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ABSTRACT. Due to the lack of a unified sampling methodology for studying microplastics, there are
difficulties in comparing the results obtained when sampling using different methods. A comparison was
made of a pump filtration system and a Manta trawl to assess their effectiveness and applicability in
collecting water samples for studying microplastics content using the example of Lake Ladoga, the Svir
River and small lakes in the Leningrad region (Sukhodolskoye, Michurinskoye, Krasnoye). The results
supported that despite higher average microplastics concentrations when sampling with the pump sys-
tem (8.5 11.5 particles/m?®) compared to the Manta trawl (0.7 = 0.6 particles/m?), the data were com-
parable. The methods have opposite advantages and disadvantages and are complementary. The Manta
trawl is more suitable for collecting large volumes of water from the surface layer relatively quickly and
in conditions with high contents of suspended matter present. Meanwhile, the pump filtration system
is suitable for collecting samples at different water layers and in the surface layer of water when there
is a small content of suspended matter and provides more accurate estimating of the sample volume. It
is necessary to ensure the sampling of a large volume of water, which in the case of a pump filtration
system is only possible during the period when the plankton content and water turbidity are minimal.
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1. Introduction layer of the water column and from other water lay-

ers (Tikhonova et al., 2024), while nets are more often
i . ; > - used to collect samples specifically from the surface
ology for the analysis of microplastic particles in the layer of a water body (Campanale et al., 2020; Pasquier
aquatic environment. Different scientific groups use var- et al., 2022) and less often from other water layers
ious sampling methods and laboratory processes, which (Kooi et al., 2016; Liedermann et al., 2018; Lenaker et
influence the size range of the particles studied and the al., 2019; Egger et al., 2020). Among the nets, the most
units of measurement. As a result of these differences, commonly used for sampling microplastics are Manta
met}}odological Flifﬁculties arise when corpparing the trawls (Karlsson et al., 2020; Pasquier et al., 2022).
obtained data with thg results of other_stud}es. Other sampling methods, such as the Niskin sampler
In world practice, both pump filtration systems (Bagaev et al., 2017) or the Rosette sampler system
(Song et al., 2018; Choy et al., 2019; Eo et al., 2019; (Dai et al., 2018) are less common.
Zobkov et al., 2019; Tamminga and F15§her’ 2020; These methods have opposite characteristics. For
Ershova et al., 2021) and towed nets (Reisser et al., instance, the filtering area of a Manta trawl is much
2015; Kooi et al., 2016; Dris et al., 2018; Liedermann larger than that of other samplers, allowing a larger
et al., 2018; Lenakef et al., 2019; Egger et al., 2020; volume of water to be filtered in a shorter period of
Frank et al., 2021; Il'ina et al., 2021) are mainly used to time. Such nets more often retain large particles, which
collect water samples for microplastics. Pump filtration are less common in the water column (Tamminga et al.,

systems can be used to sample both from the surface 2019; Karlsson et al., 2020), but there is a risk for par-

Currently, there is no unified universal method-
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ticle loss and external contamination when the sample
is washed off the net. At the same time, Manta trawls,
neuston, and other nets often have mesh sizes = 300
um (Dusaucy et al., 2021). The use of large mesh nets
may result in losses of smaller particles that are prev-
alent in water bodies (Lindeque et al., 2020). The use
of mesh nets sized <100 pm (Dris et al., 2018; Song et
al., 2018) increases the range of particle sizes obtained
and leads to a more accurate evaluation of microplastic
content.

Meanwhile, pump filtration systems allow esti-
mating the volume of filtered water more accurately and
avoiding losses and external contamination. However,
the sample volume is usually significantly smaller due
to the relatively small filtering area and its rapid clog-
ging with suspension. Moreover, it takes much more
time to collect a significant volume of water samples
(at least 1 m?®). Niskin bottles and other bathometers
minimize the likelihood of external contamination,
but significantly limit the volume of a sample taken. A
smaller volume of filtered water may result in an over-
estimation of microplastic particles in a water body, so
it is recommended to sample as much water as possible
to obtain more accurate results. At present, there is no
consensus on specific recommendations for minimum
sample volume, but this is being discussed within the
scientific community. For example, in the Resolution
of the I All-Russian conference with international par-
ticipation on environmental pollution with microplas-
tics “MicroPlasticsEnvironment-2022” (Rezolyuciya...,
2022) the minimum proposed sample volume is 1 m3.
However, this is not always possible for pump filtration
systems due to the tendency of the mesh to become
obstructed by plankton and other suspended matter
and for Niskin bottles due to the relatively limited vol-
ume of samples.

There is limited research on the comparison of
pump filtration systems and Manta trawls, the methods
most commonly used to collect water samples when

studying microplastics in water bodies (Tamminga et
al., 2019; Karlsson et al., 2020; Du et al., 2022; Montoto-
Martinez et al., 2022; Frank et al., 2024). Researchers
seldom reach clear conclusions about which method
is most applicable for a given purpose. For example,
Tamminga et al. (2019) and Frank et al. (2024) argue
that the two methods are not interchangeable but com-
plementary due to their differences.

The purpose of this research was to compare two
different water sampling methods (a pump filtration
system and a Manta trawl) for determining the content
of microplastics. Furthermore, their convenience, effi-
ciency, and applicability to the studied water bodies
were analyzed, as well the characteristics of micro-
plastics in samples collected by these methods were
evaluated.

2. Materials and Methods

For the study, Lake Ladoga, its tributary the Svir
River, and three small lakes in the Leningrad region
(Sukhodolskoye, Michurinskoye and Krasnoye) were
chosen. Lake Ladoga and its tributaries have been stud-
ied for microplastics content since 2018 (Ivanova and
Tikhonova, 2022), but the small lakes of the Priozersk
district (Sukhodolskoye, Krasnoye and Michurinskoye)
have yet to be studied in the existing body of empiri-
cal research. 85% of the river flow into Lake Ladoga
comes from 3 main tributaries: the Svir, the Volkhov
and the Burnaya (the Vuoksa) rivers (Lake Ladoga...,
2015). Sukhodolskoye Lake is the source of the Burnaya
River, which flows into Lake Ladoga and is one of the
main tributaries of Ladoga along with the Svir River.
Therefore, evaluating its microplastic content would be
useful for better understanding the amount of micro-
plastics entering lakes with river runoff. Krasnoye and
Michurinskoye lakes were chosen due to their close
geographical location (Fig. 1).
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Fig.1. Sampling sites in Lake Ladoga and the Svir River, Sukhodolskoye Lake, Michurinskoye Lake and Krasnoye Lake.
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A special pump filtration system (Fig. 2), which
allows taking water samples from various water layers
was used. This device was developed at the Institute
of Limnology of the Russian Academy of Sciences, St.
Petersburg Federal Research Center of the Russian
Academy of Sciences in 2019 by one of the authors of
this article, S.G. Karetnikov.

The filtration system included a household sub-
mersible pump with a bottom water intake of 300 W
of power. Due to the length of the power supply cable,
pumps of this type can be lowered to a depth of no more
than 10 m. Furthermore, as external pressure increases,
the valve that prevents the reverse flow of water in the
pump no longer functions. In this regard, to create con-
tinuity of the flow, the pump was placed in the surface
layer of water. Depending on the required water layer,
a set of hoses of various lengths easily connected to
each other with connectors can be used to take water
samples. At the bottom of the pump there was a sealed
elastic adapter from the water intake part of the pump
to the hose. A filtration system with a 100 pm mesh
was located at the end of the hose, all connections were
secured with threaded clamps. Water filled the hose
under hydrostatic pressure, and a pump removed water
from the top of the hose. The volume of filtered water
was measured using a household water meter located
at the outlet of the pump. A valve was installed at the
junction of the hose with the filtration system, allow-
ing water to flow in only one direction to prevent the
contents of the mesh from being washed out when the
system was lifted.

Samples were taken from the surface layer of a
water body either from on board the research vessel
“Ecolog” or from an inflatable motor boat using an
electric generator. When the volume of water pumped
through the mesh, per unit time decreased significantly,
the filtration stopped. The mesh was removed from
the filtration unit, placed in a container with distilled
water, and replaced with a new 100 um mesh. When
the sample volume was small (up to 500 liters), several
samples were taken from the same location to increase
the representativeness of the sample.

For comparison, samples from the water surface
layer were also taken using a Manta trawl (Fig. 3). The
dimensions of the frame at the entrance were 600x257
mm, at the place where the net was attached - 600x154
mm (area 924 cm?). A net which measured 2000x600
mm with a perimeter of 1508 mm was attached to the
frame. The mesh size of the net was 100 um. A cone
sampler with the same mesh size was attached to the
bottom of the net using a fan pipe and a threaded clamp.

Before sampling, the Manta trawl was washed in
a lake without a cone sampler. Next, the sampler was
attached to the net, the Manta trawl was lowered into
the water and towed behind the boat or the research
vessel at low speed for a certain time. Sampling in lakes
Sukhodolskoye, Michurinskoye and Krasnoye was car-
ried out from an inflatable motor boat. The net cables
were attached to the boat that proceeded to trawl for
10-25 minutes (the choice of trawling time was deter-
mined by visually tracking the amount of suspended
matter in the water) at an average speed of 1-3 km/h. In
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Fig.2. The scheme of a pump filtration system devel-
oped and used at the Institute of Limnology RAS - SPC RAS
(Pozdnyakov et al., 2021).
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Fig.3. The scheme of a Manta trawl (mm).

Lake Ladoga, sampling was conducted from the board
of the research vessel “Ecolog” during its braking.
When the vessel’s speed dropped, the Manta trawl was
lowered into the water using a crane and trawled until
the vessel stopped for an average of 3-5 minutes at an
average speed of 3.4-4 km/h. The trawler’s course, time
and average trawling speed were recorded using a GPS
navigator. Next, the Manta trawl was lifted from the
water using a crane and washed above the water from
the side of the vessel using a hose and lake water. Next,
after being brought on board, a sample was removed
from the system and the material was removed into a
container using distilled water. The sample volume was
assessed taking into account the area of the frame at the
location where the net was attached (924 cm?) and the
average trawling speed. Until the laboratory analysis
stage, samples were stored refrigerated.
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The samples were collected in August 2023. In
all of the water bodies, a total of 19 samples were taken
using a Manta trawl and 21 samples were taken using
a pump filtration system. Samples were collected over
a short period of 1-2 days from lakes Sukhodolskoye,
Michurinskoye, and Krasnoye (3-5 samples using each
method), as well as the Svir River (2 samples using
each method). Given the close proximity of collection
sites at each location, grab samples were combined into
composite samples, respectively. From Lake Ladoga,
grab samples were collected using a Manta trawl at 7
different sites (1 sample at each site) and with a filtra-
tion system at 4 different sites (2 samples at each site)
located at a significant distance from each other. Due to
the significant distance between these sites, the results
were considered as grab samples. To obtain reference
values and make valid data comparisons, the concen-
trations and volume of samples for Lake Ladoga are
presented as a range of the obtained values and as the
arithmetic mean between the obtained concentrations.
The volume of water in grab samples collected by the
Manta trawl ranged from 9.7 to 120 m3, while in sam-
ples collected by the pump filtration system it ranged
from 0.04 to 1.1 m®. The total volume of filtered water
in samples taken by different methods is presented in
Table 1. The significant difference in the volume of
water when using different methods is explained by the
aforementioned features of both sampling devices and
the significant volume of suspended matter in the water
during the season of sampling.

Laboratory processing of samples included disso-
lution of organic material using Fenton’s reagent (30%
hydrogen peroxide + Fe(II) catalyst). The samples col-
lected by the Manta trawl contained a lot of organic
material, and therefore their processing and subse-
quent analysis were significantly more labor-inten-
sive and time-consuming compared to those collected
by the pump filtration system. Samples taken with a
Manta trawl were filtered through a 100 um mesh and
all large fragments (leaves, aquatic vegetation, insects,
etc.) were thoroughly washed with distilled water on
the same mesh and then removed. All filtered mate-
rial was transferred to a thermal glass beaker where
hydrogen peroxide was added along with a Fe(II) cata-
lyst (the volume of the added reagent varied based on
the volume of organic material). When processing the
samples taken by a pump filtration system, the material
from the mesh was washed into a thermal glass beaker
with a similar reagent. Next, the sample was kept at a
temperature of 75°C in a sand bath for approximately
one hour. Hydrogen peroxide was then re-added to

the sample and the process continued until as much
organic material was removed as possible. The process
was repeated up to 4-5 times for samples taken by the
Manta trawl. After dissolving the organic matter, the
remaining material in the beaker was left for a day,
after which it was filtered through a 100-um mesh and
washed off with distilled water onto Petri dishes (from
1 to 8 dishes per sample, depending on the volume of
undissolved organic material). Next, the Petri dishes
were covered with a 100-um mesh and left until com-
pletely dry.

