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ABSTRACT

Beach wrack is a unique issue. It is both an ecological problem for the eutrophicated reservoirs such as the Baltic
Sea and the social one associated with nuisance for inhabitants and tourists visiting seaside resorts. This generates
a problem for the institutions responsible for beach management (local authorities). Nowadays local authorities
generally leave cleaning the beach to local companies and it is not known how the beach wrack material is utilized.
According to the current trend, the nuisance of beach wrack should be turned into a resource that will bring bene-
fits. In order to understand what beach wrack really is, it is necessary to establish a specific definition. The material
washed out by the sea contains not only the natural substances of organic origin, but also human products: plastics,
glass or metals, which in many cases forces to pre-select before using the technology. Good treatment of material
the quantities of which are undefined and the occurrence is variable, constitutes a real challenge. The beach wrack
processing on reed bed system, so far used mainly for the treatment of sewage sludge, seems to be a good idea.
It is an innovative technology that is expected to have similar results as for the processing of sewage sludge from
wastewater treatment, i.e. a high nutrient fertilizer. In accordance with European Union recommendations, the pos-
sible use of beach wrack as a fertilizer in agriculture or enrichment of compost, will close the circulation of organic
matter in environment, thus entering the reed bed system into a circular economy. Many aspects related to the reed

bed system favor the use of this technology in the practical processing of marine organic waste.
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INTRODUCTION

Beach wrack is a very specific material, which
offers many ecosystem services in the coastal
zone. The microbes and other smaller organisms
used by fish and plants are supported by the beach
wrack occurrence. It is also a habitat for impor-
tant animal communities, including shorebirds
(food, nesting, and shelter). The occurrence of
beach wrack also contributes to the protection of
the shoreline and the coastal dunes by providing
a physical barrier that dissipates the wave energy,
reducing their impact force. The fibrous composi-
tion of sea grass allows to bind the drifter sand and
strengthen the coastal sand dunes contributing to
reducing the erosion process during winter. The
decomposing organic material provides nutrients
to the coastal and marine food web systems [1].
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For the Baltic countries, where eutrophication is
one of the most serious problems, the nutrient-
rich organic material thrown ashore is a real
challenge, because the nutrients released from
decomposing beach wrack increase this process
(HELCOM, Baltic Sea Action Plan, 2007). What
i1s more, the material accumulated on the seashore
decomposes quickly, which is accompanied by a
troublesome odor that keeps tourists away. There-
fore, the beach wrack is not only a problematic
phenomenon for the environment, where nutri-
ents are re-released and transported to the eutro-
phicated reservoir, but also a factor that reduces
the tourist attractiveness of the seaside resorts,
thus creating a social problem. Gdansk Universi-
ty of Technology is a co-partner in the CONTRA
project — “Baltic beach wrack-Conversion of
a nuisance to a resource and asset”. The main
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assumption of the project is that the beach waste
constituting a nuisance at the moment should be
turned into a source that brings benefits. The proj-
ect is designed to accurately describe the problem
of beach wrack. One of the important tasks of the
project is to clarify and understand the definition
of beach wrack. The values and composition of
the washed out from the Baltic Sea material will
be determined, as well as various utilization vari-
ants of beach wrack will be proposed. The impact
of beach wrack on society will also be examined.
The aim of the project is to create a toolkit, use-
ful for the interested sides, which will propose
specific solutions of the problem.

The aim of the paper is to present all aspect of
the complex problems of so-called beach wrack
as well as the potential solution to solve them
with accordance to the challenges of sustainable
development and demands of circular economy.

