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Studying the suspended matter in Antarctic Peninsula
coastal waters to understand the local geological
and ecological processes

Abstract. We review comprehensive international studies of the mineral and organic suspended matter in the South Ocean. We
suggest an experimental design to monitor these parameters at the Akademik Vernadsky station, where this research will be in-
troduced. Applied aspects of marine suspension's qualitative and quantitative properties are a subject of active research, given its
significance for several physical and biochemical processes such as sedimentation. Therefore, geological, biological, and clima-
tological studies of the Antarctic shelf employ continuous observations of the suspension’s distribution. Work in this area is
aimed at investigating the qualitative and quantitative properties of the suspension and analysis of its organic and mineral com-
ponents, determining the dynamics of the currents and transportation of suspended matter, the nature of sedimentation proc-
esses, their seasonality and connection with the direction of currents and movement of sea ice. To determine the possibility of
researching the suspended matter in the waters around the Akademik Vernadsky station, we analyze our long-term experience
of using sedimentation traps to study the suspended matter flows in the seas and rivers of Ukraine. The developed complex of
field equipment can be used to sample the suspended matter in waters adjacent to the Akademik Vernadsky station. The light
single-cylinder sedimentation traps were transferred to the team of the Ukrainian Antarctic Expedition 2022 for further use at
the Vernadsky station.
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1 Introduction

The Antarctic ecosystem is sensitive to human impact,
which disrupts its dynamic balance. However, on the
other hand, this same vulnerability presents opportu-
nities for studying the directionality of its changes
and optimizing the ways humans interact with na-
ture. The primary and most profitable subject of such
analysis is the various biological or not processes (i.c.,
physical, chemical, and geological) that have not un-
dergone anthropogenic alterations. Given the range
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of the current Antarctic research, both fundamental
and applied, one can see that it prioritizes determin-
ing the causes and consequences of global warming,
the role of the geological factors in the formation of
our planet’s shells, the interactions, and evolution of
living organisms, etc. (Brewer et al., 1986; Arrigo et al.,
2008; Belcher et al., 2017; Kim et al., 2019).

Special attention is paid to the plankton’s role in
shaping the input of organic carbon into the bottom
sediments, seasonal features of its intensity and con-
tent, and the scope and bulk of various microalgae
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contributing to these processes (Forest et al., 2011; Sam-
peietal., 2012; Riaux-Gobin et al., 2013), as subject
to the effects of weather and ice situation (Smith &
Nelson, 1986; Dunbar et al., 1998). One of the im-
portant branches of research is studying the seasonal-
ity and interannual variability of the sedimentation
processes (Fischer et al., 2002; Chiarini et al., 2019)
and the specifics of producers’ distribution in the dif-
ferent vertical layers of the water column (Honjo et
al., 2010; Ducklow et al., 2015). Other research top-
ics are, for example, the component distribution and
the qualitative composition of the lithogenic and the
organogenic components of the vertical matter flows
(Wefer et al., 1990; Collier et al., 2000) and the effect
of temperature fluctuations on their intensity (Laws
et al., 2000).

Suspended matter (SM) is one of the main compo-
nents of the environment considered to clearly indicate
the state and closely follow the changes in its forma-
tive processes. The matter includes particles of various
composition and genesis (terrigenous, biogenic, vol-
canogenic, chemogenic, cosmogenic) suspended in the
water column. It bears evidence of how active are the
contributing biological and geological processes, be-
comes the initial sediment material and the food and
waste of living organisms at different trophic levels,
and transports various pollutants, etc. (Wefer et al.,
1990; Collier et al., 2000; Sampei et al., 2012; Weston
et al., 2013; Chiarini et al., 2019; Kim et al., 2019).

Lately, the SM distribution has been systematically
monitored in the Antarctic region to study the ocean-
ology processes, the biological part of the ecosystem,
the geological and geochemical structure of the ocean
floor, paleooceanological conditions (Brewer et al.,
1986; Schloss et al., 1999). This is determined not just
by the leading role of the water suspension in the for-
mation of the sediment cover but also by the multi-
faceted process of the sediment genesis in the aquatic
environment; once input, the matter can be moved,
aggregated, dissolved, and transformed in many me-
chanical, chemical or biological ways. The properties
of the sediment flow play an important part in the
hydrobiological sphere, lowering the water’s trans-
parency and so affecting how deep the light pene-
trates it, its temperature, and sorption rates for the
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dissolved substances. Ecologically, it has become the
main pollutant carrier in the seas and rivers.

The abundance of publications dedicated to the
material composition of SM in the coastal waters of
the South Ocean and aimed at finding its sources,
means of transfer from the terrestrial habitats, shore
abrasion, hydrobiological processes, and re-sedimen-
tation mechanisms shows how important it is for us
to know its organization in the East and West Antarc-
tica (Frignani et al., 2000; Anaddén & Estrada, 2002;
Ducklow et al., 2008; Weston et al., 2013). Real-time
observations of the qualitative and quantitative com-
position of the aquatic SM and its distribution in time
and space allow us to study the vertical and horizon-
tal motion of the water flows, variability of currents,
the position of the thermo- and picnoclines, season-
ality and synoptic transformation of the water body
in different areas, and the specifics of the water layers’
stratification under different conditions.