Blank samples with distilled water were pro-
cessed in parallel with real samples to control the
external contamination. During all stages of laboratory
processing of field samples, blank samples were placed
nearby open, after which they were processed in the
same way (Fenton’s reagent, filtering, washing onto a
Petri dish). All stages of laboratory sample processing
were carried out in a fume hood, a cotton gown was
used, and all glassware and filter meshes were washed
with distilled water immediately before use.

Once the material dried, the Petri dishes were
analyzed under a microscope. Preliminary identifi-
cation of microplastics included visual evaluation.
Particles with the absence of a cellular structure with
a uniform thickness and color were selected. Particles
tentatively identified as mesoplastics (greater than 5
mm), microplastics (less than 5 mm), or material of
anthropogenic origin were counted, photographed, and
their size, shape (fibers, fragments, films), and color
were documented. Next, the visibly largest particles
least aggregated with organic material were transferred
with a needle to a separate Petri dish for subsequent
analysis of the chemical composition of the particles by
spectral methods.

The analysis of the chemical composition of a
sample of particles was carried out using Raman spec-
troscopy on the Horiba Jobin-Yvon LabRam HR800
spectrometer at the Science Park of St. Petersburg State
University (resource centre “Geomodel”). The inter-
pretation was based on comparison with the available
spectra in the Horiba JY Raman Library FORENSIC V2
database.

To determine the mass of microplastics, the
length and width of the particles were measured using
an optical microscope. To determine the mass of the
fibers, cylindrical shape was inferred, consistent with
existing literature (Simon et al., 2018; Leusch and
Ziajahromi, 2021). The width of the fibers was taken as
the diameter of the cylinder. Next, the volume of each
particle was calculated, which then was multiplied by

Table 1. The total volume of water sampled by the Manta trawl and the pump filtration system

Water body Volume of water, Manta trawl Volume of water, pump filtration
system
Sukhodolskoye Lake 300.7 m? 1.1 m®
Michurinskoye Lake 96.8 m® 0.17 m?
Krasnoye Lake 135.6 m® 1.2 m?
the Svir River 20.1 m? 2.16 m?
Lake Ladoga* from 9.7 to 28.4 m® from 0.5 to 2.2 m3

Note: *For Lake Ladoga, volumes are presented as ranges of the multiple grab samples
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the density of the most common polymers in the envi-
ronment (polypropylene and polyethylene) - 0.93 g/
cm®.

Fragments and films were considered as paral-
lelepipeds. The largest length and width of the frag-
ments were calculated using an optical microscope. If
the third smallest dimension could not be determined
under a microscope, for purposes of consistency 30 um
and 50 um were the assumed values for films and frag-
ments, respectively (note that all fragments were rela-
tively flat in nature). Some of the largest particles were
weighed on a Mettler ToledoXP205 analytical balance
(division value - 0.01 mg, root mean square measure-
ment error no more than 0.03 mg) at the St. Petersburg
State University Science Park (resource centre “Centre
for Diagnostics of Functional Materials for Medicine,
Pharmacology and Nanoelectronics”) to compare the
calculated versus actual mass of the fragments. When
a fragment’s mass was below the scale’s sensitivity
threshold, particles were weighed in bulk (20 pieces),
and each fragment’s mass was calculated as 1/20 of the
total sample mass.

Charts were created in Microsoft Excel 2019.
QGIS 3.14.15 was used to create a map of sampling
sites. During statistical analysis, the data distribution
was evaluated using the Shapiro-Wilk test. Then the
equality of microplastics concentrations in grab sam-
ples when sampling with a Manta trawl and the pump
filtration system was analyzed using the Mann-Whitney
U test. Spearman’s rank correlation coefficient was
used to assess the relationship between sample volume
and microplastics concentrations. Calculations were
made using the Statistics Kingdom website (Statistics
Kingdom, 2017) and Microsoft Excel 2019.

3. Resulits

In blank samples, 0 to 5 fibers visually similar
to microplastics were found. The average number of
fibers in the blank samples was 1. The number of these
particles in the blank sample was subtracted from the
number of particles found in the field sample.

The average concentration of microplastics
in the studied water bodies when sampling with the
Manta trawl was 0.7 +0.5 particles/m® (median 0.6
particles/m®), and when sampling with the filtration
unit — 8.5+11.5 particles/m® (median 4.1 particles/
m?). The number of microplastic particles, as well as
estimated (particles/m®) and calculated mass concen-
trations of microplastics (mg/m?®) for each water body
are presented in Table 2.

The highest concentrations of microplastics
were found in Lake Michurinskoye in samples col-
lected using both methods, likely due to the sampling
site being located near a highway and the beach being
actively used for recreational purposes. However, sig-
nificant concentrations obtained when sampling with
the pump filtration system are most likely explained by
the small total sample volume due to the large amount
of suspended matter. The lowest concentrations were
observed in Lake Krasnoye where samples were taken
far from urbanized areas, as well as in Lake Ladoga,
with the exception of the mouth of the Burnaya River.
A comparison of estimated concentrations obtained by
the Manta trawl and the filtration system is shown in
Fig. 4.

In Lake Ladoga, where samples were taken at
different sites, the highest concentrations of microplas-
tics were obtained at the mouth of the Burnaya River,

Table 2. Numerical and mass concentrations of microplastic particles in different water bodies.

Water body | Number of parti- |Estimated| Mass concen- Number of parti- |Estimated| Mass concentra-
cles sampled by | concen- | trations, mg/m? cles sampled by concen- | tions, mg/m? (the
the Manta trawl | trations*, (Manta trawl) the pump filtration | trations*, | pump filtration
after taking into | particles/ system after taking | particles/ system)

consideration the |m? (Manta into consider- m? (the
external pollution | trawl) ation the external pump
pollution filtration
fibers [fragments fibers [fragments| fibers |[fragments Stz fibers [fragments
Sukhodolskoye 128 0.4 0.004 6 5.5 0.009
Lake 109 | 19 0.0001 | 0.004 5 | 1 0.003 | 0.006
Michurinskoye 136 1.4 0.1 5 28.9 0.004
e 100 | 36 0001 | 01 s | 1 0.002 | 0.002
Krasnoye Lake 21 0.15 0.0004 5 4.1 0.009
17 | a4 0.0001 | 0.0003 s | 1 0.002 | 0.007
the Svir River 24 1.2 0.0003 2 0.9 0.00008
2 | - 0.0003 | - > | 0.00008| -
Lake Ladoga 93 0.6** 0.001 11 3.3%* 0.002
88 | =5 0.0002 | 0.0008 n | - 0.002 | -

Note: *concentration was calculated as the ratio of the sum of particles detected in the composite sample to the sample’s
total water volume

**for Lake Ladoga, the concentration was calculated as the arithmetic mean between the concentrations of particles in grab
samples taken from different locations due to the significant spatial heterogeneity of this water body
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which is one of the main tributaries of the lake (1.4
particles/m? for samples taken by the Manta trawl, 10.8
particles/m?® in samples taken by the the pump filtra-
tion system). In the Svir River, which is also the main
tributary of Lake Ladoga, microplastics sampled via
Manta trawl also yielded higher concentrations than at
other sampling sites (Fig. 5).

There was no significant correlation between
grab sample volume and microplastics concentra-
tion (Spearman correlation coefficient, r = 0.2). The
Shapiro-Wilk test showed a significant departure from
normality (W(19) = 0.9, p = 0.042 for Manta samples,
W(21) = 0.52, p < 0.001 for pump system samples).
The Mann-Whitney U test showed that there were no
statistically significant differences between the data
on the concentration of microplastics in grab samples
collected using the Manta trawl and the concentrations
obtained during sampling with the pump filtration sys-
tem (p = 0.5).

26 particles (fragments and films) were weighed
on an analytical balance. The average weight of the
smallest and lightest fragments (about 1 mm) was 0.03
mg. The largest fragments (several mm) — from 0.11 to
0.61 mg. When comparing the actual and calculated
particle masses, they were found to be within the same
order of magnitude and the difference between the sam-
ples was not statistically significant (Mann-Whitney U
test, p = 0.7).

In reference to their longest dimension, the
majority of particles found using both methods were
in the range of 100-1000 pm (47%). This range was
also divided into two: 100-500 pm and 500-1000 pum in
order to estimate the proportion of microplastics of the
smallest size. When sampling with the Manta trawl, the
number of particles within the ranges of 100-500 um
and 500-1000 um had approximately equal proportions
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Fig.4. Quantitative concentrations of microplastics
during sampling using different methods.

(22% and 25%, respectively). However, when sampling
with the pump filtration system it was the smallest
particles (100-500 pum) that predominated among all
microplastic particles (41%) (Fig. 6). Simultaneously,
mesoplastic particles (more than 5 mm) were found
only during sampling by the Manta trawl. The number
of particles decreased with increasing size, consistent
with our previous studies (Tikhonova et al., 2024) and
other works (Hale et al., 2020; Leusch et al., 2023).

106 particles were analyzed using Raman spec-
troscopy methods, and reliable polymer spectra were
obtained for 44 particles. For 23 particles, only the
spectra of various dyes were determined. 22 particles
had strong fluorescence, rendering the determination
of spectra inconclusive. The spectra of 17 particles
could not be determined due to either discrepancies
with reference values in the database or due to severe
contamination of the respective sample.

25 50 75 km

I
-~ 028/046
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1,19/0,46
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Fig.5. Average concentrations of microplastics in Lake Ladoga when sampling with the Manta trawl / the pump filtration

system, respectively (particles/m?3).
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The largest number of particles with a confirmed
polymer composition were obtained for samples from
Sukhodolskoye and Michurinskoye lakes, likely due to
the presence of a high number of fragments collected in
these lakes by the Manta trawl. Microplastic particles in
the form of fibers often had strong fluorescence, while
the spectra of fragments and films were determined
more successfully. In Lake Sukhodolskoe, the predom-
inant type of polymers was polypropylene (66%), as
well as polyethylene (33%), polyethylene terephthalate
and polystyrene were found in single copies. In Lake
Michurinskoe, the predominant types of polymers were
polyethylene (45%) and polypropylene (41%), and
polyethylene terephthalate and polystyrene were also
found. In Krasnoye Lake, only pigment spectra were
determined for several particles; the material of the
particles could not be determined. Among the sample
particles collected in Lake Ladoga, for which the mate-
rial type was determined to be a synthetic polymer,
polypropylene predominated (83%), and polyethylene
terephthalate were also found. In the Svir River, only
particles of polyethylene terephthalate were found.

Thus, the predominant polymers among all ana-
lyzed particles were polypropylene (54%) and polyeth-
ylene (34%), which are the main types of polymers in
water bodies (Dusaucy et al., 2021) and the polymers
with the largest global production (PlasticsEurope,
2022).

It is assumed that particles for which only the pig-
ment was determined can be conventionally accepted as
synthetic. These particles do not have the spectrum of
cellulose and they do not burn through when exposed
to a laser. Fluorescence may be associated with the
presence of a dye in the particles, thus making it impos-
sible to have determined their spectrum. However, if
particles do not burn out at low laser powers, they can
also be conventionally accepted as synthetic.

