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ABSTRACT

Given the socioeconomic and environmental
importance of the Guandu River in relation to the
municipalities of the State of Rio de Janeiro, as well as
its respective basin, the propagation of sustainable
methodologies for its preservation becomes essential
and indispensable for the continuous improvement of
sustainable development and, consequently, of the
quality of life of its population. Therefore, the present
research shows methodologies that could be used in its
surroundings, with the potential to provide the

1 INTRODUCTION

reduction or elimination of the practice of burning
waste, promoting a Circular Economy, according to
the principles predisposed in the Life Cycle
Assessment. Works carried out by the company Ciclo
Organico and the cooperative Coopideal were
reported, which denote an excellent waste
management, with the development of methodologies
for selective collection, composting and recycling,
enabling the increase in environmental awareness,
social integration, source of income, providing
vegetation composites, supporting the carbon footprint
and maintaining a sustainable society. In addition,
laboratory research was carried out in order to
demonstrate a new way of managing organic waste,
related to the use of biodigesters, making a 5.5 L
benchtop (batch), having inside an elutriate of
processed foods, added to waste of swine, in a ratio of
1:2 at the end of 30 days, there was a 70% methane
contingent under ideal production conditions within
28 days and an amount of biofertilizer equivalent to
the water ratio present in the biodigester, which is also
an alternative source of income and enables the
improvement of soil and flora quality.

Keywords: Burning Waste, Selective Collection,
Biofertilizer and Recycling.

The environmental degradation resulting from production systems and consumption models, shows

a culmination with environmental crises, having as its genesis the second half of the 20th century [1] [2],
with its predatory exploitation of natural resources, associated with an inadequate human management. The
intensification of this process, in the last decades, has been presenting itself beyond the capacity of the
public power to contain it [3] [4].

The disorderly growth of urban centers, the absence of public policies and the lack of environmental
awareness have fostered the development of social problems of considerable negative impact, which have
been increasingly frequent in Brazilian society, especially with regard to the inadequate disposal of solid
waste [5] [6].

Solid waste is seen as a problem for modern societies, becoming visible, especially in urban areas,
due to the large population concentration, enhancing existing environmental problems, as well as

contributing to the emergence of too many, such as, damage to public health [7] [8].




According to the State of Rio de Janeiro, despite the existence of solid waste management
methodologies being a reality, such as the existence of sanitary landfills, its inadequate final destination is
still a reality present in its various municipalities, bringing numerous socioeconomic and environmental
damages [9] [10].

According to the Brazilian Institute of Geography and Statistics (IBGE), associated with data of the
Intergovernmental Panel on Climate Change (IPCC) [11], currently in Rio de Janeiro, 83.0% of households
have access to direct garbage collection, where 41.6% of garbage is burned and 8.9% burned inside
properties, especially those around the Guandu River basin [11] [12].

The absence of environmental education [13] [14], of control methodologies and mitigation of the
Guandu River, given the socioeconomic and environmental importance [15] [16], the negative impacts on
the ecosystem and the current society, has become increasingly aggravating [17] [18].

According to the mapping carried out during the research, the Guandu River basin crosses fifteen
municipalities (Figure 1) [19], corresponding to Engenheiro Paulo de Frontin, Itaguai, Japeri, Paracambi,
Queimados, Seropédica, Mangaratiba, Mendes, Miguel Pereira, Nova Iguacu, Rio Claro, Rio de Janeiro,
Vassouras (Figure 2), and with its source in the Serra do Mar between Pirai and Barra do Pirai, having an

exultation in the Bay of Sepetiba [19] [19].

Figure 1: Hydrological delimitation of the Guandu River Basin [19] [20]
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The Guandu River and its tributaries, due to its process of environmental degradation by human
activities, associated with the increase in global temperature, lack of rain, population contingent and deficit
of sustainable systems, its water availability has been reducing, in addition to the emergence of Geosmina,

considerable environmental indicator of the existence of Cyanobacteria [21] [22].




Figure 2: Municipalities through which the Guandu basin crosses [19] [20].
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Furthermore, the extrapolation of the Guandu Basin as in Rio Claro and considering the
transposition of the Paraiba do Sul River, 90% of the water in the Guandu River ends up suffering
contamination from the Paraiba do Sul River [22] [23], which crosses 13 cities [19] [20] where only 21.88%
of the sewage is treated, aggravating its contamination, which already suffers from impacts provided by the
burning of garbage [21] [23].

In addition to energy generation, the Guandu River provides water supply to the metropolitan area
of Rio de Janeiro, with flows in the order of 180 m?/s, with approximately 148 m?3/s for water availability
intended only to supply the metropolitan population of Rio de Janeiro [18] [24].

From this point of view, the position of contaminants in water courses and soil around the Guandu
River, considering the local ecology and the society that depends on it, keeping a holistic look at the real
and urgent challenges, within its socio-environmental and socio-economic importance, it becomes a matter
of significant observance [20] [24].

The burning of residues from in natura garbage in the state of Rio de Janeiro contributes with 10.1%
of the chemical compounds, of the 2235 g of equivalent toxicity (TEQ), produced in Brazil in 2008. On the
other hand, there was a considerable increase between 2018 and 2020, alluding to an increase of 6.3% [25]
[26].

Depending on the burning of garbage, the impacts on the soil and water resources are different,
according to physical-chemical and bibliographic studies carried out on the main chemical components
caused by the burning of garbage in the surroundings of the Guandu River Basin. The chemical compounds
commonly found are Dioxins, Furans, Phthalates, Carbon Dioxide, Sulfur Dioxide, Mercury and Nitrogen
Dioxide (Table 1) [27] [28].




Table 1: Impacts of chemical contaminants on ecosystems and human health [27] [28].

Chemical

Contaminant Effects to the

Environment

Persistent pollutants
settled in soil and water
resources;

L Bioaccumulation
Dioxins and

an
Furans

dbiomagnification along
the food chain, causing
different types of cancers
in humans.

They impact human
health interms of fertility,
allergy and certain types
of asthma. Usually found
in surface water and in
groundwater.

Phthalates

They provide deleterious
effects to human health
and corrosive
characteristics. They
Carbon dioxide intensify the greenhouse

effec
t,contributing to the rise
in global temperature.

They contribute to acid
rain, increase the acidity
of soil, rivers and lakes. It
causes problems in the
Sulfur Dioxide respiratory system  of
humans and promotes
cardiovasculardiseases.

It produces neurological
problems and other
negative impacts on
human health and aquatic
species. In the soil it
reduces fertility.

Mercury

Irritation of the nasal
mucosa, damage to the
Nitrogen lungs in humans. Cause
Dioxide of different types of
cancers.

In addition to the information mentioned above in table 1 [27] [28], other considerations can be
presented to better clarify the considerable impacts that such substances produced by the burning of in

natura garbage can cause to the ecosystem and human health [29] [30].




Due to their mobility, soils and sediments, as dioxins are in food and drinking water, causing serious
damage to human health, leading to skin problems, cannot change, nor attend to nervous, endocrine and
reproductive functions [28] [29].

Carbon dioxide (CO2), in turn, in addition to having

2 MATERIALS AND METHODS
2.1 SELECTIVE COLLECT

In the course of the research carried out for around a year, studies on the best management of solid
waste became fundamental as an initial perspective for the proper management of solid waste [19].

The choice of selective collection as a preventive methodology for the burning of in natura garbage
in urban and rural properties around the Guandu River basin, consists of a planned, organized and
systematic action of sorting waste [33] [34], allowing the propagation of an environmental education and a
correct analysis of the waste produced, for its future disposal [33] [35].

Through selective collection, a Green Circular Economy is promoted, within the concepts and
principles predisposed in a Product Life Cycle Assessment [36] [37].

In this sense, the Circular Economy (Figure 3) represents a methodology that prioritizes a reduction,
reuse, recovery and recycling of materials and energy, increasing the useful life of products, materials and
resources, with a view to the economic model [36]. negative effects on human health and the intensification
of the greenhouse effect, contributing to the elevation of the planet's temperature, provides "Sweet
Corrosion”, causing corrosion of metallic surfaces [31] [32].

Under normal temperature conditions, carbon dioxide does not exhibit corrosive characteristics,
however, when dissolved in water, it forms carbonic acid (H2CO3), which, once dissociated into the
aqueous form, triggers electrochemical reactions when in contact with metallic surfaces, covering the
anodic dissolution of the metal and the cathodic evolution of hydrogen causing corrosion [31] [32].

Therefore, the present article has as objective, a critical analysis, associated with fieldwork and
laboratory experiments of methodologies that corroborate the prevention of possible impacts caused to the

Guandu River and its respective basin during the burning of solid waste.




