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ABSTRACT

The Amazon region presents challenges for the management of municipal solid waste (MSW), due to
its social, environmental, and economic vulnerabilities. This work investigated MSW management in
the Amazon and in the Southwest Brazilian Amazon (SWBRAM). A bibliographic search (from 2007
to 2019) was performed for articles published in scientific journals and in official reports, related to
MSW management in the countries of the Amazon. Visits in loco to the Brazilian municipalities of
Humaita and Manicoré, in Amazonas State (AM), and Ariquemes, in Rondonia State (RO), gathered
information about the characteristics of MSW (Humaitd), the conditions of a waste-collection
cooperative (Manicoré¢), and the management of a sanitary landfill (Ariquemes). The bibliographic
search found only sixteen articles, highlighting the following aspects of MSW management in the
Amazon: high organic-matter content (50%) and low MSW generation. There was significant disposal
of waste in dumps, an incipient recycling market, and a lack of infrastructure for logistics. The MSW
management scenario for the SWBRAM was similar to that for the Amazon. In Humaita, MSW was
deposited in a dump, leading to the presence of waste pickers. In Manicoré, only plastic, paper, and
aluminum could feasibly be transported on the Madeira River to the recycling industry in Manaus (AM).
The high rainfall and the distance to transport MSW were the main issues related to landfill management
in Ariquemes. Management actions proposed in the literature present limitations in the Amazon
environment, so there is the need for continuous investment in MSW prevention programs and
treatment technologies, besides optimizing recycling and composting.
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1 INTRODUCTION
Economic development associated with fast industrialization, urbanization, and population
growth has intensified the rate of generation of municipal solid waste (MSW), including
wastes from households, urban cleaning, and the commercial sector [1]. Consequently, MSW
managers are faced with the challenge of reducing the risks of damage to the environment
and human health, especially in developing countries.

Factors contributing to the intensification of environmental degradation include inadequate
MSW management, lack of urban planning, shortage of qualified workers, insufficient
information, financial restrictions, and other factors [2].

In Brazil, Law n° 12,305, National Policies on Solid Wastes (NPSW), regulates MSW
management, providing guidelines that prioritize the prevention and minimization of waste
generation, as well as concerning the reutilization, recycling, recovery (including energetic),
and elimination (incineration or landfill disposal) of waste [2]. But the reality and contrasting
diversity of a continental-size country like Brazil hampers the adoption of MSW management
systems such as those proposed in the NPSW and employed in developed countries.

In this context, the Amazon is characterized by environmental, social, and economic
vulnerabilities. Therefore, the main goal of this research was to identify municipal solid
wastes management strategies in the Amazon, as well as to undertake an assessment in the
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SWBRAM, seeking to identify the gaps and challenges concerning this issue, as well as suggest
possible improvement strategies for the locations studied.

2 CHARACTERISTICS OF THE MUNICIPALITIES IN THE AMAZON
AND SWBRAM
The Amazon region covers an area of approximately 7.5 million km?, or 7% of the total
surface of the Earth [3]. It corresponds to 40% of the area of South America and 58% of the
sum of the areas of the countries in which it is present: Bolivia, Brazil, Colombia, Ecuador,
Guyana, French Guiana, Peru, Suriname, and Venezuela.

Guyana, French Guiana, and Suriname have 100% of their areas located in the Amazon,
while Venezuela presents the smallest relative area in the Amazon region (approximately
20% of its territory). Brazil has the largest absolute Amazon area among all the countries
with territory in the Amazon (5.0 million km?, or 67% of the total area), with contributions
from nine states: Acre (AC), Amapa (AP), Amazonas (AM), Para (PA), Rondonia (RO),
Roraima (RR), Tocantins (TO), Mato Grosso (MT), and Maranhdo (MA).

Despite its vast area, the Amazon population was estimated at 28 million inhabitants, or
only 8% of the sum of the populations of these nine countries [4], with Brazil presenting the
highest number of people living in this region (24 million people).