The paper reviews literature on regular observa-
tions of the qualitative and quantitative composition
of the water suspension using sedimentation traps in
the southern seas. Section 2 briefly describes the ma-
terials and methods, in particular, the selection and
processing of the literary sources and presents the au-
thors’ field experience. Specific examples of multi-
directional studies of water suspension are considered
in Section 3, which includes data on its distribution
in time and space, intensity of its vertical and hori-
zontal movement, and the connection with currents,
thermo- and pycnocline, seasonality, ice conditions,
synoptic situation, and biological processes. Section
4 discusses the promising research directions to fol-
low at the Ukrainian Antarctic Akademik Vernadsky
station (hereinafter — Vernadsky station), and Sec-
tion 5 provides the conclusions.

2 Materials and methods

The aim of the paper is the analysis of international,
mostly recent comprehensive studies determining the
qualitative and quantitative properties of the suspended
matter in the Antarctic coastal waters. To this, we added
our own experience of many years. During that time,
we created and introduced into practice systems of
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monitoring sedimentary matter in the rivers and seas
of Ukraine, developed based on a complex of field
equipment for collecting water samples.

The general approach was determined by our main
goal, which was to evaluate, based on the interna-
tional experience of studying the suspended matter in
the Antarctic waters, the relevance, possible efficien-
cy, and prospects of introducing this kind of field re-
search at the Vernadsky station. This was achieved by
critical analysis of scientific and methodical litera-
ture, summarized from the empirical and theoretical
points of view.

The methodology of the proposed research and
specifics of working in the waters near the Vernadsky
station, and further determination of its qualitative
and quantitative composition is drawn from the long-
term practical experience of the Institute of Geologi-
cal sciences which was gained in the previous years
installing monitoring systems of various complexity
in rivers and seas of Ukraine.

3 Results

The last decades have seen much interest in the qual-
itative and quantitative properties of the suspended
matter in the coastal waters of Antarctica, and that
interest is growing. The main applied aspects of such
research are determining the amount and character
of the organic and mineral components of the sea
SM, including the effect of global climate changes.
Through consuming enormous quantities of CO,,
the Southern Ocean plays a large part in regulating
the planet’s climate. The carbon is dissolved in the
water column, and there it actively participates in
photosynthesis and is transformed into organogenic
suspended matter.

The specifics of its production, conditions of its
development, and intensity of consumption by the sea
organisms etc. determine, to a large extent, the for-
mation of the sedimentary flows which deposit car-
bon on the sea floor and stabilize the Earth’s carbon
balance by taking it out of the global cycle. Field ob-
servations of these physical and biological processes
support or correct the assumptions about the inten-
sity of interaction between atmospheric and oceanic
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Figure 1. Type of sedimentary trap used to study the Southern
Ocean—Sedimentary trap Technicap PPS3/3 (the photo is tak-
en from the manufacturer’s website https://www.technicap.
com/products/sediment-trap)

carbon. In particular, the phytoplankton’s develop-
ment depends on the illumination, temperature, and
chemistry of seawater, directions and velocities of the
currents, upwelling zones, etc. and, in turn, provides
data on the intensity of the vertical flows of the sedi-
mentary material and the effect of climate change.

In this field, significant attention is paid to the in-
put and transport of the suspended solid particles,
specifics of the sedimentary processes, their season-
ality and their connection with the distribution of
currents and the movements of sea ice in different
shoreline regions (Wefer et al., 1990; Collier et al., 2000;
Ducklow et al., 2008; Honjo et al., 2010; Sampei et
al., 2012; Weston et al., 2013).

The main tool of marine studies is the sedimentary
traps of various kinds (Fig. 1). The set-ups differ in
design, exposition, and spatial configuration. All in
all, field research on the distribution, directions, and
intensity of the marine SM flows in the Antarctic wa-
ters using sedimentary traps in order to determine their
chemical parameters is a common practice, and the
results are used in the biological, geological, glaciolog-
ical, oceanological, climatological, and other fields
(Dunbar et al., 1998; Schloss et al., 1999; Riaux-Go-
bin et al., 2013; Belcher et al., 2017; Chiarini et al.,
2019; Kim et al., 2019).

Sedimentary traps are an important tool to deter-
mine the geographic and biological factors of export-

ISSN 1727-7485. Yipaincviuii anmapxmuunuil acypuan, 2022, T. 20, Ne 2, https.//doi.org/10.33275/1727-7485.2.2022.696 137



Ye. Nasiedkin, O. Olshtynska, G. Ivanova et al.: Suspended matter in Antarctic waters

1000 : — 100
_ 960J:' 5 5
| ~
;Ip -800
£ 200 | &
2 160 8
e Q
= (5]
=] : P o L
© 100 s 402
o : A
= : i
S E 20
JMMJ S NJMMIJ S N J

2016 2017

Figure 2. Intensity of sedimentary flows (grey columns) and ac-
cumulation of organic carbon particles (black columns) in the
sedimentary traps in the Amundsen Sea, according to the field
monitoring results (Kim et al., 2019). The x-axis shows the time
in months, and the grey color denotes the surface sea ice content

ing the organic matter produced in the surface waters
to the bottom sedimentary layers. In particular, this
allows to study various aspects of the producers’ dis-
tribution in the water in the framework of climate re-
search. The Antarctic seas are known to have high
primary productivity and carbon consumption rates
through the action of the “biological pump”, which
makes Antarctica a key region where to study the
changes in primary productivity and how it is con-
nected with the cryosphere, physicochemical param-
eters of the water column and nutrient content. All
these parameters affect the intensity of phytoplank-
ton bloom, retention, and export of carbon in the wa-
ter column and on the sea floor (Frignani et al., 2000),
considered to be among the key factors of regulating
the atmospheric CO, (Siegenthaler et al., 2005). The
acute need to understand how the biogeochemical
carbon cycles relate to the rise in atmospheric CO, in
the recent decades (Brewer et al., 1986) moved the
problem to the frontlines of research.

