCTBaM
(Ristme 5 — wuHzAekc JIEHWMHCKOTO paioHa), TeppUTOpUs 3aHUMaeT mocienHue (Hambosee
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GJy1aronpuUATHBIE) MeCTa 0 BCeM U3Y4aeMbIM 3arpsa3HAIOIINM BeljecTBaM. HecMoTps Ha Hanmuune
B paiioHe MMPOMBIIUIEHHBIX NPEAIPUATHI U JBUKEHHE TPY30BOrO TPAHCIOPTA, MOJIOKUTETHHYIO
posib B ()OPMHUPOBAHUU HKOJOTHUECKOH OOCTAHOBKHM HIPaeT po3a BETPOB (BBIOPOCHI HAYT U3
roposia). Takke 6JaTONMPHUATHO WUrpPaeT OCOOEHHOCTH TPAHCIIOPTHOU CETH: HA MATUCTPAIAX B

JleHnHCKOM palioHe MPAKTUYECKU He PUKCUPYIOTCSA TPAHCIIOPTHBIE 3aTOPHI.
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Puc. 1. Pe3ynbprars! paH:kupoBaHus paiioHOB bapHaysa

[lepcriekTHBa JabHEHINETO WCCIEAOBAHUA CBSI3aHA C yBEJIMUEHHEM OObeMa JJaHHBIX U
IIpOBeJIEHUEM aHaIN3a cOCTOAHUA aTMocdephl bapHaysa B jieTHUN U BeceHHe-OCEHHUI NIepUo/.

4. 3axoueHue
BhITlOSTHEH pacyeT WHTErpaJibHOTO IIOKaszaTesisi 3arps3HeHus armocdepbl bapnayia,
Haubosee

IIPOBEZIEHO PAHXXKUPOBaHME pPANWOHOB TropoAa IO PEUTHHTY 3arpsA3HeHU.
HeOJ1aronpuATHAsA 3KOJIOTHYECKas 00CTaHOBKA CJIOKWIach B lleHTpasbHOM paliOHe, YTO CKOpee
BCETO CBA3AHO C BHICOKUM YPOBHEM TpaduKa TPAaH3UTHOTO IPYy30BOTO aBTOTpaHcHopTa. IIpobiema
3arpA3HEHUA BO3AyXa BapHayJIa MOYKET OBIThH pPelieHa IIyTEM CTPOUTE/IIbCTBA TPAHCIIOPTHOTO
00x0/1a roposia, MPOEKT KOTOPOTO B HacTosAIllee BpeMs paspabarbiBaercs. Peaynusarus 3Toro
pellleHus MO3BOJIUT He TOJIBKO IMOBBICUTH HKOJIOTHYECKYI0 0e30MacHOCTh TOPO/a, CBA3AHHYIO C

3arps3HeHneM aTMocdephl, HO TaKKe ITO3BOJIUT CHU3UTH umncio JITTI.
[IpenyiokeHHBIE METOJ, OIIEHKH DKOJIOTHYECKOH OOCTaHOBKHM MOXKET CJIY’KUTh OCHOBOU

YCOBEPIICHCTBOBAHUA IIpOLEAYD KOJIMUECTBEHHOH 5KOJIOTHYECKOH OI€HKH.
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Pan:xupoBaHue paiioHOB ropoaa bapHay.jia mo yc/;ioBUsIM 3arpa3HEHHOCTH BO3AyXa
Anna IOpreBHa Kpynunnukosa 2, Enena Baagumupossa Ileuatsosa 2 *
a ArTaliCKU# rocyZlapCTBeHHBIN yHUBepcHUTeT, bapHaysi, Poccuiickas @eneparus

AnHOTamuA. B craTbe mNOKa3aHa AaKTyaJbHOCTh IIPOOJIEMBI 3arpsA3HEHU BO3AyXa B
KPYIHBIX TOPO/IaXx U HEOOXOIUMOCTD €r0 UCCIEI0OBAHUA C YIETOM TEPPUTOPHUATIBHBIX 0COOEHHOCTEH
(paitorupoBanus ropojia). PaccMoTpeHb! OT/ieIbHbIE PAOOTHI POCCUICKUX U 3apyOeKHBIX YUEHBIX 110
JJaHHOMY HarmpapiieHuio. IlocrapyieHa Iesib U3YYUTh BJIMSHHE TEPPUTOPUATIBHBIX 0COOEHHOCTEN
PalioHOB CTOJIUIIBI AJITAICKOTO Kpas — ropozia bapHaysia Ha BO3ZyIITHYIO CpeZly C IIOMOIIIbIO pacueTa
0000IIEHHOTO  TOKa3aTesss, KOTOPbIH MOT OBl  HWCIOJB30BaThCS KaK OCHOBA  IIpU
YCOBEPIIIEHCTBOBAHUU IPOLEAYP KOJIUYECTBEHHON 5KOJIOTMYECKON OIleHKH. /[y ero pacuera
IIPOBE/IEH aHAIN3 COCTOSHUA aTMocdepHOro Bo3ayxa B ropoje baphHaysne 3a 3UMHUN I€pUOJ:
nekabpb-peBpasb 2019 roma. OCHOBHBIM HCTOYHUKOM HH(MOPMAIVHN BBICTYIIWIA €XKEeTHEBHBIE
nanuble Astraiickoro III'MC o mpeBblllIeHMU IIpeAesbHO-AomycTuMoi KoHneHTparuu (IT/IK) B
KaK/IOM U3 IIATH PAHOHOB TOpOJiIa IO IECTH 3arpA3HAIOIINM BeEIIecTBaM: OKCUZY YIJIEPOAA,
B3BEIIIEHHBIM BeIlleCTBaM, IMOKCU/TY a30Ta, yIyiepoay (caxke), deHoy, popmanbaeruay. C moMOIIbIO
METO/Ia JIBYX3TAITHOTO PAHKUPOBAHUS PACCUUTAH WHTETPATBHBI KOMIUIEKCHBI ITOKa3aTeslh
YPOBHsI 3arpsi3HEHHsI aTMOC(EPHOrO BO3/yXa B KaKJIOM pallOHE HAa OCHOBE IIOJIyYeH PEeNUTHHTa
patioHoB. MeTozika pacuera MOKeT ObITh IPUMEHEHA /IS aHAJIOTHYHBIX 33/1a4 [10 CPABHUTEIbHOU
OLIEHKE 5KOJIOTHYECKOTO COCTOSIHUSA PpAMOHOB JIIOOBIX TOpo/oB. st GoJblilel HATJIAHOCTH
pe3ysIbTaThl HaHEeCeHbl Ha KapTy ropo/ia ¢ IIOMOIIBI0 UCIIOIb30BAHUSA I[BETOBOU IIKAJIBI. BhliesieHbl
parioHbI ¢ HauboJTee CJI0KHOU U HanboJiee 6JIarONPHUATHON SKOJIOTHYECKOH 00cTaHOBKOM. [IpoBeneH
aHaIN3 IPUYMH, CpeAu BeAyluxX (aKTOpPOB 3arpsA3HeHHsA aTMochepHOro BO3Jyxa Tropoja
BbIJIeJIEHbI: OCHOBHBbIE XapaKTEPHUCTHUKHU TPAHCIOPTHOM ceTH HAa TEePPUTOPUU palioHa, Hajluvyue
IIPOMBIIIUIEHHBIX TNPENINPUATH U OCOOEHHOCTHM PO3bI BETPOB B paccMaTpUBaeMblil IEPHO/I.
B zaxtroueHmne npezosKeHbl BAPUAHTHI YIIYUIIEHUs CUTYAllUH, CPeId KOTOPHIX BEAYIIEH SBJIAETCA
U3MEHEeHHE IIyTH JIBIDKEHUs TPAH3UTHOTO TPAHCIIOPTA, CJIEAYIOIIETO B HACTOSIEE BPeMs uyepes
KPaeBYIO CTOJIUILY.

KiroueBble cjIOBa: 5KOJIOTUYECKAs CHUTyallWs, 3arpsi3HeHHe aTMochepHOTrO BO3/IyXa,
BJIMSAHHWE TPAHCIOPTA HA OKPYXKAIIYI0 Cpedy, METOJ, PpaH:XKUpoBaHuA, npesblillieHune II/1K,
9KOJIOTHYECKOe PAHOHUPOBAHHE, MaTeEMATHYECKIE METO/IbI B 9KOJIOTHH, PEIIEHNE YKOJIOTUUECKUX
pob6JieMm.

* KoppeclmoHAUPYIOLIHUEH aBTOP
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Abstract

Possibility of white phosphorus degradation under the effect of waste water sludge (WWS) of
waste-water treatment facilities is shown for the first time. White phosphorus to suppress the
microorganisms growth not immediately after application, but in several days or even weeks.
It means that toxic effect is conditions by the presence of intermediate products of degradation,
which are accumulated in substrates. Considering the change in evolved gaseous products
composition one can make a conclusion about greater stability of eubacteria to white phosphorus
compared to that of methanogens. Microorganisms cultures are obtained, growing on substrata
with white phosphorus content 0.01 and even 0.1 %. The P, concentration decrease in media is in
inverse proportion to the duration of microflora growth lag-phase, as it was demonstrated by
GCMS method. This fact indicates at the white phosphorus biodegradation process. Besides, in the
present work the research work is presented, devoted to the search for the white phosphorus
metabolites, and the probable way of the phosphorus metabolism is proposed for the first time.
Inoculation of stable bacteria on synthetic medium, containing white phosphorus as a unique
source of phosphorus, has demonstrated the possibility of their growth in such conditions.

Keywords: detoxication, white phosphorus, sewage sludge, anaerobic conditions, gas
secretion kinetics, gas chromatography-mass spectrometry, metabolic pathway, nuclear magnetic
resonanse.

1. BBegenue

Ham mpoekT HampaBiieH Ha pa3pabOTKy HayYHBIX OCHOB JleTOKcUKanuu 6esoro docdopa —
ONACHOTO IIPOMBIILJIEHHOTO 3arpsA3HUTesNIsA OKpyKatolled cpensl. besnblit ¢ocdop mupoko
IIPUMEHSAETCA B XUMUYeCKOU IIPOMBIIIIEHHOCTU U IPU IPOU3BO/ICTBE KpacHOro docdopa, B CBOIO
ouepe/ib, UCIIOJIb3yEMOTO B CITUYEYHON IMPOMBIIILJIEHHOCTH, B I[BETHON METAJUTYPTHH, B OyMaKHOMH
MIPOMBIIIUIEHHOCTH, B Ipou3BojcTBe IuiactMacce (Gleason, 2007). Kpome Toro, 6Gesnbrii ¢pocdop
IIpUMeEHsIETCS B BOeHHBIX Hesax (PucyHok 1, BBepxy cieBa) (Kacatkuu u zp., 2017; Davis, 2002).
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ITosTomy mpobiiema ytedek ¢ocdopa B OKpyKAOIIyI0 cpefly akTyaiabHa. [Ipremiiemble criocoOb
JeTokcukanuu 6esioro docdopa 10 cUX IOp He CO3JAHBI, XOTA pabOTHl B JAHHOM HAaINpaBJIeHUU
Benyrcs. IlpenmyaraeMbIii MeTOJT OCHOBAaH HAa TOM, UYTO OaKTepUH OKHUCJSAIOT TOKCUYHBIE
docdopconepxkaiue coeuHEHNs 10 HETOKCUUHBIX (pocdaToB, HE MPEICTABIAIIINX YTPO3Y I
OKpykatorieii cpensl (PucyHOK 1, BBepXy CIpaBa).
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Puc. 1. Bsepxy. Mmuoroo6pasue ¢dopm dochopa. CneBa BBepxy: B3pbIBBI (HOCPOPHBIX
OoenpunacoB (u3obpaskeHue c¢ canrta https://free-news.su). CmpaBa BBepXy: IIpeaebHO
okucseHHas ¢opma dochopa — docdar — ABIAETCA MOAKOPMKOU /UIsi pACTEeHHUN U UTpaeT
BOKHEHIIYI0 POJIb B CYIIECTBOBAHUU a0OCOIOTHO Bcex ¢opM ku3HU. V300pakeHue ¢ caita
http://samdizajner.ru Buugzy. IIpumep Toro, KaK /iBa WU TPU ATOBUTHIX BEIIECTBA ITPEBPAIIAIOTCS
B OAHO ToJie3HOe. Brirouenue dopmasnpaeruza u ¢denosna (wim 6eH30s1a) B COCTaB caxapoB U
aMUHOKHCJIOT — OsectAmuii npumep Ouozerpajzanuu. CHHTe3 MeTaHoJIa U3 MeTaHa
OCYIIECTBJISIETCS MEeTaHOTPOMHBIMH OaKTEpUAMM, CepMHA U TPEXYyIVIEPOJHBIX CaxapoB U3
MeTaHOJa — HEKOTOPBIMH MeTWIOTPODHBIMU OaKTepHUAMH U JIPOXOKAMHU, IUIIOKO3BI U3
TPEXYTJIEPO/IHBIX CaXapoB — BBICIIMMH OpPTaHM3MaMH, aJlaHUHA U3 cepuHa — Escherichia coli u
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Clostridium difficile, nucrenHa U3 cepuHa — PAJAOM MHUKDPOOPTaHH3MOB, THPO3WHA U3 (deHosa —
Escherichia intermedia, ¢eHosna u3 OeH30/1a — METAHMOHOOKCUTEHA30l OakTepuil U TpuUOOB.
Brimouenne ¢dopmanbaernza, ¢eHosra u OeH307a B COCTaB CcaxapoB M aMHHOKHCIIOT —
ybemuTenbHbIN TpuMep 6uoserpagaruu. PucyHok A.3. Munay6aeBa

CozeprkaHre OCHOBHOTO 3arpsI3HUTEJISI B CTOYHBIX BOJAAX C MPEAIPHUATHIH, MTPOU3BOISIINAX
WK noTpebsistionux 6esbiit hocdop, He TOJKHO IPEBBINIATH ABYX yacTeld Ha MuutnoH (Barber,
1996). Ilo Ha3BaHHBIM BBIIlle NPHYMHAM IPUOOPESH aKTyaJIbHOCTh pPa3pabOTKH METO/IOB
JleTOKCUKaruu P, — HeZoporux u 6e3 UCI0/Ib30BaHNsI TOKCUYHBIX PEareHTOB.

Buonerpaganus ABJseTCS OJHUM U3 HanOoJiee YacTO IPUMEHsEMbIX Ha MIPAKTHKE METOZOB
00e3Bpe;KUBAHUS ITPOMBIIIIEHHBIX CTOKOB, 00OTAIlleHHBIX HEMPUPOIHBIMH BEIECTBAMU CAMBIX
Pa3HOOOpA3HBIX KJIACCOB, B TOM umcyie oueHb TokcHIHbIME (Meckenstock et al., 2015). I'/taBHOE
MIPEUMYIIECTBO OWOerpalallii, 1O CPaBHEHHUIO C JPYTMMH MHOTOUYHC/JIEHHBIMH METOJaMHU
00€e3Bpe’KUBAHUS CTOKOB, 3aKJII0YAETCS B TOM, UTO IPU €€ UCI0Ib30BaHUH B OKPYIKAIOIIYIO CPEy
He BHOCATCS HOBBIE XHUMHYECKHEe 3arps3Hsiomue areHTbl. Ha PucyHke 1 BHHBY
IIPOIEMOHCTPUPOBaHA MMOKa3aTeJIbHAs CXeMA YCBOEHHUS CPa3y HECKOJIbKUX TOKCUYHBIX BEIECTB B
€IMHOM MeTab0JINYeCKOM ITyTH, IEMOHCTPUPYIOIIAs COBEPIIEHCTBO OMOXUMHUU MHUKPOOPTAaHU3MOB
¥ U300pa’keHHas1 Ha OCHOBe JinTepaTypHbix nctouHukoB (Klein et al., 2019; Ettwig et al., 2010; Ro
et al.,, 1997; Chung et al., 2015; Stover et al., 1992; Asojo et al., 2014; Skaugen et al., 1994;
Jastrzebowska et al., 2015; Fuganti et al., 1974; Hofrichter, Ullrich, 2014; Busch et al., 2016).
BxitioueHre HECKOJTBKUX TOKCUUYHBIX KCEHOOMOTHUKOB (MeTaH, 0eH301 Wik (heHOJI, MH/I0JI) B COCTaB
caxapoB U aMHHOKHCJIOT, SBJfAETCsA, TMOXKaJIyd, HauboJiee IIOKa3aTEJIbHBIM IIPHUMEPOM
Omomerpagamumy.

ITO0 sABNAETCS BeCOMbIM (yHAAMEHTAJIbHBIM apryMEHTOM B II0JIb3Y BO3MOKHOCTHU
Ouozierpazjaliiil 1aske TaKOTO KCeHOOMOTHKa, Kak Oesbiii (pocdop. Llespo MpoBe/IeHHOT0 HaMU
HCC/IeIOBaHUs SIBJISIaCh IlepepaboTKa MpH IOMOIINM MHUKPOOPTaHW3MOB, HACEJISIONUX OCAIKU
KaHAJIM3AIlMOHHBIX CTOKOB, Oeyioro ¢ocdopa — OJHOTO K3 CaMbIX OIIACHBIX BEIIECTB,
MIPUMEHSIEMBIX B KPYITHOTOHHAKHOM XUMHYeckoM mpousBozctBe (Duerksen-Hughes et al., 1997).
B JsiuTepaTypHBIX UCTOYHHKAX HE HAWIEHO CBEIEHUU O JOKA3aHHBIX NMpUMepax OHMOJIOTHYECKOU
nerpaganun 6esoro docdopa.