The climate of the region is Humid Equatorial, with annual average temperature varying
from 26°C to 28°C and with rainfall exceeding 2,000 mm per year [3]. Fig. 1 shows the
Amazon region, highlighting the SWBRAM.

The municipality of Humaita (AM) is located in the SWBRAM (07° 30° 22°’ S; 63° 01’ 15’
W; 90 m a.s.l.), on the banks of the Madeira River (an affluent of the Amazon River), 700 km
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Figure 1: Amazon extension, highlighting the Southwest Brazilian Amazon.
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from Manaus, the Amazonas State capital. In the dry season, there is the possibility of accessing
Humait4 by land (highway BR-319), while only transport on the Madeira River is viable in
the rainy season. Humaitd has approximately 54,000 inhabitants, a population density of
1.34 inhab.km™, and a per capita gross domestic product (GDP) of US$ 2,200.00 [5].

The municipality of Manicoré (AM) (05° 48 33°” S; 61° 18’ 01 W; 45 m a.s.l.) is 390 km
distant from Manaus, with access only possible on the Madeira River. The municipality shares
a land border with Humaita and has the only waste collector cooperative in the SWBRAM. It
has 54,900 inhabitants, corresponding to a population density of 0.97 inhab. km™2, and per
capita GDP of USS$ 2,330.00 [6].

Ariquemes (09° 54’ 17°’ S; 63° 02’ 58”° W; 142 m a.s.1.) is a municipality 200 km distant
from the Rondonia State capital Porto Velho, and 400 km from Humaita, being connected to
both by the BR 364 highway. The population of this municipality is estimated at 106,168
inhabitants, corresponding to a population density of 20.41 inhab.km™, and the per capita
GDP is US$ 4,900.00 [7]. Ariquemes possesses the only sanitary landfill within a radius of
500 km from Humaita.

3 MATERIAL AND METHODS
3.1 Review of the management of municipal solid wastes in the Amazon

The review of MSW management in the Amazon considered the period from 2007 to 2019
and employed the Web of Science, Google Scholar, and Scopus databases, together with
cross-citations. The keywords used were “municipal solid waste”, “Amazon”, and “Brazil”,
in English, Spanish, and Portuguese versions, together with the Boolean connectors “AND”,
in order to link one keyword to another, and “OR”, to enable the search to access works that
had any of the keywords. Information from official agencies of the Amazon countries was
also accessed.

3.2 Diagnosis of MSW management in the Southwest Brazilian Amazon

In Humait4, investigation was made of MSW management practices, together with
characterization of the MSW that had been collected without any selection and disposed of
in the dump area, since 1995.

In the municipalities of Manicoré and Ariquemes, in loco visits were made, with
photographic recording, visual evaluation, and information collection. In Manicor¢, a visit
was made to the Recyclable Material Collectors Cooperative, during the period from April
30th to May 3rd, 2018, to study the potential and limitations of the collection and
commercialization of waste materials by the only formal cooperative of recyclable material
collectors in the Southwest Brazilian Amazon.

A technical visit to the Ariquemes municipal landfill, during the period from May 8th to
9th, 2018, was conducted in order to understand its potential and limitations, in the Amazon
context. This landfill was the closest one to the municipality of Humaita.

4 RESULTS AND DISCUSSION
4.1 Solid waste management in the Amazon

Sixteen articles relevant to the topic were published in scientific journals, from 2007 to 2019,
revealing the scarcity of research about MSW management in this geographic region. Only
three countries of the Amazon produced articles listed in the international databases
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employed. Of these, Brazil produced twelve articles [2], [8]-[18], while two articles each
was produced by Colombia [19], [20] and Peru [21], [22].

The articles presented proposals and diagnostics related to MSW management in the
Amazon, considering aspects such as energy production [11], [13], technological issues and
selective collection limitations, and reverse logistics and recycling [8], [12], [14], [15], [20].
Discussion was also provided of environmental, social, economic, and legal implications of
the disposal of MSW in dumps and sanitary landfills [2], [8], [9], [12], [14]-[17], [20], [21],
environmental management [2], [10], and governance [18], [19], [22].