Studying the Amundsen Sea shelf in the marginal
zone of the sea ice of the frontline areas of the west-
ern part of the Antarctic Peninsula and other waters
proved that the character of sedimentary processes in
the region supports the close temporal connection of
the phytoplankton bloom in the spring and summer
and the intensity of the vertical flow of the suspended
particles (Collier et al., 2000; Anadon & Estrada, 2002;
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Fischer et al., 2002; Arrigo et al., 2008; Ducklow et
al., 2008; Honjo et al., 2010; Forest et al., 2011).This
has lately become a subject of research in the near-
polar oceanic basins using sedimentary traps. The water
columns of the polar latitudes are influenced by the
ice cover, especially in the edge glacier zones (Smith
& Nelson, 1986). The seasonal fluctuations of the
generation and input of primary production are deter-
mined by the shortness of the phytoplankton bloom,
starting with the thawing of ice cover and ending with
the deposition of a lot of biogenic material into the bot-
tom sediments (Kim et al., 2019). By the results of field
monitoring in the Amundsen Sea, the change in the
number of suspended particles in polar waters correlates
with the seasonal variability of primary production ex-
cept for the lithogenic component (Fig. 2). However,
the clayey component and the organic particles also ag-
gregate in the process of biological consumption.
The authors explain the year-to-year fluctuations
in the recorded biomass by the difference in ice thick-
ness and, therefore, in the light available for phyto-
plankton development. Other authors (Riaux-Gobin
etal., 2013), based on field research, suggest that it is
important to consider the succession models of phy-
toplankton to reveal long-term trends in the ecosys-
tems of the Southern Ocean; in their opinion, this is
a more sensitive marker than biomass or productivity
index. The presence of currents in subglacial waters
can also be confirmed by the change in biodiversity
and quantitative parameters of sampled microalgae.
Another important question, investigated in many
studies using SM traps, is the typification of the sedi-
mentary processes on the Antarctic shelf, the main
components of the current-day sedimentary matter,
their re-distribution depending on the geographical
factors, seasonality, distance to the continent, and
changes in the ice cover configuration. Besides track-
ing the current-day patterns of the sedimentary con-
ditions in the Antarctic seas, this method allows to
discover the sedimentation processes in the past geo-
logical epochs and to predict the future changes re-
lated to the acidification of the ocean, changes in its
temperature regime and reduction in the ice cover.
The published findings show that the sedimentary
flows of different Antarctic regions are highly hetero-
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Figure 3. The vertical distribution of the main components of the sedimentary flows of the suspended matter (%) from the traps
of two vertical layers (monthly and yearly dimensions), 2005—2008, in the Ross Sea (Chiarini et al., 2019)

geneous in the distributions of the biogenic and min-
eral components and depend mostly on the season, ice
situation, and water temperature (Laws et al., 2000).
They can change substantially within a single year
and over several years (Ducklow et al., 2008; 2015).
Information yield of this kind of research is largely
improved if traps at a single observation point are
placed at different depths, allowing evaluation of the
degree of the sedimentary material’s transformation

of the component composition during its sinking
(Fig. 3) and the effect of the hydrochemical and hy-
drodynamical situations. Thus, when Chiarini et al.
(2019) conducted their study in the Ross Sea from the
oceanographic moorings, the upper-level traps allowed
them to measure the emission of the particles falling
from the productive upper layer. The lower-level traps
provided the data on the currents at the border of the
water and the upper layer of the bottom sediments.
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Figure 4. The balance of the accumulated matter mass and the processes of lateral advection (2005 and 2008) for the sedimen-
tary traps placed at different depths. The numbers near the vertical arrows are the annual integral flows of the lithogenic and
biogenic silica and the organic carbon (g/m?) in the upper and lower sedimentary traps. The numbers near the side arrows are
the sum of the outer input data, and the numbers in parentheses are the expected currents (Chiarini et al., 2019)

This allowed not just studying the intensity of the
sedimentary matter currents but also distinguishing
the non-correspondence of the intensity of the verti-
cal SM flows during the summer and early autumn
and the peaks of algal blooms in the photic water lay-
er. Studies showed high interannual variability of
both the matter’s amount and composition, shaped
by different factors of the phytoplankton’s develop-
ment, ice situation, re-sedimentation, as well as lateral
advection of flows of lithogenic and biogenic silica
and organic carbonat different depths (Fig. 4).