Figure 3: Circular Economy Concepts [19] [36].
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Demystifying the molds of the global economy, exposing guidelines and practices to decision
makers, the green circular economy raises the productive potential, preserving a harmonious relationship
with the ecosystem, improving the well-being of humanity, maintaining social equality, reducing impacts
environment, increasing public and private investments, associated with increasing energy efficiency and
sustainable use of natural resources [36] [38].

By means of the Life Cycle Analysis method, it is possible to monitor and demonstrate the
interrelationships of the production stages, as well as their respective environmental impacts, providing a
continuous improvement of the process, within the cause-effect relationship, for through reverse logistics
[38] [39].

Reverse logistics, on the other hand, consists of an instrument of socioeconomic development,
characterized by a set of actions, procedures and means aimed at enabling the collection and return of solid
waste to the business sector, for reuse in its cycle or in other production cycles, or yet another
environmentally appropriate final destination [38] [40]

Therefore, selective collection allows the promotion of reverse logistics, providing the correct
separation of organic and non-organic waste, enabling the proper disposal of both [38] [40].

Consequently, this project aims to analyze methodologies already developed in Rio de Janeiro,
whose results, which if applied to urban and rural properties around the Guandu River basin, could
corroborate the absence or considerable reduction of burning of in natura garbage, with the respective
prevention of the emission of contaminants [19].

It is with pleasure and privilege that this research brings the analysis of work carried out by two
companies present in Rio de Janeiro, which provide a continuous improvement of the ecosystem and the
quality of life of the current society, one referring to the composting process, and another related to
recycling of non-organic materials such as plastics [19] [41].

The company Ciclo Orgénico, founded by Lucas Chiab (Figure 4), consists of selective collection
and composting of organic waste from homes in Brazil, serving more than 4000 families in 25

neighborhoods of Rio de Janeiro and with 385,830 collections already carried out (Figure 5) [19] [41].




Figure 4: Compost Aeration process rried outh Luca Chiab [19] [41].

The Ciclo Orgéanico propagates the principle of Reverse Logistics [40] [41], through selective
collection and composting, since once collected, the waste is taken back to the beginning of the production
chain [39] [40], promoting the quality of life of society and the environment, with the production of
biofertilizer, organic compost, in addition to other products, with bags and trash cans made of recyclable
material [19].

ﬂdﬂby Lucas Chiab [41].

As didactic criteria, in composting there is an appreciation of organic matter, in an aerobic
environment, where mesophilic and thermophilic bacteria act in association in phases, before the maturation
stage, degrading the organic matter and converting it into humus, which is a waste stable, fertile, rich in
nutrients and microorganisms [42], in compliance with the National Solid Waste Policy (PNRS), law
12305/2010 [43].

Bringing a new perspective to issues related to waste disposal in Brazil, prohibiting, among others,
the burning of solid waste in the open, recycling, treatment of organic material and selective collection, the
National Solid Waste Policy contains instruments for allow advances in the resolution of these with regard
to waste management [43].

Once organic and non-organic waste are separated, they can go to recycling companies or
cooperatives that provide the resumption of this waste at the beginning of the production chain, as with the

Coopideal Cooperative, managed by President Ana Carla Nistaldo (Figure 6) [44].




The cooperative Coopideal, founded in 2011, participates in the Reverse Logistics program
“Reciclar Brasil” [45], responsible for about 90% of the recycled material in the country, where the
collectors are in the “recycling chain”, with a number of more than 388 thousand individuals living as the

main occupation, promoting environmental awareness within a recycling production chain [44].

Figure 6: Selective collection and recycling work

carried out at the company Coopideal by Ana Carla Nistaldo [44]
vy s

The Coopideal cooperative promotes collection, weighing, sorting and processing of non-organic
waste [44], for the subsequent return of post- consumer materials to the production chain [39] [40],
minimizing environmental impacts with economic viability and cost optimization [36], associated with
environmental education programs and consultancy, in the in order to create opportunities for raising
environmental awareness in society [39] [44].

Generating dignity for waste pickers and spreading sustainable ideas for the next generations,

Coopideal promotes social inclusion by encouraging sustainable practices [44] [45].

2.2 HOME BIODIGESTERS

The process of Biodigestion can be provided aerobically, as it occurs in composters mentioned
above, and anaerobically, through biodigesters, these being divided into continuous models, receiving
residue daily or every three days and batch, receiving residue every 60 days, with 80% of the tailings being
used as biofertilizer and 20% used as inoculum for the next batch [38].

Being hermetic and impermeable equipment that receives organic residues, the biodigesters carry
out fermentation of the organic material, within a certain detention time, generating biofertilizer and
gaseous mixture products [46] [47], with higher percentages those referring to carbon dioxide (CO2) and
methane (CH4) [38] [47].

A favorable environment for good Biodigestion, allows the proliferation of bacteria in the
fermentation chamber of a biodigester, under criteria of temperature, pH, dilution ratio and a correct

biomass carbon/nitrogen ratio [38] [48].




On average, the production time of biogas and biofertilizer in continuous biodigesters is 30 days
and batch time is 60 days, but this production is directly related to the production criteria met and the size
of the equipment [19] [38].

The present research carried out in the laboratory, aims to find an alternative management and
adequate final disposal of organic waste associated with selective collection processes, in addition to
composting, produced by the rural and urban population living near the Guandu River basin [19].

In the laboratory, tests were carried out with the objective of proving the efficiency of homemade
biodigesters, providing not only an adequate contingent of biofertilizer, but also the production of biogas,
understanding whether this production would be suitable for society [19] [38].

With a view to laboratory research, a benchtop biodigester (Figure 7), similar to a homemade
biodigester was reproduced using a reagent container with a total volume of 5.5 liters (L), having opted for
a Headspace equivalent to approximately 2.0 liters (L) [19].

As an initial preparation step, the 5.5 liters (L) container was filled, in a 1:2 ratio, with 1.5 kilograms
(Kg) of swine waste for 3.0 liters (L) of water added to the elutriate from processed foods (900 milliliters
of inoculum). After mixing, a space of 3.5 liters (L) was occupied, leaving 2 liters (L) of headspace [19]
[38].

In order to control the pH (6.5 - 8), accelerate the reaction and increase the number of
microorganisms in the residue sample present in the fermentation chamber of the biodigester, an elutriate
of processed foods was prepared, in order to act as an inoculum of the reaction (900 milliliters), grinding

pieces of potato, beans and soy meat [19] [38].

Figure 7: benchtop biodigester made for laboratory work [19].
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Biodigestion, once started, will exhibit different temperatures at each stage of production, but all
ranging between 30 °C and 37 °C, depending on the type of methodology adopted [49]. In order to avoid
wearing out the cover, a fixed support, referring to a rubber tube, was placed with a 5/16 concave rubber
washer (Figure 8), normally used for PCV sealing [19] [38].

In order to avoid gas leaks between the fixed support and the hole in the lid [49], the rubber washer
was sealed at the ends with silicone glue. Consequently, a clamp (Figure 9) was also inserted, surrounded
by two rubber washers of 20 millimeters (mm) of external diameter and 10 millimeters (mm) of internal

diameter, reducing the gaps [19].




Figure 8: 5/16 concave rubber washer inserted between the fixed support and the hole in the lid of the container which is acting
as a biodigester [19].

Generally, the pressures inside the biodigesters are usually constant. Its internal pressure is similar
to atmospheric pressure, depending on the volume of biogas existing in the headspace [19].
inserted to

Figure 9: Clamp prevent gas leaks [19]

Therefore, due to the possible pressures that may be caused to the biodigester, above the clamp and
at its ends, hot glue was used as a safety measure [19] [49].

The polyurethane tube was connected to a flow meter (Figure 10), capable of measuring the volume
and maximum flow of biogas [19] [49]. This, when transferred to the equipment, is analyzed by the erection
of a small gate, moving to a gas scrubber, with the objective of raising the methane level, along the removal
of hydrogen sulfide and carbon dioxide [50] [51] .

Figure 10: System developed for didactic purposes (image and schematic drawing), in order to reproduce the Biodigestion
generated in a batch biodigester (beat), with the respective analysis of its products [19].
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3 RESULTS AND DISCUSSION
As an initial perspective, the work of the company Coopideal exhibits a purpose, in which there is
a prioritization of non-generation, including social integration with the collectors of the metropolitan area

of Rio de Janeiro for the collection of non- organic waste [19].




At Coopideal, the members currently have the expertise to correctly dispose of the different
materials they collect, such as plastic metals, paper, tetra pack, glass, electronics, cooking oils, among
others, always with a view to preserving the ecosystem (Graphic 1) [19] [44].