JlecaTh JIeT Ha3aj BO3HUK HAIl IPOeKT nepepabotku 6esoro docdopa. PaboTer ¢ stuM
BEIIECTBOM B HAIllEM HHCTUTYTE BEAYTCS JIJINTEJIbHOE BPEMsA, U JI0 CHX IOp B JIMTEPATYPHBIX
HMCTOYHHUKAX He ObLIM Hal/IeHbI CBEJIEHUS O ero Omojerpajanuu, T.e. pabora obyiagaeT HOBU3HOM,
a Tak’Ke 3HAUMUTEJbHBIM HAYYHBIM W MPAKTUUYECKUM ITOTEHIIMaIoM. B pesysibTaTe mpojeaHHOMN
paboThI BIIEpBBIE MTOKa3aHA BO3MOKHOCTH Jerpafanuu 6esoro ¢gocdopa 1oz JeHCTBUEM 0CaJIKa
crouHblx BoZ (OCB) BOAOOYHCTHBIX COOpPYKEHWH. [JITaBHOE NPEUMYINECTBO HAIIIEr0 METOZa —
JKoJIorHYecKkas 6e30macHOCTh. Peasmsanuiss MeTo/Ia BHECET BKJaJ, B Pa3BUTHE 3€JI€HOW XUMHHU B
11€JIOM, TIOCKOJIBKY IIPOEKT HaIlpaBJieH B HOBOE JJIf Hee HallpaBJieHHe — TOWCK OHMOJIOTHYECKUX
KaTaJIn3aTopoB, (PEPMEHTOB, C HOBOM, HE U3YYEeHHOH B HACTOsIIee BpeMs, aKTUBHOCTHIO. Ciieyer
TaKKe YYHUTHIBaTh IapaJUIeJIbHBIA BKJIaA B (PyHZaMeHTaJbHOEe HaydyHOe 3HaHHUE, ITOCKOJIBKY
MeTabosu3M 6estoro ocdopa /10 CUX MOP MPAKTUIECKU HE U3YUEH.

[pensigymue paboTel Hamero kosuiektuBa (MwunmybaeB u ap., 2011; Munnybaes u ap.,
2014; MuHty6aeB u Jp., 2017) MO3BOJIWIH IPOJIUTH CBET HA BOIIPOC TOKCUYHOCTH Gestoro ¢pocdopa
JUIsI MUKPOOpPraHu3MoB. TOUHO Tak)ke He HaijieHa WHGOpMAIUs O MyTSX MeTabosir3ma 6eyioro
dochopa B mpuCyTCTBUM MHKPOOHMOTHI WJIM B TKAHSAX BBICIIHX OpPraHM3MOB. B u3gaHHON
JINTEpAType HAET peub HCKIIOUHUTESIHHO 00 abMOreHHBIX MyTAX Aerpajalid W JIeTOKCHKAI[UU
6enoro ¢ocdopa. B cBere 3TOro, KOJMYECTBEHHbIE JAHHBIE O 3aBUCHMOCTH MEXKIY CKOPOCTHIO
rcue3HoBeHusa 6esoro ¢ocdopa B cybCTpaTe M MHTEHCHBHOCTHIO MHUKPOOHOTO MeTabosu3Ma B
HeM, 6e3 ImpeyBeInYeH s, SBISI0TCA YHUKAIbHBIMU. I1o/ydas ux, Mbl OUPAINCh HE HA U3JaHHBIE
paHee paboOThI, a HCKJIIOUUTEIHHO Ha Pe3yJIbTaThl COOCTBEHHBIX UCC/IEIOBAHUH.

2. MeroaoJiorust

[Ipu npoBeieHNH 5KCIEPUMEHTOB HCIOJIB30BAIM CMECh YIJIOTHEHHOTO U 00€3BOKEHHOTO
ocasika ctouHbIX BoZ (OCB) MyHuUIIUIIaIbHOTO YHUTApHOTO npeanpuatusa Bomokanasn r. Kazanu.
B xauecTBe /IONOJIHUTEIPHOTO MUIIEBOTO CyOCTpaTa, MO3BOJIAIONIEr0 COKpallaTh jar-gasy pocra
MUKPO(]IOpHl aKTUBHOTO WJa, B KOHTPOJIb U OIBIT J100aBJsjach pacTuTeabHas Ouomacca —
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3ejleHasi Macca pacreHuss amapaHt (Amaranthus cruentus L) (MunmybaeB u 1p., 2009).
durtomacca cMmemuBaiack ¢ OCB B cooTHOIIeHNH 1:1 Ha CyXoU Bec. B 0/lHOM U3 3KCIIEPUMEHTOB
dbuToMacca amapaHTa nepej; BHeceHUeM B cyOcTpaT OblyIa U3MeJIbueHa JI0 COCTOSIHUA MOPOIIKa Ha
pyunom Oienzepe Philips HR 1370. Besblii ¢dochop nepen BHeceHHEM B cyOCTpar ObLI
SMYJIBTHPOBAH B BOJZIE IIPU IOMOIIU YIbTPa3ByKOBOM BaHHBI “Camndup” npu temmepartype 50°C B
nHepTHOU aTMocdepe (a3oT) /0 oOpa3oBaHUS OJHOPOMHON sMyiabcuu. Jlanmee smysbcus P,
BHOCHJIACh B CyOCTpAThI ITUIIETKOU IPU IIEPEMEITUBAHUN: €€ 00BEM COOTBETCTBOBAJI PACCUNTAHHOM
KOHEYHOU KOHIIeHTparuu 6esoro gpocdopa B cyocTpare.

AnaspoOHas nepepaboTKa ChIPbsI OCYIIIECTBJISJIACh B PeaKTopax JlabopaTopHOro Maciraba,
HelpepbIBHO TepMocratupoBasiiuxca npu 38 °C. 3arpyska peakTopa cocTabjsia 150—300 T
cybcTpara, B 3aBUCUMOCTH OT 00beMa peakTopa (200—400 Mi1). B skciepumMenTe ¢ n3MerbuyeHHON
¢duTomaccoit Bo Bce MHOBTOPHI OBLIO 00aBAEHO MO 60 T WHOKYJATA, IOCIE Yero OObeMbl
cyOCTpaToB IOCTUIIN 360 MJI, 2 KOHIleHTpaIus P, B ceprax onbITOB CHU3WIACH C 0,01 710 0,008.

Ilnsa xoHTposnsa mepepaboTku P, Obutm wucnonb3oBadbl SMP crmekTpomeTp BBICOKOTO
paspemienusi Avance 400 (Bruker) m razoBeiii xpomaTtomacc-criektpomeTp Shimadzu GCMS-
QP2010Ultra (Anonus). i noucka 6esoro docdopa cuektpsl 3P AMP cHUMAaIHCh C SKCTPAKTOB
OCB B oOpraHu4eckoM pacTBopuTesiie (IUATWIOBBIA 3(GUp), IS IIOMCKA MeTabOJIUTOB —
¢ oTpuIbTpoBaHHOU BogHOU azsl OCB.

MuKpoOHOJIOTHYECKHUH TTOCEB M3 cyOcTpaTa ¢ MCXOAHBIM cozeprkaHueM Oesioro gocdopa
0,1 % TPOW3BOAWICA TIIOCJE OKOHYAHUA aHa’poOHOU mepepaboTku. IloceBbI «Tra3oHOM»
OCYIIIECTBJISLIA TIO/ TUIOTHYIO muTaTeabHyIo cpexy MIIA B wamke Ilerpu. IloceB u3 cyOGeTpaToB ¢
HCXOHBIM coiep:kanueM P, 0,01 % mpoBoAwMIICA Ha KpaxXMaJl0—aMMUAYHBIN arap.

Hamu BmoepBble IIPOBE/IEH II0CEB YCTOMYMBONH MUKPOQJIOPBI B  HCKYCCTBEHHYIO
KyJIBTYPJIBHYIO CpPeJly, COJIEP:KAIIyl0 B KadyecTBe eIMHCTBEHHOro HCTOYHUKa (ocdopa Gesbrit
docdop, u HabOAICA pocT B 3TOH cpejie. [ToceB uncroit KyabTyphl Bacillus subtilis u3 cyberpara
C UCXOJHBIM cojiep:kaHueM Oesoro docdopa 0,1 % Npou3BOAWICA B MOAUGDUIMPOBAHHYIO CPELY
IMpunxem-Toriinb6a. Hama moaudukanus BKIIOYAET TIJIIOKO3Y, HO HE COJEPIKUT HCTOUHUKHU
dochopa (B kauecTBe TakOBOTO BHICTyHaeT Oestbiid pocdop). Cpesbl pa3aIuThl B 200 MJI CKJISTHKU
110 100 MuI. KyZIbTHBHpOBaHME ITPOJIOJIKAIOCH 19 CyTOK ITpU TeMiiepartype 37°C.

3. PesyabTarsl u 00CyKaeHue

3.1. YcsioBus OGuojierpaianumu

IIpu conep:xanuu 6esoro gocdopa B cydberpare 0,1 % 1Mo Macce, HabJTI0AI0Ch HEOOpaTUMOe
yTHETEHHE KU3HEIEeSTEIbHOCTH MHUKPOQJIOPHI 110 CPAaBHEHUIO C KOHTPOJIEM, BBIpaKaloleecs B
CHIDKEHUHU BbIIeJIEHHS Ta3000pa3HBIX MPOAYKTOB KU3HEIESATEILHOCTH. TeM He MeHee, Ja’ke TIpU
TaKOU KOHIIEHTPAITUH TOKCUYHOTO BEIIECTBA He HAOJII01a1ach MoJTHAs THOETb MUKPOOPTaHU3MOB.
[Ipu conepskanuu P, B mie 0,01% 1o macce, HaOTIOAAI0Ch 3HAYUTEILHOE YTHETEHUE, BIUIOTH /10
IIOJIHOTO TpeKpaIeHus BoijesneHus rasza (Pucynoxk 2).

3.2. MOHUTOPUHT OHOErpPaJaliy

N3 ocanikoB ¢ koHLleHTpanue P, 0,01% nepBas npoba i 3'P AMP ananusa 6pL1a B3siTa HA
35 zeHb. CIIEKTPBI IPOJIEMOHCTPUPOBAIM HAIMYHE OJHOTO CHTHAJIa, COOTBETCTBYIOIIETO OetomMy
docdopy. 3Hauur, cpok B 35 AHEN HesocTaToueH /uid nepepabotku P, OCB. Bropas mpoba 6bL1a
otoOpaHa Ha 63 neHb. CIIEKTP MOKA3aJ OTCYTCTBHE CUTHAJIOB (HOCHOPHBIX COEIMHEHUI, B TOM
yucie P, (xuciotel ¢dochopa B sdupHyo dpakiuo He mnepexonsaT). Takum oO6pa3oM, CpOkK
MIPO/IOJDKUTETBHOCTRIO 63 CYTOK OKa3aICsl JOCTATOYHBIM I TmepepaboTku Oesoro ¢ocdopa B
KOHIIeHTpaIruu 0,01 %.
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MpoponkuTenbHOCTL NpoLecca (CyTKK)

# KOHTpONb u 0.01% 4 0.001% o 0.1%
Puc. 2. KuHernka BbIZIeJIEHHSA Ta3a B 3aBHCHUMOCTH OT KOHIeHTpanuu Oesnoro docedopa.
YenbpHBIE BBIXOJIBI Ta3a COCTABMIM 30,5 MJI ra3a/Mul cyOcTpara B KOHTpoJie, 28,3 MJI rasa/mi
cybcTpaTta mpu KOHIIEHTpanuu 0,001 %, 16,0 MJI ra3a/Mi cybcTpaTa mpu KOHIEHTpauu 0,01 % u
5,8 MuT raza/mJ1 cyOcTpaTa mpu KOHIEHTpauu 0,1 %, COOTBETCTBEHHO. Bee TOUkM Ha AuarpaMmax
yCpeIHEHBI U3 TPEX MOBTOPOB. IIPOA0IIKUTETFHOCTD 9KCIIEPUMEHTA 148 CYyTOK

Ha cozepsxanue yriekucsoro rasza 6emsiii ¢ocdop oOkasplBas MeHee 3aMEeTHOE YTHeTAloIee
BOBJIEHCTBHE, YeM Ha cojep:kanue MeraHa (PucyHok 3). I3 3TOrO Ciemyer, 4TO MeTaHOTE€HHbBIE
apxebakTepuu 60jiee YyBCTBUTETBHBI K OTPABJIEHUIO STUM BEIIECTBOM I10 CPABHEHHUIO C JPYTUMHU
MPEACTaBUTENIAMH MHUKPOGJIIOPHl aKTHBHOTO WA — JYyO0AKTEPUAMH, NPOAYIUPYIOIINMU
yriekucsbii ra3 (Munay6aes u ip., 2014).
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Puc. 3. 3aBUCMMOCTh KHUHETHKH U3MEHEHUs COCTaBa ra3a OT KOHIleHTpanuu 6esioro pocdopa B

ocaakax (0,001 % 6esioro pocdopa). B ompiTax comepkanre MeTaHa PACTET Me/JIEHHEEe, YEM B
KOHTPOJISAX, a Ha cojiep;kanue CO, mpucytcrBre 6es10ro dhocdopa mouTH He BIIUSET
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3.3. YcToiuynBbie MUKPOOPTAHU3MBbI

Cremyer OTMETHUTD, UTO Ha TIOBEPXHOCTU OCAJIKOB C obaByieHueM P, 0,01% Habsromancs poct
KOJIOHMH MHUKDPOOPTaHH3MOB. B KOHTpOJIBHBIX oOpasnax ©O0e3 Oesoro ¢docedopa poct
MHKPOOPTaHU3MOB He HalOozascsa. BoiiesleHHbIE MUKPOOPTaHU3MBI UJIEHTHOHUIIUPOBAIN KaK
npezcTaBuTesied poaa Streptomyces. IIpu ofuHAKOBOM pa3BeieHUH U3 onbITHOTO (¢ P,) cyGerpara
¢ cozepskanueM besioro docdopa 0,1 %, Ha MIIA BbIpOC/IO OOJIBIIIE KOJIOHUN OAaKTEPUU, UEM U3
KOHTPOJIBHOTO. [IJIOTHOCTh KJIETOUHOU CyCIIEH3UU B KOHTPOJIE COCTABJIsUIA 2,5 X 108 KJIETOK/MJI
cyOcTpaTa, a B OmbITe — 1,5 X 10 KJIETOK/MJ cyOcTpaTa, T.e. Ha JiBa TMOpsAKa OOJIbIIe.
Beipariennple OakTepur ObUTH HAEHTH(PUIMPOBAHBI Kak MpeacTaBuUTed poga Bacillus
(MunmybaeB u ap., 2011) . ITak, BO Bcex cirydassx Mbl HaOJTIOZIJaeM CXOHOE sIBJIEHUE — OTCYyTCTBHUE
win ociabjieHre pocTa MUKPOOPTaHU3MOB B KOHTPOJIBHBIX CyOCTpaTax MOCje MpeKpaIeHUs
BBIZIeJIEHUsI Ta3a. BeposATHO, 35TO pas3juuhe BHI3BAHO TEM, UYTO OXapaKTepHU30BaHHbIE
MHKPOOPTAaHU3MBI JIyYIlle aJJAlITHPYIOTCA K IPHCYTCTBHIO Oesoro ¢docdopa. B KOHTPOIBHBIX
cybcTpaTax OHU YTHETEHBI IPUCYTCTBHEM JAPYTUX TPYIIT MUKPOOPTaHU3MOB.

1.4. CBsI3pb aKTUBHOCTH MHUKPOOHOTO MeTabosm3Ma W pasyoxkeHus Oeisoro docdopa.
Ominyue sKCIIEpUMEHTa, OMMKUCAHHOTO B pabore (MwuHayOaeB u Jp., 2014), COCTOUT B TOM, YTO
BHocuMasi B cyOctparbl ¢uTomacca amapanTta (PucyHok 4) ObLia m3MeJibueHa /0 COCTOSHUS
IOPOIIIKA. ITO PE3KO aKTUBUPOBAIO MeTabOJMYECKHE MPOIIECCHI B IIEPBBIE CYTKU HKCIIEPUMEHTA,
Kak B KOHTpDOJe, TaK U B OIbITaX. IIpd 5TOM HWHTEHCHUBHO BBIIEJISJICS CEPOBOIOPOI,
oOpasyomuiicss Tpd aHa’pOOHOM pas3JIoKeHWU OeJKOBBIX BeIecTB amapaHTa. HakormeHue
CEPOBOZIOPO/IA IPUBEJIO K ITOCTENIEHHOMY IIPEKPAIIEHUIO BbIZI€JIEHHS ra3000pa3HbIX MPOAYKTOB BO
Bcex oOpasmnax. TokcumuHoe BiausHuWEe P, B OmbITax B 3TOT MEPHOJ HE HAOJIIOIAIOCH: XapaKTeP
3aTyxaHusT MeTabOJIUYeCKHX IPOIECCOB B KOHTPOJIAX M OIBITaX ObLI OJWHAKOBBIM. Ilo 3TOM
MpuYrHe Ha 48 [eHb OJKCIIepUMEHTa BO Bce cybcTpaThl ObUT /106aBJIEH HHOKYJIAT,
npesicTaBisitomuil coboii OCB Toi ke maptuu. Ilocsie ero BHeceHHsT MHUKpodJopa cybCcTpaToB
aKTUBHUPOBAJach, HO HE OJTHOBPEMEHHO B Pa3HbIX IIOBTOPaX. B 0JlTHOM U3 TpeX IMMOBTOPOB, BKJIIOYAS
KOHTPOJIb, JKU3HEIEATETBHOCTh MUKPOMJIOPH BOCCTAHOBUJIACH CPa3y II0C/Ie BHECEHUS] HHOKYJIATA.
KuneTnka BTOPOTrO HMOBTOpA MMEET BBIpAsKEHHYIO Jiar-pasy. TpeTuii mMOBTOp He aKTUBHUPOBAJICS
(PucyHok 5, cieBa). Pe3ysbrarT sKciepuMeHTa OTHO3HAYHO CBH/IETEJIHCTBYET O OHOJIOTHMYECKOM
Jerpaganuu  P,: pasjiokeHWe KCEHOOMOTHKA HAUYWHAETCs TOJIBKO IIOCe TPEOO0JIeHUs
MHUKPOGJIOPOM HMHTOKCUKAIUM cepoBosoposoM. AHanmui3 ['XMC nokasas, 4TO KOHIlEHTpauusd
6enoro dochopa oOpaTHO MPOMOPIHUOHATPHA AKTHBHOCTH MHUKPOOHOTO MeTaboiu3Ma B HHX
(Pucynok 5, cmpaBa). TO O3HA4YaeT YETKYI0 3aBUCHMOCTb MEXY CKOPOCTBHIO HMCUE3HOBEHUS
6esoro docdopa B cydeTpaTe U MHTEHCHBHOCTHIO MUKPOOHOTO MeTab0JIM3Ma B HEM.