Analysis of different variables (particle flows, their
origin, distribution of the sea ice, and chlorine con-
centration) collected in the Ross Sea yielded new
findings on the seasonality of the biogeochemical
processes. The results underlined their substantial in-
terannual variability and confirmed the importance
of serial observations. Databases based on the results
of systematic observations allow to tentatively deter-
mine the character and roles of the forces behind the
seasonal variability of some geological and biological
processes.

The importance of this field of knowledge caused a
number of innovative methods of simultaneous re-
search of the main parameters of sedimentation flows.
In particular, Mc Donnell & Buesseler (2010) used a
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new combination of sampling methods, which in-
cluded visual quantitative fixation of suspended par-
ticles in the water column in situ and sampling of the
substance of vertical sediment flows using sedimen-
tation traps. At the same time, suspension fixation, in
order to minimize deformation and damage to par-
ticles, took place in the medium of viscous polyacry-
lamide gels. These studies were conducted over a long
time at different depths and locations on the conti-
nental shelf along the western part of the Antarctic
Peninsula, in particular, in Marguerite Bay.

Studies have revealed regularities in the natural
conditions of the formation and distribution of ma-
rine suspension but have difficulties modelling sedi-
mentation (for example, the vertical velocities of
particles by size classes). The researchers concluded
that a certain additional influence on the processes
of sedimentation is created by the material composi-
tion of the particles, particularly the krill fecal gran-
ules, and the suspension’s concentration in the water
column. The authors note that their studies will help
elucidate the mechanisms shaping the characteris-
tics of solid particles’ vertical flows and are useful for
verifying models of the movement of sedimentary
flows from the photic zone of the Southern Ocean to
bottom sediments.
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Figure 5. Invertebrates from sedimentary traps in the Amundsen Sea: (a), (b) worms, (c) — scal-

lops, (d) — sea urchin (Kim et al., 2019)

The other important applied aspect is studying troph-
ic links between certain kinds of biological commu-
nities on the Antarctic shelf and establishing the part
played by the ice cover, in particular, by the tempo-
rary ice in the processes carrying the benthic organ-
isms over long distances. Thus, Kim et al. (2019) used
sedimentary traps in the Amundsen Sea and showed
the possibility of tracking benthic invertebrates’ disper-
sal from the coastal zone to great depths (over 600 m)
by the anchor ice (Fig. 5).

The researchers installed the traps 130—567 m above
the sea floor in three sites of the Amundsen Sea. The
study lasted for several years. They trapped many
benthic invertebrates (long and slender worms, a sea
urchin, and young sea scallops). The number and di-

versity of these organisms, trapped mostly in winter,
support them being brought in with anchor ice which
had captured them on the shelf where it had formed
and then carried them along, well-preserved. It is ex-
actly the anchor ice accumulating in the places where
the epibenthic animals can grow over the objects on
the sea floor (such as mollusks and sea urchins) in the
over-cooled water and then carry them with the mi-
neral component.

Schloss et al. (1999) used sedimentary traps to
characterize SM’s quantitative and qualitative pa-
rameters in the coastal environment. They found that
the processes of production and sedimentation of SM
in the Antarctic seas, including the factors of re-sed-
imentation and periodic input of the mineral compo-
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Figure 6. An example of placement and equipment of vertical
sedimentary traps installed from the surface of the ice cover in
East Antarctica (Riaux-Gobin et al., 2013)

nent by the meltwater from the shore, have a direct ef-
fect on the distribution of the benthic organisms’ nutri-
tion. Some benthic organisms, according to their devel-
opmental ecology stage, can have different nutrition
sources in different seasons, as determined from the ra-
tio of the mineral and organic components in their
compositions. In particular, the studied bivalvians’
physiology is influenced more by the summer nutrition,
which induces growth and sexual maturing, while in
winter, the mollusks feed on dissolved organic matter
and bacteria. This is largely determined by the re-distri-
bution of the organic and inorganic SM over the year.

The efficiency of sedimentary traps is also con-
firmed by the experience of studying the distribution
of krill’s fecal pellets (Belcher et al., 2017). This ex-
periment was based on krill’s ability to produce big
fecal pellets, which constitute a sizable part of the
mesopelagic particles and are considered a predomi-
nant component of the organic carbon flow in the
upper 200 m of water. The data confirmed that the
pellets can both support the high rate of the exported
organic carbon and efficiently transport carbon through
the mesopelagial.
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To sample materials in the field, the methods re-
quire reliable and expensive equipment, navigation
systems, and technical support provided by research
vessels equipped to lower them and take them out of
the water. If traps are combined with other tools, the
research gains in efficiency, and the sample becomes
much more informative.

An important requirement of SM-trapping stations
used in the Southern Ocean (Dunbar et al., 1998;
Riaux-Gobin et al., 2013) is outfitting the traps with
sensors to measure the currents’ speed and direction
in the water column, temperature, salinity, and trans-
parency. The intensity of vertical sedimentary flows
and the SM content are recorded together with the
factors which shape them. Vertical “garlands” of sen-
sors on cables are successfully used regardless of the
ice situation. The tools, their working depths and the
order can be adjusted to fit specific tasks (Fig. 6).

In the studies set in East Antarctica (Dunbar et al.,
1998; Riaux-Gobin et al., 2013), the traps were placed
at different vertical levels, which allowed measuring
the emission of the falling particles from the most
productive water layer while the bottom traps yielded
data on the flows at the border of the water and the
upper layer of the sediments.

