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Abstract: This article aimed to evaluate, using statistical tools, the generation and composition of urban solid
waste (MSW) in the city of Belém, Para, from nine urban collection sectors in the municipality, and the average
nominal income of the population. Approximately 900kg of urban solid waste were collected from the
municipality in the period from 2021 to 2022. Statistical tests were carried out on hypotheses with 5%
significance in comparative evaluations, and their respective average nominal incomes. The results indicated
that the organic fraction corresponds to 55.57% of the waste generated in the municipality, 14.26% is inert waste
(potentially contaminating) and 0.67% is miscellaneous waste. It was observed that the waste generated by
families with high purchasing power tends to contain higher percentages of recyclables, while in families with
lower purchasing power the highest percentages tend to be organic. Knowledge of the generation of MSW is
fundamental for the choice and dimensioning of operations and processes involved in the management chain
at the municipal level. The decentralization of services offered based on solid waste management would enable
greater success in serving the population.

Keywords: urban solid waste; statistics; gravimetry

1. Introduction

The generation of urban solid waste (MSW) is a significant environmental problem on a global
scale. The amount of solid waste (RS) produced can vary according to factors such as population size,
level of industrialization and consumption patterns. Globally, around 1.3 to 1.9 billion tons of solid
waste are generated annually [4].

In Brazil in 2022, a total of 81.8 million tons of MSW were generated, corresponding to 224
thousand tons per day, that is, each Brazilian produced, on average, 1.043 kg of waste per day. The
region with the highest waste generation continues to be the Southeast, with around 111 thousand
tons per day (approximately 50% of the country's generation) e an average of 450 kg/habitant/year,
while the North region represents 7.4% of the total generated, with around 6 million tons/year and
328 kg/habitant/year, the lowest among the regions [2].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The city council of Belém in the State of Para, Brazil, the city that will host the 30th UN
Conference on Climate Change (COP-30), in November 2025, allocates practically all of its MSW to
landfills [5]. Only around 1.3% of waste is recycled in the municipality of Belém, unlike what occurs
in developed countries where we find much higher recycling and composting percentages [6].

Currently, waste management can be of four types: landfills, recycling, thermal and biological
treatment. Most of the global scenario addresses MSW management in the form of landfills. Statistics
reveal that only 15% of the total waste collected is sent for recycling and the remaining waste is sent
to land/fills or is simply dumped in open spaces, inviting high risk factors [11].

This amount is estimated to increase to around 3.5 billion tonnes by 2050, overwhelming existing
management systems [12-13]. In the current scenario of total waste collection, only around 11% is
converted into energy, 19% is recycled and around 70% is dumped in landfills, causing many health
and environmental problems [4].

Furthermore, common MSW management practices such as incineration and landfilling pose
numerous dangerous risks while increasing greenhouse gas (GHG) emissions, contributing to climate
change, MSW causes a substantial socioeconomic burden, and its management cost is estimated to
increase by 675.5 billion dollars by 2025 [14] .

In Brazil, to minimize such problems, the National Solid Waste Policy, Brazilian legislation on
solid waste, regulated by Decree No. 7,404/2010, which brings together a set of principles, objectives,
guidelines, instruments, goals and actions for integrated management and the environmentally
correct management of urban solid waste, aiming to offer alternatives for waste management, it
proposes the implementation of energy recovery as an environmentally appropriate treatment and
destination, in addition to determining the development of RS management plans at state, municipal
and regional levels, as well as the National Solid Waste Plan; the establishment of goals for the
eradication of landfills; provides for the preparation of RS management plans by companies; in
addition to the implementation of selective collection and reverse logistics [16-15].

In this sense, research focused on this topic has attracted the attention of researchers in recent
years. According to [17], the insertion of statistical techniques has proven to be relevant to assist the
municipality in the planning and management of solid waste. Multivariate techniques stand out for
enabling the simultaneous analysis of several indicators and pointing out possible management
strategies for public managers [7; 8 -9].