4. Discussion

As a result of this experiment, the features of
these methods were discovered. Thus, the Manta trawl
is more suitable for towing on a research vessel due to
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its large size, and can only be used for sampling from
the surface layer of the water column. The pump filtra-
tion system can be used not only to take water samples
from on board a vessel, but also from a pier or ice cover
in winter. Furthermore, the pump system allows taking
samples from various water layers. The volume of water
that can be filtered through the Manta trawl net is sig-
nificantly larger than that filtered through the pump fil-
tration system, which allows collecting more represen-
tative samples for studies of microplastics in water. At
the same time, the pump filtration system allows accu-
rate estimating of the water volume pumped through
it, and its use for sampling in areas with higher levels
of pollution will facilitate further laboratory processing
of samples, which was also found in (Karlsson et al.,
2020). The process of sampling water using the pump
filtration system is longer, but the time spent on their
laboratory processing is, on the contrary, significantly
less than for samples taken by a Manta trawl due to the
smaller volume of organic matter retained on the filter.
Thus, these two methods have their own advantages
and disadvantages, are complementary, and thus the
use of both methods is recommended in future studies
to further evaluate which method yields the most robust
data samples. The same conclusions were reached by
the authors who compared these methods on the exam-
ple of Lake Tollensee (Tamminga et al., 2019).
Concentrations of microplastics per 1 m® obtained
when sampling with the pump filtration system signifi-
cantly exceed the concentrations of microplastics when
sampling with the Manta trawl, which was also found
in (Montoto-Martinez et al., 2022; Frank et al., 2024).
This may be due to both the loss of particles during
sampling with a Manta trawl, and, in the case of the
pump filtration system, to the likelihood of overesti-
mating the number of particles with a small sample
volume. Results of (Karlsson et al., 2020; Tamminga
et al., 2019) have also shown that sample volume has
a significant impact on final concentrations. Thus, it
is necessary to ensure that large enough samples are
collected in multiple replicates to obtain a representa-
tive sample and allow for the statistical comparison of
the data. In this work, the highest microplastics con-
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centrations were found in Lake Michurinskoye, where
the sample volume from the pump filtration system
was the smallest, confirming the need for larger sam-
ple volumes (at least 1 m®). To ensure accurate sam-
pling methods, further modifications of the system may
include increasing the diameter of the receiving part on
which the filters are located, which will reduce the rate
of filter clogging with suspension and allow filtering
a larger volume of water. However, to obtain a large
sample volume using the pump filtration system, it is
also necessary to take into account the seasonal char-
acteristics of water bodies. The sampling period signifi-
cantly influences the efficiency of sampling and labora-
tory sample processing, because the presence of a large
amount of suspended matter in summer complicates
the processing and further analysis of samples. In this
regard, for the purpose of comparing the effectiveness
of various methods without considering seasonal fluc-
tuations and the hydrological regime of water bodies,
it is recommended to take samples when there is less
suspended matter in water. Therefore, the Manta trawl
should be used for surface layer samples in summer or
in eutrophic water bodies with high suspended matter.
In such conditions, the pump filtration system is prone
to clogging, making samples under 1 m® non-represen-
tative, as seen in Lake Michurinskoye.

The difficulties that arise when determining
polymers using Raman spectroscopy methods should
also be noted. Difficulties may arise even at the stage
of sample processing of the smallest particles, which
need to be separated from organic matter (the organic
medium in which the particle was located) and trans-
ferred to a separate Petri dish for subsequent analysis.
Thus, it is usually possible to analyze only the largest
fibers as well as fragments. In this study, determining
the spectrum of fibers was much more difficult than
fragments due to the frequent fluorescence of the sam-
ples. However, fibers make up the majority of micro-
plastic particles in natural environments (Acharya et
al., 2021). In this regard, the use of a Manta trawl can
also ensure that fragments and films, the material of
which is successfully determined by spectral meth-
ods, are included in the samples. In the samples taken
by the pump filtration system, as well as in the least
voluminous samples taken by the Manta trawl (Lake
Ladoga and the Svir River), practically no fragments
were found and the majority of detected particles were
in the smallest size range, which significantly reduced
the sample that can be analyzed. Furthermore, for some
particles the spectra did not coincide with those avail-
able in the database, which may be due to both the
degradation of the sample during use and differences
in substituents for substances close in class, as well as
limitations of the library itself.

5. Conclusion

A comparison was made of two methods of water
sampling for microplastics using the example of Lake
Ladoga and the Svir River, as well as other lakes that
had not previously been studied for the content of
these particles. The results showed that despite higher
average concentrations of microplastics when sam-
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pling with the pump filtration system, the differences
between the data samples were not statistically signifi-
cant. Considering the advantages and disadvantages of
both methods, at this time it cannot be concluded that
one of them is more suitable for studying microplas-
tics in water bodies, thus calling for additional research
comparing the two methods of sample collection. These
methods are complementary and should be used taking
into account scientific objectives. The Manta trawl is
more suitable for collecting a large volume of water
from the surface layer in a short time. The pump fil-
tration system is suitable for sampling from different
water layers as well as in the surface layer in conditions
of a small content of suspended matter. To compare
data obtained by different methods, it is necessary to
ensure the sampling of a large volume of water, which
in the case of the pump filtration system, is only possi-
ble when the content of phytoplankton and water tur-
bidity are minimal.
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OpuruHanbHan craTbf

CpaBHeHue 3 PeKTUBHOCTHU ABYX LIMNOLOGY
MEeTOoAOB oTOopa Nnpob BoAbI ANA U3YUEHHA FRESEHTWATER

coaep)XaHUA MMKPONAACTUKA B BOAHDbIX BIOLOGY
obbekTax - —

Tuxonosa J[.A.1**| [llanyHoBa E.I1.2, KapeTtHukos C.I'.!

T Hncmumym o3epogedeHus Poccutickoti akademuul Hayk — 060co6ieHHoe cmpykmypHoe noopasdesnieHue @I'BYH «CaHkm-
ITemep6ypeckuti @edepatbHelii Uccied08amestbcKuli yenmp Poccutickotli akademuu Hayk», yii. CedacmoAHoaa, 0. 9, CaHkm-
ITemep6ype, 196105, Poccua

2 Canxm-ITemepOypeckuii eocy0apcmaeeHHblil yHugepcumem, YHugepcumemckasa HabepedcHas, 0. 7-9, Cankm-Ilemep6ype, 199034,
Poccua

AHHOTAIIHSL. B cBA3U C OTCyTCTBUEM eJUHOU METOAUKU 0TOOpa P00 Ha MUKPOILJIACTUK CYIIECTBYIOT
TPYAHOCTH TPU CPABHEHUM IMOJTyYE€HHBIX PE3YJIbTATOB MPU OTOOPE Pa3HBIMUA METOJAMU. BBLIO MpoBe-
JIeHO cpaBHEHHE HAaCOCHOW (DHUIIbTPOBAJIBHOM CHUCTEMBI U ceTH MaHTa IJiA OlleHKU uX 3GHEKTUBHOCTH
Y MPUMEHUMOCTH MPU OTOOpe Mpob BOJIBI HA COJlepXKaHHEe MHUKPOIUIACTUKA Ha mpuMepe JIaJoXCKOoro
o3epa, peku CBUpDb U MaJibix o3ep JleHuHrpaackou obsactu (Cyxomosibckoe, MuuypuHckoe, KpacHoe).
Pe3yibTaThl MOKA3aJIM, YTO HECMOTPS Ha 60Jjiee BHICOKUE CpeqHNE KOHIIEHTPAI[MU MUKPOILUIACTHKA TIPU
oT6ope mpo6 HacocHOU cuctemoi (8,5+11,5 yactui/m3®) mo cpaBHeHUI ¢ ceTbio ManTta (0,7 +0,5
yacTull/M>), pe3yJIbTaThl COMOCTAaBUMBL. MeTOABl MMEIT MPOTHUBOIOJIOXHBIE JOCTOUMHCTBA U HEMO-
CTaTKU U ABJIAIOTCA KOMILIeMeHTapHbIMU. CeTh MaHTa 60Jibllle TOAXOAUT AJIA 0TOOpa O0JIBIIOTO 00B-
eMa BOJIbl C TIOBEPXHOCTHOTO CJIOSA B KPAaTKUE CPOKU M B IEPUOABI C OOJIBIINM COAEPKaHUEM B3BECH, B
TO BpeMsi KaK HacoCHasA PUIbTPOBAJIbHAA CUCTEMA MOAXOAUT I 0TOOpa MpoO HA pa3HBIX TOPU3OHTAX
1 B MIOBEPXHOCTHOM CJIO€ MPU HeOOIbIIOM 00beMe B3BECH U IMO3BOJIAET OoJiee TOUHO OLIEHUTh 00BbeM
npo6sl. Heo6xoumo obecrieduTs 0TOOp 60JIbIIOro 06bemMa BOJIbI, YTO B CJIyYae C HACOCHOM (QUIIbTPO-
BAJIbHOM CHCTEMOU MPEJICTABJIAETCS BO3MOXHBIM TOJIBKO B MEPUO/I, KOrAa COAEpXaHUE TJIaHKTOHA U
MYTHOCTb BOJIbI MUHUMAJTbHBI.

Kitiouegsie ct06a: MUKpPOIJIaCTUK, OTOOP Mpo0 BOARL, ceTh MaHTa, HacocHasA GUIbTpPOBaIbHAA CUCTEMA,
3arps3HeHre MUKPOILJIACTUKOM

Jla nutupoBaHus: TuxoHosa [[.A., IllanyHosa E.II., KapetHukos C.I'. CpaBHeHMe 3¢ ()eKTUBHOCTU ABYX METOAOB 0TOOpa Ipod
BOMBI JJIA M3YYEHUs COINEpXKaHWs MUKDOIUIACTHKA B BOJHBIX 0ObekTax // Limnology and Freshwater Biology. 2024. - No 6.
- C. 1434-1453. DOI: 10.31951/2658-3518-2024-A-6-1434

1. BeepeHne Eo et al., 2019; Zobkov et al., 2019; Tamminga and
. Fischer, 2020; Epmosa u mp., 2021), Tak u 6ykcupye-

B HacToAllee BpEMs HE CYIMECTBYET €MHON Mele cetu (Reisser et al., 2015; Kooi et al., 2016; Dris et
YHMBEPCAJIBHOM METONMKM aHaJiM3a HacTuly MHKPO- al., 2018; Liedermann et al., 2018; Lenaker et al., 2019;
IUIACTHKA B BOJAHON Cpefie. B MCCIe0BaHMAX, NPOBO- Egger et al., 2020; Frank et al., 2021; I'ina et al., 2021).
AUMBIX PasHBIMH Hay4HBIMU TDyIIaM{, OTJINYATCA HacocHble crCTeMBI MOXHO HCIIOJIb30BaTh JjiA 0T6Opa
MeTOoJibl oTOopa Mpo6 U MxX J1abopaTOPHOIO aHAJIM3a, KaK C IOBEPXHOCTHOIO CJIOSI BOJHON TOJIIH, TAK H C
PasMEpRI NCCJIEyEMBIX HACTHUI] U MCTIOJIb3yEMbIE €111~ Apyrux BoAHbIx ropusonTos (Tikhonova et al., 2024), B
HUIBl U3MEPEHUsA. B CBA3M C 3TMM BO3HMKAIOT IIPO- TO BpeMs KaK CeTH uallie MCTOJIb3YIOT V1A 0T60pa Mpoob
6J1eMbl METOAMYECKOTO XapakTepa M CJIOKHOCTU IIPU MMEHHO B TIOBEPXHOCTHOM cJIoe Bojoema (Campanale
CPABHEHMI TIOJIYYCHHBIX JAHHBIX C PE3yJIbTATAMI JIpY- et al., 2020; Pasquier et al., 2022) 1 pexke Ha APYrUX
THX UCCJIEAOBAHII. ropusoHTax (Kooi et al., 2016; Liedermann et al., 2018;
B MUpOBOM MpakTHKe 171 0T60pa MPO6 BOAB! Ha Lenaker et al., 2019; Egger et al., 2020). Cpeau cereit
MUKPOILJIACTUK B OCHOBHOM MCIIOJIb3YIOTCH KaK Haco- HANGOJIee YACTO MCTOJb3YEMBIMH JUISl OTG0PA MUKPO-
cHble cucteMsl (Song et al., 2018; Choy et al., 2019; IUIacTUKa ABJAITCA cety ManTa (Karlsson et al., 2020;

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: tdasha94@mail.ru (J.A. TuxoHoBa)

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
INocmynuwna: 25 utonsa 2024; Ilpunama: 01 Hosa6psa 2024; eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG
Ony6tukoaana online: 25 nexa6ps 2024 Commons Attribution-NonCommercial 4.0.

1444


https://www.doi.org/10.31951/2658-3518-2024-A-6-1434
mailto:tdasha94@mail.ru

TuxoHosa [J.A. u Op. / Limnology and Freshwater Biology 2024 (6): 1434-1453

Pasquier et al., 2022). Pexe UCIOJIb3YIOTCA APYTHE MPO-
600TO0OpHUKY, HanpuMep OaTomeTp HuckuHa (Bagaev
et al., 2017) wiu kaccetHbi mpo6ooT6opHUK (Dai et
al., 2018).