In the course of the works observed in parallel amidst those previously collected by both companies,
there was considerable success in the preservation of ecosystems [52] [53], providing the surroundings of
the works with the promotion of sustainable harmonization [54] and, therefore, a Green Circular Economy
[36] [55], as it concatenates economic development to adequate waste management, promoting
manufacturing processes using recyclable raw materials [44].

Currently, Coopideal enables the development of social work with low-income children and
alongside the families of the cooperative members

[44] [56]. In addition, it allows the collection of 71 thousand tons of non-organic waste per month,
avoiding clogged drains, disposal in dumps, reducing the load in sanitary landfills and the proliferation of

diseases or even increasing pollution [44].

Graphic 1: Waste recycled by Coopideal, in percentage, from 2018 to 2020 [44].
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The projects developed by Coopideal are an ideal alternative to reduce the burning of waste in natura

[40] [55] , as it propagates environmental education among citizens, in parallel with the social
projects developed, bringing benefits to those who participate in them [44] [54], helping to fulfill the
objectives of sustainable development and continuous improvement of the ecosystem [39] [57].

However, according to the functions carried out by the Ciclo Orgénico company [41], the research
observed, by the year 2022, the removal of more than 3000 tons of organic waste from landfills, converting
more than 1800 tons of organic compost in 5 years of work [19] [41].

The actions promoted by the Ciclo Organico provide a stimulus for sustainable development,
reducing more than 2200 tons of CO2eq and reaching 2537 CO2eq in 2022, currently counting on the
participation of 40 professionals in the team working full time, composting in a mechanized way more than
300 tons of waste per month, developing an incredible social integration with the population [19] [41].

Currently with 2007 tons of compost produced, the company Ciclo Organico already has 1244 tons
of composted vegetation, helping to reduce methane and promoting the development of forest biomass




[19] [41], demonstrating that simple attitudes can be a viable alternative to help reduce global
temperature, in accordance with the United Nations (UN) sustainable development goals [57] [58].

With the perspective of a selective collection [33] [35], generating an adequate destination of
organic waste and obtaining as a final product a high-quality waste [34] [40], the Ciclo Organico allows
the maturation of a more accurate environmental conscience [41], leading to the replacement of retrograde
thinking, not only of burning of in natura waste, but also the use of chemical fertilizers [56] [58].

Despite the inspiring work that the Ciclo Organico exhibits, it is always important to demonstrate
other alternatives that can be promoted for the proper management of organic waste to develop a high
quality biofertilizer [19] [41].

The composting methodology also allows the insertion of a more diversified number of residues
[42], but due to the inevitability of larger areas compared to that present in biodigesters, in parallel with the
reduced production of biogas, depending on the purpose, the Biodigestion panorama also ends up becoming
attractive to society and a viable alternative to the problem of burning organic waste [38] [59].

It is important to note that the use of Biodigestion methodologies does not exempt the importance
of those pertinent to composting, both help in sustainable development, boasting different products and
advantages to society in each process [38] [42].

In order to understand the efficiency of the use of homemade digesters, in the production of
biofertilizer and biogas, a laboratory experiment was carried out using a benchtop digester [38], made of
disposable materials, keeping a perspective of material reuse [19] [51].

The analysis of the biogas in the laboratory was related to the production within 30 days [19]. Within
7 days (Graphic 2), the presence of other gases also resulted in the formation of carbon dioxide (CO2),
nitrogen (N2) and hydrogen (H2), with an ephemeral amount of methane (6%) and high amounts of CO2
(> 40%) [38] [60].

Graphicrz: Initial chromatogram obtained over 7 days [19] [60].

A final observation to this initial analysis was the considerable amount of nitrogen (Nitrogen)
existing in the sample, described by the interval of 1.67 minutes (min), which is understandable, since
nitrogen was used to expel the oxygen molecules from the Headspace [60]. of the biodigester and those
constituents of the water used to start the Biodigestion (along with chlorine, if any) [60].




In fact, each stage denotes intrinsic emissions of chemical elements, with methane produced in
amounts greater than 60% after 15 days (Graphic 3) of Biodigestion (Graphic 4), reaching its maximum at
the end of one month (Graphic 5). Despite the use of swine waste [38], the production of hydrogen sulfide
(H2S) was not high, showing a quota of 3% at the end of production [19] [60].

Graphic 3: Methane production over 15 days [19] [60].

Considering the temperatures, the biodigester on the 28th day of production, denoted an external
temperature (34.6 °C) and controlled internal pressure, with a metabolic temperature around 35.3°C [19]
[38].

Graphic 4: Intrinsic chromatogram representing the behavior of methane after 20 days of production [19] [60].

Considering that in 10 days Biodigestion allowed an increase of 17.8% of methane, with
approximately 2.5% per day, this reaches a level of 70% [38], in case of ideal production conditions, in the
course of 28 days [19] [60].

Graphic 5: Graphic representation of estimated daily methane production [19] [60]
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However, since the biodigester made was analogous to a batch model, the amount of biofertilizer in
liters produced in the fermentation chamber was equivalent to the amount of water present in it, relative to
3.5 liters [38] [61].




Odorless, the Biofertilizer (Figure 11) present in the fermentation chamber exhibited a considerable
amount of nutrients and microorganisms [61], being able to contribute to the health of the flora and its
nutritional balance, increasing its resistance, vitality, improving the growth of cultures, producing healthy
foods, raising the quality of the soil [62] [63] and can come to represent an alternative source of income,
concerning the sale of the product [38] [41]

Figure 11: Biofertilizer produced in the fermentation chamber of the Benchtop Biodigester [19] [38].

In the soil, the biofertilizer minimizes the leaching of salts, favorably altering the structure and
porosity, maintaining the diversity and balance of microorganisms in its structure [64]. The macronutrients
and micronutrients, absorbed by the plants, provide increments to the diversity and richness of the edaphic
fauna, with the production of springtails, which are also environmental indicators of soil quality [38] [65].

When correctly dosed, biological fertilizers raise the pH of soils, correcting them to values ranging
from 7 to 8, improving the Cation Exchange Capacity (CTC), biological fertility and supporting their

mineralization processes, through nutrients and microorganisms. present in its composition [66] [67].

4 OTHER PERSPECTIVES

There is no doubt about the impacts that the total burning of in natura garbage can cause to the
ecosystem and the health of the current population in society [68] [69], however some materials, such as
furniture and upholstery, are not completely burned during combustion [70].

When sent to the river, associated with other negative impacts generated by anthropic sources, the
materials that were not completely burned [70], provide, among others, clogging the galleries, corroborating
the contamination of the rivers by the materials that compose it, with possible destruction of the fauna and
flora [71] and respective proliferation of disease vectors, such as dengue [72].

Although this project is based on waste burning prevention methodologies, in order to raise
environmental [72] or situational awareness [74] and provide an improvement in the population's quality
of life, proposing its uses for homes around the Guandu River basin, another aspect can be addressed,
concerning the solid waste that is already in it [19] [75].

In this sense, public policies are relevant in combating the decontamination of the river by different

anthropic sources, mainly concerning the burning of waste. Furthermore, they consist of accomplishments




carried out by municipal, state and federal governments and their respective institutions in order to preserve
the rights of citizens provided for by law [76] [77].

Giving opportunities to improve the quality of life in society, public policies guarantee the common
well-being [77], such as the National Environmental Policy (Law No. 6,938/1981) [43], aiming to ensure
socioeconomic development, national security interests and protection of human dignity, seeking the
preservation, improvement and recovery of the environmental quality necessary for life (Figure 12) [75]
[77].

Once policies are in place that enable the social and sustainable development of a region, life in
society in the face of the interaction between man and ecosystem becomes viable, fostering sustainable
harmonization [73] [74], with rules and laws originating from environmental law, commanding action of
governments and the conduct of individuals, in a clear and dynamic way, as an instrument of direct
democracy [77] [78].

Figure 12: Public Policy Cycle [76] [77].

In order to reach all social classes, public policies exhibit a development cycle with the perspective
of facilitating the evaluation of resolutions, as shown in figure 12 [76] [77]

In this context, this cycle also supports the development of those that would enable the preservation
of ecosystems, with the respective debates on environmental planning, the propagation of information on
the questioning of influences on the environment and the maturing of the environmental perspective [76]
[77].

Therefore, political will becomes an essential tool in combating pollution at different scales,
especially with regard to improving the Guandu River ecosystem and its respective basin, through the
enactment of laws that allow the emergence of public and private investments to the development of
methodology for the prevention and control of ecosystem pollution [76] [77].

Despite the challenges to be faced, there are some considerable advances in protecting the

environment [73] [78], such as the bill in progress in the city council in the State of Rio de Janeiro (n°




893/2021), created by councilor Celso Alves Costa, which aims to install ecobarrier systems (Figure 13) in
the hydrographic network that cuts through the city of Rio de Janeiro [79] [80].