Puc. 4. AmapanToBoe 1oJie. 13o0paskenue c caiita https://wallpaperscraft.ru
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Puc. 5. Paznmuumsa wmaTeHcMBHOCTH curHasia I'XMC Oenoro ¢ocdopa 1y MOBTOPOB OIBITA
(HanMeHee WHTEHCUBHBIM CUTHAJI — IEPBOTO IOBTOPA, CPEAHUI MO MHTEHCHBHOCTHU — BTOPOTO,
HanboJlee UHTEHCUBHBIN — TpeTbero). CieBa: KuHeTHKA BBI/IEJIEHUS Ta3a B OMBITE C COJIEPKAHUEM
P, 0.01% (Tpu moBTOpA). YA€IbHASA IPOAYKTUBHOCTH IIEPBOTO, BTOPOTO U TPETHETO ITOBTOPOB 27.3,
17.2 1 2.4 Mu1 ra3a/ M cyoerpata 3a 288 cyTok, cootBeTcTBeHHO. CripaBa: Criektp 'XMC a1 Tpex
IIOBTOPOB, CHATHI Ha 223 CYyTKHU 3KCIepuMeHTa. [[yia Gosiplell HAIJIAHOCTH HY>KHO CPABHUTBH C
JiuarpaMMaMHy Ha PUC. cleBa

3.5. Merabosinueckue mpeBpaienus 6eoro ¢pocdopa

B ombiTHOM crnektpe 3P AMP, cHATOM ¢ BOmHOW a3pl, MOPOABUINCHL CUTHAJIBI,
cooTBeTcTByOIe dochury u runodpochury (MunmydaeB u np., 2017) (PucyHok 6). Taxkum
00pasoMm, OH SBJISIETCS TOATBEPIKIEHUEM IIPEII0IaraeMoro HaMyu MeTab0IMYeCKOTO Iy TH.
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Puc. 6. 3P AMP cnektp BoaHoH ddasbl ombiTa ¢ cogepxkanuem P, B OCB 0,1 %.
ITpoaoyXUTEPHOCTD 5KcIepuMeHTa 153 cyT. CurHassl B obsactu 0,3 U 3,8 ppm COOTBETCTBYIOT
dochury. Curnan B obmactm 6,2 ppm orHocuTcsa K runmodochuty. ObOa BermecTBa
paccMaTpUBaIUCh KaK BO3MOXKHBIe MeTaboauThl 6esioro ¢ocdopa. CurHan B obaactu 1,5 ppm
oTHOCHUTCA K dpocdarty
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3.6. VckyccTBeHHBIE KyJIbTypaIbHbIE Cpebl ¢ 6etbiM (pocopom

Banuuiel pacTyT oueHb HHTEHCUBHO B CHHTETUUYECKOH cpejie, copepskariei docdart. B cpene
06e3 HCTOYHUKOB ¢dochopa MPU3HAKU KU3HENEATESTHHOCTH BOOOINE He HAOJIIOMAIOTCS, Cpefa
IIPO3pavyHa, OTCYTCTBYET IIOKa3aTesb OPOJKEHUS TJIFOKO3bI — BhIJiesieHue Ta3a. CaMblil MHTEPECHbBIN
pe3yJIbTaT JeMOHCTPUpPYeT cpeaa ¢ 6enbiM ¢pochopom. B Hell MPUCYTCTBYIOT OTAEIbHBIE METKHE
kosioHuu. HabGsiozanoch BblJieJIeHHE Ta3a. 3HAYWUT, OAIWIBI CMOTJIM PAacTH, XOTh U OYEHb
MeJIJIEeHHO, Ha TMPOAYKTaX OKucaeHusa Oenoro ¢ocdopa, BKIIOYAOIUE HE3HAUUTETbHbBIE
kostmuectBa docdara u pochura! Poct B KysIbTypasbHBIX cpeax ¢ 6e1biM ¢hochopom HabI0maICs
HaMHU BII€PBBIE.

4. 3arJaoueHue

BrepBrie mokazaHa BO3MOXKHOCTH Jierpazanuu besoro docdopa (P,) mox geiictBueM ocajika
crounbix BoJi (OCB) BogooumcTHbIX coopy:xkeHui. [lokazaHo, yto 6esbiil pocdop yraueraer poct
MUKDOOPTaHU3MOB 3a cueT O00pa30BaHUA TOKCUYHBIX IIPOMEXYTOUHBIX IIPOJYKTOB €ro
Jerpajanuu. JlokazaHO, UYTO CHIDKEHHe KOHIeHTpanuu P, o06paTHO IPONOPIIMOHATIBHO
IIPOJIOJIKUTEIBHOCTH JIar-¢asbl pocTa U MPSAMO MPOIMOPIMOHATIBHO aKTUBHOCTU META00IMYEeCKIX
nporieccoB MuKpodJopsl. ITpoBesieH monck metaboautos 6es1oro pocdopa U IpeJjIoKeH Iy Th €ro
MeTabosTu3Ma.

YcranoBsieHo, uTo Oenblii pochop IPOSABIISET BBHIPAXKEHHOE TOKCHYECKOe JIeHCTBHE Ha
MHUKPO(IOpYy aKTUBHOTO WJIA, MOAABJIASA POCT MHKPOOPraHu3MoB. O/IHAKO HCIOJIb30BAaHHASA B
JIAaHHOU paboTe KOHIeHTpaIus 6eoro ¢gocdopa (0T 0,1 10 710 0,01 % BKIIOUYUTEHHO) He IMPUBEJIa
K rubestt MUKpPOQJIOPHI, @ B KOHIIEHTPAIUU 0,001 % OH IMPAKTUYECKU He OKA3bIBAET BIUSAHUE HA
VZIeJIbHYI0 TPOAYKTUBHOCTh razoobpaszoBaHusA. llociexyromas amanTanuss MHUKPOQJIOPHI K
JIECTBUIO TOKCHUKAHTa IIPUBOAUT K ITOJTHOW OWozerpazanuu u rmepepabotke O6emoro docdopa B
HETOKCHUYHBIE NPOAYKTHI C COXPAaHEHHEM WCXOJHOU MeTaboJIMYecKOd AaKTUBHOCTU. Mexy
YKU3HEIEATEIbHOCThI0O MUKPOGJIIOPHI U CKOPOCTHIO pa3yiokeHus B cyberpate 6esoro docdopa ectsb
IpsAMas CBfA3b, YTO CBUJIETEJIHCTBYET B MOJIb3Yy UMEHHO OHOJIoTHYecKol Aerpaganuu P,. Metomom
3P AMP oOHapy:keHbI HpearosiaraeMble MeTabouThl P,. BblesieHBI UM OXapaKTepU30BaHbI
MUKPOOPTAHU3MBI, CIIOCOOHBIE PACTH B cyOCTpaTax, copepkamux 6esbiid pocdop B KOHIIEHTPAIIIHI
110 0,1 % 1o Mmacce. [ToceB ycTOMUMBBIX OAKTEpU B CUHTETUYECKYIO CPEZY, COJIEPIKAIIYI0 OeJThIi
docdop B kauecTBe eJUHCTBEHHOT'O UCTOYHMKA docdopa, IPoIeMOHCTPHPOBAI BO3MOXKHOCTh UX
pocTa B TakKuUX YCJIOBUAX. IlosiyueHHble HAIIMM KOJUIEKTHBOM PE3YJIbTAaThl OTKPBIBAIOT
IIePCIIEKTUBBI MPAKTUUECKOTO MPUMeHeHUs1 bnoaerpaaanuu 6eoro ¢ocdopa.
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Buoaerpananus 6es1oro ¢pocdopa — orracHOro MPpOMBIILIEHHOTO 3arpA3HUTEJIA

AnToH 3ydaposuy Munmybaes 2 -, Anekcanapa JImurpueBHa BosommHa 2,
Haranusa BaagumupoBra Kymnuk 2, [Imutpuii BajieHTHHOBUY PHIKUKOB 2,
TarbaHA AstekcaHpoBHa Bapcykosa? , Mas Abaiie Akocax b,

Canuma TaxusarynnoBHa MunszaHosa 2, JIto60Bb ['eHHaIbeBHA MUPOHOBA 2

alHCTUTYT OpraHnyeckou u pusnueckoit xumun uM. A.E. Apo6yzosa ©®UI] KazHI] PAH,
Poccutickas ®eneparus
bTAQY BIIO Kazauckutii (IIpuBosnkckuit) denepanbHbI YHUBEPCUTET, Poccuiickas Oenepanus

AHHOTamuA. BriepBble ITOKa3zaHa BO3MOMKHOCTH Jierpajanuu Oenoro ¢ocdopa mox
nerictBueM ocaaka cTtouHbIXx Boj (OCB) BomOOYHCTHBIX coopy:keHUH. [lokazaHo, 4TO OeJIbIi
¢ocdop yrHeTaeT pocT MUKPOOPTaHM3MOB HeE Cpasy IOCJe BHECEHMs, a CIIyCTs HECKOJIBKO JHEeH
WIN Jlake HeAesb. DTO O03HAYaeT, UYTO TOKCHYECKUM JIeHcTBHEM O00JIafaloT IPOMEKYTOUYHbIE
MPOAYKTHI Jlerpajlalliy, HaKaIUIUBamwIuecss B cybcrpaTax. Takke 1O H3MEHEHUIO COCTaBa
BBIZIEJIAIONTUXCS ra3000pa3HbIX MPOJYKTOB MOXKHO JI€JIaTh BBIBOJ, O OOJIbIIIENH YCTOMYHBOCTH K
O6esiomy ¢ocdopy sybakTepuil II0 CpaBHEHHIO ¢ MeTaHOTeHaMH. [loJlydeHbl KyJIbTYpPbI
MHUKPOOPTaHU3MOB, PACTYIIINX HA cyOcTpaTax ¢ cozep:kanueM 6esioro ¢pocdopa 0,01 u gaxe 0,1 %.
Metox I'XMC npoaeMOHCTPUPOBAJI, YTO CKOPOCTh CHIKEHUS KOHIleHTpanuu P, B cpefjax o6paTHO
MIPONIOPITMOHAJIPHA TPOAOJIKUTELHOCTH Jlar-a3bl pocTa W AKTUBHOCTU META0OJIMYECKUX
MIPOIECCOB MUKPOGJIIOPHL. ATO YKA3bIBAET HA Hamuue Ouozerpazanuu 6emoro docdopa. Kpome
TOTO, B TMPEJACTaBJIEHHOW paboTe IpPOBeAEeH IIOMCK MeTabogmToB Oesoro docdopa, a TakKe
BIIEPBBIE COCTABJIEH ITPEIIOJIaTaeMbIi IIyTh ero Merabosusma. IToceB yCTOWUMBBIX OaKTEpU Ha
CUHTETUYECKYIO CpeZy, CoJiepKaimryio Oenbiii ¢ochop B KadecTBe €AWHCTBEHHOTO HCTOYHUKA
docdopa, TposIEeMOHCTPUPOBAT BO3MOKHOCTD UX POCTAa B TAKUX YCIIOBHUSX.

KiaioueBble cjoBa: JeTOKcHKaIus, Oesblii pochop, 0CajIkiu CTOUHBIX BOJ, aHA3POOHbBIE
yCJIOBHSI, KUHETHUKA BBIJIEJIEHUs Tra3a, ra3oBas XpOMaTOMAacC-CIIEKTPOMETPHs, MeTaboJTnYecKuit
MyTh, AAEPHBIN MAarHUTHBIN PE30HAHC.
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Abstract

The presented study compared the growth of Aspergillus niger strain AM1 in culture media
varying in composition but containing P, as the sole source of phosphorus. Of the ten media, two in
which Aspergillus grew the fastest were selected. These media were concluded to be optimal for
growth. Comparing the compositions of the media and the growth rate of Aspergillus in them, we
found a key component that is a favorable factor for the growth of AM1 and the biodegradation of
white phosphorus. This component was sodium nitrate (NaNO). It has also been shown that
copper sulphate (CuSO,) has no effect on the growth of Aspergillus in media with white
phosphorus, regardless of the composition of these media. This result is in harmony with our
previous findings. Furthermore, in the present work, attempts to increase the concentration of
white phosphorus in the culture medium to values above 1% are described for the first time.
For this purpose, we added the following solvents to the culture media: dimethyl sulfoxide (DMSO)
and diesel, in which white phosphorus dissolves relatively well. Apparently, the presence of these
substances adversely affects the growth of Aspergill. Therefore, the problem of further increasing
the concentration of P4 remains an unanswered.

White phosphorus, reacts with ions of divalent copper even at room temperature. and the
Pridham-Gottlieb medium, which we have chosen for our purposes, contains copper sulfate in its
composition. The addition of an emulsion of white phosphorus led to the formation of a black
precipitate, which is evidence that a chemical reaction took place. Thus, the growth of
microorganisms occurred in the presence of not so much white phosphorus as the products of its
chemical transformations, and the experiments were not completely clean. Therefore, in the
present study, we carried out further modification of the Pridham-Gottlieb nutrient medium,
excluding from it not only phosphates as a source of phosphorus, but also copper sulfate.
In addition, we compared the white phosphorus resistance of our A. niger strains AM1 and AM2,
with three strains from the All-Russian Collection of Microorganisms (ARCM) (strains FW-650,
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FW-2664 and FW-2731), as well as four different bacterial species. Though highest resistance was
observed in strain AM1, the three strains of A. niger, sent from ARCM, also showed a higher
resistance to white phosphorus than the bacteria. It was shown that exclusion of copper sulfate
from the composition of the nutrient medium with white phosphorus does not prevent the growth
of fungi. In addition, white phosphorus does not react with the formation of a precipitate and
remains for a longer period under these conditions. This fact is a serious argument in favor of
biodegradation and has practical applicability in the method of microbial detoxification of white
phosphorus. However, a higher resistance of AM1 in comparison to the ARCM strains was only
observed in a medium with copper. Apparently, strain AM1 is most resistant to the toxic products
from the reaction of white phosphorus with Cu2".

Our previous studies demonstrated for the first time the presence of genotoxic properties in
white phosphorus. This in no doubt makes white phosphorus even more dangerous to handle.
However, our initial studies were carried out on prokaryotes (Salmonella typhimurium). Since the
genetic apparatus of prokaryotes is differently arranged than in eukaryotes (including humans), the
results of the studies on Salmonella is not completely transferable to humans. In addition to the
gene mutations studied by the Ames test and the SOS-lux test, which have a common nature in all
living organisms, there are genomic rearrangements that should be studied in eukaryotes. For this
purpose, an Allium test is used on onion rootlets (Allium cepa L.). In this work, we present the first
report on the negative effect of white phosphorus on the cell cycle of eukaryotes by the Allium test
method. It turned out that white phosphorus, even at very low concentrations of 0.01 %,
exponentially increases the number of chromosomal aberrations.

Keywords: white phosphorus, Aspergillus niger, biodegradation, bacteria, minimal
inhibitory concentration, culture media culture mediums, growth factors, Allium test.

1. BBeneHnue

3amuTra OKpY)KalIlled cpesbl crajia 3/1000/iHeBHON mpobsiemon (IlerpocsH, IllyBasosa,
2017). B 3HauUMTEBPHON CTENEeHW KpHU3UC OOYCJIOBJIEH HAKOIUIEHHEM TOKCHUYHBIX OTXOJIOB,
YCTOHYHUBOCTh K KOTOPHIM y Owuocdepsl eme He BbhIpaboTasach. Upe3BBHIYAHHO OIACHBIM B
obpaieHuu oTX0J/IoM sBjsieTcss Oenbiii pocdop P, Ero TOKCHYHOCTH HACTOJIBKO BEJIMKA, UTO
IIO3BOJISIET OTHOCUTD Oestbiii pocop K BelllecTBaM MEPBOTO Kjacca OMacHOCTH. Tem He MeHee, P,
HAXOAUT TNpuMeHeHue. [IpyymHA BTOTO0 — CPaBHUTEJBHO HU3KAsA Il€Ha, JOCTYIHOCTb U
MHOT000pa3ue XUMUYeCKnX npeBpameHuii. Takum o6paszom, Oesbrii hpochop 3TO y30BasA TOUKA,
CBSI3BIBAIOINAS IIPUPOIHBIE MeCTOPOKAeH A (hocdaToB U Bce MHOTooOpasue docdopcoiepKaliux
MIPOAYKTOB XUMHUYECKOU MpOMBIILIeHHOCTH. Cie/iyeT 0co060 yka3aTh Ha TO, YTO BCE 3aTPSA3HEHUSA
OenbIM U KeaThiM (dochopom Ha Tepputropum PP HaxomsTesa B OacceliHe pekw Bosara —
Ba)KHENIIIe BOJHON M TPAHCIOPTHOM apTepHUM Hallled CTPaHbl, B PeTHOHE C CaMOU BBICOKOU
IUTIOTHOCTHIO HacesieHus B Poccuu. COOTBETCTBEHHO, CBSI3AHHBIE C 3arPA3HEHUSIMH SKOJIOTHYECKUE
pucku oueHb Beauku. Caenyer 0co60 MOAUEPKHYTD, YTO CPEAU 56 EPEUHCIIEHHBIX B MOHOTpaduu
(AnekceeHKO U JIp., 2013) TOKCUKAHTOB MeHblllee, ueM y Oenoro ¢ocdopa, 3Hauenue II/IK
(c;iemoBaresibHO, OOJIee BBICOKYIO YTPO3Y JUIS OKPY»KaloIlel cpesibl) UMEIOT TOJIbKO OeH3MUpeH U
TETPA3TUJICBUHEI], IMO3TOMY POCT MHUKDPOOPTAaHU3MOB B TaKHUX YCJIOBUAX IIPEICTaBsAET coOOU
HeOopANHAapHOe OMOJIOTHYEeCcKOe sIBJIEHUE.