PROBLEMS WITH BEACH WRACK

The definition of beach wrack makes huge
problems with interpretation and solution of this
troublesome phenomenon. According to Mac-
redie [2], beach wrack is an organic material ac-
cumulating along the shores of beaches around
the world. This phenomenon is natural, caused
by waves, wind and tides that throw beach wrack
from the sea to land. Often, the breaking waves
return the same material to the system. A more
inclusive definition can also be found, stating that
beach wrack constitutes all the items thrown out
on the wrack line, which is equivalent to the high
tide line, from the open sea. They constitute not
only the natural material, but also plastics, glass
and metals [3]. On the basis of the currently col-
lected data on beach wrack, it can be said that it
is a mixture of marine vegetation: kelp, seaweed,
seagrass, macroalgea; animal waste: stranded ani-
mal remains shells, mussels; natural land waste:
terrestrial plants, wood, leaves and manmade land
waste: glass, plastic, paper, rubber and textile im-
purities. Establishing one, coherent definition,
reflecting the reality of beach wrack is a difficult
challenge. The basic problem associated with the
explanation of the term “beach wrack” is whether
it is only organic or inorganic material and wheth-
er the wastes included in it are only of natural ori-
gin or also of anthropogenic one.

It is necessary to create legislation clearly de-
fining this term and the provisions governing the

issue of managing it. The current legal situation
only says that in accordance with the European
Union Directive on the bathing water quality
(2006/7 /EC), the beach management authorities
are responsible for the removal of macro-algae
accumulating on the coast [4]. However, they
cannot store them on landfills, since the discharge
of biodegradable waste is prohibited in the Di-
rective of the European Parliament and of the
Council (EU) 2018/850, which refer Directive
1999/31/EC, so they must be disposed of [5].

The beach wrack is a material which high
nutrient content, so it has a direct impact on the
increase of the eutrophication problem occur-
ring in the Baltic Sea. The most important is-
sue of eutrophication is the nutrient salt content
in seawater, which exerts the greatest direct and
indirect impact on other eutrophication indices,
including the development of phytoplankton. The
phosphate (DIP-dissolved inorganic phosphorus)
and inorganic nitrogen (DIN-dissolved inorgan-
ic nitrogen) content tests are carried out during
the disappearance of primary production, i.e. the
winter period (December, January and February
according to HELCOM Eutrophication Assess-
ment Guide), where the nutrients largely deter-
mine the intensity of primary production in the
next growing season. According to the Assess-
ment of the state of the environment of Polish sea
areas of the Baltic Sea on the basis of monitor-
ing data from 2017 against the background of the
decade 20072016, there is a slight decrease in
the content of inorganic phosphates in the surface
layer of individual basins (the Bornholm Basin,
the Eastern Gotland Basin and the Gdansk Ba-
sin) to the average observed for winter values of
the previous year. However, in all of the studied
water basins, there was an upward trend both in
the content of inorganic phosphorus compounds
in winter and average annual concentrations.
Figure 1 presents the changes in the phosphate
concentrations (DIP) in Baltic sea areas.

In the case of inorganic nitrogen concentra-
tions, in 2017 they were much higher than in the
previous year, both in winter and throughout the
whole year. They were also higher than the cor-
responding average for the years 2007-2016. The
smallest overruns were recorded in the Eastern
Gotland Basin. In other water basins, the average
values in 2017 were almost twice as high as the
average of the previous decade. In the Bornholm
Basin and the Gdansk Basin the winter accumula-
tion of inorganic nitrogen compounds in the sur-
face layer was also the highest in the last ten years.
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Figure 1. Changes in the phosphate concentrations (DIP) in Baltic sea areas in the
winter months (XII-1I) (brighter bar) and annual (darker bar) in 2007-2016 and in 2017
continuous lines — appropriate average from 2007-2016, dashed lines — trends [6]

Figure 2 presents the changes in the concen-
trations of inorganic nitrogen (DIN) in Baltic sea
areas in the winter months (XII-II) (lighter bar)
and annual (darker bar) in 2007-2016 and in 2017
continuous lines — appropriate averages from
2007-2016, dashed lines — trends [6].

