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Abstract. Pollution of surface and ground waters by surface (rain and melt) waste water is a big
problem for many countries of the world. In addition to anthropogenic factors leading to the
pollution of surface runoff, one should add runoff, which is formed after extinguishing fires of
various scales and territories. As a result of extinguishing fires, a large amount of pollutants enters
surface wastewater, which creates an additional load on soils, groundwater aquifers and water
bodies. The paper proposes a wastewater treatment method using PET granules and polyurethane
foam granules as a filtering layer. The use of PET packaging waste for the purification of rain and
melt wastewater allows to reduce the anthropogenic load on the environment and to increase the use
of plastic waste.

Introduction

Climate change in many countries around the world has a negative impact on hydrological,
hydrochemical and hydrobiological indicators of surface water status [1] and increases the number
and volume of fires [2], leading to air and soil pollution, biodiversity loss, vegetation destruction
and animals, as well as human deaths [3].

Assessment of the environmental risk of deterioration of surface waters in Ukraine showed that
the watercourses of Seversky Donets River basin are in the most dangerous condition [4, 5]. The
problems of deterioration of the ecological state of surface sources of drinking water supply [6],
especially those related to reservoirs, since they are intended for the accumulation of water reserves
and are also under the threat of the ingress of pollutants with rain and melt surface water as a result
of firefighting [7, 8].

In the paper [9], the ecological properties of fire extinguishing agents used to extinguish fires of
classes A and B were analyzed and a significant negative impact of fire extinguishing foams
(fluorine and fluorine-free) on the environment was determined. Comparative analysis of the impact
of different dry powder fire extinguishers on the aquatic environment allowed to determine the level
of environmental hazard [10].

Natural and anthropogenic factors that have the most significant impact on the hydrochemical
characteristics of Oskil River were determined by multifactor correlation-regression analysis.
Research results show that the quality of water bodies is most influenced by wastewater discharges,
diffuse sources of pollution and an increase in air temperature [1]. Comparative analysis of
anthropogenic pressure on surface waters of Kharkiv Region (Ukraine) showed a significant
negative impact of diffuse sources of pollution [11].

The negative impact on the quality of soils, groundwater and surface water is due to the ingress
of pollutants from landfills. In the paper [12], on the example of Kupyansk solid waste landfill in
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Kharkiv Region (Ukraine) by experimental study of electrical conductivity and determination of
identification coefficients (KId) of aqueous extracts of adjacent soils, it is shown how soluble
pollutants are washed out of the landfill.

Increasing the volume of utilization of plastic waste, including PET bottles, through the use of
waste from their processing, for surface wastewater treatment will help to improve the environment,
which is an extremely important task, which is set in this work.

Unresolved Issues

According to Eurostat [13], the generation of plastic waste in European countries for the period
from 2004 to 2018 increased 1.76 times from 9,540,000 tons in 2004 to 16,800,000 tons in 2018. In
Ukraine, in 2019, 441516,493 thousand tons of waste were generated, including 11,792.7 thousand
tons of household waste, of which 5,043.6 thousand tons (42.8%) were disposed of in specially
equipped landfills, and disposed of - 0.1 thousand tons of household waste [14].

Thus, the problem of household waste disposal is extremely acute.

Mass production and use of plastics in recent decades has posed a threat to the environment due
to increased pollution and insufficient disposal and recycling. The industrial transition to more
sustainable plastic alternatives has already begun, but this process will take years to become truly
feasible from the industrial and economic point of view [15].

The purpose of this study is to improve methods of surface runoff treatment using plastic waste
as a filter nozzle and reduce the impact of diffuse sources of pollution on the state of aquatic
ecosystems.

To achieve this goal, the following tasks are set:

- to analyze modern methods of plastic waste disposal;

- to improve the method of surface runoff treatment using plastic waste.

Main Part
Analysis of modern methods of plastic waste disposal

The production of disposable plastic packaging materials is growing rapidly and the generation of
plastic waste has become one of the world's top environmental issues.

The European Plastics Processing and Rehabilitation Association has developed the concept of
"Zero plastics in landfills by 2020" [16]. The European Commission's policy is to recycle 65% of
municipal waste by 2030. The overall EU's goal is to recycle 75% of packaging waste, reduce
landfills to a maximum of 10% municipal waste, and ban the disposal of separately collected waste.
If these goals set by the EU Commission are achieved, it will be a big step forward in waste
management [16]. To meet the criteria, many states have to completely change their waste
liquidation and disposal systems.

There is a significant difference in waste recycling between different countries of the European
Union. Germany, the Netherlands and Belgium recycle 62%, 61% and 56% of their waste,
respectively, while in Croatia only 8% of waste is recycled and the remaining 92% goes to landfill.
Bulgaria recycles only 6% and Romania 1% of their waste [17].