Bo/JBIIUHCTBO XUMHYECKUX IIPOAYKTOB, KOTOpPblE€ NIPUHATO CUHTATh HCKYCCTBEHHBIMHU,
IIOCTOSIHHO BBIZIeJIfeTCs KUBBIMU OpPTaHU3MaMU U NUPKyJIupyeT B 6uochepe (Munaybaes u Jip.,
2013). Hampumep, craso u3BecTHO, UYTO AuaTOMOBbIe Bogopociu Nitzschia pellucida BHIEISIOT
BBICOKOTOKCHUYHBIE MeTaboJIUThI - OpoMmIuaH u 1,2-auxiopataH (Vanelslander et al.,, 2012).
B npucyrcrBuM n30BITKA HOAUA OHU CHHTE3UPYIOT ellle 00Jiee TOKCUYHBIHN JIJAKPUMATOP HOIHAH.
J1o o6HapykeHUs 3TOro PakTa HUKTO He IPEATIOoJIaray CylecCTBOBAaHUE B IIPUPO/IE STUX BEIECTB.

O TOM, HACKOJIBKO JIETKO Yy MHUKPOOPTaHU3MOB BbIPA0OATHIBAETCA CIOCOOHOCTh K
Oouoperpajganvid, CBUJAETEJbCTBYeT Takou mpumep. Illtamm Pseudomonas putida CBBs,
MOJIYYUBIINN  HeoDHUIMAJIbHOE OlpefieJieHne «0akTepus KodeMaH», TMOJIyYeH IIyTeM
CEJIEKTUBHOTO BBIPAI[UBAaHUA IIOUBEHHOU OakTepun Ha YHCTOM KodeuHe. B ero reHome
IIPUCYTCTBYeT «KOGEUHOBBIN ONIEPOH», B PAJL CTAANIN pasaramimuil kKodhenH 10 yIIeKUCI0ro ra3a
u ammuaka. Kobeun sBisercsa Ay mTaMMa eJMHCTBEHHBIM HUCTOYHHUKOM YTIJIEpO/ia U a30Ta. JTa
BBICOKOCIEIIUATN3UPOBAaHHAsA OakTepusi HAXOJUT IPAKTUUYECKOe IPUMeEHEeHHe B KaudecTBe
OMOJIOTUYECKOTO CeHcopa KodenHa, a TakkKe /A JeKOopenHU3aluy HANUTKOB. BbIBeZleH 3TOT
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YHUKQIBHBI MHUKPOOpPraHW3M OBbI B pe3yjbTaTe HaIlpPaBJI€HHONU CeJeKIuH (HECKOJIbKO
IIOCJIEZIOBATE/IbHBIX IIEPECEBOB B CpPELy, COJEpIKallyld KO(ernH B KauyecTBe €JUHCTBEHHOTO
HCTOYHMKA a30Ta u yrjepoza). McxomaHas KyabTypa Oblla IIOJlydeHa W3 IOYBBI  KJIyMOBI
CTY/IEHYECKOTO TOPOIKa, Ha KOTOPYIO PEryJIsipHO BBUIUBAIM OcTaTKu Kode (Summers et al., 2013;
Yu et al., 2009).

BrimosiHeHHass HaAIIMM KOJIJIEKTHBOM pa60Ta ABJIAETCA IIE€PBBIM 3aJOKYMEHTHPOBAHHBIM
IIPUMEPOM YCBOEHUSI HCKYCCTBEHHOTO KCceHOOMOTHKA 6estoro ¢ochopa buocdhepoit (Munaydbaes u
p., 2018a, b). B maHHOI cTaThe IIPEACTABJIEHO ajIbHElIIee Pa3BUTHE UCCIEIOBAHUI
ouonerpaganuu 6eoro docdopa.

2. MeromoJ/iorust

ITepeceB kynbTypbl A. niger AM1 npousBesieH IO CTaHAAPTHOM cxeMe, B TpeX IIOBTOpPax.
Uepe3 49 CYTOK BO BCeX IIOBTOPAX KOJOHUU OBLIM MOKPBITHI YEPHOU POCCHIIBIO CIOP. ITO
JIOKa3bIBaeT, YTO U B cpefie ¢ OenbiM ¢docdopoM acmepriusul MOXKET COXPAHATh HOPMAJIbHYIO
deprunbHOCTh. O6pamaer Ha cebsi BHUMaHUE TOT (aKT, YTO B OAHOM IIOBTOpE KOJIOHUS CTasia
pasBUBaThCS OBICTPEe, YEM B JPYTUX, XOTA YCIOBUA ObLIN UAEHTUIHBI. BO3MOXKHO, 3TO ciie/icTBIE
MyTanuy, OOeCHeunBIIed JIyYlIyl0 MPHUCIOCOOJEHHOCTh K  OKCTPEMAJIbHBIM  YCIIOBUAM
CYIIECTBOBAHUS.

Jlna cpaBHeHUs YCTOMYHMBOCTU K Oesomy ¢ochopy HECKOIBKUX KYJIbTYP YEPHOTO
acmeprwiia, MPUMeHsUICSs Haml mramm Aspergillus niger AM1, a Takike TpU IITaMMa U3
Bcepoccuiickoit kosuteknuu MukpoopranudMoB npu MUB®M wum. T'.K. Ckpsbuna: FW-650,
FW-2664 u FW-2731, BeIie/IeHHbIE U3 apKTHYECKUX BedHOMep3JbiXx IpyHTOB (Tarmy (Kanazma),
MHOTOJIETHEMEP3JIble OTJIOXKEHUs, BO3pacT — 170 Jer, TiybuHa 20,50-20,55 M; KamuaTka
(Poccus), mernen ByJIKaHUYECKUU Mep3Jibli, IIyOuHa 1,8-1,85 m; Kamuartka (Poccust), mepaiiora,
BYJIKAHUYECKHI memnes, IyOuHa 14,5 M COOTBETCTBEHHO). KysIbTyphl BHICEBAIUCH B ILIAHIIETHI
Corning, CKOpOCTb POCTa OIIEHMBAJIACh MUKPOIUIAHIIETHBIM puzepoM Infinite F200 Pro, Tecan
(ABcTpHsA) MO WHTEHCUBHOCTH IIOTJIONIEHMSA CBeTa A 550 HM. MakcuMasibHas KOHIIEHTPAIUS
6estoro docdopa mocrurana 1 %. [lyis cpaBHEHUS BBICEBAIUCH KYJIBTYPBI OakTepuii Achromobacter
xylosoxidans, Pseudomonas aeruginosa, Bacillus firmus u Salmonella typhimurium. Ilenbio
JIAHHBIX HCCJIEAOBAHUU ABJISJIOCh OOHApy)KeHWEe MUHUMAaJIbHONW WHTHOUPYIOIIENH KOHIIEHTPaIuU
(MUK) 6emoro docdopa 1151 nEpeUrCIeHHBIX MUKPOOPTAHU3MOB.

B mpepcraBieHnHO# paboTe cpaBHUBaJICA pocT acneprwuia AM1 B KyJbTypaJbHBIX CpPeJax,
Pa3IMYAIOIIUXCSA 0 COCTaBy, HO B KauecTBe MCTOUHUKA docdopa coaepkamux Oenbrii ¢pocdop.
U3 necartu cpep ObuTH BBIOPAHBI BE, B KOTOPBIX aCHEPTHJUI POC Hambosee OBICTPO. DTU CPEABI
pelIeHo CYUTaTh ONTUMAJIbHBIMU 71 pocTa. CpaBHUBAsI COCTaBBI CPEJ| U CKOPOCTh POCTa B HUX
acmeprusuia, Mbl HAIIUTA BOKHEUIIINH KOMIIOHEHT, KOTOPBIH fABJISAETCA 0JIarONPUATHBIM (PaKTOPOM
Juts pocta AM1 u 6uoznerpaganuu 6esioro pocdopa. ITUM KOMIOHEHTOM OKA3JICsI HUTPAT HATPUS
NaNO,. Hcnosp3oBaHue IUIAHIIETOB U IUIAHIIETHOIO pHJepa IO3BOJIWJIO HaM IPOU3BOAUTH
IapajulesibHble IIOCEBBl PA3HBIX IITAMMOB M CpPaBHUBATh CKOPOCTh HUX pOCTa B Cpefax,
Pa3IMYAIONIUXCA IO COCTaBY, U C PA3JIMYHBIMU KOHIeHTpanusamu 6eyoro docdopa. Ml BrepBbie
IIpOBeJIU TapasuleibHble IMOCEBBI KYJIBTYP AaCIeprijIOB B KyJIbTYpaJIbHBIE CpeZbl HECKOJIbKUX
COCTaBOB, IpHBe/IeHHBIX B TabsuIe 1.

MOIIC (3-(N-mopdomuHo)uponancyab(poHOBass KUCIOTA), NpUMeHseMas JJI CO3JaHUs
OydepHBIX paCTBOPOB B OMOXUMUH.

Kynprypsl  BeiceBazich B IwiaHmersl  Corning, CKOpPOCTh pOCTa  OIEHHUBAIACHh
MUKpOIUIAHIIETHBIM puzepoM Infinite F200 Pro, Tecan (ABcTpus) 1O WHTEHCHBHOCTH
TIOTJIOIIEHHS cBeTa A 550 HM. [locie moceBa 3aMepsieTcsi ONTUUYecKast IJIOTHOCTh B KaXKJ0H JIYHKe
(Bcero B muiaHIIeTe ux 96) MPU IMOMOIIU CIEIHATBLHOTO CHEKTPOodOTOMeTpa — IUJIAHIIETHOTO
puzepa. /[HO TIaHIIeTa ONTHYECKOE.

104




Biogeosystem Technique, 2019, 6(2)

Taﬁﬂnua 1. CocraB KYJIbTYPpaJIbHBIX CpE, IPDUMEHEHHBIX B HCCJIEJOBAHU

Coub No1 No2 Nog Noy Nog No6 Noz No§ Nog No10
NaCl 5 2,5 2,5 2,5 2,5 2,5 2,5 2,5
NaNO; 4 4 4

MgSO, 0,2 0,5 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5
FeSO, 0,01 0,01

CaCl, 0,1 0,01

FeCl, 0,01

KCl 0,5 0,1 0,29 |0,5 0,5 0,5
(NH4)»SO, 1 5 5

MOIIC 8,4

KOH 1,1

NH,CI] 1,1 1,1

KNO, 2

Jlo cux mop MakcuMasbHas KOHIleHTpamus Oesoro ¢ocdopa B KyJbTYPATbHBIX Cpeaax
cocraBiisizia 1 %. IToCKOIbKY MUHUMAaJIbHASI MHTHOUPYIOMIAsA KOHIIEHTPAIUSA JTAHHOTO BEIEeCTBa
JUIST acTIepTU/JIOB He Hal/leHa, eCTh OCHOBAHMUSA I10JIaraTh, UTO aCIIEPTUIBI MOTYT PACTH B Cpeax ¢
KOHIleHTpamuei P, 6oyee 1 %. 9To MMeeT BaXKHOE MPAKTHUECKOE 3HAUEHHE, IOCKOJIbKY PACIIHUPIET
BO3MOKHOCTH CO37IaBaeMOT0 MeToAa. MBI iejIali MONBITKN YBEJIMYUBATh KOHIIEHTPAIHUI0 0e10TO
docdopa B cpene n0 3HaueHUH BbIIIE 1 %. /1A 3TOrO MBI JI0OABJISIM B CPEZIbl OpraHUYECKHue
pactBoputenu — auMerwicyabdokcus (JIMCO) u pausesnbHOe TOIUIMBO (KUJIKasi CMeCh
yraeBogoponioB Cio-C,0). M3BecTHO, uTO pacTtBOpuMocTh Oesioro ¢docdopa B OpraHHYECKHX
paCTBOPUTEJISIX HA TMOPSAKU MPEBOCXOAUT TAKOBYIO B BOJie. PacTBOPUMOCTH B BOJIE COCTaBJISIET
0,0003 % mnpu 15°C. MMeHHO mO 3TOH mnpuunHe Oeabld ¢ocdop B KyJIbTYPaJIbHOH CpeJie
HAXOJUTCS B COCTOSTHUM 3MYJILCUHU, a He pacTBopa. PactBopumocts B JIMCO cocrasiisiet ipu 20 °C
IIPUMEPHO 0,025 %, T.€. BBIIIIE, YeM B BOJIe MPUOJIM3UTEIBLHO Ha iBa nopsiaka (Dautert et al., 1975).
PacrBopumocts 6esioro docdopa B consgpoBoMm Macie npu 20°C ellle Bblllle U COCTaBJIAET 12 T/,
wia 1,2 % (Rivera et al., 1996). [ToaToMy, BO3HUKJIA HJies] YBEJIMUYUBATh KOHIIEHTPAIIUIO 0O€JI0TO
docdopa B cpenax myrem q00aBIEHNS] B HUX PACTBOPHUTEJIEH.

Hammu mnpeapiayIye WCCIeIOBaHUSA BIIEPBBIE MPOJEMOHCTPUPOBAIM HaIUdue y Oesoro
docdopa renorokcrmyeckux cBoucte (MuHrybaeB u ap., 2017a). ATo, 6€3 COMHEHUs, ie1aeT OesTbIi
dochop eme Ooslee omacHBIM B OOpallleHUM BEIIECTBOM. TeM He MeHee, HaIllM IIepBbIE
HccIeIoBaHUsA MPOBOAMWINCH Ha MMpoKapuoTax — bakTepusax Salmonella typhimurium. ITockoabKy
reHeTUYeCKU{ ammapaT NMPOKapUOT YCTPOeH HHaue, YeM Yy 3YKApHoT (BKJIOYas 4esoBeKa), TO
pe3yJIbTaThl HCCJIEJIOBAHUN HA CaJbMOHEJIaX HEJIb3s IIOJHOCTHIO IMEPEHOCUTHh Ha YeJIOBEKa.
[ToMHMO TeHHBIX MyTallMili, UCCJIelyeMbIX TecToM diiMca u SOS-lux TecToM, ¥ UMEIOITUX OOIIYIO
MPUPOMIY Y BCEX JKUBBIX OPraHU3MOB, CYII[ECTBYIOT T€HOMHBbIE IIEPECTPOMKU, KOTOPHIE CJIEAYET
u3ydaTh Ha sykapuoTax. [[jia sroii nenu mogaxomut Allium TecT Ha KOpeIKax Jiyka pemdaToro
(Allium cepa L.).

3. PesysabTarsl U 00CyKaeHHuEe

3.1. Aganrarus rpuba acnepruwuia K 6esomy docdopy

BoJsipinivie mepceKTHBBI OTKPBIBAET CIOHTAHHOE IOsBJIEHHE B cpefie ¢ GenbiM ¢ochopom
KyJIbTYpbl A. niger AM1 c¢ u3MeHeHHOU MOpPGOJIOTHEH U OKPAaCKOH, pacTylleid B cpeze C
HCCIIelyeMbIM KCEHOOMOTUKOM 0oJiee OBICTPO, ueM HcXOAHbIH mTaMM (PucyHok 1). Bo3dmoxkHO,
9TO pe3yJIbTaT MyTallMU U JATbHEUIINHN 5Tal afjlaliTallid MUKPOOPTaHU3Ma K Ccpefie, CoZepKaIen
6enbiii dhochop. Uepes 55 CyTOK IOC/e IMOCEBA JIMAUPYIOIIAA KyJIbTypa CTaja BbIpaOaThIBATh
MUTMEHT U TOpuoOperath 0Oojiee HACHIIEHHYIO JKEJNTYI0 OKpacky (MwuwuaybaeB u ap., 2017b).
KosoHuu B OCTaJIbHBIX JBYX IOBTOpPAx PacTyT MeJlJIeHHee U HMEIOT ropaszio 0oJiee CBETIIYIO
OKpacky. Yepes 59 CyTOK OKpacKa JIMAUPYIOLIEeH KOJIOHHHU OblIa BU3YaJIbHO OXapaKTepU30BaHa
KaK TeMHO-OpaHkeBas. OKpacusach He TOJIbKO KOJIOHUSA, HO U KyJIbTypaJIbHas cpefia, T.e. TUTMEHT
XOPOIIIO PACTBOPUM B BOJIE.
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Puc. 1. Bropoii noces A. niger AM1. Kpatinsasa cupaBa koiba — crepuibHas cpesa. Kpaliasas ciaesa
— KyJIbTypa acHeprwula, OTJIWYAIIasAcsa OT MPOYUX yCUJIeHHbIM pocroM. OOparmaer Ha cebs
BHHUMAaHNe HEOOBIYHO SIpKas OKpacKa 3TOU KyJIBTYPHI. /J[Be KOJIOBI B IIEHTPE — OCTAJIbHbIE IIOBTOPBI
1oceBa, pacryiue MeayieHHee. CHUMOK c/iesiaH uepe3 60 CYTOK IOocJIe IoceBa

UYepes 180 CyTOK MpOU3BEJIH IlepeceB MyTaHTHOTO A. niger AM1. Uepes /iBe HeZle U KOJIOHUS
cozpena. KynbTypa, cyas 1o BUAY U OKpacKe CIop, 6€3yCIOBHO, SABJISAETCS YEPHBIM ACIIEPTUILIOM,
HO MOP®OJIOTHSA KOJIOHUHM HeoObIYHAsA. BO3ymmHbIA MUIETIUH HU3KUUA, CIOPBI (POPMHUPYIOTCA
IIOYTH Ha IIOBEPXHOCTU Cpe/bl. B mepBble JIBOe CYTOK KyJbTypa OTJIMYaJach OT IIPEAKOBOU
BBIZIEJIEHUEM B CpEJLy »KeJITOTO MUTMEHTa, HO T0CJIe CO3PEBAHUS CIIOP MPUOOpeTaa aHAIOTHYHYIO
YepHyI0 OKPacKy U CTAaHOBWJIACh HEOTIMYMMOU. DTO fABJAETCA ellle OJJHUM CBUETETBCTBOM TOTO,
4YTO B KyJbType IpOM30LLIA MyTauud. JleTasbHOe u3ydyeHHEe MOP(OJIOTUH 3TOTO aclepruiuia
IIPOJIEMOHCTPHUPOBAJIO €T0 CXOZCTBO ¢ MpenKoBbIM AM1. A cyzi IO TOMY, YTO U3MEHEHHbBIH Ipub
s dexTnBHee Habupan Guomaccy B cpeze ¢ Genbim dochopoM, 5Ta MyTallUsl MOBBIIIAET €ro
pUCIOCO0JIEHHOCTh K CYIIIECTBOBAHUIO B JJAHHOU cpejie. Bbio MPUHATO pelieHne Ha3BaTh 3TOT
mramMMm A. niger AM2.
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Puc. 2. CpaBHeHHE POCTa YeThIpEX IMITaMMOB A. niger B IpUCyTCcTBUH 6estoro ¢ocdopa.