Law No. 893/2021 will aim to prevent the advance of floating solid waste, which can generate
disorders such as floods and flooding, using collection networks at strategic points defined by previously
carried out studies, with respective warning systems with danger siren of the arrival of heavy rains and

floods that cross the city of Rio de Janeiro [79].

Figure 13: Low-cost ecobarrier built i Parana [80].

=

AN,

Finally, it is possible to say that the creation of eco- barriers [79] [80] and other projects to protect
water bodies and other ecosystems [41] [44] are an excellent tool in waste control, especially for areas
around the Guandu River basin, whether caused by incomplete combustion or from other anthropic sources
[19] [80].

5 FINAL CONSIDERATIONS

The problem of poor waste management has an increasingly frequent panorama in Brazil, despite
the existence of sustainable methodologies for its proper final destination. Furthermore, the burning of solid
waste provides a significant source of substances with considerable impact on ecosystems, temperature rise
and human health.

The proper treatment and processing of waste allows an advantageous final disposal against the
scenario of rising solid waste. Fostering sustainable systems and methodologies, increasing environmental
awareness and implementing a Circular Economy in society, in accordance with the principle of Life Cycle
Assessment, establishes a respectable scenario in sustainable development, with good prospects.

Given the importance of the Guandu River and its particular basin, the continuous and growing
practice of complete or incomplete combustion of waste poses a remarkable risk to the population of the
State of Rio de Janeiro, providing opportunities for the emergence of diseases and increasing damage to the
environment, in addition to of global temperature and direct and indirect negative impacts on aquatic and

terrestrial ecosystems.




From the point of view of prevention and environmental protection, this research demonstrated the
merit that solid waste management methodologies, such as selective collection, composting, Biodigestion
and recycling, have in order to prevent or eradicate the practice of burning solid waste and respective raising
of awareness. society's environment.

In fact, the selective collection methodology can be considered an initial procedure in the waste
management and planning process, since its development provides the promotion of a Circular Economy,
in accordance with the principles and concepts predisposed in the Life Cycle Assessment and, therefore, in
the dissemination of reverse logistics.

The other methodologies are consequences of the proper application of the techniques present in
selective collection, having their results, such as obtaining biogas, recyclable products, biofertilizer and
other organic compounds, as a source of income for society, but it proposes a continuous improvement of
the quality of life. and the current ecosystem, even contributing to the prospect of carbon credits.

Both companies surveyed in this study showed respectable results in terms of solid waste
management, promoting social integration, sustainable development, alternative source of income, turning
liabilities into assets and considerably reducing impacts on the environment.

With a view to promoting Biodigestion, whether anaerobic or aerobic, it allows for an advantageous
final disposal in view of the increase in solid waste, acting in a simple and efficient way in conjunction with
pre-existing waste management methodologies.

Biodigestion has a relevant scenario for the sustainable development of a country, with good
prospects, inclusion and scientific technological promotion.

As a flexible technology, the biodigester can adapt to the needs of society, and, consequently, it is
an adequate process for improving the quality of soil and flora, providing the circulation of wealth and
generation of energy, due to the amount of biogas produced in the course of the process.

According to results obtained in the laboratory, the biodigester produced provides a contingent of
biofertilizer equivalent to 3,5 L, making it possible to reach pH neutrality levels (pH = 7.0), increasing the
CTC (CTC =50 %), reducing leaching nutrients and providing their fertility

The nutrients present in the biofertilizer, associated with a contingent of organic matter and
microorganisms, allow for greater water retention, reducing water stress and enabling soil moisture levels
above 35% and below 50%.

Depending on the Biodigestion methodology, based on the data and information obtained in the
research, the relevance of its application was perceived. Under ideal conditions, it provides solutions for
energy deficits, helps in the remediation of contaminated environments (soils) or provides the preservation
of ecosystems, stimulating and promoting the sustainability of a society or country.

Therefore, to solve the problem related to the burning of residues in the surroundings of the Guandu

River basin, the methodologies presented proved to be with considerable success in terms of obtaining




results, denoting an adequate perspective for the promulgation of sustainable cities and in the impulse for

the improvement of the population's well-being.




REFERENCES

[1] MARTINS, J. D. D. Environment and Consumption in the context of the risk society. Individualism
versus the principle of solidarity. 2021. Marilia University. UNIMAR. Higher Education Institute of the
Amazon and Legal Studies Update Center of Sdo Paulo. Magazine of the Public Ministry of the State of
Piaui. Year

1. Edition 1. S&o Paulo. SP. Brazil. Available in:

https://www.mppi.mp.br/internet/wp- content/uploads/2022/01/Meio-ambiente- e-consumo-no-contexto-
da-sociedade-de- risco-Individualismo-versus- princi%CC%81pio-da-solidariedade.pdf.

Access in: 10/24/2022

[2] SHINOHARA, N. K. S.; OLIVEIRA, F.

H. P. C.; FONTGALLAND, I. L.; BRITO,

H. C. Environment and Society. Analysis, Dialogue and Environmental Conflicts. 2022. AMPLA
Publisher. Volume 1. Campina Grande. PB. Brazil. Available in: https://ampllaeditora.com.br/books/2022/
01/MAmbienteSociedadeV2.pdf. Access in: 10/24/2022

[3] MARQUES, L.; ROCHA, G. A. The environmental history of capitalism in the colonial world,
century. XV to XI1X. 2022. Federal Fluminense University. UFF. New York University. V.8. N.1. Niteroi.
RJ. Brazil.  Available in:

https://www.scielo.br/j/tem/a/VNMN9qvJ LdQzxTjnpvzbk9n/?format=pdf&Ilang=pt
. Access in: 10/24/2022.

[4] LABHEN.  History and  Nature Laboratory. Federal

Fluminense University. UFRJ. Royal Institute of Technology. KTH. | virtual meeting of research
groups and environmental history laboratories of Brazil. 2020. Summary Notebook. 140p. Rio de Janeiro.
RJ. Brazil. Available in: https://labhen.historia.ufrj.br/wp-
content/uploads/2022/01/Caderno-de- resumos-do-I-encontro-virtual-de- Historia-Ambiental-2020.pdf.
Access in: 10/24/2022.

[5] SANTAMARIA, G. D. C. Urban Megaprojects as Disorderly and Unruly Endeavors. U.S. Fulbright
Award Recipient (Urban Planning). 2020. Visiting Scholar. London School of Economics. The academic
research community publication. ARCHIVE. New York. United States. Available in:
https://press.ierek.com/index.php/ARChiv e/article/view/754/820. Access in: 10/24/2022.

[6] ZHANG, Y.; WANG, L.; TANG, Z.; ZHANG, K.; WANG, T. Spatial effects of urban expansion
on air pollution and eco- efficiency: Evidence from multisource remote sensing and statistical data in China.
2022. Nanjing Normal University. Nanjing Normal University. East China Normal University. Huagiao
University. China Popular Republic. China. Available in: https://www.sciencedirect.com/science/art
icle/pii/S0959652622025653. Access in: 10/24/2022.

[7] MASSON-DELMOTTE V.; et al. Aquecimento Global de 1,5°C. Painel Intergovernamental sobre
Mudancas Climéticas. Versdo em portugués.2019. IPCC. Programa das NacBes Unidas para o
Desenvolvimento. PNUD. Global Environmental Facility. GEF. Ministério da Ciéncia, Tecnologia,
Inovacdo e Comunicacéo. Brasilia. DF. Brasil. Disponivel em:

https://www.google.com/url?sa=t&rct=j& g=&esrc=s&source=web&cd=&ved=2ah
UKEwj4IrO7ypb0AhXRqJUCHYGTBYE QFNoECCsQAQ&url=https%3A%2F%2
Fwww.ipcc.ch%2Fsite%2Fassets%2Fupl 0ads%2F2019%2F07%2FSPM-

Portuguese- version.pdf&usg=A0vVaw2xnUG2Y Zhz FVshPSpdxEFk. Acesso em: 10/24/2022.

[8] ALBUQUERQUE, |.; et. al. Analise e Emissdes Brasileiras de Gases do Efeito Estufa. Implicacbes
para as metas de clima do brasil 1970-2019. 2020. Observatdrio do Clima. Disponivel  em:




https://www.google.com/url?sa=t&rct=j& g=&esrc=s&source=web&cd=&ved=2ah
UKEwjo1snC9pfOAhVmp5UCHcgXChc QFNOECAMQAQ&url=https%3A%2F% 2Fseeg-
br.s3.amazonaws.com%2FDocumentos% 2520Analiticos%2FSEEG _8%2FSEEGS
DOC_ANALITICO_SINTESE_1990- 2019.pdf&usg=A0vVawlK51bcToOmk OGJue9omleO. Acesso
em: 10/24/2022.