One important aspect was the low population density in the Amazon [17], which could
explain the scarcity of articles from the countries that compose it. For the countries (Suriname
and Guyana) and territory (French Guiana) totally inserted in the Amazon, no articles
published in scientific journals were found, within the period considered.

The bibliographic search results were complemented by the reports of official organs of
the countries of this region. These organs were the Ministry of Cities in Brazil (MCIDADES)
[23], the Ministry of Environment and Water in Bolivia (MMAyA) [24], the National Council
of Economic and Social Policies in Colombia (SSPD) [25], the National Institute of Statistics
and Census in Ecuador (INEC) [26], the Ministry of Local Government and Regional
Development in Guyana (MLGRD) [27], the Ministry of Environment in Peru (MINAM)
[28], and the National Institute of Statistics in Venezuela (INE) [29]. No information was
found related to official organs of Suriname and French Guiana.

Table 1 presents the results of information compiled from these documents. The scarce
information about MSW management in Suriname was obtained from reports of the
Inter-American Development Bank (IDB) [30].

Table 1: Information compiled from official reports concerning solid wastes in the
countries that form the Amazon.

Country Landfill | Dump | Gen. Amaz. | Recycled | PPC | PPC Amazon
% kg (inhab.day)!

Brazil [23] 59 20 54 34 0.94 0.99
Bolivia [24] 45 22 6.8 3.7 0.46 0.43
Colombia [25] 83 NI NI 1.8 0.78 NI
Ecuador [26] 42 41 34 0.6 0.58 0.57
Guyana [27] 61 39 100 0.5 0.66 0.66
Peru[28] 44 56 8.9 0.2 0.66 0.45
Venezuela [29] NI NI 0.4 3.9 0.90 0.52

Landfill: MSW percentage generated in the country and disposed of in landfills; Dump: MSW percentage generated
in the country and disposed of in open-sky dumps and controlled landfills; Gen. Amaz.: MSW percentage generated
in the Amazon region of the country; Recycled: MSW percentage recycled in the country; PPC: MSW daily
production per capita; PPC Amazon: MSW daily production per capita in the Amazon region of the country.

The results indicated a significant disposal of MSW in dumps and controlled landfills,
considered in this work as unsuitable methods of waste disposal.

Limitations on MSW management are imposed by the low Amazon population and factors
such as climate conditions, difficulty in establishing sanitary landfills and reverse logistics,
and the lack of markets for recycled material. For these reasons, landfills, recycling
organizations, and companies responsible for the transport and disposal of MSW were
concentrated in the metropolitan areas [2].

In the Peruvian Amazon, only two landfills were reported [28], which corresponded to
9.5% of those operating in the country. It should be noted that the main problems in MSW
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management are the lack of places that meet the requirements for the final disposal of
the waste, cultural issues, poor infrastructure, and absence of public policies [31]. In the
face of environmental problems, the National Environmental Council of Peru developed
and approved the National Solid Wastes Integral Management Plan, which established
guidelines, strategies, and activities aiming at improving MSW management. The strategies
include recycling and suitable methods for the disposal of MSW in its entirety, in addition to
the necessary investments and information [28].

In Guyana, there was single landfill located in the metropolitan region of the capital,
Georgetown, which received around 60% of the MSW generated in the country [27].

In the Bolivian Amazon, there were no sanitary landfills and the wastes were disposed of
in dumps [24]. The same applied to Suriname [30].

Regarding the wastes with recoverable value in the Bolivian Amazon, there were no
facilities or technologies for the addition of value to recyclable materials or for the treatment
of hazardous wastes [24].

In Venezuela, the poor management of solid wastes was evidenced by the following
factors: inefficient collection, burning and incorrect handling of MSW final disposal, lack of
public policies, and unsustainable generation of MSW [29].

The low population percentages living in the Amazon region were reflected in the amounts
of solid waste generated, with the countries producing between 0.4% and 8.9% of their total
MSW in this region (excluding the countries totally inserted in the Amazon). This has partly
contributed to hampering the implementation of expensive civil construction works, such as
sanitary landfills, as well as the structuring of the recycling industry and the circular economy.