Ha ocu abceruce ykazaHsl KOHIleHTpanuu Py B %, Ha OCH OpZIMHAT ONITUYECKOE TIOTJIOIIEHUE TIPU A
550 HM. 3aMeTHO, 4To mTaMM AM1 HaMHOTO 60JIee yCTONYUB K 6estomy ¢hochopy 10 CpaBHEHUIO
co mramMmMmaMu u3 BKM

3.2. MuHuMasibHble MTHTHOUPYIOIHEe KOHIIeHTpaIuu 6esoro gocdopa

BeIsicHUI0Ch, YTO BCe 4YeThIpe ITamMMa A. niger BBIIEPKHUBAIOT KOHIEHTPAIUI0 0eyoro
docdopa 1 %. MUK ana Hux Tak U He ObIa HanjeHa. [1o-BUIMIMOMY, BBICOKAs YCTOMYHUBOCTD K
6esomy docdopy — MpU3HAK, XapAKTEPUSYIOIIUIN BCe UePHBIE aCIePTHIbI, U OOJIBIITUHCTBO U3
Hux. TeM He MeHee, B IIUPOKOM JUaNa30He KOHIIEHTpAui mraMmMm AM1, criopsl KOTOPOTO ObLIH
W3HAYIBHO BBIJIEJIEHBI U3 peakTHBa 6esoro ¢pocdopa, poc ObICTpee, T.€. OKa3aIcs HAMHOTO OoJiee
ycroituuBbiM (Pucynok 2). J{na 6axrepuit MUK 6pu1a HatizieHa u coctaBmwia mist A. xylosoxidans
0,125 %, B. firmus 0,25 %, Pseudomonas aeruginosa u S. typhimurium 0,5 %. 13 storo cienyer
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BBIBOJl, UTO YEpHbIE acCHEPTHUIbI 0OoJiee yCTOMYUBBI K Oesomy ¢ocdopy IO CpaBHEHHUIO C
OaKkTepUsAMHU.

3.3. OnTuMu3aIys cocTaBa KyJIbTyPaIbHbBIX CPe/T

OnHuMH 13 HanboJIee ONITUMAIBHBIX JIJIST POCTa ABJAIOTCS cpeabl N23 u N24. B 06eunx cpeyax
MIPUCYTCTBYeT HUTpAT Harpus. HawmeHee OJiarompusiTHON sBJsAeTcA cpeaa NO5, KoTopas
oTtmuaetcs ot cpeabl N23 orcyrerBueM NaNOs, 3aMeHOH ero cysib@aToM aMMOHUA (AaMMOHUMHAS
dopma azora). M3 sTOrO pe3ysbTaTa MOKHO CHAeJaTh BBIBOA O TOM, 4TO A. niger AM1
MIPEAIIOYNTAeT HUTPATHBIM a30T aMMOHHHHOMY, U YTO HUTPAT SABJISAETCS BAXKHBIM (DAKTOPOM,
0J1arOITPUATCTBYIONTUM POCTY JAaHHOTO MUKPOOpraHu3Ma u 6uojierpazanun 6esroro ¢gocdopa.

Cnenyer mOAYEPKHYTb, YTO [00aBJeHHE B KYJIBTyPUIbHYIO Cpeay cyiabdara Meau
IIPAaKTUUEeCKH! He BJUAET Ha Xxapakrep pocra rpuboB (PucyHok 3). DtoT dakr sBisgercs
JIOTIOJTHUTEJIBHBIM apTyMEHTOM B IIOJIb3Y TOTO, UTO UMeeT MecTo Ouozaerpazanusa 6eoro ¢pocdopa,
a He XUMHYEeCKast HeUTpan3aIiusi HOHAMH MeJIH.
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Puc. 3. Poctr AM1 B cpezie N93 (mATbIe CyTKH IOCJIE ITOceBa). BuaHO, 4TO pocT B BapHaHTeE CPefibI ¢
MeJIbl0 U 6e3 MeJI1 ITPAaKTUYeCKU OJITUHAKOBBIN — IrpadUKU HAKJIaIbIBAIOTCA APYT Ha Apyra. Och
abcnuce — koHIeHTparus 6eyoro gocedopa, %. Ock opauHAT —

ONITHYECKOE MOIJIOIIEHNE IIPU A 550 HM

B cpegax N2 7 u N2 8 pocT IpakTH4YecKu OTCYTCTBOBAJI, YTO IOATBEPAWIO 3HA4YEHUE
HUTPATOB J|JIs POCTa acIllepTrUIoB.

Ha pucyHke 4 mpecTaBieH poCT KyJbTyp B cpezie N9 ¢ 6espiM pocopoM B IPUCYTCTBUU
U B orcyTcTBHe (pocdaroB. BuaHO, YTO ONTUMATBLHBIMU KOHIIEHTparusMu 6esoro ¢ocdopa Ha
cpene 6e3 docdatop ABIsgeTca 0,125-0,5 %. IIpu cHIkeHUM KoHIeHTpamuu Oesioro docdopa
IUIOTHOCTh KYJIBTYPBI CHIDKAETCS. JTO CBSA3AaHO C PACTYyIIed HEXBAaTKOW OHWOTEHHOTO 3JIEMEHTa
docdopa. IIpu kouuenrpamuu Oesoro ¢ocdopa 1% pPOCT KyJbTYPHI TAKMKE ITOJABJISAETCS, UTO
CBSI3aHO YK€ C TOKCUYHOCTBIO Oesioro ¢ochopa. MHTEepecHO, uTO B cpefie ¢ ¢docdaramu Oesbii
docdop mogaBageT pocT U MpH 0,125-0,5 %. JlaHHBIN pe3yIbTaT MOKET CBU/IETEIHCTBOBATH O TOM,
uyro (QocdaTtHOe rosiofaHUe, BEPOATHO, UHAYIHpPYeT cUHTe3 (epMEeHTOB, CIOCOOCTBYIOIINX
pasnoxenuto Oesoro docdopa. [TomobHas MHAYKIUA IIMPOKO pacHpoCTpaHeHa B IPUPOE U
XOPOIIIO U3y4yeHa Ha MpUMepe JIAKTO3HOTo ortepoHa 6akrepuii (Marbach, Bettenbrock, 2012).

Haubonee moaxoasimied cpefoii okaszanach cpeza N210, BKJIOUAIONIAsA B CBOM COCTaB TPHU
ocHoBHBIX coenuHenus: NaCl, KNO; u MgSO,. OcrasibHble MUKPO3JIEMEHTHI IIOCTYIIAIOT B CPey,
BEPOATHO, C PACTBOPOM IJIIOKO3bI, KOTOpPAs HCIIOJIb3yeTCA B KAuecTBe KMCTOYHUKA YIJIEPOJIA
(Munaybaes u ap., 2019a).
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Puc. 4. Poct mramma Aspergillus niger AM1 ipu pa3HbIX KOHIIEHTpaIusx 6esioro ¢pocdopa B
cpene Nog ¢ pocdaramu u 6e3, Ha 5 cyTku. I1o ocu X oTyioxkeH % 6esoro docdopa B cpezie

3.4. ITouck myreit appexTuBHOrO pacTBopenus 6esnoro pocdopa B KyJabTypasIbHBIX cpefiax

bes wucrounukoB ¢ochopa u B npucyrctsuu JMCO poer orcyrerByeT. ITO JIETKO
o0OBsACHsAETCA OTCyTCTBHEM OmoreHHoro docdara B cpene. Ilpu nobaBiieHUH TJIIOKO3bI, HO 6e3
docdhopa — poctr Habiomaercss ¢ ymeHblneHneM KoHIeHTpanuu JIMCO. Bo3aMoxkHO, TJIIOKO32
coziepkut npumech pocdarta. Ho JIMCO nogassisieT pocT. ITOT pacTBOPUTEIb MaJIOTOKCUYEH, HO
€ro CMecCH C BOJIOM 00J1aZlal0T BBICOKOM OCMOTHYECKOW aKTHUBHOCTHIO, T.e. B cpemax ¢ JIMCO
MHUKPOOPTAaHU3MBI HCHBITHIBAIOT Aedunut Biaru. B cpeme ¢ docdarom, HO 6e3 TIIIIOKO3HI,
HaOJTIozjaeTcss HECKOoJIbKO Oostbiiuii poct Ha JIMCO. B03MOXXHO, B OTCYTCTBHUHM TJIFOKO3BI
BKJIIOYaeTcs cucreMa ucnosrb3oBanus JIMCO B kauecTBe uctounnka yriaepoaa (Kino et al., 2004).
Tem He MeHee, Ha /IMCO acrieprus1 pacTeT HAMHOTO MeJlJIEHHee, YeM Ha IJII0K03e, II03TOMY JJIA
6uonerpaganuu 6esoro ¢ocdopa cpefa TaKOro cocraBa He MOAXOAUT. [I0CKOJIbKY MbI IIJIAHUPYEM
HCII0JIB30BaTh B ombITax coderanue /IMCO c rioko3oi 6e3 docdaTa, TO 3TO /1aeT BO3MOXKHYIO
koHIeHTpanuio JIMCO okoso 1 %. DTO CAMIIKOM HU3KUE 3HAUEHU:A JJIS JOCTUKEHUS BBICOKUX
KoHIeHTpanuii pocdopa. Iloaromy, pacrBopenue 6esoro docdopa B JIMCO He mIpUBEAET K POCTY
3¢ dexTUBHOCTH OUO/IETPaAIIHH.

JpyruM mOTeHIMaJIbHBIM pacTBopuresieM i Oesoro docdopa sABIfgeTCsa AU3EIbHOE
TornBo. K coxkaseHuio, B HAIIIUX UCCIIEZIOBAHUAX He Habiogancs poct A. niger AM1 B cpefie ¢
JIU3TOIUIMBOM B KayecTBe MCTOYHUKA YIJIEPO/A, XOTA B KOHTpoJie (C IVIFOKO30i) Ipub pacrer.
Takum oOpa3oMm, Bompoc 00 yBeJIWUYEeHHH KOHIleHTpanuu 6esioro ¢ocdopa B cpezax Bbimre 1 %
OCTaeTCs OTKPBITHIM.

3.5. [eHOTOKCHYHOCTDb 1 (GPUTOTOKCUUHOCTH Oestoro pocdopa

B mpexacraBneHHO# paboTe MBI BIEPBBIE HCCIEAOBAIA HETAaTUBHOE BJIMSHUE 0€sI0ro
docdopa Ha KIETOUHBIN UK 3yKapuoT MeTozoM Allium tecra. Okasasnoch, uto 6esbiii docdop
Jla’ke B OUYEeHb HU3KUX KOHIIEHTPAIUAX, OKOJIO 0,01 %, OKa3bIBaeT (PUTOTOKCUUECKOE JEHUCTBHUE U
Ha TOPSZOK YBEJIWYHUBAET KOJIMYECTBO XPOMOCOMHBIX abepparuii (MunaybaeB u ap., 2019b)
(Pucynox 5).
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Puc. 5. HamsaaHasa geMoHcTpanuss (QUTOTOKCMYHOCTH Oesioro ¢docdopa: B ero MpUCYTCTBUU
(JieBast JIyKOBHIIA) KOPEIIKU JOCTOBEPHO OTCTAIOT B POCTE IO CPABHEHHIO ¢ KOHTpoJeM (IpaBas
sykoBumna). Kounenrtpamus P, B ombiTe 0,016 %. CHUMOK c/ieJlaH uepe3 2 CYTOK IIOCJie Havaia
IpopaluBaHu

4. 3axjaoueHue

HccnenoBaHue NOKa3ajlo, UTO Bce H3ydaeMble HAaMM IITaMMbl YepHOTO aclieprusia
(A. niger) obnagalT YCTOHYHUBOCTBIO K Oenomy dochopy. MuHMMaibHas HWHTHOUpPYOIAs
KOHIIeHTpauusA /i HUX He HaljeHa. [losToMmy, BIOJIHE 3aKOHOMEDHO, UYTO HMEHHO CIIOPbI
YEepHOTO acIeprwula COXPAHWIN JKU3HECIIOCOOHOCTh B OestoMm docdope, U3 KOTOPOTO BIEPBBIE
ObutH BbIZIeNIEHBI. Tem He MeHee, mtamMMm A. niger AM1, BbIZIeJIEHHBIN W3 peakTUBA 0esoro
docdopa, mposBisieTr 3aMeTHO OOJIBIIYI0 YCTOMYUBOCTh K JAHHOMY BEIECTBY, II0 CPAaBHEHUIO C
IITaMMaMHi U3 apKTHYECKHX BEYHOMEP3JIBIX TPYHTOB. B oTsimume OoT rpubOB, IpeACTaBUTENU
YyeThIpeX POoIOB OakTepui yrHeTatoTes 6ebiM ¢pochopom, MUK cocTaBiseT /jisi HUX BEITMIYUHBI OT
0,125 % 110 0,5 %. Pe3ynbTaT 00J1a1aeT HOBU3HOM U UHTEPeceH. V13 HEro ciie/lyeT BHIBOJ, O HATUYUH
y YEepHBIX acCHepriujUIoB 3allUTHBIX MEXaHU3MOB, IO3BOJISIOMIMX WM OBITh YCTOMYHUBBIMU K
TOKCUYHOMY 3aTrPsI3HUTEIIIO OKPYKAIOIIeH cpe/ibl 6esiomy dhochopy. DTH MeXaHU3MbI OTCYTCTBYIOT
y Gakrepuii u Hambosiee BhIpakeHbl y mrTamMma A. niger AM1. EcTh mpennosoxeHue, 9TO 3TOT
MEXaHN3M YCTOHYMBOCTH CBSi3aH € Mopdosoruelr rpuboB, B MEPBYI0 OYEpeAb CO CTPOEHHEM
KJIETOYHOU cTeHKH. [lasibHelIe wuccieoBaHus, CBA3aHHbIE C ONTUYECKOW U HJIEKTPOHHOH
MUKPOCKOIIHEH, /I0/KHBI TIOJITBEP/IUTH WJIN OIIPOBEPTHYTD IAHHOE IPE/IIIOJIOKEHUE.

CpaBHenue pocrta A. niger AM1 B KyJIbTYPaJIbHBIX CpeJlax 19 Pa3JIMYHbIX COCTABOB ITOKA3aJI0
cienytoniee. CynbdaT MeZy IPAaKTUYECKU He OKAa3bIBaeT BJIMAHUE HAa POCT aclepruula B cpeiax C
oenbiMm  ochopom. COOTBETCTBEHHO, BbIIBUTaeMasl THUIOTE3a O YHUCTO XHUMHYECKOM
obesBpexxuBaHnu Oenoro  ¢ochopa, 0Oe3 mTpuUBIEUEeHUS OHOJOTHYECKOTO OOBEKTa —
MHKPOOPTaHU3Ma U ero (hepMEHTHBIX CUCTEM — He TI0/ITBEPK/IAETCS.

Hawnyumuii poct Habmozaercs B cpemax N23, N24 um N210. ITu cpenpl 00beAHHSET
MIPUCYTCTBHE B X COCTaBe HUTPATA HATPHUs B KAUECTBE UCTOYHUKA a30Ta. COOTBETCTBEHHO, MOXKHO
JleJIaTh BBIBOJT O TOM, YTO HUTPAT SBJISAETCS BAKHBIM POCTOBBIM (akTopom misi A. niger AMi,
U PEKOMEH/IOBATh JJIA €r0 IMPOMBIIJIEHHOTO KYJIBTUBUPOBAHUS CPEAbI, CO/epsKalllie HUTPATHI.
3aMeHa HUTPATHOTO a30Ta aMMOHUUHBIM (CyJibdaT aMMOHUA) Jla’ke B PABHOMU J10JIe He IPUBOJIUT K
YCWIEHHIO POCTa Halllero ITaMMa. B MeHbIel cTemeHH, HO TaKXKe BaKHBIM (DaKTOPOM pOCTa
ABJISIETCSA JKeJjie30, IPUUeM KaK B TPEXBAJIEHTHOM COCTOSHUM (B BHE XJIOpHA Keje3a), TaK U B
JIByXBaJICHTHOM (CyJ1bdaT 3Kkese3a).