[9] PILISSAO, Y. L.; MACHADO, A. G.; VIRMOND, E.; WATZKO, E. S. Energy recovery from

municipal solid waste: opportunitiesand  challenges  in the Brazilian scenario. 2021.
Federal University of Santa Catarina Campus. Thermal Engineering. V. 20. N° 3. Pag: 20-30.
Ararangua. SC. Brazil. Available in: https://webcache.googleusercontent.com/s
earch?q=cache:Y1KIbjCg3Y0J:https://rev istas.ufpr.br/reterm/article/download/8326
6/44924&cd=6&hl=pt- BR&ct=clnk&gl=br. Access in: 10/24/2022.

[10] SILVA, L. C.; MARTINS, M. V. A,; CASTELO, W. F. L.; SAIBRO, M. B.; Et. Al. Trace metals
enrichment and potential ecological risk in sediments of the Sepetiba Bay (Rio de Janeiro, SE Brazil). 2022.
Marine Pollution Bulletin. State University of Rio de Janeiro. UERJ. Aveiro University. UA. Sdo Paulo
University. USP. University of Urbino. Federal Fluminense University. UFF. Institute National des
Sciences et Technologies de la Me. Cochin University of Science and Technology. Marine Pollution
Bulletin. Rio de Janeiro. RJ. Brazil. Available in: https://www.sciencedirect.com/science/art
icle/pii/S0025326X22001679. Access in: 10/24/2022.

[11] NATIONAL SANITATION INFORMATION SYSTEM. Diagnosis of Urban Solid Waste
Management. 2020. Ministry of Regional Development. National Sanitation Department. 18th Diagnosis
of Urban Solid Waste Management. Brasilia. DF. Brazil. Available in:

http://www.snis.gov.br/downloads/diagno sticos/rs/2019/Diagnostico_ RS2019.pdf. Access in: 10/24/2022.

[12] RIBEIRO, S. K.; SANTOS, A. S. Climate Change and Cities. 2019. Brazilian Panel on Climate
Change. Special Report of the Brazilian Panel on Climate Change. V.10. 116p. Rio de Janeiro. RJ. Brazil.
Available in: http://www.pbmc.coppe.ufrj.br/document os/Relatorio UM_v10-2017-1.pdf. Access in:
10/24/2022.

[13] Kbnox, S. Fostering student engagement in virtual entrepreneurship education environments. 2022.
University of Dundee. The International Journal of Management Education. Dundee. United Kingdom.
12p. Available in: https://www.sciencedirect.com/science/art icle/pii/S1472811722001070. Access in:
10/24/2022.

[14] COX, J. The higher education environment driving academic library strategy: A political,
economic, social and technological (PEST) analysis. 2020. National University of Ireland Galway. Article.
11p. Galway. Ireland. Available in: https://www.sciencedirect.com/science/art
icle/pii/S0099133320301105. Access in: 10/24/2022.

[15] SAUCEDO-RAMIREZ, O. A.; MAHLKNECHT, J.; BRAVO, R. G. Optimization of water
allocation networks in highly engineered basins: The case of Guandu River basin, Rio de Janeiro State,
Brazil. 2022. School of Engineering and Sciences. 13p. Santiago. Mexico. Available  in:
https://www.sciencedirect.com/science/art icle/pii/S0959652622013993. Access in: 10/24/2022.

[16] BRAVO, R. G.; MARQUES, M. C.; BEZERRA, M. 0O.; COUTINHO, B.; Et. Al. Urban
sustainability: Analyzing the water-energy nexus in the Guandu river basin, Rio de Janeiro, Brazil. 2019.
6th International Conference on Energy and Environment Research. University of Aveiro. Article. UA.
Pag. 254-260. Aveiro. Portugal. Available in:  https://www.sciencedirect.com/science/art
icle/pii/S2352484719306390. Access in: 10/24/2022.




[17] SILVEIRA, J. H. P.; et. al. Environment, Sustainability and Technology. 2021. Federal University
of Minas Gerais. UFMG. Federal University of Amazonas. UFAM. Federal University of Uberlandia. UFU.
Pontifical Catholic University of Minas Gerais. FUMEC University. Kennedy Colleges. Poisson Publisher.

V.6. Belo Horizonte. MG. Brazil. Availablein:

https://www.google.com/url?sa=t&rct=j& gq=&esrc=s&source=web&cd=&cad=rja&
uact=8&ved=2ahUKEwjAvrSYiZrOAhX

_ppUCHf7MCewQFnoECAYQAQ&url= https%3A%2F%2Fpoisson.com.br%2F20
18%2Fproduto%2Fmeio-ambiente- sustentabilidade-e-tecnologia-volume-

6%2F&usg=A0vVaw3b7HA3DdXXnkA gg4goj-kg. Access in: 10/24/2022.

[18] KLIGERMAN,D.C.; SANCANARI, S.N.; NOGUEIRA, R. M. J. Paths to convergence of interests
in depollution of the Guandu River in Rio de Janeiro, Brazil. 2021. Oswaldo Cruz Foundation. Reports in
Public Health. 18p. Rio de Janeiro. RJ. Brazil. Available in:
https://www.scielosp.org/article/csp/2021. v37n6/e00234420/.  Accessin: 10/24/2022.

[19] FELICIO, G.; AMORIM, A. L. F. Hydrological delimitation of the Guandu River Basin.
Geoprocessing. Fieldwork and Laboratory Analysis. 2022. PhD in Environmental Engineering. State
University of Rio de Janeiro. UERJ. Article. Rio de Janeiro. RJ. Brazil. 10/24/2022.

[20] AGENCIA DE BACIA. PERH GUANDU. Strategic Plan for Water
Resources for the Guandu, Guarda and Guandu Mirim River Basins. 2017. Action proposals, intervention
and investment program of the  plan. Watershed Committee. Strategic Plan for Water
Resources. 377p. Rio de Janeiro. RJ. Brazil. Available in:

https://www.comiteguandu.org.br/downlo  ads/ARTIGOS%20E%200UTROS/Apres  entacao-PERH-
Guandu-05-2017.pdf. Access in: 10/24/2022.

[21] FILHO, D. T.; ANTUNES, J. C. O.; VETTORAZI, J. S. Watershed of the Guandu, Guarda and
Guandu-Mirim Rivers. Experiences for the management of water resources. 2019. Second Edition. Book.
339p. Rio de Janeiro. RJ. Brazil. Available in:

http://www.inea.rj.gov.br/wp- content/uploads/2019/01/Livro_Bacia- Hidrogr%eC3%A1fica-dos-Rios-
Guandu- da-Guarda-e-Guandu-Mirim.pdf. Access in: 10/24/2022.

[22] OLIVEIRA, D. M.; HORA, M. A. G. Evolution of the water quality in the Guandu River basin, Rio
de Janeiro state. 2021. Brazilian Journal of Animal and Environmental Research. V.4. N.2. Pag.

2672-2685. Curitiba. PR. Brazil. Available in: https://brazilianjournals.com/ojs/index.ph
p/BJAER/article/view/31771/24925.
Access in: 10/24/2022.

[23] JOHNSSON, R. M. F.; BRITTO, A. L. Water security, metropolitan supply and climate change:
some considerations concerning the Rio de Janeiro case. Environment and Society Magazine. 2020.

V.23. 24p. S&o Paulo. SP. Brazil. Available in:

https://www.scielo.br/j/asoc/a/vhnpgfdss5 Bs6fVY5BmMRGzF/?format=pdf&lang=e n. Access in:
10/24/2022.

[24] PERH GUANDU. Annual Implementation Report. 2020. Strategic Plan for Water Resources.
Watershed Committee. 64p. Rio de Janeiro. RJ. Brazil. Available in:
https://comiteguandu.org.br/wp- content/uploads/2021/10/Relatorio_Anual

_Implementacao PERH_Guandu_2020.p df. Access in: 24/10/2022.

[25] BALDO, D. M. S.; ALMEIDA S. M. Z.; DORIGON, E. B. Solid waste burning. 2020.
University of Western Santa Catarina. UNOESC. 3rd South American




Congress on Solid Waste and Sustainability.  Brazilian
Institute of Environmental Studies. Gramado. RS. Brazil.
Available in: https://www.ibeas.org.br/conresol/conres
012020/1V-020.pdf. Access in: 24/10/2022

[26] MAIELLO, A.; BRITTO, A.L.N.P.; VALLE, T.F. Implementation of the Brazilian
National Policy for Waste Management. 2018. FGV EBAP. Federal University of Rio de Janeiro. UFRJ.
28p. Rio de Janeiro. RJ. Brazil. Available in: https://www.scielo.br/j/irap/a/thn3MvKggX
HXHfgxw7xZD9Xy/?format=pdf&lang= en. Access in: 10/24/2022

[27] BELLINI, E. M.; GONZALEZ, C. E. F.; XAVIER, C. R. Negative effects caused by burning
household waste. 2017. Research ~ Report. sixteenth paraense environmental

education meeting. Curitiba.  PR.  Brazil. Available in:
http://www.epea2017.ufpr.br/wp-  content/uploads/2017/05/142-E4-S13-  EFEITOS-NEGATIVOS-
CAUSADOS- PELA-1.pdf. Access in: 10/24/2022.