JlaHHBIE MeTOAbl MMEIT CBOU OCOOEHHOCTH:
Tak, Iomanab GUIbTpPoBaHUA y ceTu MaHTa 3HaA4m-
TeJIbHO 0oJIbllle, YTO M03BOJIAeT OTOUIHTPOBATh OOJIb-
ol o6beM BOZBI 32 MaJiblii MPOMEXYTOK BpeMeHHU, a
TakXe yallle 3aJepXUBaTh KPyNHbIE YacTUIbl, KOTOpEIE
pexe BcTpeuawTcsi B BoAHOHN Tosme (Tamminga et
al., 2019; Karlsson et al., 2020), ogHaKo CyIIeCTBYET
BBICOKAas BEpPOATHOCTb IOTepb YacTUI] U BHEIIHEro
3arps3HeHus [IpU CMBIBe IIPOOHI € ceTKU. B To ke BpeMs
y certeii MaHTa, HEHCTOHHBIX U APYTUX ceTeil pas-
Mep sden yacto = 300 mxm (Dusaucy et al., 2021).
Hcnosnb3oBaHue ceTell € KPYNHBIM pa3MepoM sAdYeur
MOXeT MPUBOJUTH K IOTepsAM 0OoJiee MeJIKUX YacTHII,
KOTOpBIe MpeobsrafalnT B BOAHBIX o0bekTax (Lindeque
et al., 2020). Mcnosib30BaHue CETEN C pa3MepPoOM STYEU
<100 mkm (Dris et al., 2018; Song et al., 2018) yBe-
JV4yBaeT Juana3oH pa3MepoB IOJIyYEHHBIX YacCTHUIL
U NpUBOAUT K OoJlee TOYHOH OlLieHKe COepKaHuA
MHKpOIJIacTUKa B Boje. HacocHble cucTeMBl, B CBOIO
ouepelib, INO3BOJIAIOT TOYHEEe OLIEHUTb OO0beM IIpo-
dupTpOBaHHOM BOAB U M30€XaTh IIOTepb U BHEIIHEro
3arpssHeHus, HO o0beM IpOOBl OyneT 3HAYUTEeJIbHO
MeHbllle U3-3a OTHOCHUTEJIbHO HeOOJIBIION IUIomann
CeTKM U ee OBICTPOro 3a0MBaHUA B3BECbl0, a TakKke
norpebyeTrca 3HAuMTEJbHO OoJibllle BpeMeHHU MJiA
oTbopa 3HauyuMoro oowrema mpobs (1 m3). BaTomeTpsl
MHHHUMHU3UPYIOT BEpPOATHOCTh BHEIIHEro 3arpsAs-
HeHNsA, OJHAKO CYIIeCTBEHHO JIMMUTUPYIOT OO0BbeM
oTOOpaHHON MpoObl. MeHbHil 06beM NPOPUIBTPO-
BaHHOH BOABI MOXET IPUBOAUTH K IlepeydeTy cofep-
J)KaHWUA 4acCTUIl MUKPOILJIACTUKA, II03TOMY peKOMeHAy-
eTcs oTOUpaTh Kak MOXHO 60JibIINI 06beM BOJBI AJA
noJiyuyeHUs OoJjiee TOUYHBIX pe3yJsibTaToB. Ha maHHEBIN
MOMEHT OTCYTCTBYIOT KOHKPETHble PeKOMeHAAIuu II0
MHHHMaJIbBHOMy 00beMy IIpo0, OJHAKO 3TO o0CyXAa-
eTcA B HayyHoM coobiectse. Hanpumep, B Pesomtonnu
[TepBoii Becepoccuiickoil KoHpepeHIUU ¢ MeXIyHapOoI-
HBIM y4acTHeM [0 3arpsA3HeHUI0 OKpY’Kalolleil cpejbl
MUKporiacTukoM «MicroPlasticsEnvironment — 2022»
(Pezomonuif..., 2022) MUHUMAJIBHBIN NpPeJI0KeHHbIN
o6beM mpoOsl coctasssier 1 M3, OgHAKO 3TO He Bcerga
IpeJICTaBjiAeTCsa BO3MOXHBIM Takxe U JJIs HACOCHBIX
CHUCTEM B CBA3U C 3a0MBaHMUEM CeTKM IIAaHKTOHOM M
B3BECHIO.

CymecTByeT MOOBOJIBHO Majio paboT, IOCBA-
IIeHHBIX CPaBHEHWI0 HACOCHBIX CHUCTEM U TpaJUpy-
eMBIX ceTell TuUma MaHTa, ABJAIINXCA OCHOBHBIMU
MeToJaMH, HCIIOJIb3yeMBIMU IJiA 0TOO0pa Ipob BOJBI
IIpM MCCIeOBaHUM MHKpOIUIAaCTUKAa B BoJoeMax
(Tamminga et al., 2019; Karlsson et al., 2020; Du et
al., 2022; Montoto-Martinez et al., 2022; Frank et al.,
2024). HayuHsle Ipymnmsl He Bcerfa NpuxonAT K OAHO-
3HAYHBIM BBIBOJAM O TOM, KaKOH MeToH ABJIAEeTCA
Hau0oJiee NMPUMEHHMBIM [JJIA NaHHBIX LieJlel: Tak, B
pabortax Tamminga et al. (2019) u Frank et al. (2024)
yTBepxkaaeTcs, 4YTO [iBa 3TUX MeToAa ABJIAIOTCA He B3a-
MMO3aMeHseMbIMH, a KOMIUJIEMEHTapHBIMU B CBA3U C
UX pasIn4yusAMHU.
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Llenpio gaHHOU paboThl OBUJIO CpaBHEeHUE ABYX
Pa3HBIX MeTOJI0B 0TOOpa Mpob BOAB AJI ONpeJiesIeHus
coflepXaHUsA MHKPOILJIACTUKA — HACOCHOU (PUIIBTPO-
BaJIbHOI cucTeMbl U OykcupyeMoii cetu MaHrta AjA
cpaBHeHUsA UX yao0cTBa, 3PPeKTUBHOCTA U IpUMe-
HMMOCTH K HCCJIeyeMbIM BOOHBIM 00ObeKTaM, a Takxe
OIleHKa XapaKTepUCTUK MUKPOILJIaCcTHKa B Ipobax, 0To-
OpaHHBIX JaHHBIMM MeTOAaMM B HECKOJbKUX BOJHBIX
0o0BbeKTax.

2. MaTtepuanbl 1 MEeTOADI

Jna uccrnenoBanusa Obio BeIOpaHO Jlagoxckoe
03epo, a Takxe ero NpUTok pexa CBUPb U TPU MaJIbIX
o3epa JleHMHrpaAckon o0JyacTu Cyx0[J0JbCKOE,
Munuypunckoe u Kpachnoe. Jlagoxckoe 03epo U ero
IIPUTOKU HCCJIEAYIOTCA Ha CcoAepkaHue MHUKpPOILIa-
cruka ¢ 2018 roga (MBanoBa u TuxoHoBa, 2022), a BOT
MaJsible o3epa IIpuosepckoro paiioHa (CyxoHoJbCKoe,
Kpacnoe m MwuuypuHCKoe) paHee HCCIefOBaHbl He
6bu1H. 85% peuHoro croka B JlagoXxckoe 03epo Mpu-
XOJIUTCA Ha AOJII0 3 IJIaBHBIX IIPUTOKOB — pek CBUPB,
BonxoB u BypHas (Byokca) (JIagoxckoe o3epo...,
2015). Cyxo[0JIbCKOe 03epo SIBJIIeTCSI NCTOKOM peKu
Bypno#i, Bnagarmeii B Jlagoxxckoe 03epo U ABJIAIO-
Imelicsa OJHUM M3 OCHOBHBIX NIPUTOKOB Jlagoru BmecTe
¢ pexoii CBUpB, B CBA3U C YeM U3yUeHHe coiepXKaHUsA B
HeM MHKPOILIaCTHKa MOXeT OBITh I0JIE3HO AJA IOHU-
MaHUA KOJIMYeCcTBa MUKPOILIACTHKA, MONAJaloulero B
o3epa co cToOKoM pek. KpacHoe u MuuypuHckue o3epa
ObUTM BBIOpaHBl MO UX OJIM3KOMY reorpa@uiecKoMy
nosioxenuio (Puc. 1).

Jna orbopa npob BOAB MCIOJIb30BAIACH CIIeIH-
ajbHasA HacocHad QuibTpoBaibHas cucrema (Puc. 2),
[I03BOJIAIOIIAA OTOUpPaTh MPOOBI BOABI C Pa3IMYHBIX
BOJHBIX TOPU30OHTOB. J[aHHaA cucrtemMa ObLI pa3pabo-
tana B UHO3 PAH - CII6 ®HUI] PAH B 2019 r. ogHum
13 aBTOpOB JaHHOU cTaThu Kapetnukosem C.T.

OCHOBY KOHCTPYKIIMH COCTaBJIAJ  OBITOBOM
IOTPY’KHOM Hacoc ¢ HIDKHHUM B0J03ab0pOM MOII-
HocTbi0 300 Bt. Hacocel faHHOro tuma MOXHO OITy-
ckaTh Ha riayouHy He Gosiee 10 M. OmyckaTth riiyoxe
He I03BOJIAET AJIMHA 3JIeKTpUYeckoro kabessd, KpoMe
TOT0, [IPY MOBHIIIIEHNY BHEIIHero AaBJIeHusA IepecTraeT
(QyHKIMOHMpOBATh KJIalaH, NepeKphIBaloIIUi obpat-
HBII TOK BOABI B Hacoce. B cBA3M ¢ aTuM, AJ14 CO3aHuUA
HeNpephIBHOCTH IOTOKA HAcOC pa3Mellayics B IOBEPX-
HOCTHOM cJIoe BOAbL. B 3aBCMMOCTH OT HEOOXOAMMOIO
rOpU30HTA i 0TO0pa Ipo0 BOABI MOXHO HCIOJIb30-
BaThb Ha0Op LIJIAHTOB Pa3jIMYHOMN JJIMHBI, JIETKO COe-
JUHAEMBIX ApYyT ¢ APYyroM KoHHekTopamu. Ha HikHel
4acTy Hacoca HaxO[WJICS IepMeTUYHBIH IepexOJHUK
13 3JJaCTUYHOMN TPyOKHU OT BOA03aO0PHOI YacTU Hacoca
K [JIaHTy, Ha KOHIle KOTOPOr'0 HaXOAWJach YCTaHOBKA
¢ dunbTp-ceTko ¢ pasaMmepom ssiuen 100 MkM, Bce coe-
JVHEeHUs 3aKpeIUIAyIiCch pe3b0OBEIMU XoMyTaMu. Boga
3amnoJIHAJIA IIJIAHT IO AefiCTBUEeM IMAPOCTaTUYecKOro
JlaBJIeHUs, a HACOC OTKa4YMBaJI BOAY U3 BepXHeH yacTu
nuiaHra. M3mepeHue oObeMa IIpoKayaHHOH depe3
(uIbTPE BOABI OCYIEeCTBJIAIOCH C IOMOIBI0 OBITOBOTO
CYeTYMKa BOABI, pa3MellleHHOI'0 Ha BhIXOJe U3 Hacoca.
YMeHblleHe CKOPOCTU IIpPOKauyMBaHUA BOABL uepes
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Puc.1. Touku ot6opa npob B JlagoxckoMm, CyxomosibckoM, MuuypuHckoM u KpacHom o3epax.

GuIbBTp CBUIETEICTBOBAJIO O 3a0MBAaHUM CETKU B3Be-
CBI0 1 HEOOXOIMMOCTHU ee 3aMeHBl. YTOOBI coAepXuMoe
CeTOK He BBIMBIBAJIOCH IIpY UX MOJbeMe, B MecTe coe-
AVHEHUA IUIaHra ¢ GpuiIbTPOBaJIbHONM CUCTEMOM yCTa-
HaBJIMBAJICA KJjlalaH, MPONYyCKAalMUNl BOAY TOJIBKO B
OJHOM HallpaBJICHUU.

[TpoObl oTOMpanu B MOBEPXHOCTHOM CJIOe
BOAHOrO oOBeKTa ¢ OopTra Hay4HO-HCCJIeAOBaTesIb-
CKOTO CyJiHa «JKOJIor» b0 ¢ 6opTa JIOOKU C UCIOJIb-
30BaHMeM sJieKTporeHeparopa. Korga o6vem mpo-
KaunBaeMoOl uepe3 CETKYy BOJbl B eQUHHUIy BpeMeHU
3HAUNUTEJIbHO yMeHbIascs, (GUIbTPOBAHHE OCTAHAaB-
JIMBAJIOCh, CETKa BBIHMMAJAach U3 (UIBTPOBAJIBHOUN
CHCTEMEHI U ITOMelljajiach B €MKOCThb C JUCTHUJIMPOBAH-
HOU BOJIOM, a Ha ee MeCcTO IoMellasiach HOBas CeTKa
100 mxm. [Ipu masiom oO6beme NpoOBl B OAHOM TOYKe
(mo 500 suTpOB) mEIaToch HECKOJIBKO MTOBTOPHOCTEH.