K cokasieHHIo, MONBITKH YBEJIMYUTHh KOHIEHTpaiuio Oesoro docdhopa B cpenax IyTeM
Jlob6aBieHNsA GMOCOBMECTUMBIX OpraHUYECKUX pacTBoputesneil (takux, kak JIMCO), Ha KOTOpbIe
MBI Bo3J1arajiu OOJIbIIe HA/IEXK/IbI, 10 CUX IIOP He MPUBEJIH K ycIexy. TeM He MeHee, PeKpaIaTh
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MIOTIBITKY ellle paHo. J[pyroi BO3MOKHBIM BapHUaHT yBeJTMUEHUs KOHIleHTparuu 6eoro ¢ocdopa B
cpele — TpUTOTOBJIeHWE 2 % smysabcur ¢dochopa He B (PHUHOJIOTHUECKOM PaCTBOPE,
a HETIOCPEICTBEHHO B CPEJIE.

MexaHuU3M T'€HOTOKCHYECKOTO JEHCTBHUsA, BEPOSITHO, OCHOBAH HAa BBICOKOM PEaKIMOHHOMN
ciocobHocti  P,. BrmosHe BO3MOKHO, UYTO ¥ OOHapy:KeHHas B HAIIUX HCCIEJOBAHUIX
TeHOTOKCHYHOCTh Oesoro ¢ochopa  obyciaoBiieHa 0Opa3oBaHUEM PEAKITMOHHOCIIOCOOHBIX
MeTaboJINTOB, 00Pa3yIOIIUX A//TYKTHI ¢ a30TUCTHIMH ocHOBaHusaMHU JIHK.

5. baarogaprocTu

dra pabora ObLTa BBIIOJIHEHAa IIpu (QUHAHCOBOW mojjep:kke Poccuiickoro ¢doHAa
dyHIaMeHTaTbHBIX HCCJIEIOBAHUU, TMPOEKT 15-29-02629 odpu_Mm u DoHpa copelcTBUA
WHHOBaNUAM, MpoeKT N2 C1-34299.
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Bimmsnue Ha Guoaerpazanuio 6es1oro gpocgopa cocraBa KyJIbTypajJdbHBIX CPEN U
BUAOBOM NPUHA/JIE2KHOCTH MUKPOOPTaHU3MOB

AnToH 3ydaposuy Munmybaes ?- ", dayapa Bukroposud baberauH b,
Enena KazumuposHa bazeesa 2, Canuma TaxuarysioBHa MuH3aHOBA 2,
JIro60Bb 'enHaiIbeBHA MupOHOBa 2

aTHCTUTYT OpraHuyeckou U pusnueckor xumuu uM. A.E. Ap6yzoa O®UI] KazHI[ PAH,
Poccutickasa ®enepanus
PT'AOY BIIO Kazauckuii (IlpuBosnkckuit) denepanbHblil yHUBepcUuTeT, Poccuiickas @enepanus

AnHOTamuA. B mpescTaBieHHOM HCC/IeIOBAaHUN CPaBHUBAJICA poOCT acuepruwsuia AM1 B
KyJIbTYPaJIbHBIX Cpe/laX, pa3/IMYyalluxXcsi IO COCTaBy, HO B KauecTBe HCTOYHUKA docdopa
cozepkamux 6enbiii pochop. M3 gecsatu cpen ObLin BHIOPaHBI TPHU, B KOTOPBIX aCHEPTHJII POC
Hanbosiee OBICTPO. ATU CPEABI PEIIEHO CUNUTATh ONTUMAIBHBIMHU /JIs1 pocta. CpaBHUBAs COCTaBbI
CpeZ ¥ CKOPOCTh POCTa B HUX ACIEPTUJLJIA, Mbl HAIIUTU KJIFOUEBON KOMIIOHEHT, KOTOPBIH SIBJISIETCS
OsaronpusATHBIM dakTopoM st poctra AM1 u Ouozaerpajganuu Oenoro dochopa. ITUM
KOMIIOHEHTOM OKazasicsi HutpaT Hatpusa NaNOQO;. Takke, mokazano, uto cyabdat meau CuSO, He
OKa3bIBAa€T HUKAKOTO BJIMSIHUS HAa POCT aCIEPTrHIOB B cpesiax ¢ 6esbiM pochopom, HE3aBUCHMO
OT cocTaBa 3TUX cpel. JlaHHBIN pe3ysbTaT XOPOIIO COIJIacyeTcs ¢ MOJIyuYeHHBIMH HaMHU paHee.
Takoxe, B Ipe/icTaBJIeHHON paboTe BIlepBbIe OIIUCAHBI MONBITKY YBEJIMUUTH KOHIIEHTPAIUIO 6eJ10T0
docdhopa B KyJIpTypaIbHOH cpefie [0 3HAYeHUW BbIMIe 1%. [l 3TOro Mbl A00aBIsIN B
KyJIbTypaJIbHbIE CpeAibl pacTBoputenu — auMmerwicyiabdokeus (JIMCO) u qusenpHOE TOILUIMBO,
B KOTOPBIX OeJiblil pocdop CpaBHUTEBHO XOPOIIO pacTBopuM. OKa3aaoch, YTO MPUCYTCTBUE ITUX
BelllecTB HeOJIaroMpUATHO CKa3bIBaeTcsA Ha pocTe acneprusioB. [loaToMy, Bompoc o JanbHeiem
yBeJIMUEeHUHU KOHIIEHTpaIuu P, ocTaeTcss OTKPHITHIM.

Benpiii pocdhop maxke mpu KOMHATHOU TeMIEpaType pearupyeT ¢ MOHAMU JBYXBaJeHTHOMN
Mmesn, a cpena IIpuaxeMm-I'oTiinb6a, KOTOPYIO MbI BRIOPATH /ISl HAIIIMX I€JIel, COJIEP?KUT B CBOEM
coctase cynbdat mesu. ITpu 106aBieHNH B 3Ty cpey sMysbcuu 6esoro ¢pocdopa BbIIaIal 0CaZioK
YEepHOTO IIBeTa, T.€. PeaKIus JeHCTBUTEJIBHO MPOUCXO/AmIa. Takum 00pa3oM, pocCT
MHUKPOOPTAaHU3MOB IIPOUCXOAM B IIPUCYTCTBUU HE CTOJIBKO Oesioro ¢ocdopa, CKOJIHKO MPOAYKTOB
€ro XMMUUYECKUX IPEeBpAIeHni, U SKCIEPUMEHTHI OKa3bIBAINCH HE BIOJIHE YHCTHIMU. [ToaTOMY,
B IIPE/ICTaBJIEHHON paboTe Mbl OCYIIECTBUJIN AAJbHEHUIIYI0 MOAMUDPUKALINIO MUTATEIbHOU Cpesbl
IMpunxem-Totinba, UCKIIOUNB U3 Hee He TOJIbKO docdaTel B KauecTBe UCTOUHUKA docdopa, HO U
cyabdat menu. IloMmuMo 3TOro, Mbl CpPaBHWIHN YCTOMUYUBOCTH K 6esioMy docdopy Halero mramMmma

* KoppeclmoHAUPYIOLIHUEH aBTOP
Anpeca 37eKTpoHHOU mouthkl: mindubaev-az@yandex.ru (A.3. Muny6aeB)
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yepHOro acneprmsuia AM1 U Tpex mTaMMOB U3 BcepocCHICKON KOJUIEKIUH MHUKPOOPTaHU3MOB
(BKM) (FW-650, FW-2664 u FW-2731), a Tak:Ke 4eThIpex BUAOB bakTepuid. Tpu mramma A. niger,
npucianHble 13 BKM, Tak ke MpOJEeMOHCTPUPOBaIN 00Jiee BBICOKYIO YCTOHUYHMBOCTh K OeoMy
docdopy, uem 6axTepun. Ho y mrramma AM1 oHa Bce paBHO Bbilile. [IokazaHO, UTO HCKITIOUEHHE U3
cocTaBa ITUTATEJIbHOU cpeJibl ¢ 6estbiM pocdopom cysibdara Meau He MPENATCTBYET POCTY IPUOOB,
X0oTsA Genblii ochop B ITUX YCIOBHUAX HE BCTYIAET B PEAKIIHIO C OOpPa30BaHHEM OC3JIKa U
coxpaHsieTcsi 6oJiee JUTUTeIbHOe BpeMs. DTOT (paKT sIBJISIeTCS CEepPbe3HBIM apTyMEHTOM B IIOJIb3Y
Omozerpaaniii ¥ TMPAKTUYECKOW IIPUMEHHUMOCTH MeETo/a JeTOKcuKanuu Oesioro docdopa
MUKpPOOpPTaHu3MaMu. TeM He MeHee, 0oJiee BBICOKAs YCTOMYMBOCTH AM1 IO CpPaBHEHHIO CO
mrammamu u3 BKM mposBisercs B cpezie ¢ Meapio. Ilo-Bupumomy, oH HauboJiee yCTONYUB
MMEHHO K TOKCUYHBIM MPOAYKTaM peakiuu 6esoro ¢pocdopa ¢ Cuz+.

Hamm npenpiyiiiue uccaefoBaHUs BIIEPBbIE ITPOJAEMOHCTPUPOBAIA HaMUHe y 0esoro
dochopa reHoTOKCHUECKHX CBOHCTB. ATO, Oe3 COMHeHUs, neyiaer Oenbiii (ocdop eme Oosee
omacHbBIM B oOpalleHuH BellecTBOM. TeM He MeHee, Halll ITepBbIe UCCIIe0BAaHUS TPOBOAINCH HA
mpokapuorax — Oakrtepusax Salmonella typhimurium. IToCKOJBKY TeHETHUYECKHUH armapar
MIPOKAPUOT YCTPOEH WHaye, YeM y DYKAPHOT, TO Pe3yJIbTaThl UCC/IEIOBAaHUMA Ha CaJIbMOHEJUIaxX
HeJIb3s MOJIHOCTHIO IMEPEHOCHUTh Ha YesloBeka. [IoMHUMO TeHHBIX MyTallli, UCCIEAYEMbBIX TECTOM
Atimca u SOS-lux TecToM, ¥ UMEIOIIKUX OOIIYIO TPUPOY Y BCEX KUBBIX OPTAHU3MOB, CyIIIECTBYIOT
TeHOMHbIE MEPECTPONKH, KOTOpbhIE CIJIEAyeT U3ydaTh HA dyKapwoTax. [[jid 3TOH IeNH MOAXOIUT
Allium Tect Ha Kopemikax jyka pemdatoro (Allium cepa L.). B mpexacraBieHHOI paboTe MbI
BIIEPBBIE HCCJIEJIOBAIN HETaTHBHOE BiMsHHE Oesioro ¢ochopa Ha KIETOUHBIM ITUKJI DYKAPUOT
metosioM Allium Tecra. Oxazasnock, uTo Gesblit Ghocdop ake B OUeHb HU3KHUX KOHIIEHTPAIUSIX,
OpsiZIKA 0.01 %, Ha MOPAZOK YBETMINBAET KOJTMYECTBO XPOMOCOMHBIX abeppariuii.

KiaoueBbie ciaoBa: 0Oenbiii  docdop, Aspergillus niger, Ouoperpamanusi, OaKTepHH,
MUHHMaJIbHasi HHTHOUPYIOIIas KOHIIEHTpAIUsl, KyJIbTypaIbHbIE Cpeibl, haKTOpbI pocTa, Allium Tect.
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Abstract

Grains constitute an important part of our daily food. And grains are also an important
source of our daily magnesium supply. Especially wheat in the western countries. But the amount
of magnesium in wheat has gone down dramatically with on average 19,6 %, as the data of Guo
have shown. This has among others to do with soils, varieties and fertilizing. In this article the
focus is on fertilizing. How can we change fertilizing in order to get better and healthier grains?
Here is made a comparison between conventional fertilizing, and fertilizing with extra seaweed and
other sea minerals, or with rock flour, or silt. The available data make clear that the type of
fertilizer makes a big difference.

The data on Non Protein Nitrogen (NPN) are missing because they are not available in the
historical records, nor in most actual analyses. High levels of NPN (a.o. nitrate; ammonium,;
nitrogen dioxide) are a serious health risk. The grains with conventional fertilizing are no longer in
balance. Sodium has gone down dramatically. And from trials with ryegrass we know that extra
sodium helps to restore the balance between the macro elements. Calcium in most grains is low,
but the balance of Ca/P in the wheat from Normandy is much higher (= better) than in the other
grains. And the Ca/P on silted soils is even better than on soils fertilized with seaweed and
seaminerals as in Normandy.

Not only the grains and the potatoes from Normandy are more in balance, even the dung of
the cows shows a somewhat healthier balance than modern cow dung. But here we can’t draw
conclusions yet, because the data from different eras and places are not really comparable.

With a good quality of vermicompost the balance in crops can be restored also. But here the
rule is that the feeding material for the worms is decisive.

Magnesium is very important for human health. The first Homo’s Sapienses are found in areas
where the soil is very high in magnesium. This magnesium is erupted there bij earth mantle volcanoes.
Many important food crops also originated in these magnesium rich centers of origin. But others came
from fault lines which originated from colliding earth crust plates which have a granitic origin.

Keywords: magnesium, wheat, rye, potatoes, silt, seaweed, fertilizing in other ways, macro
elements and their balance, animal dung, centers of origin.
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1. Introduction

Grains constitute an important part of human nutrition. And there is done a lot of research in
order to improve the quality of the grains we use to eat: wheat; rice; oats, rye, maize, sorghum, millet
and other.

But most food scientists have in my opinion no idea about the necessity of balances. They
look at proteins and vitamins, and warn sometimes against empty foods which lack minerals and
trace elements” (but mostly with a very soft voice...). Only a few scientists like White and Broadley
in the UK (White, 2005) and Rosanoff (2013) in the USA look at the amount of magnesium, which
has gone down dramatically in our daily food. But even White and his colleagues don’t look at the
general picture of the minerals and their balance, and the underlying system of fertilizing. And they
ignore, or, more probably, dont know about the results of the balance studies, which are done
mostly with dairy cattle. And much less for human beings.

Cattle cost money when they become ill. Human beings bring profits for the medical industry
if they get ill. That is the reality in which sciences operate. Many scientists are no more
independent. Governments in the west push them to get their funding from the industry.

And most food scientists don’t know anything about fertilizing.

In the Dutch food supply wheat is the most important source of magnesium. And maybe rye
could get a more prominent place also, if its quality goes up. In Wageningen we grow at the
moment a special old variety of rye — St Jans Rye. This rye gives a special taste to the bread.
In order to get a better idea about the quality, I have collected data about the balances in wheat and
rye. For the Netherlands I couldn’t find data for the whole grains, only for the breads and flours,
brans and germs (see Annex 3).

The data on Non Protein Nitrogen (NPN) are missing because they are not available in the
historical records, nor in most actual analyses. High levels of NPN (a.o. nitrate; ammonium,;
nitrogen dioxide) are a serious health risk (Visser, 2010).

So I used data from other countries and at different times, in order to find out about the
different balances which were existing in the past and are existing at the moment in rye and wheat.
And which are possible. My conclusion is that by fertilizing with NPK salts and with most animal
dungs the balance has been distorted and the quality has gone down. And from the past we can
learn that a.o. sodium for the graminaeae helps to improve the quality by restoring the balance.
Sodium fertilzing is a real art. Too little doesn’t work, too much is damaging. The same for seaweed
and brine as extra fertilizers.

2. Results

Fertilizing to restore the balance

Recently, the restoration of the balance has been confirmed by fertilizng with
sodiumchloride on grassland. Sodium helps to lower the amount of potassium and at the same time
to heighten the amount of sodium, calcium and magnesium in the rye grass (Chiy, Phillips, 1995).
The role of sodium in plant growth is underestimated. But kitchen salt is not always a good
fertilizer for improving quality of soil or food. Many crops don’t grow well on NaCl-salt. There are
better ways to rebalance our crops. In the books of Marchand I couldn’t find data for rye. Maybe in
other publications of that era we can still find them (Table 1).

Table 1. The data on macro-elements in rye and wheat

Element Rye wheat
USA Poland UK Western USA Poland UK Normandy, red
(USDA (Kowieska, (McCance, | Europe (USDA (Kowieska, (McCance, | wheat
database, 2011) 1945) (Wolff, 1871) | database, 2011) 1945) (Marchand,
2017) 2017) 1869)

Ash, % Ash, %

Ca 24 44 31.5 0.39 29 44 27.6 0.99

Mg 110 98.7 92 1.44 126 116.5 141 1.89

P 332 371 359 4.2 288 512 350 2.8

K 510 469 412 5.46 363 268 312 3.13

Na 2 28.1 - 0.27 2 11 3.2 2

Total 978 1010.8 894 — 808 951.5 833 —

* The work of Shridhar et al is a good example (Shridhar et al., 2015).
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From an article in the Journal of the royal agricultural society it is clear that rye was also
grown in Normandy (Taunton, 1846).
Now we can calculate the ratios for rye and wheat (Tables 2, 3):

Table 2. Ratios in Rye

Ratios Optimal ratios for | USDA, 2017 Kowieska, McCance and | Wolff,
human and animal 2011 Widdowson, 1945 | 1871
food, feed/day

K/Na 1-4 255 16.6 - 20.2

K/Mg 2-5 4.6 4.75 4.47 3.79

Ca/Mg 1-2 0.22 0.44 0.34 0.27

Ca/P 1-2 0.07 0.12 0.09 0.09

Mg/(K+Na+Ca+P) 0.15—0.25 minimum | 0.13 0.11 0.11" 0.14
0.10

¢ USDA rye is almost complete without sodium, and the highest in magnesium and
potassium,;

¢ Poland rye is not bad for K/Na, in balance for K/Mg but not for calcium/magnesium and
calcium/phosphor. Poland soils are poor in magnesium;

¢ Poland rye has the highest nutrient density (Wolff excluded);

¢ Potassium is the highest in the USA rye (Wolff excluded);

¢ Wolff rye has the highest Mg/(K+Na+Ca+P);

Table 3. Ratios in wheat

Optimal ratios for human food | USDA, 2017 Kowieska, McCance, 1945 Marchand,
and animal feed/day 2011 1869
K/Na 1-4 181.5 24.4 97.5 1.6
K/Mg 2-5 2.88 2.3 2.2 1.66
Ca/Mg 1—2 0.23 0.2 0.19 0.52
Ca/P 1-2 0.10 0.08 0.08 0.32
Mg/(K+Na+Ca+P) 0.15—0.25 (Minimum 0.10) 0.18 0.14 0.20 0.21

¢ USDA wheat is almost complete without sodium;

¢ USDA wheat is the highest in potassium (but sodium can help to bring down potassium in
the USA wheat");

¢ UK wheat is the highest in magnesium (Marchand excluded);

¢ Poland wheat has the highest nutrient density through very high P (Marchand excluded);

¢ The best wheat, in terms of the balances, was grown in Normandy, France in 1869. The reason:
a different kind of fertilizing: guano dung, a good quality cow dung, brine and seaweed etc.