[28] JUNIORE. L. B.; BERNARDO, G. P.; BERNARDO, L. P.; NASCIMENTO, S. I.
B. Et. Al. Inadequate Burning of Domestic Solid Waste, Major Toxic Gases and Clinical Manifestations:
A Literature Review. 2018. Review article. V.12. N. 42.

Pag. 602-612. Juazeiro do Norte. CE. Brazil. Available in:
https://idonline.emnuvens.com.br/id/articl e/view/1356/2026. Access in: 10/24/2022.

[29] SHAFY, H. I. A;; MANSOUR, M. S. M. Solid waste issue: Sources, composition, disposal,
recycling, and valorization. 2018. National Research Centre. Egyptian Petroleum Research Institute.
Egyptian Journal of Petroleum. Cairo. Egypt. Available in:

https://www.sciencedirect.com/science/art icle/pii/S1110062118301375. Access in: 10/24/2022.

[30] AULEDA, O.B. DOMENECH, M. Stop burning garbage! Exploring an anti-waste- to-energy social
movement and its effects on local politics in Spain. 2022. Autonomous University of Barcelona. Energy
Research & Social Science. Article. 11p. Awvailable in: https://www.sciencedirect.com/science/art
icle/pii/S2214629622002754. Access in: 10/24/2022.

[31] CHAUHAN, D.S.; QURAISHI, M.A.; QURASHI, A. Recent trends in environmentally sustainable
sweet corrosion inhibitors. 2021. King Fahd University of Petroleum and Minerals. Khalifa University of
Science and Technology. Journal of Molecular Liquids. Abu Dhabi. United Arab Emirates. Available

in: https://www.sciencedirect.com/science/art icle/pii/S0167732220373591. Access in: 24/10/2022.

[32] HARUNA, K.; SALEH, A. T. Graphene oxide with dopamine functionalization as corrosion
inhibitor against sweet corrosion of X60 carbon steel under static and hydrodynamic flow systems. 2022.
King Fahad University of Petroleum and Mineral. Journal of Electroanalytical Chemistry. Dhahran. Saudi
Arabia. Available  in

https://www.sciencedirect.com/science/art icle/pii/S1572665722005811. Access in: 10/24/2022.

[33] CRUZ, D.G.; SA, A J.; SANTOS, S. M. M.; RODRIGUES, D. M.; Et. Al. Selective
Collection Implementation Manual. 2021. COMAR. Alto Rio Pardo. MG.  Brazil.
Available in:  https://comar.mg.gov.br/laravel-  filemanager/files/comar/CARTILHA%20
COLETA%20SELETIVA%20COMAR.p df. Access in: 10/24/2022.

[34] HIDAKA, G. S.; DIAS, S. L. F. G. Selective waste collection in the city of

Sé&o Paulo: urban public services under the neoliberal logic. 2022. Pontifical Catholic University of Sdo
Paulo. V.24. N.55. Pag.1163-1186. Sao Paulo. SP. Brazil. Available in:




https://www.scielo.br/j/cm/a/Q5XKNCKkj qvbN4ZRBWDVtW8P/abstract/?lang=pt. Access in:
10/24/2022.

[35] ALMEIDA, V. C. Selective collection of solid waste in Fortaleza-CE: an evaluation of the ecopoint
in the neighborhood of Fatima. Federal University of CEARA. Dissertation. Master in Public Policy
Evaluation. Fortaleza. CE. Brazil. Availablein:

https://repositorio.ufc.br/bitstream/riufc/5 1168/5/2020_dis_vcalmeida.pdf. Access in: 10/24/2022.

[36] MAGALHAES, L. The transition to the circular economy: collaboration between entities and new
business opportunities. 2017. Climate Action Societal Challenge: funding opportunities in the circular
economy and sustainable cities in 2018- 2020. Smart Waste Portugal: Business Development  Network.

Science and Technology Foundation. FCT. Available in:
https://www.gppg.fct.pt/h2020/_docs/eve ntos/7464_apresentacao-smart-waste- portugal.pdf. Access:
10/24/2022.

[37] GIROTTO, S. B. F. T. Evaluation of LCIA characterization models
for the Photochemical Smog category considering the Brazilian
context. 2018. State  University of Santa
Catarina. UDESC. Graduate Program in Environmental Sciences.
Master's degree in environmental
sciences. Pag: 1-128. Lagos. SC. Brazil.
Disponivel em: http://sistemabu.udesc.br/pergamumweb/
vinculos/000055/0000555f. pdf. Acesso em: 10/24/2022

[38] AMORIM, L. F. A. Solid Waste: A new energy landscape. Evaluation of the Quality and
Performance of Biogas Purification, Through the Purification Filter System. 2020. Biogas Production and
Purification. Federal Fluminense University. UFF Post-harvest and Agricultural Products Processing
Laboratory. Laboratory of Energy, Materials and Environment. LEMMA. Book. Volume 1. Page: 1-81.
Niteroi. RJ. Brazil. Access in: 10/24/2022.

[39] MEDEIROS, L.M.; DURANTE, L.C.; CALLEJAS, 1. J. A. Contribution to life cycle assessment in
the quantification of environmental impacts of construction

systems. 2018. Federal University of Mato Grosso. Constructive Environment. Porto Alegre. VV.18. N.2.
page 365-385. ISSN:

1678-8621. National Association  of Building  Environment Technology. Cuiaba.
MT. Brazil. Disponivel em: https://www.scielo.br/scielo.php?script=s  ci_arttext&pid=S1678-
86212018000200365&Ing=pt&tIng=pt.

Acesso em: 10/24/2022.

[40] CALLEFI, M.H.B.M.; BARBOSA, W.P.; RAMOS, D. V. The role of reverse logistics for
companies: fundamentals and importance. 2017. Industrial Management Magazine. State University of
Maringa. EMU. Maringé. Parana. Brazil. Disponivel em: https://www.researchgate.net/publication/
322728652 0O papel_da_logistica_revers a_para_as_empresas_fundamentos_e_imp ortancia. Acesso em:
10/24/2022

[41] CICLO ORGANICO. Social program that collects and transforms organic waste into a source of
life. 2022. Rio de Janeiro. RJ Brazil. Available in: https://cicloorganico.com.br/.  Access in:
10/24/2022.

[42] VIDILI, F. L. M. Analysis of the Evolution of Selective Collection in the Municipality of Valongo
against the PERSU 2020+ Goals. 2020. Faculty of Sciences of the University of Porto. FCUP University
of Porto. UP. Department of Geosciences, Environment and  Spatial Planning. Dissertation.




Master's Degree in Environmental Science and Technology. 85p.  Portugal.
Available in: https://repositorio- aberto.up.pt/handle/10216/127809. Acesso em: 10/24/2022.

[43] BRAZIL. DECREE LAW N°. 12,305, OF AUGUST 2, 2010. Republic Diary. Establishes the
National Solid Waste Policy; amends Law No. 9,605, of February 12, 1998; and takes other measures.
2022. Brasilia. DF. Brazil. Availablein:

http://www.planalto.gov.br/ccivil_03/_ato 2007-2010/2010/1ei/112305.htm. Access in: 11/24/2022.

[44] COOPIDEAL. Zero waste program, environmental education, re-signification of waste, collection,
sorting and commercialization of waste. 2022. Rio de Janeiro. RJ Brazil. Available in:
https://cooperativacoopideal . wixsite.com/ coopideal. Access in: 10/25/2022.

[45] BRAZIL. DECREE N° 11,044, OF APRIL 13, 2022. Establishes the Recycling Credit Certificate —
Recicla +. Official Diary of the Union. Acts of the Executive Power. Edition 72. Section 1. Page 191.
Brasilia. DF Brazil. Available in:  https://www.in.gov.br/en/web/dou/-
/decreto-n-11.044-de-13-de-abril-de- 2022-393553968. Access in: 11/24/2022.