Accurate and reliable data on the composition of waste are fundamental both for the planning
and environmental assessment of waste management and for improving resource recovery in society.
To develop the waste system and improve technologies, detailed data on the material characteristics
of the waste involved are needed. Characterization of waste composition typically consists of three
phases: first sampling the waste itself, then sorting the waste into the desired number of material
fractions (e.g. paper, plastic, organics, etc.) and finally handling, the interpretation and application of
the data obtained. Sampling and sorting activities themselves are fundamental to obtaining adequate
data on waste composition. The absence of international standards for solid waste characterization
has led to a variety of sampling and screening approaches, making it challenging to compare results
across studies [18].

Determining the composition and quantity of waste allows greater knowledge of the reality of
the generating source, enabling more efficient management proposals [20]. Furthermore, gravimetric
characterization supports the development of any program or project related to MS, therefore being
an important integrated management instrument for the municipality [19].

In view of the above, the present work aimed to statistically analyze the gravimetric composition
of urban solid waste (MSW) in the city of Belém, Pard, based on the nine urban sectors of the
municipality and the household income of the population.

2. Materials and Methods

In this work, the methodology for achieving the proposed objectives in the current research is
presented, detailing the study area, methodological design, specific data collection procedures, data
analysis, and the statistical techniques used. The methodology was divided into four stages, with the
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development of the experimental research taking place in the year 2021. Figure 1 depicts the flowchart
of the stages developed in the research.

Collectionof
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Figure 1. Flowchart of the steps developed in the research.

2.1. Collection of technical productions

The first stage sought to understand the management context, including the generation and
composition of MSW to formulate the problem and thus move on to the second stage of identifying
the objectives, that is, it was defined within the reality of MSW collected by the company
TERRAPLENA LTDA within the municipality of Belém/PA which specific sector was intended to
work, directing the work.

At this stage, research was carried out in academic and technical publications to collect reference
data on the gravimetric composition of MSW adopted in other countries, in Brazil and in the city of
Belém/PA, which served as a basis for adopting the type of collection and gravimetric composition
adopted in the research. To achieve this, several sources were consulted, including: [21, 22, 23, 24, 10,
25,27, 26].

2.2. Characterization of the Study Area

The study area is, therefore, the urban area of Belém served by TERRAPLENA LTDA belonging
to Lot 1, according to the division presented in the Municipal Basic Sanitation Plan of Belém [35] ,
which includes 21 neighborhoods in the urban area of Belém (Figure 2), totaling 37 itineraries (routes).
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Figure 2. Neighborhoods served by the company Terraplena in the municipality of Belém/PA.

With the objective of carrying out the quantitative characterization of urban solid waste (MSW)
in the twenty-one (21) neighborhoods in which the Company TERRAPLENA LTDA provides
collection and transportation services, it was necessary to prepare and execute a work plan viable
and appropriate. The plan included activities related to on-site knowledge of the waste flow of
collection routes, definition of the volume to be collected, sampling of newly deposited waste,
transportation of waste to the location where the gravimetric composition was determined that have
already been described in Assuncao et al. [27].

The neighborhoods were classified according to family income, which was established by
adapting the methodology recommended by the IBGE (2010) [29]. According to this methodology,
the Brazilian population is divided into five classes (A, B, C, D and E) according to family income,
based on the minimum wage. It is noteworthy that, for the municipality of Belém, there are no
neighborhoods that fit into class A and B, and that most of its neighborhoods, approximately 61%,
are characterized as class E. It can be inferred that the absence of neighborhoods in classes A and B
suggests a scenario where the population in Belém does not reach the highest income levels, directly
impacting consumption patterns and, consequently, waste generation. With approximately 61% of
neighborhoods classified as Class E, there is a significant characterization of areas with lower
purchasing power.