Jl5ia cpaBHeHUA MpOOBI B OBEPXHOCTHOM CJIO€
OBLIM TakXe OTOOpaHbI ceThio Tuma Manta (Puc. 3).
Pasmephl pamsl Ha Bxofe — 600x257 MM, B MecCTe Kpe-
mieHusa cetku — 600x154 mm (mmomanap 924 cm?). K
paMe InpuKpeluiagach ceTb pasMepoM 2000x600 mw,
nepuMerpomM 1508 mMm. Pasmep Auen ceTu COCTaBUJI
100 mxm. ITpoOOOTOOPHUK-KOHYC C TakuUM Xe pas-
MepOM fAvYer MPUKPEIUIAJICA CHU3Y CETKU C IOMOIIbIO
(daHoBOU TpyOHI 1 pe3b00BOr0 XOMYTA.

[Tepen dunsTpoBaHueM ceTb MaHTa NpOMEBIBa-
Jace B BogoeMe 6e3 mpobooTbopHuka. [dasee mpobo-
OTOOPHUK MPHUKPEIUIANICS K CeTKe, ceTKa OIycKaJach
B BoAy U OyKcupoBasach 3a JIOAKOW WA HAyYHO-HC-
cJieoBaTeJIbCKUM Cy[JHOM Ha MaJIOl CKOPOCTU B Teye-
HHe ollpefieJileHHOoro BpemeHu. OT6op npob B o3epax
CyxopoJsbckoe, MuuypuHckoe u KpacHoe npoBoauics
C HaJyBHON MOTOpPHOU JIOAKU, NPU 3TOM BBIOOpP Bpe-
MeHU TpaJieHus o0yCcjaBvBaJiCs BHU3yaJIbHO OI[eHEeH-
HBIM KOJIMYECTBOM B3BecH B Bofe. TpoChHl CeTKU Ipu-
KpeIIsaanch K OOpPTy JIOAKM W fAajiee JIOAKA Ijla B
TeueHne 10-25 MUHYT Ha cpefHel cKopocTH 1-3 km/u.
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Puc.2. HacocHaa ¢uabTpoBaspHasA cucreMa, paspabo-
TaHHasA u ucnosus3yemas MHO3 PAH - CII6 ®HUI] PAH c 2019
r. (TTo3gHAKOB U 1p., 2021).
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Puc.3. Cxema cetu Manra (MM).
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B JlagoxckoMm o3epe oT6op mpo6 mpoxoausa ¢ 6opra
Hay4YHO-HCCJIEJOBATeJIbCKOIO CyAHAa «JKOJIOI» BO
BpeMs ero TOpMO’KeHHUA: NIpY [TaJIeHuH CKOPOCTU CyqHa
ceTKa OIyckasjiachb B BOAy IIpPH IOMOIIM KpaHa U OyK-
crpoBaJlach O €r0 OCTAHOBKU B cpefHeM 3-5 MUHYT
co cpeniHel ckopocTeio 3,4-4 kMm/4. [Ipu nomomu GPS-
HaBuratopa (UKCHUpOBaJICA TpeK, BpeMs U CpeaHsA
CKOpOCTh TpaJjieHus. [lajlee ceTka MOAHUMAJach U3
BOJBl Ha KpaHe U HaJ BOJAOH NpoMEIBajiach ¢ 6opTa
Cy[Ha IIpU [IOMOIIY LIJIaHTa ¥ 3a00pPTHOM BOJBI, ITOCTIe
4yero NnoJHUMaJiach Ha OOPT U ¢ Hee CHUMAJICA NPoOo-
OTOOPHUK C OTQUJIBTPOBAHHBIM MAaTepHuasioM, KOTO-
PBIM CMBIBAJICS AUCTUIMPOBAHHON BOAOU B €MKOCTb.
O0beM npoOBl pacCUMTHIBAJICA C Y4YeTOM ILIOIaau
paMBbl B MecTe KperuieHus ceTku (924 cm?) u cpegHei
ckopocTu TpajieHuA. Jlo sTama JiabopaTOpHOro aHa-
J13a IpoObl XpaHUJINCh B XOJIOAUJIbHUKE.

[TpoGn1 66T 0TOOpaHH! B aBrycre 2023 r. Beero
HENCTOHHOH ceThbi0 Tuma ManTa ObpUIO 0TOOpaHo 19
npo6, ¢uiabTpoBasbHON cucremoin — 21 mnpob6a. B
CyxogosabckoM, MuuypunckoM, KpacHoMm o3epax Kax-
JBIM MeTOAOM ObUIO OTOOpaHO OT 3 A0 5 TOYEUYHBIX
npo6, a B peke CBUpb no 2 npobsl. Tak Kak B ynoms-
HyTBHIX BBIIIe BOAHBIX 00beKTax TOYe4yHble NMPOOHI OTO-
OpaHHI B TeueHMe 1-2-x qHel 1 B OJHOM palioHe, TO OHU
00BbeJHEeHE! B COCTaBHbIe IIPOOHI 711 KXKAOT'0 BOJHOTO
o0BbeKkTa coOTBeTCTBeHHO. B JlagoxckoMm o3epe OBLIO
oToOpaHo 110 1 npobe ceTbio MaHTa B 7 pa3HbIX TOUKax
U 110 2 mpo6sl GUIBTPOBAIBHON CUCTEMOM B 4 pa3HBIX
TOYKaX, HaxOo[AIMXCA Ha 3HAYMTEJIbHOM YyJaJleHuu
JApYT OT Apyra, B CBA3U C 4eM I10JIyYyeHHbIe pe3yJIbTaThl
paccMaTpuBalOTCA KaK OT[AejIbHble TOYeyHble ITPOOHL
J1a nosydenusa pedepeHCHBIX 3HaUYeHUI U CpPaBHEHUA
MIOJIyYeHHBIX JaHHBIX MeXay co00M, KOHIleHTpaluu U
0o0beM npob [uia JIagoKCKoro o3epa NpefcTaBjIeHH B
BUJle Auana3oHa I0JIy4eHHBIX 3HaueHUl U Kak cpefHee
apudmMeTHieckoe Mexay IOJy4eHHBIMM KOHI[eHTpa-
uusaMu. O6beM BOABI B TOUEUHBIX Tp0OaX, 0TOOpPaHHBIX
ceTbio MaHTa coctaBsis1 ot 9,7 o 120 m3, B mpobax,
OTOOpaHHBIX HACOCHON (UIBTPOBAIBHOU CUCTEMOH, —
ot 0,04 o 1,1 m3 CymmapHbIi 00beM MPOPUITBTPO-
BaHHOU BOABI B Ipo6aX, 0TOOpaHHBIX pPa3HBIMU MeTO-
Jamu npuBefieH B Tabiune 1. 3HauuTesibHaA pasHUIA
B oObeMe BOJBI [IPU HCIIOJIb30BAaHUU Pa3HBIX METOI0B
00BbsACHAETCA YNOMAHYTBIMH BHIIle OCOOEHHOCTAMU
00enx KOHCTPYKII, a TakXe 3HaYUTeJIbHBIM 00beMOM
B3BecU B BOoJle B OTOMpaeMBblil Ce30H.

JlabopaTtopHas o6paboTka MpoO BKJIOYasa B
cebs pacTBOpeHHe OpraHWYecKoro Marepuajia IIpHU
oMol peakrusa ®entona (30% nepekuch BogopoJa
+ Fe(ll)-xatamuzartop). I[IpoObl, oTOGpaHHBIE CETHIO

ManTa, coepxajiy oueHb MHOI'O OPraHUYecKoro Mare-
puasa, B CBA3M C 4eM UX o0paboTka U Nnocjieayrouui
aHanu3 ObBUIM 3HAYMTEJbHO Oojiee TPyAO- U BpeMs-
3aTpaTHB! [0 CpPaBHEHMIO C IIpo0aMH, OTOOpaHHBIMU
unbpTpoBanpHON cucreMoil. [IpobGbl, oTOGpaHHBIE
cetnpio MaHTa, pubTpoBaauch yepe3 cetky 100 MKkM U
BCe KpynHble GparMeHTH (JINCTbA, BOAHAA PacTUTEIb-
HOCTb, HaceKoMble W Ap.) THIaTeJIbHO NPOMBIBAJIKCh
JUCTUJIJINPOBAHHOM BOJOM Ha Ty Xe CeTKy M yJaJid-
Jck. Bech oTuUIBTpOBaHHEBIN MaTepuasl IepeHOCUIICA
B TEpPMOCTaKaH, KyAa Ao0aBJiAsachk NepeKruch Bogopoaa
BMecrte ¢ Fe(Il)-kaTanuzaropoMm (06beM A0OaBJIEHHOTO
peakTyBa 3aBHces OT oObeMa OpPraHHWYecKoro Mare-
puaJia). IIpu ob6paboTke pod, OTOGpPaHHBIX GUIIBTPO-
BAJIbHOM CHUCTEMOH, OCaXJeHHBII MaTepuaj C CeTKHU
CMBIBaJICA B TePMOCTaKaH C aHAJIOTMYHBIM peaKTUBOM.
Hanee npoba BeIgepxXuBajach mpu Temneparype 75°C
Ha necyaHoll 6aHe MUHHMMYM B TedyeHHe daca. [asee
B NpoOy NOBTOPHO no6aBiisiach IepeKkuch BoAopoAda
1 Ipolecc MpoAoJIKaIcA [0 MaKCHMAaJbHO BO3MOX-
HOro yJaJIeHus opraHnyeckoro mMarepuasna. [ npoo,
oTOOpaHHBIX CeTbl0 MaHTa, Npolecc MOBTOPAJICA [0
4-5 pas. Ilocsie pacTBOpeHUA OpraHUKU OCTaBIIMICA B
CTakaHe MaTepHaJl OCTaBJIAJICA HA CYTKH, IIOCJIe 4ero
dunsTpoBasica yepes ceTky 100 MKM U CMBIBaJICA AUC-
TUWJINPOBaHHOM BojoN Ha uamku I[lerpu (ot 1 go 8
qaulek Ha 1 mpoOy B 3aBHCHMOCTU OT oObeMa Hepac-
TBOpHMBIIIErOCA OpraHuyeckoro Marepuaaa). [aiee
yamky [TeTpu HakpseiBaiauch ceTkoil 100 MKM U OCTaB-
JIAJIMCh IO TIOJTHOTO BBICBIXQHUS.

J1A KOHTpoJiA NIOOOYHOrO 3arpsA3HeHusA napaJi-
JIeJIbHO C peaJIbHBIMU ITpobamu 00pabaThIBaIiCh X0JIO-
cThle MpoOHI ¢ UCTUJLIMPOBAHHOU BOAoOH. Bo Bpewms
BCeX 3TarnoB JlabopaTopHOI 06paboTKU peasibHBIX P06
XOJIOCTBle NMPOOBI CTOAJIM PAAOM OTKPBHITBIMH, IIOCJIE
yero oOpabaThiBajiCh aHAJIOTUYHBIM 00pa3oM (BBIAED-
XUBaHMe ¢ peakTuBoM DeHTOHA, QUIBTPOBAaHNE, CMBIB
Ha yamky [leTpu). Bce sTansl 1abopaTopHOI 06paboTKU
Ipo0 MPOBOAWINCH B BBITSAXHOM MIKady, WCIOJIb30-
BaJICs XJIONKOBBIN XaJiaT, a BcA ocyaa U GUIbTp-CeTKU
IIPOMBIBJIMCh JUCTUJUJIMPOBAHHOU BOAOH Hemocpen-
CTBEHHO IlepeJ] UX HUCI0JIb30BaHHUEM.

[Nocie BEICBIXaHMA MaTepuasia yamky [lerpu aHa-
JI3UPOBAJIMCh NOJA MHUKpocKomoM. IIpeaBapuresbHas
naeHTUUKaNMA MUKPOIJIACTHKA MIPOBOAWJIACH BU3Y-
aJIbHBIMU MeToAaMU: OTOMpAJIUCh YacTHUIBl C OTCYT-
CTBUEM KJIETOYHOM CTPYKTYpH, C eAWHOOOpa3HOM!
TOJIIMHON M I[BeTHBle. YacTulbl, NpeaBapuUTeIbHO
naeHTUUIMpOBaHHbIE KaK Me3oIIacTuk (6osbiie 5
MM), MUKPOIUIACTUK (MeHbIlle 5 MM) MJIM MaTepuall
AHTPOIIOTEHHOr'0 IPOUCXOXAEHUA MOACYUTHIBAJINCE U

Ta6sauna 1. O6beM BOJibl, TOJIyYeHHBIN IpKU 0TOOpe ceThio MaHTa 1 HaCOCHOH (GUIIbTPOBAJIBHON CUCTEMOI.