[46] ARAUJO, A. P. C. BIOGAS PRODUCTION
FROM ORGANIC WASTE USING ANAEROBIC
BIODIGESTER. 2017. Federal University of Uberlandia. UFU Faculty of Chemical Engineering.
Undergraduate Course Completion Work.
Monography. Bachelor's Degreein Chemical Engineering. 42p.
Belo Horizonte. MG Brazil. Available in:
https://repositorio.ufu.br/bitstream/12345 6789/20292/3/Produ%C3%A7%C3%A30

Biog%C3%A1sRes%C3%ADduos.pdf
Access in: 10/25/2022

[47] SOTECNISOL POWER & WATER. Solutions for the Energy Recovery of Biogas. 2020. Web
page. Concepts, Testimonials and Technical Information. Harbor. Portugal. Available in:
https://www.sotecnisol.pt/power-water- solutions/servicos/biogas/biogas/ Access in: 10/25/2022.

[48] SOARES, C.M.T,; FEIDEN, A.; TAVARES, S. G. Factors that influence the
anaerobic digestion process in biogas production. 2017. State University of Western Parand. UNIOESTE.
Agricultural and Environmental Research. V.5. page 509 - 514. ISSN: 2318-7670. Marshal Candido Rodon.
PN. Brazil. Available in: https://core.ac.uk/download/pdf/2299289 09.pdf. Access in: 10/25/2022

[49] PAINI, V. Biogas generation from the use of organic waste from the food industry in the candy
industry. 2017. University of Vale do Taquari. UNIVATES. Completion of course work. Monography.
Bachelor's Degree in Environmental Engineering. 88p. paved LOL. Brazil. Available in:
https://www.univates.br/bdu/bitstream/10 737/1914/1/VINICIUS%20PAINI.pdf.

Access in: 10/25/2022.

[50] MARIANI, L. Biogas: diagnosis and proposals for actions to encourage its use in Brazil. 2018. State
University of Campinas. UNICAMP ECU. Faculty of Mechanical Engineering. Thesis. Title of Doctor in

Energy Systems Planning. 144p. Campinas. SP Brazil. Available in:

http://repositorio.unicamp.br/bitstream/REPOSIP/333144/1/Mariani_Leidiane_D.p df. Access

in:10/25/2022.

[51] JUNIOR, E. S. Analysis of biogas production from the mixture of swine biomass with
sugarcane bagasse in different granulometries. 2017. State University of Western

Parana. UNIOSTE. Dissertation. Master's degree in Energy Engineering in Agriculture.

108p. Rattlesnake. PR Brazil. Awvailable in: http://portalpos.unioeste.br/media/File/en




ergia_agricultura/Anlise_da_produo_de b iogs_proveniente_da_mistura_de_biomas
sa_da_suinocultura_com_bagao_de_cana
_de_acar_em_diferentes_granulomtricas. pdf. Access in: 10/25/2022.

[52] MULERO, C. B. Ecological footprint as an indicator of sustainability in the limits of urban
expansion in Londrina - Parand. 2017. Monograph presented as a Course Completion Work, from the
Higher Environmental Engineering Course. Federal Technological University of
Parana. London Fields. Londoner. PR Brazil. Available in:
http://repositorio.roca.utfpr.edu.br/jspui/bi tstream/1/7988/1/LD_COEAM _2017_1 07.pdf. Access in:
10/25/2022.

[53] RODRIGUES, A.J.S.; GOUVEIA, W.F.; SOUZA, K.S.F.;ROCHA, M.F.B.; SILVA, E. C. S.
Application of the 3r's policy, together with the sustainability triad, to encourage the reduction of solid
waste in Serra Branca - pb. 2017. XXXVII National Production Engineering Meeting. Sierra Blanca. PB
Brazil. Available in: https://www.researchgate.net/publication/ 323838061 _APLICACAO_DA POLITI
CA_DOS_3R'S EM_CONJUNTO_COM

_A _TRIADE_DA SUSTENTABILIDA DE_PARA_INCENTIVAR_A REDUCA
O_DE_RESIDUOS_SOLIDOS _EM_SE

RRA_BRANCA-PB. Accessin: 10/25/2020.

[54] THOME, M.P.M.; SAROBA, C. Social and environmental sustainability. 2017. Social and
environmental sustainability book applied to engineering. Redeemer University Center. Campo dos
Goytacazes. RJ. Brazil. Available in: file://IC:/Users/Andr9%eC3%A9%20Amori
m/Downloads/sustentabilidadeEaD%?20(2).pdf. Access in: 10/25/2022.

[55] SILVA, S.; FERREIRA, E.; ROESLER, C.; BORELLA, D.; GELATTI, E.; BOELTER, F;
MENDES, P. The 5Rs of sustainability. 2017. Federal University of Santa Maria. UFSM. V Seminar of
Young Researchers in Economics & Development. Postgraduate Program in Economics & Development.

Santa Maria. LOL. Brazil. Available in: http://coral.ufsm.br/seminarioeconomia/i
mages/anais_2017/0S_5 RS _DA_SUST ENTABILIDADE_OS 5 RS_DA_SUST
ENTABILIDADE_OS 5 RS DA SUST ENTABILIDADE_OS 5 RS DA SUST

ENTABILIDADE_OS 5 RS_DA_SUST
ENTABILIDADE_OS.pdf. Accessin: 10/25/2020.

[56] OLIVEIRA, M.M.D.; MENDES, M.; HANSEL, C.M.; DAMIANI, S. Citizenship,

environment and sustainability. 2017. University of Caxias do Sul. University of Caxias do Sul
Foundation. 540p. Available in: https://www.ucs.br/site/midia/arquivos/eb ook-cidadani-meioamb_3.pdf.
Access in: 10/25/2022.

[57] UNITED NATIONS ORGANIZATION. UN. Framework for the Development of Environmental
Statistics. 2018.

Department of Economic and Social Affairs. Statistics Division. 421p. Final version. Translated to
Portuguese. New York. USA. Auvailable in:https://unstats.un.org/unsd/environment
/FDES/FDES-2015-supporting- tools/FDES Portugues_4Feb2019.pdf. Access in: 10/25/2022.

[58] Secretary of Government of the Presidency of the Republic. Voluntary National
Report on the UN Sustainable Development Goals. 2017. Ministry of Planning, Development and
Management. Supervision of the Civil House of the Presidency of the Republic and the Secretariat of Social
Communication. the United Nations Development Program. UNDP. Available

in:  https://sustainabledevelopment.un.org/con tent/documents/15801Brazil_Portuguese.
pdf. Access in: 10/25/2022.




[59] SILVA, M. A. L. A. Chemical characteristics of accelerated aerobic biodegradation from food waste
reuse. 2022. Federal Institute of Education, Science and Technology of Goias. Completion Work.
Chemistry graduation. 39p. Inhuman. GO Brazil. Available in: https://repositorio.ifg.edu.br/bitstream/pre
fix/1039/1/TCC%?20-

%20Marcos%20Aur%C3%A9li0%20fina 1%20pronto.pdf. Access in: 10/24/2022.

[60] PONTUAL, L. V. Yield and purification efficiency of a microalgae reactor. 2019. Minicourse. Solid
waste management for energy generation. Purification Techniques. Federal Fluminense University. UFF
Niteroi. Rio de Janeiro. Brazil.

[61] DEHSHEIKH, A. B.; SOURESTANI, M. M,; ZOLFAGHARI M.; ENAYATIZAMIR,
N. Changes in soil microbial activity, essential oil quantity, and quality of Thai basil as response to
biofertilizers and humic acid. 2020. Journal of Cleaner Production. Faculty of Agriculture. University of
Ahvaz. Khuzestan. Iran. Available in: https://doi.org/10.1016/j.jclepro.2020.120 439. Access in:
10/26/2022.

[62] LIUN.; SHAO, C.; SUN, H.; LIU, Z.; GUAN, Y.; WU L.; ZHANG, L.; PAN, X.; ZHANG, Z,;
ZHANG Y.; ZHANG B. Arbuscular mycorrhizal fungi biofertilizer improves  American ginseng
(Panaxquinquefoliusl) growth under the continuous cropping regime. 2019. Medical Plant Cultivation
Laboratory, Institute of Special Animal and Plant Sciences, Chinese Academy of Agricultural Sciences,
Changchun. China. Key Laboratory for Earth Surface Processes of the Ministry of Education, Institute of
Ecology, College of Urbanand Environmental Science, Peking University, Beijing, China. Available in:
https://doi.org/10.1016/j.geoderma.2019.1 14155. Access in: 10/26/2022.

[63] SILVA, F. L.; LIMA, A.S.; SANTOS, J. M.; ALVES, J. M.; SOUSA, C. S.; SANTOS, J. G. R.

Biofertilizers in the production of Isabel vine. 2019. Undergraduatesin Full
Degreein Agricultural Sciences. State University of Paraiba. V: 14. N: 2. P: 211-217. Available in:

https://www.gvaa.com.br/revista/index.ph p/RVADS/article/view/6200. Acesso em: 10/26/2022.