By grouping the 21 neighborhoods into 9 sectors (Figure 3), it was possible to establish the
formation of regions, which correspond to larger areas, which were considered as a unit for sampling
solid waste for statistical analyses.


https://doi.org/10.20944/preprints202401.1155.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2024 doi:10.20944/preprints202401.1155.v1

5
4—8"3?‘0"W 48“27’:30“W 48’2?‘0”W 48’22;30"‘}\4‘
5 Municipality of Belem
o | ¥ - — i
o i o
&7 ! B
- b -
o 7
=3 =3
=9 -
o o~
1
» 7]
2 - ) o
o 8 Subtitle
6 Setor 1 = Aguas Lindas e Aura
Setor 2 = Guanabara, Curit-Utinga & Castanhaira
8 T Setor 3 = Souza e Marco
9 Setor 4 = Ganudos. Montese-Terra Firma e Guama
4 Setor 5 = Condor e Jurunas
% [
o o Setor 6 = Fatima
& & Setor 7 = Umarizal, S50 Bras e Cremago
5 Setor 8 = Reduto. Nazaré e Batista Campos
Setor 9 = Cidade Velha & Campina
| Municipality of Belem
Calalog Base: IBGE 2010
0 15 3 6 Kilometers Datlim- SIR(I452000 HIEaEE
| 3 i I ; 2 1 Scale 1:85.000 NE'QFPW."‘S
1 . . : municipalities
48°30'0"W 48°27'30"W 48°25'0"W 48722'30"W

Figure 3. Map of sectorization of the neighborhoods of Belém/PA belonging to Lot 1.

Therefore, the composition of three regions was determined, as shown in Table 1. The grouping
into sectors and regions aimed to facilitate the planning of collections, gravimetric composition and
all packaging and transformation processes carried out on waste, considering the objectives of the
research carried out.

Table 1. Determination of the grouping of sectors into regions.

Region Class Sectors Neighborhoods
1 E 1,2e3 Aura, Aguas Lindas, Curié-Utinga, Guanabara, Castanheira, Souza e Marco.
2 D 4,5e6 Canudos, Terra Firme, Guama, Condor, Jurunas e Fatima.
Umarizal, Sao Bras, Cremacao, Batista Campos, Nazaré, Reduto, Campina e
3 C 7,8e9 .
Cidade Velha.

2.3. Gravimetric Analysis

The methodology used in the research for collecting and preparing the samples, as well as
determining the gravimetric analysis, has already been previously described by Assuncdo et al. [27]
and Pereira et al. [31]. In a summary, statistical sampling was initially carried out using the
STATDISK 13.0 software sampling tool (Statsoft, 2021). The tool was applied to determine the amount
of waste that must be collected for the sample to be statistically representative. Therefore, with a
reliability index of 95%, significance of 5% and margin of error of 10%, a mass of waste of
approximately 100 kg was obtained to compose the sample in each collection carried out, from a total
of 15.000 kg. which can be collected in a 15m? collection truck, when considering the specific weight
of water at 1 atm and 25°C. The gravimetric analysis was carried out considering the separation of
solid waste into the following fractions: Paper, Cardboard, Tetra Pak, Rigid Plastic, Malleable Plastic,
Glass, Metal, Organic Matter, Fabrics, Sanitary Waste and Rejects/Others. Before carrying out the
gravimetric characterization, the total mass of waste was measured, to guide the gravimetric process,
with the correct proportion of waste characterized by Assuncao et al. [27] and Pereira ef al. [31].

2.3. Statistical Tests
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2.3.1. Descriptive and Analytical Statistics

Using the R Statistics software (R Core Team, 2023), descriptive analysis of the data was carried
out to understand the population and apply statistical tests [32; 33], a statistical analysis of the data
obtained in the field was carried out, considering a significance level of 5% when carrying out the
tests. To characterize the sampling distribution of the data set, measures of central tendency and
dispersion were used. Measures of central tendency, or position measures, signal the middle of the
data distribution (such as the mean, median and mode) or other important points of the distribution
(such as quartiles). Dispersion measures, on the other hand, point out the variability of the data (such
as variance and standard deviation) [32; 33].

Initially, the test was selected to check whether the sample values are compatible with the
population it represents, thus having a normal distribution [3]. In this test, the distribution of sample
data for each variable under study was evaluated, and it was verified whether the data for each
fraction of urban solid waste from the collected sectors are parametric (have normal distribution) or
non-parametric (do not have normal distribution).