BoHbIi 00bEKT O6BeM BOABI, O6BeM BOABI,
cerb MaHTa HacocHas GUIBTpOBaJIbHAA CHCTEMA
CyXx0/[I0JIbCKOE 03epo 300,7 m® 1,1 m°
MuuypHUHCKOe 03epo 96,8 m® 0,173 m®
KpacHoe o3epo 135,6 m® 1,2 m®
Pexa CBupb 20,1 m® 2,16 m®
Jlajoxckoe 03epo* ot 9,7 0 28,4 m® ot 0,5 10 2,2 Mm®

IIpumeuanue: *[{is1 JIagoXCKOro o3epa NprBejieH AUAana3oH 06beMOB TOYEUHBIX P00, OTOGPAHHBIX PA3HBIMU METOJAMHU.
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¢oTorpaduposanuck, 3annceHBalICA UX padmep, popma
(BosiOKHA, pparMeHTH], IIJIEHKH) U 1BeT. Jlasnee Haubo-
Jlee KpynHble (BUAYMBIE I'J1a3y) U HauMeHee arperupo-
BaHHble C OPraHWYecKUM MaTepuasioM 4acCTHLbl UT0JI-
KOH INepeHOCWJINCh B OTAeJibHyI0 vamky [leTpu njia
IocJieyIoniero aHajan3a XMMUYeCcKoro cocTaBa YacTHIL
CIeKTpaJIbHBIMU MeTOJaMHu.

Ananu3 XMMHYecKOro cocTaBa BBIOOpKM OOHa-
PY’KeHHBIX 4aCTUI] MUKPOILIACTHKA METOJOM CIIeKTpO-
CKOIIMM KOMOHMHAIIMOHHOTO paccesHus cBeTa (pama-
HOBCKOU CHEKTPOCKONMUM) B TreoOMeTpHUU 0OpaTHOro
paccesHuA cBeTa Ha cnekTpoMerpe Horiba Jobin-Yvon
LabRam HR800 Obu1 mpoBeneH Ha 6a3e HaydyHoro
IMapka CIIGI'Y (pecypcHbili 1neHTp «['eoMopesns»).
HnTepnperaliisa NpoBoAWJach Ha OCHOBAaHWU CpaBHe-
HUS C UMEIONUMUCA cieKTpaMu B 6a3e nanHbx Horiba
JY Raman Library FORENSIC V2.

Jl714 onpeiesieHNA Macchl MUKPOILIACTHKA JJIMHA
Y IIMpYUHA YacTULl U3MepsJINCh NPYU IOMOIIU ONTHYe-
CKOro MMKpockona. [lJif olpefesieHHs MaccChl BOJIO-
KOH [IOIIyCKaJIOCh, YTO OHU HUJIMHAPUYECKON (HOPMBI
[0 aHaJoTUM C JPYTrMMH HccjefoBaHuaAMHU (Simon
et al., 2018, Leusch and Ziajahromi, 2021). IlupunHa
BOJIOKOH IIpMHUMAJIach 3a AuameTp HNuiauHAapa. [ajee
BBIUHCJIAJICA O0beM 4acTHUI[Bl, KOTOPHIM YMHOXAaJICA Ha
IJIOTHOCTh HauboJiee 4acTO BCTpeyaeMbIX IOJIMMEpPOB
B OKpyXammlell cpefde (MOJWUNpoONUIeHa U IOJUITH-
jeHa) — 0,93 r/cm3.

@dparMeHTH U IIJIEHKH IPUHUMAJINCh 3a TapaJijie-
nenunes. Hanbospmuye qirvHa U mMUpUHA GparMeHTOB
pacCcUMTHIBAJIMCh MPU IMOMOIIM ONTHUYECKOTO0 MUKPO-
cxona. [Ipy HeBO3MOXXHOCTH U3MEPUTh ITOA MUKPOCKO-
[IOM TpeThe HarMeHblllee U3MepeHue, y IJIEHOK 3a Hero
npuHuMasiocs 30 MKkM, a y pparmeHTOB 50 MKM, T.K.
Bce parMeHTHl ObLJIM OTHOCUTEJIBHO IJIOCKUMU. YacThb
HauboJiee KPyIIHBIX 4acTuI| ObljIa B3BellleHa Ha aHaJIU-
tnueckux Becax Mettler ToledoXP205 (1jeHa gejieHus
- 0,01 mr, cpenHekBaJpaTU4HasA oOMIMOKa HU3MeEpeHU:
He 6oJiee 0,03 mr) Ha 6aze Hayunoro Ilapka CIIGI'Y
(pecypcHBIll LIeHTp «LleHTp AWArHOCTUKYU (QYHKLIUO-
HaJIbHBIX MaTepHaJIoB AJiA MeAUIMHbI, GapMaKoJIoruu
Y1 HaHO3JIEKTPOHUKW») JJI CpaBHEHUA pacyeTHOIo U
peasibHOr0 Beca pparMeHTOB. B ciyyasax, korga macca
(dparmeHTa okasbiBajiach MeHee IOpora YyBCTBUTEJIb-
HOCTH BeCOB, YacCTHUIbl B3BeIIMBAJINCh BBIOOPKOH B
koymmyecTtBe 20 WITYK, a Macca Kaxzaoro ¢dparmeHra
BBICUMTHIBaIach kak 1/20 ot oO1mel Macchl BBIOOPKU.

Juarpammel 1 rpaduky ObLIM IOCTPOEHEL B ITPO-
rpamMme Microsoft Excel 2019. [[na co3gaHusA KapThl
Touek oTbopa nmpob HcnoJib3oBajack nporpamma QGIS
3.14.15. Tlpu cTaTUCTUYECKOM aHau3e XapakTep
pacrnpefejieHusA JaHHBIX OBUI MPOBepeH IpU MOMOILU
kputepusa llanupo-Yuika. Jlasee paBeHCTBO BHIOO-
POK JaHHBIX TOYEYHBIX Mpob npu oTdope ceTbio MaHTa
U mpu orbope HAcOCHOU (UIBTPOBAJIBHON cUCTe-
MOJ aHaJIM3upoBajioch Ipyd mnomomu U-Kpurepus
ManHna-Yutau. KoadduiieHT paHroBoil KOppeJsisaiuu
CrnupmeHa OBLT MCIIOJIb30BAH [JIA OLIEHKU OTHOIIEeHUN
Mexay 06beMoM MpoOHl ¥ KOHIleHTpaluell MUKpOILIa-
cTHka. PacyeTsl MNpoBOAMJIKCH IIPU IIOMOINU BeO-caiiTa
Statistics Kingdom (Statistics Kingdom, 2017) u mpo-
rpammMbl Microsoft Excel 2019.
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3. Pe3ynbTarthbl

B xosiocTeix npob6ax 6bs10 o6HapyxeHo oT 0 go
5 BOJIOKOH, BU3YyaJIbHO IOXO0XWUX Ha MMKPOILJIACTUK.
CpemHee KOJIMYECTBO BOJIOKOH B XOJIOCTBIX IpoOax
— 1. KosuecTBO MaHHBIX YaCTHUI[ B XOJIOCTOH mpobe
BBIUMTAJIOCh U3 KOJINYeCTBa YacTUl], OOHapy>KeHHHIX B
peaJsibHOM 1pobe.

CpenHsAs KOHIEHTpalus MHKpOIUIaCTUKa B
HCCJIeJOBAHHBIX BOAHEIX OOBeKTax mpu oTrbope Mpod
ceThio ManTa coctasuia 0,7 + 0,5 yactun,/m® (MeguaHa
0,6 wactun/m?3), a mpu oT60pe GUIBTPOBAJIBHOIN CHCTe-
Mo — 8,5+ 11,5 vactun/m® (Mmeauana 4,1 gactun/m3).
KomnuectBo yacTull, 06HapyXeHHbIX B MpoOe, a TaKxe
KOJIMYEeCTBEHHbIE (YacTUIbl, M3) U pacyeTHhIE Macco-
Bble KOHIleHTpauuu (Mr/m®) AjA KaXOoro BOIHOTO
obbekTa rnpejcrasjeHsl B Tabuie 2.

Hawnbosbiirie KOHI[eHTpalUM MUKPOIJIACTUKA
OpUIM OOHapyXeHb B MU4ypUHCKOM O3epe IIpu oTOope
0060MMH MeTO[aMH, YTO BEPOSATHO CBA3AHO C TeM, 4TO
MecTo oTbopa mpobd HaXOJUJIOCh BO3JiIe aBTOMOOWJIb-
HOM Tpacchl U IULDK aKTMBHO MCIOJIb3yeTcA B peKpe-
alMOHHBIX Leysix. OfgHako 3HauyuTeJIbHblE KOHIIeH-
Tpanuy, MOJIyueHHble MPU OTOOpe (PUIHBTPOBAIBHON
CHCTEMO}1, BeposATHee BCero 00bACHAIOTCS MaJIbIM CyM-
MapHBIM O00beMOM IpOOBl B CBA3U C OOJBIIMM KOJIU-
yecTBOM B3Becu. HauMeHbIe KOHI[eHTpaluy HabJIio-
parorca B KpacHoMm o3epe, rae npoObl OTOMPaNCh
BAaJIU OT ypOAHU3UPOBAHHBIX TEPPUTOPHUE, a TaKxXe
B JlagoXcKOM o3epe, 3a HCKJIIOUeHHEM YCTbS peKu
BypHoii. CpaBHeHHe KOJIMYeCTBeHHbIX KOHIIEHTpalui,
[OJIy4eHHBIX ceTbi0 MaHTa 1 (PpUIbTPOBAJIBHOI CUCTe-
Moij, npuBefieHo Ha Puc. 4.

B JlagoxxckoM o3epe, rae npoObl 6L OTOOPaHE
B pa3HbIX TOYKaX, HauboJIbllIe KOHIIeHTpalluy MUKPO-
IJIACTHKA MOJIYYEHHI B YCThe peku BypHO, ABJIAIOmecs
OIHUM M3 OCHOBHBIX MPUTOKOB o3epa (1,4 yacTuilsl/m>
JUTs po6, oTOOpaHHbIX ceThio MaHTa, 10,8 vactui/m?
B rpo6ax, 0TOOpaHHBIX QUIBTPOBAJILHOU crCTeMOI1). B
peke CBUpB, TOXe ABJIAIOIIENCA OCHOBHBIM IIPUTOKOM
Jlajoryu, KOHIleHTpauuu MUKPOILIAcTUKa Npu oTbope
1po0 ceThblo MaHTa TakXe OKa3ajuch BhIIIe, YeM B JIpy-
rux Touykax orbopa (Puc. 5).
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Ta6suna 2. YncieHHbIe M MacCOBble KOHIIEHTPAaI[UH YacTUI] MUKPOILJIACTUKA B Pa3HBIX BOAHBIX 00beKTax.

BoaHbIi KoJ1-Bo yacTuif Kournen- Macca vacruii, KoJ1-Bo yacTuiy Kournen- Macca vacruii,
00BEeKT (ceTr ManTa) mocJe Tpauusa®, Mr/m3 (uacocHas ¢uis- Tpauusa®, Mr/m3
BbIYeTa MOGOYHOro | yacTuubl/m? (cetp MamnTa) TpOBaJIbHAsA vactunsl/m® | (HacocHas GpuisTpo-
3arpsA3HeHUs (ceTp MamnTa) cucTeMa) mocJjie (HacocHas BaJIbHasA CHCTEMa)
BBIYETA MOGOYHOrO |(PUIBTPOBAJIB-
3arpsA3HeHUs Has cUcTeMa)
Bonoxﬂalcbparmen'rm Bonomalq)parmemm Bonoxﬂaldaparmeﬂ'rm Bo.nom{al(l)parmemm
CyxoJi0JIbcKOe 128 0,4 0,004 6 5,5 0,009
03€po 100 | 19 0,0001 | 0,004 s | 1 0,003 | 0,006
MuuypurHCKOe 136 1,4 0,1 5 28,9 0,004
osepo 100 | 36 0001 | 01 s | 1 0,002 | 0,002
KpacHoe 21 0,15 0,0004 5 4,1 0,009
03¢po 17 | a4 0,0001 | 0,0003 T 0,002 | 0,007
Pexa CBupb 24 1,2 0,0003 2 0,9 0,00008
24 | - 0,0003 | - 2 | - 0,00008 | -
Jlagoxckoe 93 0,6%* 0,001 11 3,3%* 0,002
03€po 88 | s 0,0002 | 0,0008 n |- 0002 | -

IIpuMeuaHue: *KOHIEHTPANMA PACCUNTAHA KAK OTHOIIEHNE CYMMBI YacTull, OOHapyXXeHHBIX B 00beJUHEHHO! (COCTABHOI)

npobe, K CyMMapHOMY 00BbeMY BOIBI COCTABHOU HPOOHI

** s JIaJJoXKCKOTO o3epa KOHIIEHTpAI[UsA paccunTaHa Kak cpefHee apudmernyeckoe MexIy KOHIIEHTPAIUAMHU YacTHUI]
B TOYEYHBIX NPO0aX, OTOOPAHHBEIX B PA3HBIX JIOKAIMAX BBUJY CYIIeCTBEHHON IPOCTPAHCTBEHHOHN HEOJAHOPOAHOCTH JJAHHOTO

BOJHOTO OOBbEKTA.