Among important research directions, other field of
research successfully employs sedimentary traps to
sample and study SM, and that is tracking anthropo-
genic pollution.

Until recently, Antarctica’s remoteness from indus-
trial centers was thought to make it “a natural labo-
ratory” to study the background parameters of various
natural compounds that had not undergone anthropo-
genic influence. Human activity in the coastal regions
ofthe continent has already contaminated them enough
to be classified as “conditionally ecologically pure” over
the last century. The activity of the research bases, tour-
ism development, ever heavier traffic, etc. lead to grad-
ual pollution, mainly with oil products and heavy met-
als (Deprez et al., 1999; Balks et al., 2002). The distri-
bution of several dangerous stable compounds in the
World Ocean, in particular, through the trophic net-
works, had brought about such consequences as or-
ganochlorine pesticides accumulated in the muscles
and fat of penguins and sea mammals of Antarctica.
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Research directions

The distribution of the organic suspended matter in the context of studying carbon
cycles in the studied waters

Objects and tasks of research: the organic component as a whole, its content, temporal
changes of its main components, and spatial distribution, seasonal regularities
of accumulation and distribution intensity, biodiversity of plankton communities.

of the upper layer of the bottom sediments

to its formation.

Lithodynamic processes in the region and their role in the formation

Objects and tasks of research: mineral component of the marine suspension,

its qualitative parameters and quantitative distribution, the effect of geographical,
geological and seasonal factors on the content of its main components, sources
of nutrition and sedimentation rates, evaluation of different sources’ contribution

in the suspended component of the environment

Ecological state of the waters, in particular, accumulation of pollutants

Objects and tasks of research: content of several pollutants (heavy metals, pesticides,

oil products, organic substances, microplastic) in the marine suspension, specific

of their accumulation, transport and deposition in the bottom sediments, the role of outer
factors in their input and distribution in the marine suspension — bottom sediments system.

Figure 7. Generalized research directions of the marine suspension using sedimentation traps in the area of the Vernadsky station

Additionally, the density of polar stations and tourism
intensity are particularly high on the Antarctic Peninsu-
la, making the local aquatic ecosystems most vulnerable;
ecological monitoring their components becomes an ur-
gent task. This includes monitoring suspended matter
also, as it is an important link in the migration pathways
of most pollutants into the bottom sediments, where
they accumulate due to aggregation, sorption, or bio-
logical processes causing their suspension.

4 Discussion

The reviewed experience is evidence of a higher in-
formation value of comprehensive interdisciplinary
research using traps to sample the suspended matter
and proves the expedience of field observations to study
the connection of marine sedimentogenesis with cli-
mate change and many other highly relevant envi-
ronmental processes. Based on the literature and our

own research experience, we consider that monitor-
ing the following parameters in the waters at the Ver-
nadsky station will be valuable:

— SM content to find the role of different sources
in the formation of the sedimentary flows and the up-
per layer of the modern bottom sediments;

— temporal and spatial parameters of the marine
suspension’s distribution in the context of the geo-
graphical, oceanological, and biological factors mo-
bilizing and transporting the sedimentary material;

— formation of the SM’s organogenic component
to evaluate the seasonality and distribution of the pro-
ducers in the photic zone, their biodiversity, and quan-
titative parameters;

— intensity of the vertical currents of SM to evalu-
ate the general sedimentary situation within certain
areas of the shelf;

— presence of pollutants (heavy metals, pesticides,
oil products, organic substances, and microplastic) in
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Figure 8. Sedimentation traps: 1) the garland of three traps in the process of sampling
(geoecological research of the IGS NAS of Ukraine, the Black Sea, 2013) (Nasiedkin
et al., 2013); 2) examples of placement of vertical sedimentary traps; 3) traps made for
experimental research and optimization of the observation methods in the waters near
the Vernadsky station during the seasonal works (2022); 4) general view of the trap (1)
and accessories (2): 2.1 Galvanized fixing bar; 2.2 Outer part of the sedimentation
tank; 2.3 Inner part of the sedimentation tank; 2.4. Fixing clamps of the sedimenta-
tion tank; 2.5. Threaded stud with nuts and locknuts (fix the clamps on the bar); 2.6.
Rubber tips on the end of the bar; 2.7. Plastic clip — retainer of the walls of the outer
and inner sedimentation tank and a system for draining excess water; 2.8. Holes for
clips; 2.9. Drain faucet for selected water suspension; 2.10. Clamp, which fixes the
drain system to the bar; 2.11. Bolt, which fixes the drain system to the bar; 2.12. A
clamping tube of a bolt of system of drain to a lath and a nut; 2.13. Plastic nut, which
fixes the faucet to the neck of the trap; 2.14. Rubber gasket between the drain system
and the neck of the trap

the marine suspension and the laws of their transport
and deposition in the bottom sediments.

To solve these problems, the special attention needs
to comprehensive systematic environmental monito-
ring in the area of the Vernadsky station as required
by the Environmental Protection Protocol. Creating
a system of long-term observations of the suspended
matter’s distribution in the waters near the Vernad-
sky station would allow obtaining representative data
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on the sedimentation currents’ physical, geochemi-
cal, and biological properties and provide a frame-
work to interpret data on various aspects of marine
ecosystems.