During the growing season, other indicators
of eutrophication are the concentrations of total
phosphorus (TP) and total nitrogen (TN), which
approximate the amount of primary production.
The average concentration of total phosphorus
from the summer months in the 0—10 m layer was
significantly higher in 2017 than in the summer of
2016 in all studied water basins. They also stayed
above the average values for the last decade. Sim-
ilar dependencies concerned the average annual
concentrations of total phosphorus. In all basins,
there was an upward trend in total phosphorus
concentrations, both for seasonal and annual av-
erages. Figure 3 presents the changes in the TP
concentrations in Baltic sea areas.

The values of the total nitrogen concentra-
tions, both in the summer of 2017 and in the an-
nual cycle, were higher than the long-term aver-
age, as well as in comparison with 2016, in all
monitored water basins except for the Gdansk
Basin. This was confirmed by the increasing ten-
dency of the average from the summer months
and the annual concentrations of total nitrogen in
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these areas, which was most visible in the Got-
land Basin. Figure 4 presents the changes in the
TN concentrations in Baltic sea areas.

With reference to the indicators of the Marine
Strategy Framework Directive, in 2017 none of
the analyzed basins reached the good status, so in
the field of eutrophication, the condition of Baltic
sea areas was considered unsuitable. This condi-
tion was mainly caused by high concentrations of
nitrogen and phosphorus, both total and mineral.
Increased availability of nutrients in the environ-
ment resulted in intensive phytoplankton blooms,
which was reflected in the increased concentra-
tion of chlorophyll-a in seawater. The primary
production is also related to the transparency of
water, the decrease of which is observed with the
increase of the amount of algae floating in the
water. The growth of nutrients limits the blooms
of phytoplankton, thus indirectly also contributes
to the increase in water turbidity. Both the limit
values for chlorophyll-a concentration as well as
seawater transparency, which have direct eutro-
phication effects, were exceeded. In all basins,
an indirect effect of the increased nutrients dose
was also observed, involving the poor oxygen-
ation conditions of the bottom layer of the deep
water zone. The above-mentioned studies show
that the Baltic Sea has a problem with eutrophi-
cation, and the nutrients that are released during
the decomposition of the beach wrack, which are
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Figure 2. Changes in the concentrations of inorganic nitrogen (DIN) in Baltic sea areas.
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Figure 3. Changes in the total phosphorus concentrations in Baltic sea areas (0—10m) in the
summer months (June-September) (lighter bar) and annual (darker bars) in 2007-2016 and in
2017 continuous lines — appropriate average from 2007-2016, dashed lines — trends [6]
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Figure 4. Changes in the total nitrogen concentrations in the summer months (June-September) (brighter bars)
and annual ones (darker bars) in 2007-2016 and in 2017 continuous lines — appropriate means from 2007-2016,
broken lines — trends in change [6]

recirculated back to the Baltic reservoir, certainly
aggravate this problem [6].

The next problem with beach wrack involves
estimating the mass of the washed out material.
The beach wrack phenomenon is variable in both
quantitative and qualitative terms. The occurrence
of beach wrack changes seasonally. The monitor-
ing of this phenomenon is not accurate enough on
the Polish side of the Baltic sea [7]. Therefore,
it is difficult to determine how significant is the
problem and propose a good solution for manag-
ing this material, because the exact beach wrack
weight accumulating on the Polish coasts of the
Baltic Sea is not specified. The research on the
Polish side of the coast was conducted mainly in
Sopot, which is a seaside resort with the longest
wooden pier in Europe (512 m) and is located in
the northern part of Poland. The Maritime Insti-
tute in Gdansk estimates the biomass of laying
algae on the beach as 160-800 tons of dry mat-
ter per year. [7] According to the Maritime Sports
and Recreation Center, 180-796 tons of wet ma-
terial can be collected during the season, and the
Institute of Oceanology of the Polish Academy of
Sciences determines the value of 220—440 tons
per season [8]. Figures 5a and 5b show accumula-
tion and taking samples of beach wrack in Rzuce-
wos’s beach (“the seal hunter’s settlement” area).