The test selected was the Shapiro-Wilk (W test), as it calculates samples: 2 <n <50. The test result
is obtained by dividing the square of the appropriate linear combination of the sample's ordered
values by the estimated symmetric variance [3]. The test was performed, along with a probability
distribution analysis (Q-Q plot), in addition to descriptive statistics of the data set.

After verifying the normality of both fractions, the parametric simple classification analysis of
variance test (One-way ANOVA) was carried out, as well as the verification of the following

hypotheses:
L Ho: the averages of the materials are the same.
II. Hi: the averages of the materials are different.

This test compared the averages of organic and inert waste fractions from different sectors,
evaluating the presence of statistically significant differences between them, with a confidence level
of 95%. To conduct these tests, a critical analysis was carried out in which a limit of two standard
deviations was established to identify and remove outliers, which are frequently found in
environmental data sets. To deepen the understanding of the discrepancies observed between two
specific means, the Tukey multiple comparison method was used. This involved defining several
significance levels (a) to evaluate the most significant contrasts.

3. Results

3.1.1. Analysis by Descriptive Statistics of Gravimetric Analysis

The composition of MSW is directly affected by a variety of factors: socioeconomic status,
cultural conditions, eating habits, season, geographic location, etc. In Table 2, the results of the
gravimetric analysis of MSW for the nine urban sectors of the municipality of Belém are illustrated,
corresponding to the neighborhoods that were grouped according to socioeconomic classification
and in table 3, several statistical variables were calculated, such as mean, median, minimum,
maximum, coefficient of variation and standard deviation of the collected masses, which have
already been described by Pereira et al. [31].

Table 2. Results of the gravimetric characterization for the nine sectors in relation to the percentage
of the collected mass of waste, collected in the municipalities of Belém, state of Para, between 4
November 2021 to 13 May 2022 Pereira et al. [31].

Sectors
Class of MHSW  ~ o) 52 (%) 53 (%) S4(%) S5(%) 56(%) S7(%) S8 (%) 59 (%)
Paper 1.24 2.30 6.38 6.13 5.01 1.67 4.70 6.45 11.95
Cardboard 2.26 3.11 1.87 2.63 4.82 2.66 5.39 3.17 2.90
Tetra Pak 0.31 0.68 0.48 0.34 0.63 0.99 0.92 0.87 3.25
Hard plastic 3.72 3.29 3.98 2.25 4.10 3.25 4.53 3.37 3.70

Soft plastic 796 1169  9.50 10.15  8.44 8.17 10.66  15.25 7.90
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Metal 2.03 2.39 1.39 1.68 3.09 2.35 2.58 1.20 1.25
Organic matter 61.12 5415 6043 4945 5371 5761 5433 5479 5455
Glass 2.87 4.29 0.53 0.00 0.43 2.93 0.63 1.39 3.65
Sanitary waste 16.67 13.00 1544 2034 1278 1878 12.72 10.34 8.25
Fabrics 1.81 5.10 - 1.87 6.17 1.58 3.55 3.17 2.60
Rejects/Others - - - 5.17 0.82 - - -
Total 100 100 100 100 100 100 100 100 100

Table 3. Mean, standard deviation, median, variance, maximum and minimum values of percentages
of waste fractions collected in collection campaigns and gravimetric characterization results Pereira

etal. [31].
Class of MHSW Mean + SD Median Variance Maximum Minimum
Paper 5.09 +£3.28 5.01 10.76 11.95 1.24
Cardboard 3.20+1.16 2.90 1.35 5.39 1.87
Tetra Pak 0.94+£0.90 0.68 0.81 3.25 0.31
Hard plastic 3.58 £ 0.65 3.70 0.42 4.53 2.25
Soft plastic 9.97 +2.38 9.50 5.68 15.25 7.90
Metal 2.00 £ 0.66 2.03 0.43 3.09 1.20
Organic matter 55.57 +3.62 54.55 13.09 61.12 49.45
Glass 1.86 +1.59 1.39 2.53 4.29 0.00
Sanitary waste 14.26 +3.91 13.00 15.29 20.34 8.25
Fabrics 3.23+£1.66 2.89 2.75 6.17 1.58
Rejects/Others 3.00 + 3.08 3.00 9.46 5.17 0.82