Little specific information was found about recycling in the Amazon, except for Guyana,
which recycled around 240 t month™! of paper and cardboard, with 80 t month™! (33%) being
generated in the country itself, while 160 t month™! (66%) was imported from Suriname and
Trinidad and Tobago [27].

The per capita generation of solid wastes in the Amazon was lower than the average for
each country, except for Brazil. In some countries, such as Bolivia, a significant part of the
population lives in rural areas, where solid waste generation has been estimated at 0.20 kg
(inhab.day) ' [24].

In Brazil, only around eighteen sanitary landfills (2.5% of the total) were found in the
Amazon [18]. In 2016, 36% of the municipalities of this region were found to dispose of solid
wastes in dumps or controlled landfills, while only 3.8% used sanitary landfills, which were
mostly located in the capitals of the states [23]. However, the other 60.2% of the
municipalities in the Brazilian Amazon have not either provided or updated the data in the
National Information System on Basic Sanitation (NISBS), from which it may be inferred
that the percentage of municipalities disposing of MSW in dumps could be higher than
reported in official documents. The nine states of the Brazilian Amazon had 63 cooperatives,
which corresponded to only 5% of the total of 1,177 registered in the NISBS [23].

Given the issues discussed above, it can be seen that a series of actions are needed for
strengthening of the recycling chain in the Brazilian Amazon, including the installation of
recycling companies, the strengthening of the cooperatives, and the implementation of
reverse logistics, as proposed in the NPSW.

The low population densities, vast areas, bad road conditions, and prevalence of river
transport hinder the implementation of reverse logistics and support for solid waste
management in all the countries of the Amazon [8], [12], [14], [22]. Climatic factors such as
high rainfall, besides making road transport difficult, hinder the selection of areas for
installation of landfills and increase the negative environmental impacts of MSW disposal in
dumps [2], [9], [14], [22].
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4.2 MSW management in the Southwest Brazilian Amazon

4.2.1 Overview for the municipality of Humaita (AM)
The steps of MSW management in Humaita comprised the collection, transport, and disposal
of the waste in a dump [32]. The collection, performed by an outsourced company,
encompassed all types of solid wastes, both domestic and commercial, including rubble and
gardening wastes. Sewage sludge from households has also been deposited in the dump.
The dump was 10 km from the city, at the edge of the BR 319 highway connecting
Humaita to Porto Velho (RO). Within a radius of 2 km from the dump, there was a higher
education institution (Instituto Federal do Amazonas), a housing complex of 500 houses, and
an airport (which was closed, due to the risk of accidents involving birds from the dump).
In the dump, there were collectors of recyclable waste (paper, plastic, and cardboard), who
worked without any type of personal protection. After a first collection of wastes at the
surface, they set fires to facilitate the collection of other materials (aluminum and ferrous
metal) (Fig. 2).

Figure 2: Municipal solid waste burning at the Humaita dump in the Brazilian Amazon.

During the rainy season, the place was flooded and the slurry infiltrated the soil or drained
over the surface, reaching water bodies 130 m distant from the dump [32].

There was no structured selective collection in Humaita, although the waste pickers sold
the recyclable material to an intermediary, who transported it for marketing in Porto Velho.

Guimaries [32] estimated that this municipality generated 11.2 t day™' of MSW (0.41 kg
day™! per inhabitant), consisting of 47% organic matter, 40% recyclable waste (paper, plastic,
metals, long-life packaging, and glass), and 13% other non-recyclable materials. The high
content of organic matter (from 40% to 50%) and the generation per capita were close to the
values reported for other Amazon regions in Bolivia [24], Peru [28], and Venezuela [29].

4.2.2 Overview of the collection of recyclable material in the municipality

of Manicoré (AM)
The municipality of Manicor¢ also deposited its MSW in a dump. However, this was the only
municipality in the Southwest Brazilian Amazon that had an official waste-collectors
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cooperative, with 25 members [23]. Its creation was supported by the Secretariat of the
Environment of Manicoré, in 2010.