Beach wrack is specific phenomenon for the
countries struggling with the eutrophication pro-
cess. The lack of precise definition and no infor-
mation on the amounts and quality of the washed
out material on the Polish part of Baltic Sea shore,
create a challenge which must be faced.

Reed bed system as tool for circular
economy in organic matter treatment

One of the ideas that is worth spending more
attention is utilizing beach wrack in a reed bed
system. This technology has been used so far for
dewatering and stabilization process for sewage
sludge in wastewater treatment. Stabilization and
dewatering are basic processes that occurred in
the reed system and they are similar under natural
conditions in a wetland ecosystem. These two pro-
cesses contribute to the reduction of sewage sludge
volume and mass. Figure 6 shows the process of
dewatering and stabilization in a reed system.

Dewatering, which occurs most quickly dur-
ing the delivery of the raw material is caused
by evapotranspiration of water from the above-
ground parts of the plant, as well as percolation
of water through the bed and drainage as reject
water, which contributes to increasing the dry
matter content. Natural factors such as tempera-
ture, photodegradation or solar radiation support
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Figure 5a. Beach wrack accumulating on beach in Rzucewo (photo A. Kupczyk)
Figure 5b. Taking samples of beach wrack (photo A. Kupczyk)

these processes. In the reed bed system, the pro-
cess of stabilization leads to the mineralization
of organic matter. The aim is not only the reduc-
tion of volume and mass but also the reduction of
rot as well elimination of sewage sludge odors.
The stabilization takes place both under aerobic
and anaerobic conditions. Reed shoots transport
oxygen from the atmosphere to the roots of the
plant, and from there to the surrounding soil. This
process causes the formation of local aerobic
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development of heterotrophic microorganisms
that are involved in the biochemical changes of
the incoming pollutants. Different values of oxida-
tion-reduction potentials occurring in the forming
microspheres cause the decomposition of organic
matter as well as the transformation of nitrogen
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Figure 6. Processes (dewatering and stabilization) in reed system for sewage sludge [9]
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compounds. The oxidation of harmful products
of anaerobic reactions and aerobic stabilization of
sewage sludge takes place in aerobic zones. [10]
Figure 7 presents the changes in the sewage
sludge volume after treatment on reed bed system.

The raw sludge usually contains about 99%
water. After treatment on both short-term and
long-term reed beds, significant dewatering of
the sewage sludge can be observed. In the case
of a 3-year sludge treatment, a reduction in the
volume about 87% in the top layer and 92% in
the bottom layer can be observed. In the case of a
12-year treatment, the volume decrease is 93% in
the top layer of the deposit and 96% in the bottom
layer, respectively. Table 1 presents the compari-
son of basic parameters in raw sewage sludge and
sewage sludge after reed bed system.

The dewatering efficiency is affected by the
retention time of sludge in the reed bed system,
what is more, the dry matter content increases
with the depth of deposited sludge. Dewatering
of sewage sludge in reed beds is equally efficient
and much cheaper than the conventional mechan-
ical methods, which additionally consume a large
amount of energy and need chemicals to improve
the efficiency of the process [12].

The stabilization process contributes to re-
ducing the intensity of unpleasant odors and the
amount of pathogenic organisms, it also supports
the dewatering process.

The simplicity of technical solutions makes
reed bed system easy to understand for a lay-
man, which definitely supports the use of such
a solution [13].

The reed bed system works in an altering cy-
cle. The working cycle of the beds consist of the
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irrigation phase — the supply of raw material and
the resting phase. During rest periods followed by
dewatering and stabilization as a result of intense
processes in the deposit [12].

In the conversion of current economic activity
of a liner-like nature to activities that meet the as-
sumptions of the European Commission’s pack-
age of 2 December 2015 on the implementation
of the circular economy, great sign in use of reed
bed system. The recovery of nutrient compounds
from sewage sludge through the use of this tech-
nology takes place without the need of previous
dewatering or compaction — no additional energy
consumption. The method uses energy only for
the pumps feeding sewage sludge to the system,
which contributes to low energy consumption.
No additional chemicals to improve the process-
es occurring in the reed bed are necessary — no
additional environmental load of anthropogenic
substances is introduced. The heavy equipment
is only used in this method to empty beds (every
10-15 years) [14].