[64] OLIVEIRA, Z. V. S. R.; MESQUITA, A. SIMOES, C.; W.L.; SALVIANO, A.M.; SILVA, J.S;
Felix, A. T. R. Gas exchanges and biochemical analysis in watermelon varieties under organic cultivation
in the semi-arid. 2022. V. 8. N. 9. University of the State of Bahia. Juazeiro. BA, Brazil. Available in:
https://www.alice.cnptia.embrapa.br/alice

/bitstream/doc/1147232/1/Trocas- gasosas-e-analises-bioquimicas-em- variedades-2022.pdf.

[65] BORGES, A. L. Good agricultural practices for organic acerola production. 2022. Empresa
Brasileira de Pesquisa Agropecuéria. EMBRAPA. Sustainable

Development Goals. Embrapa Mandioca e Fruticultura. Ministry of Agriculture, Livestock and Supply.
Document 253. 108p. Cruz das Almas. BA. Brazil. Available in:
https://www.infoteca.cnptia.embrapa.br/in  foteca/bitstream/doc/1144495/1/Documen t0253-Analucia-
2022-AINFO.pdf.

Access in: 10/26/2022.

[66] FONSECA, L. J. Carbon and CO2 emission in silvopastoral system and pasture with biofertilizer
application. 2017. Dissertation presented to as part of the requirements of the Postgraduate Program  in
Agronomy. Institute of Agricultural Sciences. Graduate Program in Agronomy.
Federal University of Uberlandia. UFU Santa Monica. MG Brazil. Available
in: http://repositorio.ufu.br/handle/12345678 9/23382. Access in: 10/26/2020.

[67] TEIXEIRA, P.C.; DONAGEMMA, G.K.; FONTANA, A.; TEIXEIRA, W. G. Manual of Soil
Analysis Methods. 2017. Brazilian Agricultural Research Corporation. EMBRAPA SOILS. Ministry of
Agriculture, Livestock and Supply. MAP. 3rd revised and expanded edition. Page: 240-573. Brasilia. DF
Brazil. Available in:




https://www.infoteca.cnptia.embrapa.br/in foteca/bitstream/doc/1087328/1/Pt2Cap6
Complexosortivodosolo.pdf. Access in: 10/06/2022.

[68] XU, A.;CHANG, H.; XU, Y.; LI, R.; LI, X.; ZHAO, Y. Applying artificial neural networks (ANNS)
to solve solid waste- related issues: A critical review. 2021. Beijing Normal University. School of
Environment. Pag: 385-402. Beijing. China.Available in: file:///C:/Users/Andre/Downloads/1-
52.0- S0956053X21000982-main.pdf. Access in: 10/26/2022.

[69] LIMONA, M. R..; VALLENTE, J. P. C. CAJIGAL, A.R. V.; AQUINO M. U.; ARAGOND, J. A,
ACOSTA, R. L. Unmasking emerging issues in solid waste management: Knowledge and self- reported
practices on the discarded disposable masks during the COVID-19 pandemic in the Philippines. 2021.
Mariano Marcos State University. 18p. Laoag City. llocos Norte. Philippines. Available in:
file:///C:/Users/Andre/Downloads/1-s2.0- S2667010021004091-main.pdf. Access in: 10/26/2022.

[70] OSVALDOVA, L. M.; MARKOVA, I.; VANDLICKOVA, M.; GASPERCOVA, S.; TITKO, M.
Fire Characteristics of Upholstery Materials in Seats. 2020. University of Zilina. Slovakia. Available in:
https://www.ncbi.nlm.nih.gov/pmc/article ~ s/IPMC7246885/pdf/ijerph-17-03341.pdf. ~ Access in:
10/26/2022.

[71] AGUIAR, AC.; SILVA KA., EL-DEIR, S. G. Solid waste: Environmental impacts and
technological innovations. 2019. Federal Rural University of Pernambuco. Environmental Management
Group of Pernambuco. 557p. Recife. PE. Brasil. Available in:

https://www.repository.ufrpe.br/handle/12 3456789/2559. Access in: 10/26/2022.

[72] AGUIAR, WJ.; EL-DEIR, S.G.; BEZERRA, R. P. L. Solid waste: practical approaches in
environmental education. 2017. Federal Rural University of Pernambuco. Environmental Management
Group of Pernambuco. Recife. PE. Brazil. Available in:

https://www.repository.ufrpe.br/handle/12 3456789/2348. Access in: 10/26/2022.

[73] AGUIAR, W.J.; EL-DEIR, S.G.; BEZERRA, R. P. L. Residuos sélidos: diagnosticos e
alternativas para a gestdo integrada. 2017. Federal Rural University of ~ Pernambuco.

Environmental Management Group of Pernambuco. Recife.

PE. Brazil. Available in:
https://www.repository.ufrpe.br/simple- search?query=Res%C3%ADduos+s%C3
%B3lidos%3A+diagn%C3%B3sticos+e+ alternativas+para+a+gest%C3%A3o0+inte grada. Access in:
10/26/2022.

[74] PINTO, M. V. S. The application of the battlefield manager in increasing  Situational
Awareness. 2019. Officers Improvement School. Research project. Specialization in Military Sciences with
emphasis on  Operational Management. Rio de Janeiro. RJ. Brazil. Available
in:https://bdex.eb.mil.br/jspui/bitstream/1 23456789/5389/1/Artigo%20Cient%C3%
ADfic0%20%20Cap%20Silva%20Pinto.p df. Access in: 10/26/2022.

[75] SANTOS, J. P. O.; SILVA, R. C. P.; MELLO, D. P. EL-DEIR, S. G. Residuos solidos: Impactos

Socioecondémicos e Ambientais. 2018. Federal Rural University of
Pernambuco. Environmental Management Group of Pernambuco. Recife. PE.
Brazil. Available in: https://www.repository.ufrpe.br/simple-

search?query=Res%C3%ADduos+S%C3%B3lidos%3A+Tecnologias+e+Boas+PréeC3%Alticas+de+Ec
onomia+Circular. Access in: 10/26/2022.

[76] SILVA, V.P.M.; CAPANEMA, L. X. L. Public policies in solid waste management: comparative
experiences and challenges for Brazil. 2019. V.5. N.50. Pag. 153-200. Rio de Janeiro. RJ Brazil. Available
in:




https://web.bndes.gov.br/bib/jspui/bitstrea m/1408/19062/1/PRArt214971_Pol%C3
%ADticas%20p%C3%BAblicas%20na%20gest%C3%A30%20de%20res%C3%ADdu0s%20s%C3%B3li
dos_P_BD.pdf.

Access in: 10/26/2022.

[77] MELLO, D.P.; EL-DEIR, S.G.; SILVA, R.C.P.; SANTQS, J. P. O. Solid waste: public and private
management. 2018. Federal Rural University of Pernambuco. Environmental Management Group of
Pernambuco. Recife. PE. Brazil. Available in: https://www.repository.ufrpe.br/handle/12 3456789/2367.
Access in: 10/26/2022.

[78] SILVA, R.C.P.; SANTOS, J.P.; MELLO, OLIVEIRA, D. P.; EL-DEIR, S. G. Solid Waste:
Technologies and Good Practices of Circular Economy. 2018. Federal Rural University of Pernambuco.
Environmental Management Group of Pernambuco. Recife. PE. Brazil.

Available in: https://www.repository.ufrpe.br/simple-

search?query=Res%C3%ADduos+S%C3%B3lidos%3A+Tecnologias+e+Boas+PréoC3%Alticas+de+Ec
onomia+Circular. Access in: 10/26/2022.
[79] COSTA, C. DRAFT LAW N°. 893/2021. Provides for the mandatory installation of an ecobarrier
system in hydrographic networks to contain solid waste in streams, streams, canals and rivers, as well as
the installation of rain gauges and alarm systems and other measures. 2022. City Council of Rio de Janeiro.
Rio de Janeiro. RJ. Brasil. Disponivel em: http://aplicnt.camara.rj.gov.br/APL/Legisl
ativos/scpro2124.nsf/844612be3d9bb8730 325863200569352/6dbb1c6cf8bf6b69032
5878a0068d9cc?OpenDocument&Expand Section=-7. Acesso em: 10/27/2022.

[80] SANTOS, B. M. Efficiency of ecobarriers in a tidal river. 2018. Federal University of Para. UFPA
Institute of Geosciences. Completion of course work. Bethlehem. SHOVEL. Brazil. Available
in:https://bdm.ufpa.br:8443/jspui/bitstrea m/prefix/2111/1/Tcc_EficienciaEcobarrei rasRio.pdf. Access in:
10/27/2022.