In Germany, the rate of plastic processing has increased from ~ 15% to almost 100%, i.e. today
almost all plastic waste is either incinerated or recycled [18].

Disposal and recycling of plastic products has found its application in the construction industry
as products for thermal insulation, water and sewer pipes, windows and the like. Another branch of
plastic waste recycling is transport, including the automotive and aviation industries. By reducing
the weight of vehicles through the use of plastic components, waste and landfills can be
significantly reduced. Plastic waste is also used in agriculture. The medical sector uses plastic for
various devices, prostheses and capsules [19]. Recycled PET is also used in the textile industry, in
the foil industry or for food and detergent packaging [18].
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Plastic materials have high stability and excellent physical and mechanical properties, which
ensures their reusability. Effective use of recovered plastics requires an understanding of their
mechanical properties. The aim of the study [20] was to evaluate the mechanical properties of
recycled plastic bottles in order to prove the feasibility of their use in recycling systems. The results
clearly demonstrate good strength characteristics and minimal degradation effect, demonstrating the
potential for a new application where these recycled materials can be used [20].

The authors of the paper [21] evaluated the safety of the process of processing PET bottles using
Starlinger Decon technology. Washed and dried (PET) flakes originating from collected PET
containers for consumers, mainly bottles, and with no more than 5% PET from non - food products
were used for processing. They are preheated before being fed to solid-state polycondensation
(SSP) in the continuous reactor at high temperature under vacuum and gas flow. Due to preheating
and disinfection in SSP continuous reactor, the high efficiency of the disinfection process is
achieved. The authors of the paper [21] concluded that recycled PET obtained as a result of this
process is safe for the manufacture of materials and products and contact with all types of food for
long-term storage at room temperature.

The aim of the study [22] was to evaluate the possibility of using recycled polymer (spent
polyethylene terephthalate (PET) bottles) as a membrane material. The results showed that recycled
PET from plastic bottle waste can be used as a membrane material for the water purification
process.

The authors of the study [23] evaluated the stability of polymer-modified asphalt mixtures using
plastic bottles on hot asphalt and its mixtures. The results show that the inclusion of polyethylene
terephthalate (PET) in asphalt improves the strength and water-repellent properties of the mixture,
which can encourage the reuse of waste in the processing industry in the environmentally friendly
and cost-effective way [23].

The authors of the paper [24] conducted a study of the production of compacted concrete (RCC),
improved by the addition of waste plastic fibers (WPF), obtained by cutting PET bottles. WPF was
added by volume percentage in the range from (0.5 to 2%) and for comparison a reference concrete
mixture was received. Analysis of the results showed that the use of plastic waste fibers (1%)
resulted in the improvement in the properties of each of the compressive strength and flexural
strength compared to the reference concrete [24].

In the paper [25], it was proposed to use plastic bottles to reduce ordinary waste in Malaysia to
replace ordinary bricks made of cement, sand, clay and lime. Plastic bottles were crushed to
0.75 mm and mixed with polyurethane (PU) and polymer. After that, the mixture was cast and
compacted in brick form. The authors of the paper [25] tested the compressive strength, impact,
flexural strength and thermal conductivity to obtain mechanical and thermal properties. Based on
the results, it was concluded that the produced brick, with the addition of PET/PU granules with a
ratio of 60/40, is suitable for load-bearing laying and is recommended for use in partition walls.

Recent trends show a variety of methods and a significant increase in the rate of recycling of
plastic waste. Plastics recycling is a very important issue in modern society, which aims to reduce
waste in landfills and preserve the environment and the formation of secondary resources.

Improvement of the method of surface runoff treatment using plastic waste

Pollution of water bodies by surface wastewater is a global environmental problem, the solution of
which is aimed at research by scientists from many countries. Under the conditions of increasing
anthropogenic impact on water bodies, the intake of nutrients and pathogenic microflora into them leads
to their eutrophication (“blooming”), which has acquired a global character, and is widespread in water
bodies of Ukraine.

Surface wastewater from urban areas, as a source of pollution of water bodies, is assessed by
such indicators as: suspended solids, petroleum products and organic compounds by COD and
BOD:s. The approximate composition of surface wastewater depending on the functional purpose of
the territories and the level of their improvement are given in Table 1, and are also regulated by
DSTU 8691: 2016 "Wastewater. Guidelines for the establishment of technological standards for the
discharge of rainwater into water bodies" [26].
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Table 1. Pollution of surface runoff from urban areas

Rainwater Melted water
Drainage basin [Suspended Petroleum | [Suspended Petroleum
. BODs BOD:s
characteristics substances [mgO2/dm’] products | substances [mgO2/dm’] products
/dm?] g2 [mg/dm®] |  /dm?] g2 [mg/dm?]