The method using reed beds is cheap at the
stage of construction as well as during exploita-
tion time [13]. This system also gives the possi-
bility to produce fertilizer (after meeting the re-
quirements of the Act of 10 July 2007 on fertiliz-
ers and fertilization), which may be an additional
source of income for the company which will be
using this method. Low investment costs as well
as operational costs and additional income from
the sale of fertilizer constitute a significant asset
for the potential system users.

Natural look of reed beds, which is easy
to fit in the surrounding landscape, is another
advantage of this method [15].

Long-term treated sludge-
10-15 years
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Figure 7. Changes in the solids and water content in volume of sewage
sludge after treatment on reed bed system. [11]
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Table 1. Changes in basic parameters of raw sewage
sludge after treatment on reed bed systems (RBS),
based on [12]

Dry matter 06-7 18-42
dO.rmg(.a\nic matter % 58 _ 74 41— 60
Total Nitrogen 24-36
Total Phosphorus 0.1-4.1

The reed systems are an environmentally
friendly solution. The method is low-emission
and also provides a solution with low energy con-
sumption compared to the conventional methods
of treatment sewage sludge. The processes tak-
ing place in the system are based on the naturally
occurring mechanisms in the environment, occur-
ring in both aerobic and anaerobic zones. As a re-
sult of oxygen processes, carbon dioxide is formed
as a byproduct, in addition, methane is formed in
the anaerobic processes. Despite the emission of
greenhouse gases, which is inevitable, due to the
mineralization process, wetland systems are still
an environmental friendly technology. If a system
is well functioning, the presence of reeds reduces
the amount of methane produced to a minimum,
and also supports oxidation of methane by aero-
bic methanotrophic bacteria [12].

This method does not require the use of ad-
ditional substances that improve the efficiency of
processes, such as, for example, polyelectrolytes.
The reed bed system does not introduce addition-
al substances in the form of chemicals into the
environment, which favors the ecological trend.
Moreover the lack necessity of using additional
substances also affects the reduction of operat-
ing costs, because all reactions take place with-
out the additional interference of often expensive
chemicals [16].

The downside and potential threat to the use
of a reed bed system may be the fact that they
require a significant area. Moreover, the time
needed to start up the object can be a downside of
this technology. The construction of the system is
simple but requires a proper design and precision
of workmanship, their lack may be the reason for
the incorrect operation of the system [12].

Application of RBS for beach wrack

Observations and current beach wrack man-
agement methods provide operational knowledge
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about them. Cleaning the beach is the responsibil-
ity of the relevant local institutes. Typically, this
is done by mechanically collecting the material
containing natural and manmade waste, thrown
out by the sea into the shoreline. This is a very im-
portant issue in the case of indicating the appro-
priate directions of beach wrack management so
that their use will be a part of circular economy.
The methods aimed at converting the beach wrack
from the nuisance to the resource depend mainly
on their composition. Different technologies are
designed for different groups of substrates. Some
of them may use only the natural part of beach
wrack, while others may use all the material ac-
cumulating on the coast together with waste of
manmade origin.

Beach wrack processing in a reed system is
an innovative solution that will be investigated in
the CONTRA project by the Gdansk University
of Technology. Beach wrack will be colleced by
hand from the beach area in Rzucewo (village lo-
cated on the Puck Bay) and transported to the pi-
lot plant of reed system which will be built in the
wastewater treatment in Swarzewo (about 12 km
from Rzucewo). Beach wrack will be collected
on an unmanaged area of the beach, where there
is apparently a significant accumulation of beach
wrack material. Before feeding the material of
beach wrack to a reed bed system, pre-selection of
the material will be carried out. The waste of hu-
man origin such as cans, plastic bottles, nets, etc,
will be separated from organic part of substrates.