OTcyTcTByeT 3HauuMas KOppesiALlUsa Mexay
006BbeMoM 0TOOpaHHOM TOYEYHO! IIPOOBI M KOHI[eHTpa-
nueii mukporuiactuka (KoadduipeHT KoppesAnuu
CnupmeHa, r 0,2). Tect Ilanupo-Yuika MokasaJi,
YTO paclpefiejieHle JaHHBIX He ABJIAeTCs HOPMaJIbHBIM
(W(19) = 0,9, p = 0,042 pna gaHHBIX, MOJTyYEHHBIX
cetrpio ManTa, W(21) = 0,52, p < 0,001 gy gaHHBIX,
[IOJIyYeHHBIX HACOCHOU (UIbTPOBAJIBHON CHCTEMOI).
U-tect MaHHa-YUTHU IIOKa3ajl OTCYTCTBUE CTATUCTU-
YecKY 3HAYMMBIX pa3JjInuvil MexJy BBIOOpKaMMU, COOT-

CUMTAaHHOMY B TOYeYHBIX Npobax mpu oTOOpe CeThio
ManTa, U KOJIMYecTBy, IOJIyueHHOMY IIpu oOTOOpe
duspTpoBasibHOl cuctemoli (p = 0,5).

Ha ananmuTtnueckux Becax OBUIO B3BemIEHO 26
yactul] (¢pparMeHTOB U IUIEHOK). CpefqHUIl Bec Hau-
OoJiee MeJIKUX U Jierkux ¢pparmeHTOB (OKoJIO 1 MM)
cocrasua 0,03 mr. Haubosee kpynHbBle (PparMeHTHI
(ueckosibko MM) — oT 0,11 go 0,61 mr. IIpu cpaBHEHUN
peasIbHOrO U pacyeTHOr0 Beca YacTHI| yCTaHOBJIEHO,
YTO OHU HAaXOJATCA B IIpejiesiax OQHOTrOo MOopsiKa U pas-

BE€TCTBYKOILIIMU KOJIMYECTBY MHKPOILJIaCTHKA, pac- HHUIIa MEXOy BbI60pKaMI/I HE CyIIeCTBEHHA (p = 0,7)
07144.55 0 25 50 75 xm
0,28 /0,46
047/0 Jlagoxckoe 03.
0,15/-
1,44/10,8
0,32 /-
1,19/ 0,46
p. CBups
0,52 /-

1,44/ 10,8 - KOHIIEHTpAINH MHKPOIIACTHKA
(yacTuubl/M?) B Ipo6ax, OTOOPaHHBIX CeThI0 MaHTa/
HACOCHOH (pUIBTPOBANLHON CHCTEMOH, COOTBETCTBEHHO

Puc.5. CpenHue KOHIIEHTpalUU MUKpPOILIACTHKa Ipu oTbope npob cetbio ManTa / npu oT6ope npob HACOCHOH GUIBTPO-

BaJIbHOU crcTeMOoU (4acTuil/mM?) B pa3HbIX TOYKax 0TOOpa.
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(HIBTpOBaTBHAA CHCTEMA

cetb MaHTa

0% 10%
W 100-500 MrM
3000-4000 MEM

20%

30%

40%
500-1000 MM
4000-5000 MEM

50%  60%  70%
1000-2000 MM

B> 5000 MEM

80%  90%  100%
W 2000-3000 MrM

Puc.6. [IporjeHTHOE COOTHOIIEHNE pa3MepoB OOHAPYKEeHHBIX YaCcTHI] MUKPOIUIACTHKA.

[lo pnuHe HaUOOJBIIETO U3MepeHUs O60Jb-
IMIMHCTBO YacTHUI] IPU HCIOJIb30BaHUM OOOUX MeTOo-
OoB Haxoautcsa B auama3oHe 100-1000 mxMm (47%).
JlaHHBIN Auana3oH OB Tak e pasfesieH Ha faBa: 100-
500 MxkMm u 500-1000 MKM [J1d OL[€HKH OOJIU MUKPO-
IUIacTUKa HauMeHbllero pasMmepa. IIpu orb6ope npob
ceThio MaHTa KoJIMYeCTBO YacTHI] B Auama3soHax 100-
500 mxM 1 500-1000 MKM nMes NPUMEpPHO OAWHA-
koBele gosu (22% u 25%, CcOOTBETCTBEHHO), OJHAKO
npu otbope npob PUIBTPOBAJBHON CUCTEMOU Cpeau
BCeX YacTHUI] MUKPOIUIACTHUKA Ipeobiaganu HMeHHO
HaumeHbIue - 100-500 mxm (41%) (Puc. 6). B To xe
BpeMs 4acTUIB Me3oIUtacTuka (6oJsibliie 5 MM) BCTpe-
YaJIMch TOJIBKO Npu oTHope ceThio MaHTta. KosnuectBo
YacTUI| yMeHbIIaeTcs ¢ yBeJIMYeHueM UX pa3Mepa, 4YTo
COOTBETCTBYeT HalUM MpeAbAyIUM HCCJIeJOBAHUAM
(Tikhonova et al., 2024) u gpyrum paGotam (Hale et
al., 2020, Leusch et al., 2023).

MeTomamMu CIEKTPOCKONNU KOMOWHAIOHHOIO
paccesHus 6bU1a poBepeHa BeIOOpKa u3 106 wacTul,
U3 HUX y 44 4YacTul] yAaJI0Ch MOJy4UTh JOCTOBEPHBIE
CIIeKTpHI NMoJIMepoB. Y 23 YacTull ObUIM OmIpefeJieHbl
TOJIBKO CHEKTpPBl Pa3JIMUHBIX KpacuTesier. 22 4acTUIbl
CIJIBHO (pJTyopeciypoBajii, UYTO TakKXe 3aTpyAHUJIO
ompejiesieHUe UX crekrpa. ¥ 17 vacrtul He yAaioch
onpefesiuTh CIIeKTP M3-3a HeCcOBIaJeHus ¢ pedepeHc-
HBIMM 3HaueHUAMM B 0aze MJAaHHBIX WJIM CUJIBHOTO
3arpsAsHeHus obpasia.

Haub6oJsbiiee kosiuecTBO 00pasIi{oB ¢ IOATBEPXK-
JEeHHBIM TIOJIMMEPHBIM COCTaBOM YyAaJioch IOJIyYUThb
AnA npob u3 Cyxo[oJibcKoro u MuUuypuHCKOTO 03ep.
OTO CBsA3aHO C HaJMuKreM OOJIBIIOro KojndyecTBa ¢par-
MEHTOB B Ipobax, OTOOpaHHBIX B 3TUX 03epaxX CeThIo
ManTa. YacTuibl MUKpOILUIacTuKa B (opMe BOJIOKOH
4acTo CUJIbHO (QJiyopecliipoBajii, B TO BpeMs Kak
creKTpbl GparMeHTOB U IJIEHOK OIpeJie/IsyInCch Ooiee
ycnentHo. B CyxodoJsibCKOM o03epe MpeoOJiafaroiiM
TUIIOM TIOJIMMEpPOB sBJiseTcs nojunponuieH (66%),
a Takxe mnoyusTuieH (33%), nmomuaTuiIeHTepdTanat
U TOJIUCTHPOJI BCTpPEYaJINCh B eQUHUYHBIX 3SK3eM-
mwisgpax. B MwuuypuHckoM o3epe mnpeobaJalominumMu
TUNIAMHU TIOJIMMEPOB ABJIAIOTCA NMOJUITUIEH (45%) u
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nosiunponuieH (41%), Takxke BCTpevyalTCs MOJUSTU-
JeHTepdTanat U noaucrupoJ. B KpacHom osepe niiA
HECKOJIBKUX YacTul] ObLIN Ollpe/iesieHbl TOJBKO CIIeK-
TPpbI IUTMEHTOB, MaTepuaJl YaCcTUL] OIIpeieJINTh He yaa-
Jock. Cpeu yacTul] npob, oTo6paHHBIX B JIagoXKCKOM
o3epe, [JIl KOTOPHIX OIpejesieH TUIl MaTepuaja Kak
CUHTeTUYeCcKUl oJuMep, peobaaas noJIUNpOoInIeH
(83%), Takxe BcTpeuasica MNOJUITHUIIEHTepedTanar.
B pexe CBupb ygasocb 06HapyXUTb TOJIBKO YaCTHI[BI
MoJINSTUJIeHTepedTasaTa.

Takum o6paszoM, MpeobIafalUMU  OJIUMe-
pamMu cpedu Bcex NMPOaHAJIM3MPOBAHHBIX YacCTUI] OKa-
3aymck nosunponuieH (54%) u nonustuiieH (34%),
KOTOpBIe OTHOCATCA K OCHOBHBIM THUIMaM IOJIIMEPOB
B BOJHBIX oObekTax (Dusaucy et al., 2021) u mosume-
pamMu ¢ HauboJpmMUM 00beMOM IJI06aJIBHOTO MPOU3-
BozcTBa (PlasticsEurope, 2022).

Ml mpeamnoJiaraeM, 4YTO YacTHIbl, Y KOTOPBIX
ObU1 ompefesieH TOJIBKO MUTMEHT, MOXHO YCJIOBHO
MpUHUMATh 3a CUHTeTHYecKue, T.K. Y HUX OTCYTCTBYeT
CIIeKTp LIeJUTIOJNIO3B], U OHU He IPOropawT IpH BO3/el-
cTtBuU Jjaszepa. diyopeciieHINA MoXeT OBITh CBsA3aHa
C HaJM4yueM KpacuTeJjisi B COCTaBe YacTUIl U JeJiaeT
HEBO3MOXHBIM OIIpeJiejleHle WX CIeKTpa, OJHAaKo
ecJI 4acTUIlBl He MPOropaloT Ha HEBBHICOKUX MOIITHO-
CTAX Jla3epa UX TOXE MOXHO YCJIOBHO NMPUHUMATH 3a
CUHTEeTHUYecKUe.

4. 06¢cy)xpeHue pe3ynbTaToB

B pesysipraTe JAaHHOTO 3KCIepUMeHTa OOHAapy-
XKeHbl OCOOEHHOCTH HaHHBIX MeTONOB yXe Ha 3Tare
camoro otbopa mpob. Tak, cetp MaHTa OoJiblile MOA-
XOOUT 1A OyKCcHpoBaHMsA Ha Hay4YHO-HCCJIEeNO-
BaTeJIbCKOM CyJHe u3-3a ee OOJIBLIIMX pa3MepoB,
a Takxe MOXeT OBITh HCIOJIb30BaHA TOJIBKO MJIA
oT6opa Mpob ¢ MOBEPXHOCTHOT'O CJIOA BOAHOM TOJIIIU.
@OWIbTPOBAJIBHYI0 CHCTEMY MOXHO MCIIOJIb30BaTh He
TOJIBKO AJ1A oTOopa nmpoO BOAH ¢ 6opTa cyAHa, HO U
C rpuvaja Wiy JIeJOBOro IIOKpOBa B 3UMHUIN NEPUOJ,
a TakXe OHa IO3BOJIAET OTOMpaTh NMPOOH C pas3jIny-
HBIX BOIHBIX TOpU30HTOB. OO6BEM OT)UIBTPOBAHHON
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BOJBl IIPY HCIOJIb30BaHUM ceTH MaHTa 3HauuTeJIbHO
6oJibllle, YTO IO3BOJIAET OTOOpaTh OoJjiee pernpe3eHTa-
TUBHBle MpOOB [JIA MCCIeJOBAaHUN MMKPOILJIACTHKA
B BoZe. B To e Bpems, HacocHas (PUIbTpOBaJbHaA
cucTeMa IMo3BoJisAeT 6oJjiee TOYHO OLEHUTh KOJINYeCTBO
[IPOKAaYaHHOro Yyepe3 Hee 00beMa BOJHI, a ee HUCI0JIb30-
BaHMe Jiyis1 oTOOpa Mpob B paiioHax ¢ 6ojiee BBICOKMM
YPOBHEM 3arpsA3HeHusA O0JIerYuT JajibHelmIyio Jiabo-
paTopHyi0 00paboTKy mpoOd, uyTo OBLJIO Takke OOHapy-
xxeHo B pabore (Karlsson et al., 2020). IIpouecc ot6opa
npo6 BOABI PUIBTPOBAIBHON CUCTEMOM HoJiee MO,
OAHAKO BpeMsd, 3aTpayeHHOe Ha uX J1abopaTOPHYIO
00paboTKy, HallpOTUB 3HAYMTEJILHO MeHbllle, 4eM AJIiA
po0, oTOOpaHHLIX ceThio MaHTa, 13-3a MeHbIIero o0b-
eMa 3a/iepXXaHHOIro Ha QUJIbTpe OPraHN4Yeckoro mare-
puana. TakuMm ob6pa3oM, ABa 3TUX MeTOAa UMEIOT Npo-
THUBOIIOJIOXKHbBIE JOCTOMHCTBA U HEJJOCTaTKU, ABJIAIOTCA
KOMIJIEeMEeHTapHbIMU U Ha JaHHBI MOMEHT peKOMeH-
JyeTcsa UCMOoJIb30BaHKWe oboux MeTofoB. K Takum xe
BBIBOJIaM IIPUIIJIM aBTOPHI, KOTOpPble CPaBHUJIU JaHHbIE
MeToAbl Ha npumepe o3epa TosteHse (Tamminga et
al., 2019).