Due to the weather and ice situation in the area of
the Vernadsky station, the biological productivity there
is relatively high, and the lithogenetic processes, are
active. This makes field research on the composition
and distribution of the marine suspension of the Ar-
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gentine Islands an important approach to studying
the sedimentary situation and its dynamics. These
studies would be substantially novel due to the regional
specifics of precipitation and re-distribution of the
effect which the processes acting in the cryo-, athmo-,
geo- bio-, and hydrosphere have on the sedimenta-
tion. Other promising scientific field is mapping the
anthropogenic pollutants and emissions from natural
disasters such as large-scale forest fires in the South-
ern Hemisphere (Liu et al., 2021).

We propose such research activities using sedimen-
tary traps in the area of the Vernadsky station (Fig. 7).

The theory and creation of a system of comprehen-
sive monitoring of physical, geological, chemical and
biological processes shaping SM’s parameters require
further development of tools and techniques. A pre-
liminary study requires cheap and efficient tools.

In the last decades, the Department of Modern
Marine Sedimentogenesis of the Institute of Geo-
logical Sciences of the National Academy of Scienc-
es (IGS NAS) of Ukraine has designed and imple-
mented systems of monitoring the sedimentary flows
in riverine and marine basins (Nasiedkin et al., 2013;
Olshtynskaya et al., 2019). Years of practice of peri-
odic observations proved the efficiency of using light,
compact and cheap traps which do at the same time
meet the requirements imposed by the riverine and
the marine environments (Fig. 8).

Sedimentation traps, along with traps for the se-
lection of atmospheric aerosol, were the main field
equipment for several scientific projects of competi-
tive target topics of the National Academy of Sci-
ences of Ukraine such as “Creation of a system of ob-
servations of the state and variability of natural con-
ditions in the “land — sea” interaction zone” (2010—
2014) and “Monitoring the impact of economic ac-
tivity on natural complexes and control of negative
changes in their composition” (2015—2019) (Nasied-
kin et al., 2013; Nasedkin & Ivanova, 2014; Mitrop-
olsky et al., 2016).

The traps allowed us to collect long-term data se-
ries, at different depths and in different conditions.
Analysis of monthly samples over many years made it
possible to determine the intensity of input and the
main factors affecting the distribution of suspension,

including seasonality, hydrometeorological condi-
tions, and hydrobiological factors (composition and
distribution of aquatic microflora) (Tymchenko &
Nasiedkin, 2012; Olshtynskaya et al., 2019).

Studying the qualitative parameters of the suspension
(mineral, chemical, and granulometric composition),
microelements content, and the organic component
made it possible to separate the anthropogenic compo-
nent and determine the criteria for classifying the sub-
stances as anthropogenic or natural according to their
morphology and microelements (Nasiedkin et al., 2009;
Nasiedkin, 2013; Nasedkin et al., 2019; 2022).

A wide range of analytical studies (X-ray diffrac-
tion method, electron microscopy, laser sedimentog-
raphy, X-ray fluorescence analysis, the study of phy-
to- and zooplankton associations) and hydrometeo-
rological investigations (directions, duration, and
velocity of winds and hydrodynamic conditions) were
combined into a single database. A correlation analy-
sis of a number of indicators within time series re-
vealed a relationship between several factors, eluci-
dating their role in the formation of qualitative and
quantitative indicators of sedimentation processes
and confirming the possibility of predicting the course
of sedimentation processes from the influence of a
complex of hydrophysical, hydrobiological and hyd-
rometeorological factors.

We manufactured and handed over to the State In-
stitution National Antarctic Scientific Center light
single-cylinder sediment traps, which were delivered
to the Vernadsky station. These traps will be used for
the following:

— approbation in Antarctic waters;

— development of the methodology of their instal-
lation and removal;

— determination of the optimal exposure time;

— locating the most suitable installation sites for
various scientific purposes;

— selection of the optimal number of cylinders for
simultaneous use, which in the future will allow ob-
taining samples of the natural substance of the re-
quired volume for complex laboratory studies.

The ease of assembling and disassembling, small
weight, cheap manufacture, and minimal prepara-
tions for installation allow using the traps frequently
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at small depths (up to 50 m). The minimal metal con-
tent protects them from corrosion. The absence of metal
fastenings in the accumulating cylinders and above
makes them suitable for ecological research such as
determining the metal content in the water.

In this design, the storage cylinder of the trap sam-
pler is made from 100 mm plastic pipes (the ratio of
the cylinder length to the inlet diameter is 1/5). Asa rule,
a sediment trap consists of two or three sedimenta-
tion cylinders on one platform. The lower part of the
trap, where the suspension directly accumulates, is a
hermetically fixed transparent two-liter plastic tank.
The simple design avoids suspension loss during the si-
phoning of the water layer above the accumulated sub-
stance and the entire sample from the hole in the bot-
tom of the trap. Transparent plastic allows for visual
fixation of the features of the distribution of the ac-
cumulated substance. The light weight of such a device
makes it easy to install and remove it using small vessels.
The observation station is one or several traps located at
different vertical levels in the water column (depending
on the tasks set), fixed to a vinyl-braided cable, the ten-
sion of which is determined by the bottom weight on the
one hand and the float on the other. In order to avoid
destruction or deviation from the straight line, the main
float is kept deeper, and a signal buoy connected to the
structure remains on the surface.