Analyzing the results obtained in the characterization, it was found in table 2 that the fractions
that presented the highest percentage in all nine sectors, that is, the most representative, were the
organic ones, composed of food and pruning remains, ranging from 61, 12% to 49.45% and sanitary
waste consisting of (toilet paper, disposable diapers, surgical masks, etc.), varying between 20.34%
and 8.25%. Following these fractions, with the highest percentage we have the recyclable fraction,
such as paper ranging (11.95% to 1.24%), cardboard (5.89% to 1.87%), rigid plastic (4.53 % to 2.25%)
and malleable plastic (11.69% to 7.90%).

In relation to the results in table 3, a greater deviation can be seen in the values referring to the
fractions of paper * 3.28, malleable plastic + 2.38, organic matter + 3.62 and sanitary waste + 3.91.
Lower values were found for the fractions of rigid plastic + 0.65, metal + 0.66, tetra Pak + 0.90 and
cardboard + 1.16. The heterogeneity of waste fractions across sectors makes statistical data very
sensitive to changes and the presence of outliers.

In general, it is possible to verify the proximity between the mean and median values (no
difference above 3 units), which represents a good distribution of data within their minimum and
maximum values. It is possible to verify, however, a proximity between the average values and the
values of each composition, given that, except for the “other” composition, the standard deviation
value is always lower than the average value, which is an indicator of homogeneity of the collected
samples.

It can be seen in Figure 4 that the fractions organic matter, sanitary waste, malleable plastic and
paper are the materials that make up an average of 85% of urban solid waste in the sectors of the
municipality of Belém/PA (S1-59). While Figure 5 represents a more detailed analysis of the
composition of solid waste by sector on an individual basis.
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Figure 4. Distribution of urban solid waste by sectors in the municipality of Belém/PA.
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Figure 5. Detailed analysis of solid waste fractions in the municipality of Belém/PA.

Comparing the results found in tables 2 and 3, for the different MSW fractions, with data
reported by the Basic Sanitation Plan of the municipalities of Belém [35, 25, 36, 30] it can be observed
that the variation in the mass percentages of the different fractions is in line with those found in this
study. When comparing the average data on the organic fraction obtained in this study, with data
from the Basic Sanitation Plan of the municipality of Belém [35], which are in the order of 51.34% and
from the research by [25] who, during the period from 2018 to 2022, developed a study of the per
capita generation and gravimetric composition of urban solid waste in the municipalities that make
up the Metropolitan Region of Belém, in the state of Para, the proximity between such values can be
seen, which were 51.2% for the municipality of Belém, demonstrating that waste is still a common
practice [30].

Several researchers like Suthar and [24,39;37] also reported similar results, that is, food/kitchen
waste is the main constituent of household waste generated. For UNEP [40], food waste in Brazil has
still proven to be a common practice, with a rate of around 12 tons/year wasted and disposed of in
landfills and/or dumps. Oliveira et al., [41] and Campos [42] highlight that the aspect with the greatest
influence on the per capita generation and composition of urban solid waste is the economic aspect,
which is directly associated with the level of development of the region, since, developed countries
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have greater amounts of recyclables and developing countries have greater amounts of organic
matter.

In developing countries, most urban and rural populations still cook their daily meals in
domestic kitchens and, generally, food waste (kitchen waste; organic fraction) is the main component
of MSW. According to Gupta et al [43], the composition of solid waste in urban centers depends on
a wide range of factors, such as housing, culture, lifestyle, climate and income, etc. According to a
report published by [44] , the bio-degradable fraction is the largest fraction of urban waste (38.6%),
followed by inert materials (stones, bricks, ash, etc.: 34.7%), not biodegradable (leather, rubber, bones,
and synthetic material (13.9%), plastic (6%), paper (5.6%) and glass (1.0%). The relative percentage of
organic waste in MSW is generally linked to socioeconomic level; thus, low-income families generate
more organic waste than high-income families.