KoHuenTpaiun MUKpoOILIacTMKa B pacueTe Ha
1 M3, mostyyeHHbIe IpU 0T60pe MTPo6 PUIIBTPOBAIBHOM
CHUCTEMOM, 3HAYMTEeJIbHO MPEBHINAIOT KOHI[EHTpalun
JaHHBIX YacTUIl Ipyu oTbope ceTbio MaHTa, 4TO Takxe
6bUT0 moJiyueHO B pabotax (Montoto-Martinez et al.,
2022; Frank et al., 2024). DTo MOXeT OBITh CBA3aHO KaK
¢ oTepel yacTull npyu orbope npob ceTbio MaHTa, Tak
U, B cJiydae ¢ GUJIbTPOBAJIbHOM CUCTEMOM, C BEPOATHO-
CTBIO IlepeyuyeTa KoJM4ecTBa 4acTHIl IpU MaJIoM 00b-
eMe mpoObI. PesysbraTel pabot (Karlsson et al., 2020;
Tamminga et al., 2019) TakXke Mmokasajd, 4TO 0OBEM
po0 3HAYWUTEJIbHO BJIMAET Ha WTOrOBBE KOHIIEHTpa-
UM, MO3TOMY HeoOXOoAuMO obecledyuTh OTOOp Mpod
J0CTaTOYHO OO0JIBIIOro o6beMa B HECKOJIbKUX IIOBTOP-
HOCTAX [J1A IOJIy4eHUs pellpe3eHTaTHuBHON BHIOODKHU,
MO3BOJIAIONIEN CTAaTUCTUYEeCKHM CPaBHUTh JlaHHBIE.
Cnengyer OTMeTHTb, YTO B paMKax MaHHOI pabOTH
HauOoJiblllie KOHIIeHTpally MUKpPOIUIACTHUKa ObLIN
oOHapyxeHB B MHUYypUHCKOM O3epe, Ifle CyMMapHBII
o6beM MpoOEI pU 0TOOPe PUIIBTPOBATIBHON CHUCTEMON
OKasaJics HauMeHbIINM, YTO IOATBepxkaaeT HeoOxoau-
MOCTbh OTOOpa 6oJibiioro oobema mpodsl (KesiaTesIbHO
He MeHee 1 M®). [{714 nostyyeHus 6ojiee penpe3eHTaTUB-
HBIX IPO0 AasibHellllee ycoBeplIieHCTBOBaHue QUIIbTPO-
BaJIPHOHN CHCTEMBI MOXeT 3aKJII04aThCs B yBeJIHM4YeHU!
JuaMeTpa IpPHeMHOIl YacT, Ha KOTOpPOH pacroJara-
10TCA QUIbTPH, YTO IMO3BOJIUT YMEHBIIUTb CKOPOCTb
3abuBaHuA (QUJIBTPOB B3BEChI0 M MPOKAYMBATL 0OJIb-
muril 06beM Boabl. OAHAKO JJIA MOJIy4eHUs OOJIbIIOro
o6beMa npoObl PU MOMOIIM HAaCOCHON (PUIIBTPOBAJIb-
HOM CHCTeMBl He00XOAMMO TakKe YUYUTEIBATh CE30HHbIE
0CO0EHHOCTH BOJHBIX OOBEKTOB.

[Tlepuon otbopa nmpo0 3HAYMTEJBHO BjIMAET Ha
addexTuBHOCTh 0TOOpA 1 J1abOPATOPHON MOATOTOBKU
po0, T.K. IPUCYTCTBUE OOJIBIIOrO KOJIMYeCTBa B3BeCH
B BoJAe B JIETHUM IepHOJ CUIbHO 3aTpyaHseT obpa-
00TKy U JajpHeHmuii aHanu3 npob. B cBA3u ¢ sTum
Ul Leyiell cpaBHeHHUA 3(POeKTHBHOCTU pa3IUYHBIX
MeTo0B 0Oe3 yuyeTa CEe30HHBIX KoJjiebaHMIl U THUApO-
JIOTUYEeCKOr0 peXuMa BOJHBIX OOBEKTOB PpeKOMeH-
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nyeTrcsi oTOMpaTh MpOoOB B MEpUOAbl C HAaUMeHbBIINM
coepxaHueM B3Becu. CeTp MaHTa peKOMeHIyeTCs
HCIIOJIb30BaTh MPU HEOOXOAUMOCTU OTOOpaTh MPOOHI
C ITOBEPXHOCTHOTO CJIOS B JIETHUH Iepuoj npu 60JIb-
IIIOM KOJI4eCcTBe B3BeCU U B 3BTPO(GUPOBAHHBIX BOJO€-
MaX, T.K. GUJIbTPOBaJIbHAA CHCTEMA B TAKUX YCJIOBUAX
ObICTpPO 3a6MBaeTCs U NOJIyuYeHHble JaHHBIE IPU 0TOOpe
JIAaHHOHM cHUCTeMOHN mpu oObeMe mpoOH MeHee 1 M3
MOryT OBITh He penpe3eHTaTHBHHIMU (Kak, HalpuMep,
B 03. MUYypHHCKOM).

Taxxe ciegyeT OTMETUTh TPYIHOCTH, BO3HU-
Kawle IpU ONpeJiesileHUM IOJIMMepOB MeToJaMu
CIIEKTPOCKONNY KOMOMHAIIOHHOTO pacCesHUs CBETa.
3aTpygHeHUs MOI'YT BO3HUKAaTh ellle Ha 3Tare Ipo-
60noAroTOBKY HanboJiee MEJIKUX YacTUll, KOTOpHIE
HYXHO OTAEJUTh OT OpPraHHYecKoro BeljecTBa (opra-
HUYECKOHN CpeJbl-OKPYXeHUs, B KOTOPOIl HaxoJuJiach
YyacTuua), U IepeHecTU B OTHAeJIbHYI0 vamky [leTpu
IUIA mocjienyiomiero aHanusa. TakuMm ob6pasoM, yalie
BCEro yIaeTrcsA INPOaHAJIM3MPOBATh TOJIBKO Haubosee
KpyIHBIE BOJIOKHA, a Takxke (parMeHTH. B maHHOM
HccyIeJOBAaHUM OIpe/IeJIUTh CIEKTP BOJIOKOH OKAa3bIBa-
JIOCh 3HAYUTEJIBHO TPYQHee 13-3a 4acTol ¢JiyopecrieH-
1y o0pasIoB, B TO BpeMs Kak ¢ ¢parMeHTaMu TaKUX
TpyZAHOCTel ObUI0 MeHbIle. OJHAKO MMEHHO BOJIOKHA
COCTABJISIIOT OOJIBIIMHCTBO YacCTHUI] MUKPOILIACTHKA B
ecrecTBeHHBIX cpefiax (Acharya et al., 2021). B aToi
CBA3M, HCIIOJIb30BaHUe ceTH MaHTa Takxe MoxeT obe-
CIeYuTh NonafaHue B NMPOOH MMEHHO (parMeHTOB U
IJIEHOK, MaTepuajl KOTOPHIX YCIIENIHO OIpeesieTcs
CIeKTpaJIbHEIMU MeToJaMu. B mpobax, oToOpaHHBIX
puUnbTpPOBaNBHON CUCTEMOM, a TakXe B HalIMeHee 00b-
eMHBIX Ipo6ax, 0To6paHHbIX ceTbio MaHTa (JIagoxckoe
o3epo u peka CBupb) OOJIBIINHCTBO OOHAPYXEeHHBIX
YacTUll NPUXOJUJIOCh HAa HAMMEHBIINH pa3MepHBII
[Uana3oH M IPaKTU4YecKH He BCTpedasioch ¢dparMmeH-
TOB, UTO CYIIeCTBEHHO YMEHBIINJIO BEIOOPKY, KOTOPYIO
MOXHO [POAHaIM3UPOBaTh. IIOMHUMO 3TOro, y HeKOTO-
PBIX YaCTHUIl CIIEKTPHI He COBIANAJIU C UMEIOINMUCS B
6aze JaHHBIX, YTO MOXeT OBITh CBSI3AHO KaK C Jlerpaja-
ueli obpasiia B rpoliecce OBITOBAHMS, TaK U C pa3IniU-
SIMU B 3aMeCTUTeJIAX 1JIs OJIM3KUX I10 KJIACCY BellecTs,
a Takxe ¢ OrpaHUYeHUsIMHU caMoi OMOJIOTEKM.

5. 3akniouenue

BrUlo mnpoBeeHO cpaBHEHHE [IByX MeETO/IOB
oTbopa mpo6 BOAB Ha MHUKPOIUIACTUK Ha IpuMepe
Jlagoxckoro osepa M peku CBUpb, a TakXe [PYrux
o3ep, paHee He HCCJIEJOBAHHBIX Ha cofepXaHHe [JaH-
HBIX yacTull. Pe3ysbraThl okasaju, YTO HECMOTPS Ha
6oJiee BBICOKME CpeJIHMe KOHIIEHTpaIi MHKpPOILIa-
CTUKa Mpu 0oTOOpe Mpob HACOCHOU (PUIBTPOBAIBHON
CHCTEMOI MO CpaBHEHMIO C MpobaMu, 0TOOpaHHBIMU
ceThi0 MaHTa, JaHHbIE COIIOCTABUMEL. YUUTHIBasI JOCTO-
MHCTBA U HEIOCTaTKU OOOUX MeTONOB, Ha [aHHBII
MOMEHT HeJIb3sl cJleJIaTh BEIBOJ O TOM, YTO KaKOH-TO U3
HUX 0O0JIbIlle TOOXOAUT AJIA UCCIIeJOBAaHUIT MUKPOILIA-
CTHKA B BOJHBIX OObeKTax. J[aHHble METO/IbI SIBJIAIOTCS
KOMILIEMEeHTapHBIMU U UX CJIelyeT HCIIO0JIb30BaTh C
ydeToM HayuHbIX 3afad. Cerb MaHTa 6oJibllle IOJXO-
IUT A1 oT6opa 60JIbIIOro 06eMa BOJIbI C IOBEPXHOCT-
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HOT'O CJIOA B KpaTkue cpoku. HacocHas GuUiIbTpOBasIb-
HasA cUcTeMa MOAXOAUT IJiA oT6opa Mpob Ha JIIOOBIX
BOJIHBIX T'OPU30HTAaX U B TMOBEPXHOCTHOM CJIOE€ MpHU
He6GOoJBIIOM O0bheMe B3BeCH. Ji CpaBHEHUs JAHHBIX,
MOJTyYEeHHBIX Pa3HBIMU MeETOJaMu, HeoOXoAuMo obe-
creynTh 0TOOp O0JIbIIOro 06bemMa BOABI, UTO B cJiyyae
C HacoCHOUM (UJIbBTPOBAJILHON CHCTEMON IpeJCcTaBJisf-
€TCs1 BO3MOXHBIM TOJIBKO B MEPUOJ], KOTJIa COAEPKaHUE
IUTAHKTOHA ¥ MYTHOCTH BOJBl MUHUMAaJIbHBL.
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