High manufacturability and low cost of production
determine the possibility of quick assembly of sedi-
ment traps of this type and wide use in any field con-
ditions. Sampling time is determined by the research
tasks, the accumulation rate etc. The exposure time
of the traps should be from 1 to 2 months, depending
on weather, ice, hydrodynamic conditions, location
depth, and configuration. When removing the trap
and extracting the suspended matter, the excess water
layer can be decanted through the hole closed by the
clip, this can be done by unscrewing the plastic screw
fixing the clip. The remaining water with a suspen-
sion (approximately 1 1) must be thoroughly shaken
in the cylinder, washing off the substance deposited
on the inner walls, then open the tap, pour into a
container for transporting and storing the sample.
During operation, it is advisable to collect near-bot-
tom suspended substance and install the stations with
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traps at different sites, which will reduce the proba-
bility of tool loss. When setting traps, it is desirable to
avoid water areas of straits with difficult ice condi-
tions and significant currents, bottom topography
with significant slopes and depths over 40—50 m. The
preliminary design for the trap network to be adjusted
to the current ice situation has been transferred to the
station and is being tested in the field together with
the traps themselves.

If the experiment is successful and the works are
continued, further experiments will be done to adjust
the method to specific tasks.

5 Conclusions and recommendations

The study found evidence that in the last years, as the
Southern Ocean has become the object of various re-
search approaches, marine geology remains very im-
portant; various aspects of the science touch upon
the present-day sedimentation and the role of marine
biota in these processes, determination of the link
between the climate change several external factors
and events of historical geological events.

In particular, one fieldwork method has been
largely developed and improved: SM monitoring with
sedimentation traps accompanied by direct sampling.
As these data have high information load, they are used
in various disciplines such as geology, oceanology,
marine biology, glaciology, and climatology. Such
works allow to understand the contribution of differ-
ent natural sources to the formation of sedimentation
flows and production of the modern sediments, de-
termine the geographical, oceanological, and bio-
logical factors of mobilization and transport of the
sedimentation material, and evaluate the scope of the
development and horizontal distribution of the pro-
ducers in the photic zone, their taxonomic content,
and quantitative parameters.

The link between the processes of marine sedimen-
togenesis and the climate changes, seasonality, syn-
optic transformation of the water mass, and ice situ-
ation, as well as a number of current natural proces-
ses, which are a matter of valuable research, makes
such studies a promising field for the Ukrainian polar
scientists. Analyzing the foreign publications and our
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own experience (Nasiedkin et al., 2013), we found that
creating a system to monitor the distribution of the
suspended matter in the waters near the Vernadsky
station can become an important and informative
branch of research. The main applied aspects of such
works can be considered the following:

— the distribution of organic matter in the marine
suspension in the context of global climate change,

— the dynamics of the input and patterns of trans-
port of the solid particles suspended in water, deter-
mination of their qualitative and quantitative param-
eters, the dependence of their distribution on the
seasonality, speed, and direction of the currents, and
ice situation,

— the presence, content, and dynamics of the pol-
luting substances in the water column and the upper-
most layer of bottom sediments.

Given the specifics of the environmental condi-
tions in the area of the Vernadsky station, the high
biological productivity of the waters, and the activity
of lithogenetic processes, the field studies of the con-
tent and distribution of the marine suspension in the
Argentine Islands area are important for interdisci-
plinary research. Considering the substantial body of
knowledge we have amassed over the years, on the
granulometric, lithologo-mineralogical, and paleon-
tological composition of the sedimentary matters of
the bottom sediments of the Antarctic shelf in the re-
gion (Olshtynskaya et al., 2019), including the results
of SM analysis will help to fully and comprehensively
describe some current and past processes. This will
let us identify the mechanisms and patterns of the
present-day sedimentogenesis of polar waters, find
out how the sedimentary material enters the system,
discover the specifics of solid matter washed off the
land and of shore abrasion, the cyclic development of
the shoreline plankton communities and their de-
pendence on the climate conditions.

As for the methods and equipment, studies on the
Antarctic shelf indicate that sedimentary traps are
quite efficient as a universal tool for sampling in the
field. Their sensor arrays can be adjusted to fit differ-
ent depths and expositions. To make an observation
system for several physical, geological, chemical, and
biological processes that shape the SM’s quantitative

and qualitative parameters, we need to develop and
introduce the appropriate methods and technology.

We used our experience to create the devices and
submit them to the Ukrainian Antarctic station for
experimental use during the seasonal expedition of 2022.
The light, compact, and inexpensive single-cylinder
traps can fit hand-carry luggage and be used in coastal
seawater without rigging a specialized boat as they
require minimal handling to prepare and deploy.

Given the shortness of the time when they can be
used in the environment (only two to three months)
and the lack of experience in doing this kind of re-
search in the polar environment, the goals of the sea-
son’s work are to test the traps’ performance, adjust
the methodology, empirically determine the optimal
exposition time, and find the most suitable areas and
depths to use them.