All grains have a low Ca/P ratio, but the least in the wheat from Normandy (Marchand,
1869). So extra calcium in the grains is possible (and necessary). By a better uptake of calcium
Ca/Mg becomes also in a better balance.

Many other products in Normandy at that time, 1850-1881, were fairly well balanced: vetch;
peas; carrots; milk; potatoes; white and black oats etc. At least compared to most other products in
Western Europe in that period. (But not all: in Belgium they grew a nicely balanced white carrot
(Wolff, 1871). My impression is that it is not the guano dung but the brine and seaweed which made
the difference. Many other crops in Europe in that period were fertilized by guano dung, but
without being in balance (Wolff, 1871). Maybe the trace elements plus sodium in brine and seaweed
made the diference.

* Corrected for sodium, which was missing in McCance, 1945.
* In Hindi wheat from Egypt the K/Na was 10.45. This wheat was, according to Schrumpf Pierron, “the best
wheat of Egypt” (Schrumpf Pierron, 1939). Only its calcium was too low.
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Corollary
The quality of grains can be improved by better fertilizing practises. Levels for sodium,

calcium and magnesium are part of this improvement. Guano dung is rich in sodium nitrate, and
seaweed is rich in sodium, calcium and magnesium and many other elements, including trace
elements (see annex 2). The same for brine. I didn’t find information about the amounts of brine
which were used in Normandy in the 19th century. According to Marchand the brine was also used
as a fertilizer in the Norman agriculture.

From field trials in Wales, UK (Chiy, Phillips, 1995) we know that the balance in ryegrass is
almost completely restored for potassium, calcium, magnesium and sodium by giving extra salt
(optimum at the Wales soil ad 175 kg NaCl/ha) to the grass. The cows are fond of this salted
ryegrass. But other grasses like timothy don’t take up sodium as in ryegrass (Huhtanen et al.,
2000). Many crops don’t tolerate NaCl.

But from the trials of Wolff in 1849 and 1850 (cited by Strumpf, 1853: 42—56) we learn that
high amounts of kitchen salt” (with an optimum at 1200 kg/ha) give good results for oats, and for
barley. But not for buckwheat.

“Wiahrend bei dem Buchweizen schon geringe Mengen ([Kochsalz] schadlich einwirken,
konnen bei Halmfriichten, bei der Gerste wie bei dem Hafer sehr betrachtliche Mengen nicht allein
ohne Nachtheil, sondern sogar mit grossen Nutzen verwendet werden” (Strumpf’, 1853: 50).

Small amounts of kitchen salt were also positive for wheat, but too much of it lowered the
yields.

So how to fertilize?

Here I compare the cow dung from Normandy with the cow dung today in the Netherlands
and Belgium (Table 4). Is the cow dung in Normandy (Marchand, 1881), like the crops, also more
in balance than the modern Dutch and Belgian cow dung?

Table 4. Elements in different cow dungs

G/kg fresh weight | Norman  manure | Belgian manure | Dutch manure The average
(fw) in manure (Marchand, 1881) (Coppens, 2009) | (average of of dutch
(Nutrinorm, slurry
2016 and CBGV,
2012)
K 3.11 6.7 6.18 6.44 4.8
Na 0.85 0.74 0.77 0.75 0.51
Ca 3.98 3.57 2.84 3.2 2.8
Mg 1.44 1.0 1.89 1.44 0.72
P 0.78 1.72 1.52 1.62 0.6
Niot 4 8.5. 6.5 7.5 4.1

The cow dung in Normandy was probably influenced by the seaweed and brine fertilization
by the Norman farmers, through the fodders the animals ate (Table 5).

Table 5. Ratios in different animal dungs

Optimal ratio’s for | Manure from Dutch slurry
Ratios human and | Normandy (1881 CBGV
animal, food/day | or before)
(Marchand, 1881)
K/Na 1—4 3.65 9.4
K/Mg 2-5 2.15 4.47 6.6
Ca/Mg 1-2 2.76 2.2 3.88
Ca/P 1—2 5.1 1.9 4.6
Mg/(K+Na+ | 0.15-0.25 0.165 0.12 0.08
Ca+P) Minimum 0.10

* From the tekst it is not clear if this salt is seasalt or salt from salt mines.
* Strumpf cited the results of Wolff from (Wolff, 1851).
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In the Norman cow dung only the Ca/P is too high.

Can we draw further conclusions on the basis of this comparison?

At first sight we can think that the dung from Normandy on average seems better in terms of
balances.

But now the complications:

¢ The dung from Normandy is a “Fumier de qualité moyenne” (Marchand, 1881). Literally,
“a dung of average quality”. But is the dung taken from a dung heap in which also straw was added,
or is it pure dung? That means urine and shit? Or has part of the urine leaked away into the soil of
the stable, or away from the manure heap? I suppose there were no concrete floors or basements.
And was it cow dung or mixed dung form different animals? Was it fresh or old?

¢ And also the modern dung is not defined carefully. Is column 4 in Table 5 ‘shit plus urine
plus straw’, or only ‘shit plus urine? And have the samples been taken when the material was fresh
or after some months from for instance a manure pile?

e A further complication is that the animals in modern agriculture get a lot of supplements in
order to balance the feed: salt; calcium carbonate and magnesiumoxide (and trace elements).
We know that part of these supplements go straight into the shit like the magnesiumoxide which is
taken up badly by the animals. Some vets say only 4 % is taken up. And also calcium carbonate is
only taken up partly. High levels of potassium block the uptake of magnesium and calcium.

¢ And the dry matter contents of the samples differ;

So in fact conclusions are impossible.

So I decided to compare the Norman dung with the dung from other parts of Europe in the
same era: 1850—1880. But Wolff (1871) provides no data on dung. The data in (Strumpf, 1853) are
not usable because he gives them as alkalis (potassium and sodium together, and as calcium and
magnesium earth (kohlensaurer Kalk und Bittererde) together, plus phosphoric acid — ammonia —
magnesiumoxide (phosphorsaurer Ammoniak Bittererde). And also in the Journal of the royal
agriculutural society of England I couldn’t find them.

For the health and the quality the differences in the manures are far-reaching. Already in
1933 Theel noted that potassium, sulphur and chloride had almost doubled in the German hays
since 1881 (Theel, 1933). And Arzet demonstrated that in fodder this upward trend for potassium
continued, while magnesium went down since 1910 (Arzet, 1972).

So now we have to investigate how we have to fertilize in order to balance the elements in our
crops, avoiding the problems of fertilizing with high amounts of NaCl salt, and too much NPK.

Complete seaminerals” we can use as foliar fertilizer, strongly diluted. So we can avoid adding
hughe amounts of salt(s) in the soil. And we can also use seaminerals with almost no NaCl. In the
Netherlands these sodium poor seasalts are imported a.o. from Australia and the USA.

But that’s one step. Schreiner has made clear that plants grow better on organic constituents
than on inorganic salts:

“I am ready to formulate the theory that these degradation products of protein [from plant
residuals, N.] are absorbed by the plant directly from the soil and that the plant uses these units
for building up the complex proteins as far as it is possible to do so. Nitrate is usually considered
as the best form of nitrogen for plant food. In order to use nitrate, a highly oxidized form of
nitrogen, to form the amido and imido’ groups of the protein molecules, a reduction must take
place. It is obvious that the plant must expend considerable energy in making this
transformation. What is more reasonable than to suppose that the unit parts of the complex
protein molecules, when presented to the plant, will be used by it in preference to preparing these
units from the nitrate “? (Schreiner, 1913).

* Seaminerals are all the minerals and trace elements in seawater. In a good quality seaminerals there are
85 tot 90 elements available. Murray and Don Jansen in the USA have done a lot of research in fertilizing
with seaminerals (Murray, 2003). Grains fertilized with seaminerals repressed cancer in cancer-mice for
100 %. (Voss, 2010).

* In organic chemistry, an imide is a functional group consisting of two acyl groups bound to nitrogen. These
compounds are structurally related to acid anhydrides, although imides are less reactive (Imides, 20009;
Sperry, 2011)
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In 1957 Krasil'nikov formulated a comparable view when he stated that all metals are bound
to organic compounds by microbes before being taken up by the plant roots” (Krasil’nikov, 1958,
part III, p. 69).

And vermicomposts® offer a new opportunity to give these organic constituents to the plants,
and to rebalance our crops. Vermicomposts contain high amounts of rhizosphere friendly microbes
(Pathma, 2012) and of humic and fulvic acids — the ideal ‘storage boxes’ for nutrients. The plants
can take the nutrients from the ‘box’ in a selective way with the help of rhizosphere microbes. And
the soil microbes themselves break down in amino acids — a better nitrogen source than nitrate and
ammonia (Schreiner, 1912). According to Geosol from Bursa in Turkey, plants fertilized by
vermicompost contain no nitrate (Geosol, 2018) or, according to Pathma, less nitrate (Pathma,
Sakthivel, 2012):

“Properties of vermicompost: (..) Nitrate residues are not found in plants grown with
vermicompost. (..) [VC] gives the nutrients to the plant gradually based on the needs of the plant”.
(Geosol, 2018).

And when the bacteria break down in smaller units (viroids; nanobacteria; L. forms and
other), the plants can take up these smaller units too. They act as their vitalizers (Rusch, 1968).
The breakdown is probably facilitated by the bacteriophages on the slimey surfaces of the root tops
(Barr, 2013). These bacteriophages protect the plants against invading bacteria, en help the plants
by providing them with the tiniest vitalizing microbes.

Reading again the list of ryes in Wolff (Wolff, 1871: 14 Rye nr 3*) I found another very
interesting result: rye and oats which were fertilized with silt [reichlicher Schlammdiingung
(kunstliche Uberschwemmung)]. See annex 1 for a short introduction by Herapath (1850). This
fertilizing is comparable with that with rock flour. This was the result for grains (Table 6).

Table 6. Elements in different grains grown on silted land

Rye on silt | Oats 1. on silt (UK) | Oats 2. (after oats | Wheat nr 1 (First sowing after
Element (UK) [Fluss-schlamm)] 1.) (UK) broad beans, after flooding with
siltt (UK)
Ash % Ash % Ash % Ash %
Ca 8 2.96 4.8 0.96
Mg 7.8 5.6 4.6 7.75
P 14.4 7.6 4.2 20.9
K 13.8 10.9 8.1 16.6
Na 13.6 6 4 11.7
Pure ash 2.65 3.95 3.06 2.3 (in dried seeds)

The silt-rye was grown immediately after flooding with silt: “nach reichlicher
Schlammdiingung” (Wolff, 1871: 14).

The oats were grown in this sequence: after flooding the land and giving the silt the first crop
was broad beans, then three times wheat, then two times oats (Wolff 1871: 24). So the effect of the
silt was the least for the last oats crop. But I must say, the farmers in this area brought huge
amounts of silt on their land: sometimes two to three feet by repeated flooding with silt rich river

water (Herapath, 1850). Here are the ratios (Table 7).

* “These observations showed that plants evidently take up iron, not in the form of mineral compounds, but
in the form of organomineral substances formed under the influence of microorganisms”. Also the other
metals are complexed with organic compounds according to Krasil’nikov.

 Sinha has given a good overview about the qualities of vermicompost (Sinha, 2009).

* Wolff took these data from Liebig and Kopp “Jahresberichten f 1850 Tab A”. Published by Th. J. Herapath.
Herapath wrote about trials in Bristol with silt fertilizing (Herapath, 1850. Part I, p. 93; Part II pp. 500-536).
§ Strumpf, 1853: 121.
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Table 7. Ratios in different grains grown on silted land

Optimal ratio’s for | Ratios in the | Ratios in the | Ratios in the | Ratios in
- human and animal | rye on silt oats nr 1 on | oats nr 2 on | wheat nr 1
food, feed/day silt silt on silt
K/Na 1—4 1.01 1.8 2 1.41
K/Mg 2-5 1.76 1.9 1.8 2.14
Ca/Mg 1-2 1.02 0.52 1.04 0.12
Ca/P 1—2 0.55 0.39 1.14 0.045
Mg/(K+Na+Ca+ | 0.15—-0.25 Minimum | 0.155 0.20 0.27 0.155
P) 0.10

And the percentage pure ash was for the silt-rye the second highest of 23 samples from
different countries and soils: 2,65 % (Wolff, 1871: 14, 15).

Oats nr 1 of Herapath (fertilized with silt) and the white oats of Marchand had the highest ash
content of all 25 oats in Wolff (Wolff, 1871: 24, 25).

From the list of ryes in Wolff we can also see that the amount of P in the rye on silt is the
second lowest of the 23 ryes which were analysed. Maybe the mycorrhiza’s were not yet present in
the fresh silt.

This silt — rye is optimal for all ratios except for Ca/P. But this Ca/P — 0.55 — is even much
higher than the best Ca/P of Marchand wheat: 0,32.

And we can also learn from it that the amount of calcium in grains can be much higher than
the ‘normal’ amount. A question is if phosphor is not too low in the silt rye.The Nile silt gives very
high amounts of P in Hindi wheat, and low amounts of calcium (Schrumpf Pierron, 1939). Ca/P in
Hindi wheat is 0.153. The silt from the Nile is basaltic silt. The silt in Bristol where the silt rye was
grown, was problably not a basaltic silt, but a more granitic silt.

Oats nr. 2 has the perfect balance. Only the ash content had gone down with 22 %.

Wheat nr 1 has one problem: a very low calcium content.

And we have to find out how much phosphor in our crops is really needed and healthy.
In many wheat varieties phoshor is really very high, while sulphur is almost completely missing
(Thomas, 1846). We don’t know if phosphor is high because sulphur in the soils is low. According
to the charts of Mulder there is no relation between the levels of sulphur in the soils and the uptake
of phosphor. High magnesium levels stimulate high phosphor in the plants. Only high levels of zinc
and of molybdenum oppose the uptake of sulphur.

And:

In a study on food from India the following amounts for elements in rye are mentioned:

- Potassium: 45

- Calcium: 61;

- Magnesium: 155;

- Other macro elements are missing.

If these data are correct, then rye can be an excellent source of magnesium (Manay, 2008).

A comparison with potatoes

For potatoes I found a comparable result for fertilizing with rock flour (Table 8, column 5).

Hensel (1894) gave (granitic?”) rock flour on a potato field in Pommeren in 1890. I compare
them with the ratios in nowadays Dutch potatoes and in potatoes from Normandy 1864. These are
the results (Table 8).

* Normally Hensel worked with granitic rock flours (Hensel, 1894).
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Table 8. Ratios in potatoes with different fertilizing systems

Optimal ratio’s | Potato trial of the | Three  potato  varieties | Potatoes in
Element for human and | Louis Bolk | Parmen-tier, Patraques en | Pommeren
animal food/day | institution. The | Vitelottes in = Normandy | (Hensel, 1894)F,
(Nigten, 2018) average of | (Marchand, 1866). The | fertilized with
thirteen different | potatoes were fertilized | rock flour. By
fertilizings. with  guano  fertilizer, | Hensel.
(Burgt et al., | seaweed and animal dung’.
2012) Par Pat | Vit
The Netherlands. average.
K/Na Optimum 1 — 4 230 6 1.44 | 1.35 12.2
1,.95
K/Mg Optimum 2 -5 | 25.5 9.61 | 10.5 | 11.6 10.36 1.8
Ca/Mg Optimum 1 - 2. 0.77 0.72 | 0.91| 2.6 2.3
1.29
Ca/P Optimum 1 — 2 | 0.23 1.6 0.55 | 1.15 6.6
(Max 3) 0.98
Mg/ 0.15 — 0.25 (min | 0.033 0.08 0.04 0.21
(Na+K+Ca+P) | 0,10) 0.049 0.054
We can conclude:
1. Fertilizing with silt or rock flour gives better balanced crops than fertilizing with
salts and/or most animal dungs;
2. Fertilizing with guano dung, brine, seaweed and a better balanced animal dung

(Table 5: animal dung in Normandy, (Marchand, 1881)) gives also better balanced crops;

So the challenge is to improve the quality of animal dung and plant residuals.

The instruments we have for better fertilizing practices taken together:

- Different types of rock flour;

- Vermicomposts;

- Complete seaminerals;

- Seaminerals without NaCl, or with a low amount of NaCl;

- Seaweeds. Seaweeds have very high ash contents, up to ten times more than many interior
crops (calculated from the data of Wolff (1871);

- And high quality cow dung (Marchand, 1881);

And there are still many questions. For instance: what type of silt or rock flour gives the best
results if we wish to rebalance our crops? Do we need a mixture of granitic and basaltic rock flours
in order to get an optimal balance? And which seaweed is the best for a better balance of our crops?