It is important to highlight that the comparative analysis of the gravimetric composition between
some works can be quite questionable due to the use of different methodologies, covering areas with
peculiar social, economic, and cultural characteristics or even due to the great variability in the
classification adopted.

Making comparisons with the bibliography researched, by adding up the averages of materials
destined for recycling and/or reverse logistics such as paper, cardboard, tetra Pak, metals, aluminum,
fabrics and glass in the order of 29.87%, an approximation to the reference values of Menezes et al.,
[30] was found, who in their studies statistically analyzed the gravimetric composition of domestic
solid waste in Juiz de Fora, Minas Gerais, depending on the seven urban regions of the municipality
and household income of the population and found values of 31.74% for recyclables. In relation to
the fraction of contaminants such as inert materials (sanitary waste) and rejects, the sum of the
averages of these values are 17.26% for this research and are in line with the values found by Belém
[35], Da Silva et al., [25] and Menezes et al., [30] which were 13.39%, 12.5% and 14.36%, respectively.

According to [45], a contaminant is any substance added to the environment that causes a
deviation in its average geochemical composition, becoming a pollutant from the moment it causes
an adverse effect on the environment. Still, more broadly, Resolution No. 420/09 of the National
Environmental Council (CONAMA) [46] defines contaminants as substances introduced into the
environment through human activities, whose concentrations restrict the use of the natural resource
for current uses or predicted.

3.2. Analysis by Analytical Statistics (ANOVA and TUKEY Test)

Table 4 presents the result of the ANOVA applied to the percentage data of the types of materials
in the gravimetric composition in relation to the total mass of the sample from the different
socioeconomic groups (Regions 1, 2 and 3).

Table 4. ANOVA of gravimetric composition data from Regions 1, 2 and 3.

Fonte  GL SQ (Aj) QM (Aj.) Valor F Valor-p F critico
R1 Fator 10 8663.8 866.28 236.92 0.000 2.297
(E) Erro 22 80.4 3.66

Total 32 8744.2

Fonte GL SQ (Aj) OM (Aj.) Valor F Valor-p F critico
R2 Fator 10 7209.2 720.92 134.42 0.000 2297
(D) Erro 22 118.0 5.36

Total 32 7327.2

Fonte  GL SQ (Aj) QM (Aj.) Valor F Valor-p F critico
R3 Fator 10 7232.7 723.27 196.28 0.000 2.297
© Erro 22 81.1 3.68

Total 32 7313.8
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In both regions, the calculated F value was greater than the critical F, rejecting the null
hypothesis that the percentage averages of the materials are equal at a significance level of 5%. The
analysis of variance indicated that at least one of the materials has a different mean than the others.
As a 95% confidence level was used in the analysis, the fact that the P-Value is less than 0.05
demonstrates that the type of material is significant, that is, influence on the percentage values of
these materials in relation to the total mass of the samples.

Furthermore, the value of the coefficient of determination (R?) was 99.08%, 98.39% and 98.89%
for regions 1,2 and 3 respectively, indicating that the percentage values in relation to the total mass
of the sample are strongly explained by the variable “type of material”. The ANOVA analysis of
variance showed no significant difference between the means of the fractions at 5% significance.
Figures 6,7 and 8 illustrate the histogram graphs and the quantile for the three regions.
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Figure 6. Shapiro-Wilk and quantile-quantile (Q-Q) test for Region 1.

025
3 :( v
£ 3
S o013 E
S 018 -
= 3 00
= o
2 010 =
2 g
0.05 25
.
0.0( .
<0 25 0 S 5 0 1
Standardized residuals Theoretical quantiles

Figure 7. Shapiro-Wilk and quantile-quantile (Q-Q) test for Region 2.
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Figure 8. Shapiro-Wilk and quantile-quantile (Q-Q) test for Region 3.

It can be observed in both graphs that the residuals behave relatively like a normal bell-shaped
curve and in the quantile graphs the residual values fall along an approximately straight line, which
contributes to the statement that the residuals are normally distributed.