If the field test is successful, its scientific and prac-
tical adjustment can become a timely and promising
research direction to learn more about the Sixth con-
tinent.
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3aBucia peuoBHHA NPUOEPEKHUX AKBATOPiil AHTAPKTHYHOrO MBOCTPOBA
JUISL TOCJTi/IZKEHHSI Te0JIOTIYHUX MPOIECIB i CTAHY AHTAPKTUYHUX €KOCHCTEM

Pedepar. Y po6oTi orsisiHyTO i MpoaHaii3oBaHO MiXXHAPO/HI KOMIUIEKCHi JOCIiIXKEHHSI MiHepaJIbHOI Ta OPraHiyHOI CKJIaa10-
BOI MOpCBHKOI 3aBuCi y Bofax [1iBIeHHOTO OKeaHy, a TAKOX 3alIPOTIOHOBAHO CUCTEMY MOHITOPUHTY CKJIaJIOBUX MOPCHKOI 3aBU-
Ci TS BIPOBAXKEHHSI 1IbOTO HAyKOBOTO HAIMPSIMKY Ha YKpalHChKilt aHTapKTUUHil cTaH1lil «AKanemik BepHanacbkuii». SAKicHi
Ta KiJIbKICHI BJIaCTMBOCTI 3aBUCJIOI PEUOBUMHU Y BOJIAX PEriOHY € MPEAMETOM aKTUBHUX MPUKIAAHUX JOCTIIKEHb, 30KpeMa
MpU MPOBEACHHI KOMIUIEKCHUX POOIT Te0IoriyHOro, 6ioJIoriyHOro, KJiMaToJOTiYHOTO CIIPSIMYBaHHS; MiABMUIIIEHA yBara 10
PO3IOiy 3aBUCJIOI PEYOBUHU Y BOAHOMY CEPEIOBUILI 111eJIb()OBOT 30HM AHTAPKTUAMU BU3HAYAETHCS BaKJIUBICTIO MOPCHKOT
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3aBUCI U1 POPMYBaHHS 0CaI0BOTO IMTOKPUBY JHA Ta IMepediry HU3KM (piznuHuX Ta 6ioXiMiuHUX MMpoLIeciB y BOAHil ToBIi. Jlo-
CJIIXKEHHST OXOILTIOIOTD SIKiCHI Ta KiJIbKiCHI BJACTUBOCTI 3aBMCi, BMICT OPraHi4YHOI peYOBUHM i MiHEpaJbHOI KOMIIOHEHTH,
NMHAMiKy HaIXOIKEHHS Ta TPAHCTIOPTYBAHHS 3aBUCIMX TBEPAUX YACTMHOK Ta XapaKTep ceIMMEHTALiiHMX MPOILIeciB, iX ce-
30HHOCTI Ta 3B’SI3KY 3 HaNPsSIMOM Teyill i mepecyBaHHSIM MOPCHKOTO Jiboy. JIJisl BUSHAYEHHS MOXJIMBOCTI MPOBEAEHHS POOIT
3 BUBYEHHS 3aBUCJIOI PEYOBMHU B aKBATOPisiX HABKOJIO CTaHI1lii «Akanemik BepHancekuii» aHasizyeTbes BlacHa 6araropiuHa
MpaKTUKa BUKOPUCTAHHS TIPUAOHHUX TTACTOK JJIST TOCIIKEHHS TPOTIeCciB MOPCHKOI CeMMMEHTAIlii Ta TIepeHEeCeHHS PEUOBH -
HU Yy 11eTb(MOBI 30Hi, a TAKOX BU3HAYAIOTHCSI pallioHaJbHI METOIM BUKOPUCTAHHS B CIIEM(MIYHMX MOJSIPHUX YMOBaAX CTBO-
peHOI i BIpOBaIXKEHOI Y MOIepeaHi POKM BITYM3HIHOI CUCTEMU MOHITOPUHTY MOTOKIB 0Cag0BOI peYOBUHU B MOPCHKUX i piu-
KoBUX OaceiiHax Ykpainu. Po3po0JieHuii KOMIUIEKC MOJIbOBOIro 00JIaqHaHHSI MOXe OYTH 3aCTOCOBAHUM JUISI BiIOOPY 3aBUCI 3
BOJHOT'O CE€peloBUIIIA aKBATOPili, MPUJIETIUX 10 CTaHii «AKaaeMik BepHaacbkuii». 3pa3ku ycTaTKyBaHHS, 30KpeMa, JeTKi
ONHOIWIIHIPOBI CEIMMEHTAIlilfHi TTAaCTKU, BUKOPUCTOBYBATUMYTHCS TSI TIPOBENIEHHST €KCIIEPUMEHTY 3 BiOOpy 3aBUCIOT
PEYOBUHU 3 BEPTUKATbHUX CEAMMEHTALIIHHMX MOTOKIB Mij yac MalOyTHIX CE30HHUX POOIT YKPaiHCbKUX aHTAPKTUYHUX €KC-
TeAUII.

KiouoBi cjioBa: ApreHTUHCBKI OCTPOBM, KOMIUIEKCHI JOCIIIXKEHHSI, MOHITOPUHI, MOPChKa 3aBUCJIa PeYOBUHA, CEIUMEHTA-
LIiTHI TACTKH, TIPOLIECH CYYaCHOTO OCAIKOHAKOITMYEHHS

150 ISSN 1727-7485. Ukrainian Antarctic Journal, 20(2), 2022, https://doi.org/10.33275/1727-7485.2.2022.696




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