This type of association promotes the recycling chain and contributes to social inclusion,
reduction of environmental impacts, and smaller volumes of MSW disposed of in sanitary
landfills, controlled landfills, or dumps [1].

The MSW sorting process was performed manually, with the plastic, paper, and aluminum
being sent by boat to the city of Manaus, 390 km distant, without compaction, since the
cooperative did not possess a mechanical press (Fig. 3).

Figure 3: Recyclable materials from the waste collector cooperative in Manicoré, Brazil.

The waste transport time could be up to 30 hours by boat, or 60-90 hours by ferry, depending
on the sailing conditions on the Madeira River. Considering these conditions, the cooperative
sent the material (2.5-3.5 t) on a monthly basis, by boat, at a cost of US$ 30.00 per ton.

Despite the distance, Manaus is the closest city to Manicoré and has an industrial recycling
sector. However, there are no specific recycling industries for glass, long-life packaging, and
ferrous metals, so these materials have low commercial value, invalidating the transport cost.

It could be seen that the cooperative did not have the necessary resources to collect and
separate the MSW, although a partnership with the municipal energy supplier would be
feasible, enabling the provision of training courses, equipment, warehouses for screening,
and transport to the recycling site.

4.2.3 Overview of the sanitary landfill in the municipality of Ariquemes (RO)
The Ariquemes sanitary landfill, which has been in operation since 2012, has an expected
lifetime of 14 years and the capacity to receive 150 t day ! of MSW.

The sanitary landfill is 7 km from the urban area of Ariquemes and its main access is
along a paved road. The landfill received 135 t day' of MSW generated by 354,196
inhabitants from 14 municipalities of Ronddnia State, in 2018.

These municipalities are distributed at an average distance of approximately 95 km from
the landfill, which it is managed by the Inter-municipal Sanitation Consortium of the Central
Region of Rondonia [33].
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At the design stage of the Ariquemes landfill, it was envisaged that there would be the
construction and operation of sorting and composting units, as well as rubble and PET waste
processing units [33]. However, the sorting has not been performed, so all types of wastes
are deposited in the landfill, affecting its lifetime.

The landfill area incorporates a biological slurry treatment system with capacity based on
the average rainfall of the region, which reaches 2,100 mm per year. This system includes an
anaerobic lagoon, a facultative lagoon, a maturation lagoon, and subsequent discharge into
the receiving body. However, the treatment system did not possess a flow meter, so control
was performed in an empirical way. In 2016, the lagoons overflowed due to intense rainfall,
demonstrating the vulnerability of sanitation facilities in the Amazon environment.

The operational cost of the landfill is around US$ 44,000 per month (including maintenance,
labor, fuel, and energy consumption), while the MSW transport cost is US$ 0.07 (t km)™,
corresponding to an average of US$ 27,600 per month, with both costs being proportionally
split among the municipalities of the consortium [33].

It can be seen that the main problems of the landfills located in the Amazon region include
the difficulties involved in transporting and compacting the wastes, as well as problems in
operating effluent treatment systems, especially during the rainy season. Another important
issue that should be highlighted is the lack of economic value and markets for various wastes
that could be recycled, which if resolved would increase the lifetimes of landfills, while at
the same time providing economic and social benefits.

4.3 MSW management options in the Amazon: gaps and challenges

MSW management, whether in Brazil or in other countries of Europe, Asia, Latin America,
and North America, generally incorporates the following operations: collection, separation,
treatment (recycling, incineration, composting, and anaerobic digestion), and final disposal
(sanitary landfill). In Brazil, the NPSW highlights the need to reduce MSW generation,
necessitating the implementation of environmental education programs or other actions
involving the population [1], [2].

Recycling, which is also emphasized in the NPSW, is poorly developed in the Amazon,
due to the lack of integration of the informal recycling sector in the formal system, lack of
support from the municipal authorities, and concentration of the recycling companies in the
capitals and metropolitan regions [2]. The recycling sector is most developed in the South
and Southeast regions of Brazil, where 56% of the population lives [23].