The pilot reed bed system will be made using
cubes, placed on wooden pallets. The dimensions
of the cubes should be 1x1x1 m % 20%. The top
of each container will be felled. Each cube will be
divided into four parts, using walls made of plexi-
glass. The division will be made in order to save
the space allocated to the object as well as the pos-
sibility of providing a smaller amount of material
for testing. A different form of material will be
fed into each of the Y parts of the cube (e.g. first
part — unprocessed algae, second part — shredded
algae, third part — ground algae with compost in
a given weight ratio, etc.). It is planned to make
2 cubes, which will provide 8 independent quar-
ters. The filling of the bed will constitute three
layers of filtration material: growth layer: located
in the upper part of the quarters — sand with a grain
size of 0.32—-2.5 mm, thickness 15 cm + 20%; in-
termediate layer: made of gravel with a grain size
of 2.5-10 mm, thickness 20 cm + 20%; drainage
layer (the deepest): made of crushed stone with a
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grain size of 1040 mm, thickness 25 cm + 20%.
A free space will be left over the filling, where the
material used for the research will be fed. In the
growth layer will be planted reed cuttings (Phrag-
mites australis). At least 2 reed cuttings should be
planted in each part of the cubic quarter. In the
drainage layer, drainage will be made, collect-
ing the reject water as well as ensuring aeration
and ventilation of the system, for every quarter of
the cube. Drainage = 80 mm will be run in such
a way that it collects separately the reject water
from each part. Next, they will be collected into
a portable container (eg. a canister 201 by means
of a flexible tube connected tightly to the drain-
age). Above the designed height of the drainage
system, ventilation chimneys will be installed,
ensuring a constant air supply. Figure 8 shows
cube model of pilot plant reed system.

Monthly sampling of dewatered and stabi-
lized material from reed bed and reject water is
planned. As it was written above, two pilot ob-
jects are to be created. One of them will be fed
the same beach wrack in various forms, and in
the second beach wrack will be mixed with
a compost in a different ratio to improve the
fertilizing properties.

After using the beach wrack in the reed bed
system, similar effect as in the case of processing
sewage sludge is expected. It can be concluded
that in the case of using macroalgae the results
of increase of dry matter content, through de-
watering and reduction in volume will be simi-
lar. As a result of using beach wrack on the reed
bed system, high nutrient fertilizer is expected to
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be achieved. In the case when material from the
reed bed system will not complied with the re-
quirements for fertilizers, work on it will not be a
waste of time, because the biologically stabilized
material can be stored on the landlifts.

Table 2 presents the current knowledge about
the use of sewage sludge in the reed bed systems
and the issues that must be verified during using
beach wrack in this type of object.

Beach wrack processing in a reed system
seems to be a good solution for utilizing beach
wrack. As it can be seen from the above-mentioned
concept of a pilot plant, the reed bed systems are
characterized by a simple construction, which in-
creases the attractiveness of such solution.

Seasonality, as well as quantitative variabil-
ity of the occurrence of beach waste is a problem
for many other technologies, e.g. the use of the
organic part of the material as a raw material in
biogas plants, due to the lack of a constant supply
of substrate. In the case of reed bed systems, this
problem does not exist because they operate in an
alternating cycle.

In addition, the use of beach wrack on reed
bed system is connected with circular economy.
This technology minimizes the impact on the en-
vironment, due to minimal emissivity, low energy
consumption as well as the change of the previous
nuisance — beach wrack, on the resource. Beach
wrack processing with this method gives the op-
portunity to use this material for the production
of possible high-nutrient fertilizer, which used for
agriculture or for the reclamation of degraded ar-
eas will release nutrients again into the circulation