Areas of territory 300 60 <1 1500 100 <1
mainly with manor
buildings, greenery,
lawns

Areas of modern 650 60 12 2500 100 20
housing
(microdistricts)

Central areas of the 400 40 8 (10) 2000 70 20
city with a high level
of improvement and
regular cleaning of the
road surface
(residential areas,
greenery, public and
educational
institutions, shopping
centers)

Main streets with 1000 80 20 3000 120 25
heavy traffic

The average values of COD according to DSTU 3013 [27] are 400-600 mg/dm? in rainwater and
750-1500 mg/dm? in meltwater.

Pollution by nutrients according to DBN B.2.5-75 [28], is: ammonium nitrogen 8-10 mg/dm® in
rainwater and 18-20 mg/dm’® in meltwater; for phosphates 0.5-0.8 mg/dm® in rainwater and
1.2-1.8 mg/dm?® in meltwater.

In the paper [29], joint surface runoff treatment from agricultural lands and domestic or
industrial wastewater on molds was proposed, using filter nozzles and a complete displacement
bioreactor. The efficiency of wastewater treatment from the territory of agricultural use is: for
suspended solids - 98%; for mineral nitrogen - 99%; for COD - 99%; for phosphates - 50%. The
trough and displacement bioreactor treatment scheme can be used for wastewater from the dairy
industry, livestock farms, public utilities and surface runoff.

The authors of the paper [30] proposed a device for cleaning surface rain and melt wastewater,
which uses the filtration capacity of soils and increases the efficiency of cleaning pollutants by
installing a filtering layer from basalt crumbs, where polluting components are adsorbed, and the
treated wastewater is filtered through the layer of sand to the bottom layer of the soil. The proposed
structure can be used in areas where water supply is formed by underground wells and where the
groundwater level is critical.

The disadvantage of the structure [30] is the low regenerative capacity of basalt crumb and
insufficient treatment efficiency for organic substances (chemical oxygen demand (COD) - 68.6%),
as surface wastewater contains a large amount of organic matter, especially from agricultural areas
and pollutants due to fire fighting.

In order to improve the device for treating rain wastewater in urbanized and agricultural areas by
increasing the efficiency of cleaning organic substances, we suggest using PET granules (as the first
filtering layer) and polyurethane foam granules (PUF) 10-20 mm in size (as the second filtration
layer of runoff).

Surface wastewater successively passes through the vegetation and the top layer of soil, where it
is mechanically cleaned of suspended solids. The main element of the structure is the filter layer of
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PET granules (which allows faster filtration of wastewater entering from the surface) and the layer
of polyurethane foam granules (PPU). On the surface of the second layer (PPU), the processes of
adsorption and biological treatment (due to the development of biofilm) of surface rain and melt
wastewater containing a significant amount of organic matter occur. The development of biofilm in
PPU granules will occur more efficiently than in the upper layer (PET granules) due to the porous
structure of this material. The development of anaerobic conditions is closer to the sand layer due to
sufficient aeration and looseness of the gaps between the plastic granules. Anaerobic conditions are
formed already in the third layer - the sand layer, is a post-treatment system and contributes to the
more even distribution and drainage of the treated wastewater.

To simplify the installation and regeneration of the filter nozzle, PET and PPU granules are
placed in geotextile fiber bags, which are easy to remove and wash. In the facilities for surface
wastewater treatment, which were proposed in the papers [29, 30], the possibility of regeneration of
the filter nozzle was absent.

If there is a possibility of drainage of wastewater into the city sewage network (there is a
possibility of "tie-in" into the network) or drainage into the nearest water body, it is envisaged to
install a drainage pipe (in case of drainage into the sewer) or a drainage pipe system (after the
filtering installation) for better distribution of leachate into underground horizons.

This technical solution increases the efficiency of treatment of organic pollutants in terms of
chemical oxygen demand (COD to 85.5%, increases groundwater reserves due to a more efficient
system of wastewater infiltration during rainfall and snowmelt in areas with low groundwater
levels, and also reduces the impact of plastic waste on the environment by disposing of PET
granules and polyurethane foam granules.

Schematic diagram of the structure for surface wastewater treatment is presented in Fig. 1.

Fig. 1 shows the block diagram of the device for treating rain and melt wastewater, where:
1 - vegetation in the area with absence of sewerage networks; 2 - urban area; 3 - rain or melted
surface wastewater; 4 - grassy cover; 5 - topsoil; 6 - filtration layer made of PET granules and PPU
granules; 7 - layer of sand mixture, 8 - bottom layer of soil.