Some studies used GenStat as a computational tool to apply the ANOVA technique, aiming to
find statistically significant relationships between waste produced by households in Wales and
variables such as location, season, etc. [47]. This study found a maximum value for recyclable and
compostable fractions of 65% and contained 62% biodegradable material. In Mexico, Gémez et al.,
[48] found fractions for organic waste of approximately 45% of all MSW generated and used the
ANOVA technique to validate that there was no significant difference between the three
socioeconomic levels. In the studies by Menezes et al., [30] who carried out the gravimetric
composition for seven regions that were classified according to socioeconomic stratification, the
analysis of variance also did not indicate a significant difference between the means of the fractions
at 5% significance.

Luizari [49] used the statistical test (ANOVA) to assess whether there was a significant difference
between the density values of the household solid waste (MSW) categories in the four condominiums
investigated and it can be concluded that there was no significant difference of the MSW density of
the condominiums surveyed, statistically it can be concluded that there was no variation between the
waste generated by the residents of the condominiums, based on the twelve samples analyzed.

To identify these differences in means between materials, the Tukey test was applied for
multiple comparisons for each region. In figure 9, for region 1, the test identified 3 different
groupings, one group formed only by organic matter (a) which had the highest average percentage
value (58.57%), another group formed by inert materials (15.04 %) and soft plastic (b) (9.72%). While
Group C is made up of materials with the lowest percentage representation in relation to the total
mass of samples (hard plastics, fabric, glass, metal, paper, cardboard, and tetra Pak and others), which
ranged from 0.49% to 3 .66%. Figures 9,10 and 11 illustrate the variation in percentage values of
different materials within a 95% confidence interval.
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Figure 9. Variation in percentage values of materials in relation to the sample mass for Region 1.

In Figures 10 and 11, regions 2 and 3 formed 5 clusters, noting that organic matter showed less
variability in Region 3.
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Figure 10. Variation in percentage values of materials in relation to the sample mass for Region 2.
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Figure 11. Variation in percentage values of materials in relation to the sample mass for Region 3.

The test identified 5 different groupings (Figure 10), one group formed only by organic matter
(a) which had the highest average percentage value (58.6%), another group formed by inert materials
(b) (17.3%), group (c) formed by malleable plastic (8.92%), and (cd) which varied from 2.37% to 4.27%.
While group (d) is composed of materials with the lowest percentage representation in relation to the
total mass of samples (waste, glass, and tetra Pak), which ranged from 0.65% to 2.00%.

The same occurred for the values found in Figure 11, in which the test also identified 5 different
groupings, one group being formed only by organic matter (a) which had the highest average
percentage value (54.6%), another grouping made of malleable plastic and inert materials (b) (11.3%)
and (10.4%), respectively. Another group formed was (bc) composed solely of paper (7.7%), while
(cd) formed by hard plastic, cardboard and fabrics ranged from 3.11% to 3.87%. Finally, group (d)
comprised the materials with the lowest percentage representation in relation to the total mass of the
samples (metal, waste, glass and tetra Pak), which ranged from 1.68% to 1.89%.

3.3. Analysis based on Household Income

Due to the economic diversity between neighborhoods in the same region, it was decided to
carry out an analysis based exclusively on this factor, considering the organic matter fraction, which
stood out significantly among the fractions of urban solid waste collected. In Figure 12, the result of
household income in the neighborhoods of the city of Belém/PA is graphically represented compared
with the average nominal income* from data from (IBGE, 2010) [29] and the fractions of organics
collected from regions 1, 2 and 3, classes E , D and C, respectively. In general, higher incomes may be
associated with greater waste generation. However, sectors with higher incomes had lower organic
fraction generation and smaller population. It was observed that in region 1, income was less than
R$1000, however, the fraction of organic matter did not grow with the increase in population. While
in region 2, where income was less than R$1500, the fraction of organic matter varied between 10%
and 50%. In region 3, income varied between R$1000 and R$3000, with a smaller number of
inhabitants and smaller fractions of organic material, showing a slight tendency to reduce the fraction
of organic matter with increasing income and population.
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Figure 12. Generation of organic matter from income and number of inhabitants.