The use of composting, one of the most recommended techniques for the treatment of
organic wastes, is limited in Brazil generally, but especially in the Amazon. This can be
largely explained by the inadequate separation of the MSW fractions, due to the maintenance
and operation limitations in regions of high rainfall, lack of investment, and the difficulty of
society to absorb the compost generated [34].

The use of incineration, which greatly reduces the volume and mass of MSW, is widely
adopted in Europe and the United States. However, it has a high investment cost and requires
a high daily quantity of MSW for the purpose of harnessing energy (over 50 t.day™') [1].
These requirements limit its use in the Amazon, due to the low generation of MSW and the
poor economic conditions of the municipalities.

In the Brazilian context, the disposal of MSW in landfills can be highlighted, although
there still are many municipalities, mainly of small size (fewer than 20,000 inhabitants), that
do not have the necessary resources for landfill construction, leading to the proliferation of
dumps. In order to change this scenario, it will be essential to encourage inter-municipality
cooperation, as well as to stimulate the creation of local cooperatives and associations [34].
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Table 2 summarizes the main challenges for MSW management in the Southwest Brazilian
Amazon, showing the existing gaps and suggesting strategic actions.

Table 2: Problems, gaps, and options for MSW management in the Southwest Brazilian
Amazon region.

Problems Gaps Options
Env1r0n.me.ntal Construction of small size landfills, with
and sanitation Lack of . . s
. capacity for MSW disposal of up to 20 t day ', in
impacts of landfills S . . .
municipalities with up to 30,000 inhabitants.
dumps.
Structure the river transport of recyclable
Lack of adequate Recyc.lable materlgls up to the city of Manaus,. clons¥d.er1ng a
road transport materials collection route including the municipalities
' logistics. along the Madeira River (Humaita, Manicor¢,
Novo Aripuand, Borba, and Nova Olinda).
. . Environmental education programs related to
Population Environmental .
. . sustainable MSW management and supported by
involvement; education . .
) . the local city mayors. Home composting for
diffuse waste. actions. : . .
further use in urban and peri-urban agriculture.
Update of the Municipal Plan for Integrated
Low generation Develop the MSW Management. Implementation of recycling
of recyclable market for industries in this region by means of partnerships
materials; low recyclable between the municipal and State authorities and
population materials in the productive sector. Promotion of waterway
density. the region. logistics. Promotion of the economic
sustainability of cooperatives and associations.
Structuring of municipal services with actions to
improve the management of functions, service
Poor supervision Structural supervision, implementation of information
P " | deficiencies. tools, and elaboration of projects to promote
resources in notices of the Ministry of
Environment and Cities.
MSW collection; | Sorting of Implement strategic points for voluntary
organic wastes; recyclable collection of recyclable materials at large size
low demand for materials. supermarkets. Raise public awareness regarding
organic material; | Lack of the need to reduce organic wastes. Make
rainfall in the composting warehouses available for the installation of
Amazon. programs. composters.
Support collectors to enable them to organize
themselves in associations or cooperatives, with
. technical support to search for financing to
Cooperatives -1 . .
Presence of . ., | subsidize the acquisition of equipment and
. in the Humaita . L .
pickers at dumps. . materials. Promote the social inclusion of
region. A . .
collectors, considering social policies. Create
incentives for the adhesion of collectors in
cooperatives.
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5 CONCLUSIONS

The findings of this work revealed a scarcity of peer-reviewed scientific articles concerning
municipal solid waste management in the Amazon. The issues leading to unsatisfactory
MSW management in this region are complex, although a number of strategies for improving
the existing systems in the Southwest Brazilian Amazon were identified, which could be
extended to the other countries of the Amazon. These strategies include ongoing investment
in environmental education and awareness programs, reduced generation of MSW, and the
creation and implementation of statutory instruments. Furthermore, there is the need for
investment in treatment technologies, together with strengthening of the recycling and
composting chain, involving selective collection, and greater inclusion of waste collectors in
the municipal solid waste management system.
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