The proposed device works as follows. On the territory without sewerage networks 1 and / or on
urbanized areas 2, rain or melted surface wastewater 3 enters, which passes through the grass cover
4 and the topsoil 5, where mechanical cleaning of pollutants takes place. Next, the surface rain or
melt wastewater 3 enters the filtration area of PET granules and PPU granules 6, where the main
process of wastewater treatment. The process of additional treatment of rain or melt surface
wastewater 3 occurs in the layer of sand mixture 7, after which the treated wastewater enters the
lower layer of soil 8.

Surface wastewater treatment is carried out in aerobic and anaerobic zones. The aerobic zone
includes vegetation, topsoil, filtration area, where the main cleaning process takes place. If the top
layer of soil has significant infiltration capacity (5 cm/h and more), the aerobic cleaning capacity
will be quite high. The size of each zone is determined based on the size of the catchment area and
the volume of surface rain or melt water entering the structure. In the aerobic zone there are
processes of purification by precipitation of suspended solids on the surface of vegetation and the
top layer of soil, and aerobic biodegradation due to the biofilm formed on polyurethane foam
granules. The anaerobic zone includes a layer of sand mixture. The anaerobic zone receives already
treated wastewater and is an element of after-treatment, after which the treated wastewater is
filtered to the lower layer of soil.

Polyurethane foam granules with a size of 10-20 mm were chosen as a filtering layer, since this
material has significant adsorption properties and is the basis for the formation of a biofilm, due to
which the wastewater treatment process takes place, is quickly regenerated, resistant to weathering
and is a waste of production, which allows increasing efficient disposal of plastic waste and reduce
the negative impact on the environment.
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Fig. 1. Schematic diagram of the structure for the treatment of surface rain or melt wastewater

Production of granules (PET granules) is the basis for the production of polyester fiber and
plasticizers for bituminous raw materials. Raw materials for the production of PET granules are
supplied by pressed blocks of 250-350 kg. After unloading and transportation to the workshop for
preparation for the production of polyester fiber, PET raw materials are sorted in order to prevent
unnecessary polymers from entering the cycle, then crushing to the required granule size (flex),
cleaning (washing using washing solutions), squeezing (on a centrifuge) and drying (in a rotary
drum). Then obtained and prepared PET granules, enter the shop for the production of polyester
fiber (fig. 2). The humidity of the obtained granules should not exceed 1.5%.

Fig. 2. PET granules for use as a filter nozzle
Table 2 shows the particle size distribution of PET granules and PPU granules.
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Table 2. Particle size distribution of PET granules and PPU granules, [%]

> 10 mm 8-10 mm 6-8 mm 4-6 mm 2-4 mm > 10 mm
23 35 16 19 6 1

The use of a facility for the treatment of surface rain and melt wastewater allows increasing the
efficiency of treatment by reducing the intake of pollutants with suspended solids by 98%, by
chemical oxygen consumption (COD) by 85.5%, and by oil products by 96%.

The practical value of the proposed facility for surface wastewater treatment is that with its help
pollutants will get to a lesser extent into groundwater and surface water, which allows to protect
natural ecosystems and human health, as well as increase the disposal of plastic waste. The
proposed structure for surface wastewater treatment does not require large capital and operating
costs, is easy to use, environmentally friendly and cost-effective.

Conclusion

Surface wastewater is one of the most intense sources of environmental pollution. Concentrations
of pollutants in wastewater vary considerably due to the wide variety of pollution conditions. As a
result of extinguishing fires, the large amount of pollutants in concentrations significantly
exceeding the level of maximum permissible concentrations (MPC) for natural water bodies gets
into the surface rain and melt wastewater. Thus, the discharge of untreated surface wastewater into
reservoirs increases the level of environmental hazard.

The problem of treating surface rain wastewater, especially in areas where there is no sewerage
network, is relevant all over the world. The use of devices and treatment facilities, close to natural
processes, today is one of the main directions of treatment and regulation of this type of wastewater.

Analysis of world practice shows that every year the generation of plastic waste increases, which in
turn requires the development of new methods of disposal for reuse. Reducing the volume of landfills
for household waste, which negatively affect all components of the environment, through the
processing of secondary resources, is the main direction of handling plastic waste all over the world.

The article proposes a new method of wastewater treatment using PET granules and
polyurethane foam granules as a filtering nozzle, which, by adsorption, are capable of removing
organic compounds and purifying wastewater, are very good at regeneration and resistant to
weathering. As a result of deposition of suspended solids on the surface of vegetation and in the
upper soil layer, adsorption of contaminants on PPU granules, aerobic biodegradation, filtration
through the sand mixture layer and additional treatment in the lower soil layer, the efficiency of
surface wastewater treatment increases.

The proposed method of wastewater treatment is economically attractive, because it does not
require large capital and operating costs, uses waste from processing PET bottles, reduces
environmental pollution due to the disposal of plastic waste, and can be used to treat surface
wastewater in areas without sewerage networks.
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