Centers of origin

Maybe the research of prof. Vavilov gives us an indication.

Who is prof. Vavilov? Before Stalin brought Lysenko in charge of the Genetics at the
Academy of Sciences, Prof Vavilov did a lot of research regarding the genetic sources of our
agricultural crops. He developed a theory about the genes centers — the centers of origin -of our
important crops (Glazko, 2013, 2014).

From 1930 onwards Vavilov was head of the laboratory for genetics in Moscow. This
institution later on merged into the Institute for genetics of the Russian Academy for sciences.
Then in 1940 prof Vavilov was, like many other scientists which opposed the ideas of Lysenko
about genetics, put in jail by Stalin. In 1943 he died from hunger in Saratov. After his rehabilitation
by Khrushchev the Russian Academy of Sciences introduced In 1965 the Vavilov price.

Where did Vavilov find the areas where our crops come from?

This is an image of the centers of origin (Figure 1).

* For this animal dung: see table four and five: cow dung in Normandy (Marchand, 1881)
" Sources: (University of Regensburg, 2008, Hensel, 1894: 25).
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Fig. 1. Vavilov centers of origin: (1) Mexico-Guatemala, (2) Peru-Ecuador-Bolivia, (2A) Southern
Chile, (2B) Paraguay-Southern Brazil, (3) Mediterranean, (4) Middle East, (5) Ethiopia, (6) Central
Asia, (7) Indo-Burma, (7A) Siam-Malaya-Java, (8) China and Korea. (Center of origin, 2019)

1,2, 3,4, 5,6 and 7" are all on fault Lines:

¢ in South America on the fault line of a continental plate and an Oceanic plate and in Asia
and Europe on the fault Lines of different continental plates.

In South and Middle America we find the fault lines of the ocean plate — a.o. the Nazca plate
— and the South American continental plate. This results in the Andean Mountains (Figure 2).

Fig. 2. Map of South America showing the Andes running along the entire western part roughly
parallel to the Pacific coast of the continent (Andes, 2019)

In Eurasia we find the African plate, the Arab plate, the Indian plate and the Australian plate
on one side, and the European-Asean plate on the other side. This gives the Alpine mountain range.
This range goes from the Pyrenees in the West to the Mountains in the Indonesian archipel in the
East (Figure 3).

* Later on prof Vavilov found five more genes centers.
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Fig. 3. The location of the alpine mountains on a map of Eurasia( Alpide belt, 2019)

¢ And we find also many flood basalts or traps (large igneous provinces) in these areas:

Within the area with nr 7 we find the Deccan plateau. Nr 8 is an area in southern China which
was famous as the Chinese grain belt — Sechuan. Here the Emeishan trap is situated.

Partly these zones coincide with the socalled blue zones — zones where people live and dy in a
healthy condition, and become old: parts of the mediterranean area (Sardinia); Uruguay; Ecuador;
Ethiopia; the Karakoram (Hindukush); the fertile Crescent Moon (in the Middle East);

Many centers of origin coincide with areas where volcanoes from the earth mantle and the
earth crust were and are situated, and at the socalled flood basalts: the highlands of Ethiopia (the
Ethiopia-Yemen Continental Flood Basalts) ; the Deccan plateau in India; the Emeishan trap in the
Sichuan province in Southern China; the countries between North and South America (the
Caribbean large igneous province); Uruguay (Parana and Etendeka traps);

Only in Indonesia and the Andes there is no flood basalt. But sometimes there are although
basaltic volcanoes or layers. For instance, the active volcano at Bali — Mount Agoun — has the shape
of a basaltic volcano” (Figure 4).

The slope is not a steep one but more slightly sloping. Earth crust volcanoes or
stratovolcanoes are more steep. Basaltic volcanoes are more slightly sloping. And the black soil of
the Agoun volcano looks like more basaltic than granitic. Like the black soil of the Deccan plateau.

* Officially this volcano is characterised as a stratovolcano, a steep granitic volcano [Electronic resource].
URL: https://www.theguardian.com/world/gallery/2017/dec/01/bali-volcano-mount-agung-in-pictures)
(date of access 2019-12-22).
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Fig. 4. A view of the Mount Agung volcano erupting in Karangasem, Bali, Indonesia, Monday,
Nov. 27, 2017. (AP Photo/Firdia Lisnawati)

The type of volcanoes is an important distinction, because basaltic volcanoes are typically for
the area where the first homo sapiens were found — in the south of Ethiopia:

“Omo-Kibish I (Omo I) from southern Ethiopia is the oldest anatomically modern Homo
sapiens skeleton currently known (196 + 5 ka)” (Hammond, Royer, Fleagle, 2017).

For the well functioning of our brains we need al lot of magnesium. So all crops from the
magnesium rich centers of origin help us to get enough magnesium through our food. The teff from
Ethiopia is an example of a grain with a good balance and high in magnesium. And the magnesium
from teff is easily absorbed, because Teff is very low in phytic acid (which binds magnesium
strongly) (Table 9).

Table 9. Elements and ratios in Teff (National Research Council, 1996: 222)

Amounts in | Optimal Ratios Ratios in teff

Element Teff ratios for

human and

animal

food/day
Ca 159 1-4 K/Na 8.5
Mg 170 2-5 K/Mg 2.35
P 378 1—2 Ca/Mg 0.93
K 401 1—-2 Ca/P 0.42
Na 47 0,15 — 0,25 Mg/ 0.17

Minimum (Na+K+Ca+P)

0,10
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But once these crops grow in regions with less magnesium and/or wrong fertilizer practices
they also get less magnesium. I think that many of our important agricultural crops are originating
from magnesium rich areas. In the Netherlands wheat bread is the most important source of
magnesium, but today the magnesium in wheat has gone down with almost 20 % (Guo et al., 2016).

Back to Vavilov: for the moment I presume that our centers of origin are located at soils
which are faults and are mixtures of continental plates and basaltic volcanoes or floods. But that we
have to check. The continental plates are rich in potassium and sodium containing feldspar and the
basaltic volcanoes are rich in iron, magesium and trace elements. The Andes mountains have
geologically spoken an in between position with the andesite minerals.

So what kind of lava rock meal we have to use?

As long as we are not sure about this question it is safer to use a mixture of basaltic lava and
granitic rock flour.

Exceptions?

If the judgement regarding the place of the centers of origin at the faults is correct, we should
also find these centers in the North West of the USA (Columbia river basalt group), in Canada
(Chilcotin plateau basalts) and in Russia in the area of the Siberian trap. And there are more
regions like these.

Amaranthus for instance is a crop which genes center is probably situated in South and
Middle America or the North and South of the USA. But there is incertainty about its exact location
of origin (Brenner et al., 2000: 229). Amaranthus grain is an excellent source of magnesium and
has a good protein profile. Its Ca/P in the USA is too low. But there is a great spread in Ca/P values.
Grain amaranthus AM MK (Amaranthus cruentus) from Africa has a much higher Ca/P (Kamga et
al., 2013) than the grain amaranthus from the USA.

So far about the possible influences of the location of the centers of origin.

But what after growing a healthy crop?

A lot of elements and trace elements are lost by the way we mill our grains. The best is to use
the whole grain kernel (as is the normal practice with teff), and not to remove the germs and bran.
In the germs and bran are highly valuable components (see annex 3, Table 6 (wheat germ, and
wheat bran)). And these we take off during milling and we give them to the pigs and chickens.

But if we want to use the whole grain kernel, then our milling facilities have to be more local
in order to get the whole kernel flour to the bakeries as quick as possible, because the oil in the
germs will otherwise make the bread rancid. Storing this flour for more than a few days is
impossible.

Enough inspiration and questions for the next step: developing good fertilizing materials and
practices.

3. Conclusion

Fertilizing with different materials (animal dung; artificial fertilizers, silt , seaweed, brine,
guano dung, rock flours) influences the balance of the products grown on it. And it influences
problably also the quality of the dung which is the result of the different feeds the aninals get from
the differently fertilized fields. On the one side we see that fresh silt from the rivers is a complete
fertilizer for some four to five years, with products which are better in balance with the exception of
calcium and phosphor. On the other side the farmers from Normandy in the nineteenth century
have shown that extra fertilizers like seaweed and brine also result in products with a better
balance of its macro elements. Only calcium is still too low, and possibly the same for phosphor.
In the modern crops (grains, potatoes, leafy crops) potassium is often too high (especially in
potatoes and leafy crops), sodium is almost lacking completely. For magnesium the picture is not
unambiguous. In most modern conventionally fertilized products magnesium is lower than in the
products fertilized with silt, or seaweed plus brine and the better quality cow dung. But rye from
the USA (2017) has a higher magnesium content than the rye from the UK (1945).

And we can’t compare the abslute amounts of magnesium of crops grown on silt, on rock
flour or in Normandy on dung plus seaweed and brine, with the other data, because the data from
the silt, the rock flour and the Norman products concern the ash content, while the data from the
other countries concern grams/kg dry weight. From more recent studies we know that the amount
of magnesium in most crops has gone down substantially.
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Most centers of origin where our crops come from, are situated on fault lines. Some of these
fault lines are very rich in magnesium, because over there the earth mantle has come upwards in
volcanic eruptions.

For finetuning we have to do trials with different kinds of silts, rock flours, seaweeds,
vermicomposts and other.
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Annex 1. Silt as fertilizer

The Improvement of Land by Warping’, Chemically considered. By Thornton
J. Herapath.

“In many of the counties of England and Scotland, more particularly in those of Lincoln and
York, there are certain districts, bordering upon the larger rivers and their tributaries, where the
agriculturists are in the habit of manuring their land or of restoring its exhausted fertility by means
of a peculiar mode of irrigation, which is there termed “ warping.” In order that this operation
should be pursued with advantage, two points are necessary : namely, first, that the general level of
the country through which the river flows, should be below that of high tide, and, second, that the
water of the river should be of a very muddy character, as the main object of the farmer consists in
producing an equal and uniform distribution of the alluvial matters, which are kept in suspension
by the water, over the surface of the land.

For this purpose, the river-water, at low tide, is allowed to flood the land intended to be so
warped by means of outlets in the banks of the river, and prepared channels and sluices, and it is
then kept there until it has deposited the mud or silt with which it is charged. When this has taken
place, the clear water is permitted to flow off by other channels and return to the river.

Fresh quantities of water are then again admitted at every succeeding tide, each of which
produces a new superstratum of sedimentary matter, and this operation is repeated until the
requisite thickness of warp has been obtained. The quantity of warp so deposited by each
successive tide in many cases exceeds one-tenth of an inch in thickness; it varies, however,
greatly at different periods of the year, according as there is much or little freshwater in the river

* To warp means “flooding the land”.
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and in the position of the land. By these means, then, there is created in the course of a few months
a new soil of considerable depth, which consists, for the most part, of the various kinds of earth
and undecomposed vegetable and animal matters which the waters of the river have
collected and borne along in their course. Land so warped is said to possess a natural power of
production of the most remarkable kind, and a degree of fertility far exceeding that which
is produced by any of the ordinary processes of cultivation. In fact, vast tracts of perfectly
sterile sandy and peaty soils in the neighbourhood of the rivers Humber, Trent, and Ouse are yearly
converted into good arable land solely by the agency of this operation”.

(..) By the above plan, however, it has been found possible to warp land in one year to the
depth of from 2 to 3 feet, and this is generally considered to be quite deep enough and is
permanent in its action).

(..)With regard to the qualities of warped land for the purposes of the agriculturist, it has
been observed, that it is always best to allow land so treated to remain untouched for one

year, in order to afford time for the atmospheric air to act upon the alluvial matters and
reduce them to a proper temper (if it may be so called) and state of dryness. It is then sown down
with four bushels of oats per acre and a mixture of clover and grass seeds. The crops so produced
are then depastured by sheep for two years in succession, when the soil is ploughed up and planted
with wheat and oats. Beans and rape also thrive well upon this land ; the former have even been
found to succeed as a first crop. Barley and turnips,

however, do not answer so well, on account of its slimy nature.

Warped land is grateful for manure, but does not require any until it has been cropped a few
times, say for five or six years. Guano is then found to be one of the best that answers.
Linseedcake and rich farm-yard manure also furnish very good results. Experience has proved,
however, that the quality of the warp often makes considerable difference in this respect ; so much
so, in fact, that one-half of a field has done better without additional manure than the other half
has with” (Herapath, 1850).

Annex 2. Minerals in seaweed

Table 1. Minerals in Brown seaweed (fucus) from Normandy

Element Fucus, g/ 165 g ashweight Ratios Fucus

K 10.52 K/Na 0.45

Na 23.29 K/Mg 2.0

Ca 13.0 Ca/Mg 2.49

Mg 5.21 Ca/P 9.4

Cl 44.26 Mg / 0.11
(K+Na+Ca+P)

1 3.36 -

Br 1.05 -

P 1.38 —

S 9.08 -

Table 2. The balance differs from Brown seaweed (Sargassum)
in the Sabah’s South China sea (Krishnaia, 2008):

Element Sargassum, mg/100 g | Ratios Sargassum
DW

K 9700 K/Na 2.2

Na 4334 K/Mg 9.2

Ca 1130 Ca/Mg 1.07

Mg 1050 Ca/P —

Cl Not measured Mg / (K+Na+Ca+P) —

P Not measured
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Table 3. Wolff gives these data for seaweed collected in the harbor of Fécamp (Normandy, France)
by Marchand (before 1865) Wolff (1871: 130):

Element Fucus siliquocus, Variety unknown
(percentages) (percentages)
K 12.79 5.17
Na 11.46 15.14
Ca 7.18 10.35
Mg 4.53 3.97
p 1.11 0.95
Table 4. Ratios
Fucus siliquocus Variety unknown
K/Na 1.11 0.34
K/Mg 2.8 1.3
Ca/Mg 1.58 2.6
Ca/P 6.46 10.8
Mg / 0.14 0.125
(K+Na+Ca+P)

So for agricultural purposes brown seaweed (low in potassium) and Fucus siliquocus (high

for Mg / (K+Na+Ca+P)) seem favorable. And both have a relative high sodium level.

From chapter 8 about ‘wild growing plants’ in Wolff we can see that plants from the sea have
in general very low amounts of phosphor. In fresh water the plants have some more phosphor. And
most wild plants from the interior have much higher amounts of phosphor. But everywhere are

some exceptions

Annex 3. Rye and wheat bread and flour in the Netherlands 2017

(Wolff, 1871: 130-145).

Table 5. Rye,The Netherlands 2017. Data from RIVM Nevo (RIVM Nevo, 2019)

Iron non Sele-

Sodium | Potassium | Calcium Fosfor Magnesium haem nium Zinc Jodium
Food item (mg) (mg) (mg) (mg) (mg) (mg) Cupper | (ug) (mg) (ug)
Flour rye 60 % | 10 200 30 150 51 1.5 0.15 1 1.3 4.6
extraction
Flour rye 5 500 45 350 92 4 0.42 0 3 4.6
Bread rye dark | 447 261 33 174 57 2.7 0.18 1 15 64.2
Bread rye light | 407 256 34 178 55 2 0.2 3 1.43 77.1
Bread rye dark | 30 261 33 174 57 2.7 0.18 1 1.5 -
low sodium
Bread 417 252 34 189 61 2 0.21 4 1.42 72.3
wheatrye
wholemeal
Rye flakes | 40 530 64 373 110 3.7 0.44 2 2.6 4.6
rolled
Bread rye | 443 260 33 174 57 2.6 0.19 1 1.49 65.6
average
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Table 6. Wheat, The Netherlands. Data from RIVM Nevo (RIVM Nevo, 2019)

Potas- Cal- Sele-
Sodium sium cium Fosfor Magne- Iron non nium Jodium
Food item (mg) mg) (mg) (mg) sium (mg) | haem (mg) | Cup-per | (ug) Zinc (mg) (ug)
Flour  wheat | 2 156 23 103 20 0.8 0.14 5 0.64 1.9
white 75 %
extraction
Flour  wheat | 5 250 30 370 124 4 0.45 4 2.9 1.9
wholemeal
Wheat germ 3 900 62 1250 280 5.3 0.9 3 16.87 1.9
Bread brown | 439 166 29 142 43 1.4 0.16 4 1 69.3
wheat
Wheat bran 4 1160 110 1200 466 11.5 1.34 2 7.67 2.4
Roll brown soft | 396 207 39 161 45 1.4 0.16 5 1.11 60.7
Bread 433 207 32 171 55 1.7 0.19 4 1.2 68.4
brown/whole
meal average
Table 7. Wheat and rye
Element | Optimal ratios | Rye flour Wheat flour | Wheat Wheat
for human and (wholemeal) germ bran
animal food/day
K/Na 1—4 100 20.2 50.0 300.0 200.0 1.6
K/Mg 2-5 5.43 3.79 2.0 3.2 2.48 1.66
Ca/Mg 1—2 0.49 0.27 0.24 0.22 0.24 0.52
Ca/P 1—2 0.13 0.09 0.08 0.049 0.09 0.32
Mg/ 0.15—0.25 0.10 0.14 0.19 0.13 0.19 0.21
(K+Na+C | Minimum 0.10
a+P)

131



javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Food%20item')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Natrium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Natrium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Kalium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Kalium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Kalium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Calcium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Calcium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Calcium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Fosfor%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Fosfor%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Magnesium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Magnesium%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$IJzer%20non%20haem%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$IJzer%20non%20haem%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Selenium%20(ug)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Selenium%20(ug)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Selenium%20(ug)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Zink%20(mg)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Jodium%20(ug)')
javascript:__doPostBack('ctl00$ContentBody$gvTest','Sort$Jodium%20(ug)')