The finding that the higher the income, the lower the organic fraction suggests that there is an
association between people's purchasing power and waste disposal patterns. People with higher
incomes may have different consumption behaviors, such as purchasing processed foods, which may
generate less organic waste. This result may also be because families with greater purchasing power
normally do not eat their meals at home. Families with lower purchasing power typically have their
meals cooked at home, justifying the high percentages of organics found in their waste [50].

This relationship can guide waste management strategies that consider the socioeconomic
characteristics of the population. For example, in higher income areas, emphasis may be placed on
selective collection of recyclable materials. The consistency of these results with previous studies,
such as Costa [51], provides additional validation of the observed relationship. This strengthens
confidence in the identified patterns.

Based on the results, environmental awareness campaigns can be targeted at higher income
classes to promote sustainable waste management practices. It is important to consider that the
relationships between income and waste composition may vary regionally and culturally. Therefore,
personalized approaches may be necessary. Longitudinal studies over time can provide a more
dynamic understanding of changes in disposal patterns in response to socioeconomic factors. By
integrating these observations into future waste management research and practices, it is possible to
develop more accurate and effective strategies for dealing with variations in waste composition
across different social strata. This contributes to the promotion of more sustainable practices that are
aligned with the specific characteristics of the community in question.

The evaluation of the results of the characterization of urban solid waste revealed that the main
average fractions of waste were organic and sanitary waste, representing, respectively, 55.6% and
14.4% of the total waste analyzed. Region 1 had the highest percentage of organic (58.6%) and inert
(15%) (Figure 13). The comparison of the means of the main fractions between the materials, through
statistical analyses, revealed significant differences for each region. Based on statistical analysis of the
data, it is possible to infer that region with greater purchasing power and fewer inhabitants tend to
generate fewer organic materials. On the other hand, in areas with low-income families and more
inhabitants, a greater presence of organic matter is observed. The high percentages of organic and
inert waste indicate the potential for waste generation in the city, highlighting the disparity in the
composition of waste in different areas, implying that waste management strategies must be adapted
to the specific characteristics of each region. These inferences are valuable for guiding public policies,
waste management practices and awareness initiatives in the city. Understanding the relationships
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between socioeconomic and demographic characteristics and the composition of waste is
fundamental to the development of sustainable and effective strategies.
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Figure 13. Generation of sanitary waste based on income and number of inhabitants.

4. Conclusions

The analysis of the results of the characterization of urban solid waste from the urban area of
Belém served by TERRAPLENA LTDA belonging to Lot 1, allowed us to verify that the majority
fractions of waste in the city of Belém/PA were organic and inert, representing maximum values and
minimums of (61.12%, 49.45%) and (20.34%, 8.25%), respectively, of the sectors collected.

On average, 5.46% + 1.86% of MSW generated in the sectors of the urban area of Belém served
by TERRAPLENA LTDA consists of material with the potential to be recycled and/or enter a reverse
logistics route. While 14.26% =+ 3.91% refer to inert materials (waste and/or low economic potential
for recycling).

Based on the statistical analysis of the data, it can be concluded that the class C (R3) region with
greater purchasing power and instructional level indicates a greater tendency in the generation of
recyclable materials. On the other hand, in regions where families have low household income and
educational level classes D (Region 2) and E (Region 1), there is a higher incidence of organic matter
in MSW.

No significant differences were found in the means of the majority fractions between the regions
analyzed. This suggests that, statistically, the waste compositions in different regions of the
municipality are similar, allowing the presentation of unique trend values for the entire municipality.
No significant differences were also identified between the averages of these fractions in the analysis
between social classes C, D and E, indicating that, at least at a statistical level, the waste compositions
in these social classes are comparable. In summary, the results of the statistical analyzes suggest
homogeneity in waste compositions between different regions and social classes in the municipality.
However, the focus on the high presence of organic, inert and recyclable materials highlights the
urgency of efficient management to deal with these specific fractions, aiming at environmental
sustainability and reducing the impact of waste in the municipality.
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