- cube (1x1x1 m)
- growth layer - depth 0,15 m
(sand 0,32-2.50 mm)
3 - mtermediate layer - depth 0,20 m
(gravel 2,50- 10 mm})
- dranage layer - depth 0,25 m
(aggregate 10- 40 mm)
- reject water outflow ¢=80 mm
- wooden pallet 1000x1200x144 mm
- drainage-aeration pipe $=80 mm i=1%
- aeration pipe $=80 mm
-ventilation chimney
10 - partition wall - plexaglass 1000x1000 mm
11 - reed cuttings- Phragmites australis
(At least 2 reed cuttings in each part of the cubic quarter)
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Figure 8. Pilot plant reed system
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Table 2. Current knowledge about the use of sewage sludge in the reed bed systems and the issues that must be
verified during using beach wrack in this type of object

Parameters

Reed bed syetem for sewage sludge

Reed bed system for beach wrack

Method of material feeding

supply with vertical pipes terminated
with a ,mushroom” or with a system of
pipes along one side or corner (evenly
distribution of sewage sludge on the
entire surface) [12]

planned manual feeding and evenly
distribution of material on the bed

The form of the material fed into the bed

sewage sludge directly from a given
stage of wastewater treatment (without

beach wrack collected from the beach,
after the selection of human origin
wastes, fed into the bed: as raw form
(macroalgae), shredded algae and

prior processing)

addition to compost in a different ratios,
in aim to selection best form for treatment
in the reed bed system

System performance: — start-up
period — full exploitation period

>30 kg/m?*rok

50-60 kg/m?*rok [12]

it is necessary to establish appropriate
dose

Quality of dewatered and stabilized
material in reed system

reclamation [12]

significant increase in dry matter
content and volume reduction, lower
concentration of organic matter, high
concentration of nutriens and low
concentration of heavy metals enabling
the use of fertelizer in agriculture and

expected similar results as when
using sewage sludge, meeting the
requirements concerning fertilizers

Quality of reject water drainaged from
reed systems

good quality reject water in a small
amount that enable recycling at the
beginning of the wastewater treatment
process without negatively affecting the
work of the wastewater treatment [12]

the quality and quantity of reject water is
unknown, it will be determined

of matter in nature, in the places where it is desir-
able, while reducing the impact on deepening the
eutrophication process of the Baltic Sea.

The financial issues are an important mat-
ter for the institutions responsible for managing
beach wrack. The use of beach wrack in reed
systems, like sewage sludge, seems to be eco-
nomically viable. The costs of construction and
operation of the system are low, and an additional
advantage of this method in relation to organic
marine waste is the expected production of fertil-
izer, which will be an additional source of income
for the investor.

The cost-effectiveness of the reed method in
the case of beach wrack is also associated with the
transport distances. Systems can be built in a short
distance from the beach (place where will be col-
lecting of beach wrack), which contributes to their
economic profitability. Beach wrack is a material
with a high water content, which contributes to its
large mass and volume that must be transported
to the place of processing. Transport of material
over large distances can increase operating costs
and make the business unprofitable in the final
summary. Reed systems are a nice solution for the
eye, which can complement the existing seaside
landscape. Furthermore, reed beds are an alterna-
tive to the reconstruction and builing of dunes.
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CONCLUSIONS

In summary, marine waste is a specific ma-
terial with a composition that is difficult to de-
termine. Their occurrence and composition
variability affect the increase in the difficulty of
their management. The lack of a legally defined
definition and specific methods of dealing with
this waste makes the treatment of beach wrack
challenging. It is necessary to monitor the beach
wrack on the beaches of eutrophicated water res-
ervoirs, because they cause the return of nutrients
to the highly trophic, problematic reservoirs like
the Baltic Sea. The search for appropriate beach
wrack management methods has just begun. The
goal is to use marine wastes in such a way that
they stop being an environmental and social nui-
sance, and become a valuable resource which
can bring benefits. Reed systems that work well
in the case of processing of sewage sludge from
various technological stages of wastewater treat-
ment, constitute an interesting solution fitting to
the circular economy. Beach wrack, similarly to
sewage sludge, has a high content of water and
organic substances, which is why their innovative
processing in wetlands systems may turn out to be
great success.
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