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Abstract: Acai (Euterpe oleracea) is one of the most important palms of the genus Euterpe and is
found distributed on a large scale in the Amazon. In the process of extracting its pulp, waste is
generated, called the pit - which corresponds to the endocarp and kernel of the fruit. The research
was conducted with the help of the R-Studio tool and took into account the quantity of waste
produced, specifically, in the years 2023 and 2024, in the city of Belém do Para, during the harvest
and off-season. Through the statistical Cluster methodology, the grouping of average data was
carried out for final definition in the generation of dendrograms. In this way, the present work aimed
to employ statistical methods for the collection of quantitative data on the production of acai waste
generated during the high and low production periods of acai, in addition to proposing locations for
grouping for disposal points of agai seeds based on the route, logistics, and accessibility of the Urban
Solid Waste Collection company in the city of Belém. The results obtained, demonstrate that the
Jurunas neighborhood had the highest acai production and consequently, a higher production of
wastes. While the Val-de-Cans neighborhood showed the lower percentage regarding the same
theme.

Keywords: statistical analysis; A¢ai commercialization; Agai Seeds; quantification of waste; city of
Belém

1. Introduction

Acai (Euterpe oleracea) is one of the most important palms of the genus Euterpe. found and
distributed mainly in the Amazon. From the fruit of this species, the seed is the largest part, which is
typically consumed in the North of Brazil. However, due to the predominantly antioxidant chemical
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properties, there is a demand for commercialization for the rest of the country and the world
(Domingues at al, 2017; Buratto et al., 2021).

In Par4, the acai fruit is one of the most consumed products in the northern region of the country,
the which has as waste the seed or pit, which constitutes an environmental liability environmental,
especially in the city of Belém. It is emphasized that the State of Para, in addition to great consumer
of acai, is also the largest producer of this fruit in Brazil. According to data from the Municipal
Agricultural Survey (PAM), from the IBGE (Brazilian Institute of Geography and Statistics Statistics),
the State of Para produced in the year 2022, about 94% of all the agai in the country, with 1,485,113
tons (SEDEME, 2023).

The agai seed, which corresponds to the endocarp and kernel of the fruit, is a byproduct from
the acai production chain (Cedrim et al., 2018). It is a rich organic material that has aroused the
interest of many scientists and national and international institutions from various fields due to its
peculiarities, with an emphasis on its utilization and energy recovery from waste (Erlacher et al.,
2016).

It happens that, during the process of extracting the acai pulp, the remaining residue is generally
treated as urban sediment by processing industries and by the authorities public, a factor that hinders
the proper collection of such waste (Almeida et al., 2017). Not rarely are agai pits dumped on public
roads near acai sales points - the blenders, used as landfill material in construction sites or simply
discarded in landfills (Padilha et al., 2006; Barbosa Neto et al., 2015; Barreto and Borges, 2018).

The proper disposal of solid waste is a major challenge faced by society. Brazilian society today.
In this sense, we can highlight the National Solid Waste Policy (PNRS) as a legal framework. National
Solid Waste Policy (PNRS), established by Law No. 12.305/2010, regulated by Decree Ne. 10,936, in
which a set of principles, objectives, guidelines, instruments, goals, and actions for integrated
management and environmentally sound management correct management of solid waste (RS).

According to studies by the Rural University of the Amazon (UFRA), during the harvest of fruit,
approximately 24 thousand sacks of waste from acgai production are generated and 17 thousand sacks
during the off-season. And despite the beaters being responsible for the disposal of this waste, the
material is usually collected together with household waste (UFRA, 2022).

Moreover, there is still scientific and academic evidence regarding the quantity of acai seeds of
acai generated in the city of Belém, especially, based on the economic/social income of each
neighborhood. This research contextualized a relatively common issue in the municipalities in Par3,
with a focus on the state capital, Belém, which still does not have sufficient tools to regulate the
segment of acai beaters, regarding the enormous generation of useless and abandoned pits, on the
many corners of metropolis of the Amazon.

Thus, the general objectives of the research consist of analyze the quantity of waste resulting
from acai processing (seeds) during the harvest and off-season periods, through multivariate
analysis, in the municipality of Belém-PA. And the specific objectives are, identify the main points of
acgai commercialization in Belém, starting from the period of the harvest and off-season; Analyze
through descriptive statistics the data on processing, seed generation, place of acquisition of fresh
fruits during the harvest and off-season; Summarize a series of median values of agai seeds, and
generate tabulated and graphs of the variances that occurred and propose clustering locations for
acai seed disposal points based on route, logistics, and accessibility of each agai processing point.

2. Materials and Methods

In this section, the methodology for achieving the proposed objectives in the present research,
detailing the study area, the methodological design, the specific data collection procedures, results,
and statistical techniques used to achieve the expected objectives.

The research used statistics to carry out the data collection on the quantity of acai waste resulting
from the removal of the pulp, in the neighborhoods of the city of Belém/PA. Study Area
Georeferencing of collected points Survey Bibliographic Data Collection Results Statistical
Application Ward’s Test Clustering Test. The statistical methodology, called Cluster, uses average
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data grouping for the final definition of dendrograms. The research conducted, with the help of the
RStudio tool, the quantification of waste produced in the years 2023 and 2024, during the harvest and
off-season for agai.

2.1. Field of Study

The study area corresponds to the municipality of Belém, which according to IBGE data (2010),
has a population of 1,393,399 inhabitants, with 1,381,475 residing in the urban area urban and 11,924
in the rural area. The municipality occupies a territorial area of 1,059.458 km? presenting a population
density of 1,315.26 inhabitants per km? in 2010.

Within this territory, the quantification of agai seeds generated was carried out. during the
harvest and off-season periods in acai commercial establishments. The city of Belém is composed of
39 neighborhoods: Aguas Lindas, Barreiro, Batista Campos, Bengui, Cabanagem, Campina, Canudos,
Castanheira, Cidade Velha, Condor, Coqueiro, Cremagao, Curi6é Utinga, Fatima, Guam4, Jurunas,
Mangueirao, Maracangalha, Marambaia, Marco, Montese — Terra Firme, Nazaré, Parque Verde,
Pedreira, Pratinha, Reduto, Sacramenta, Sao Braz, Sao Clemente, Souza, Tapana, Telégrafo, Umarizal,
Universitario, Val-de-Cans, Una, Guanabara, Aura, and Miramar, according to Figure 1 below.
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Figure 1. Location of neighborhoods in Belém/PA.

Among the 39 neighborhoods of the municipality of Belém, semi-structured interviews were
conducted semi-structured interviews with merchants and owners in 37 neighborhoods, which
presented mixers, using a questionnaire with open and closed questions (Figure 2). These interviews
aimed to explore how much acai is processed during the harvest and off-season periods and how the
acal waste is disposed of in the city of Belém. The neighborhoods of Aura and Miramar does not
present collection data from the interview, as there was no permission. of the local residents to
conduct the survey.

In the data collection process, a total of 1,783 questionnaires were administered in 37
neighborhoods of the city, namely: Aguas Lindas, Barreiro, Batista Campos, Bengui, Cabanagem,
Campina, Canudos, Castanheira, Cidade Velha, Condor, Coqueiro, Cremacao, Curié Utinga, Fatima,
Guama, Jurunas, Mangueirao, Maracangalha, Marambaia, Marco, Montese — Terra Firme, Nazaré,
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Parque Verde, Pedreira, Pratinha, Reduto, Sacramenta, Sdo Braz, Sao Clemente, Souza, Tapana,
Telégrafo, Umarizal, Universitario, Val-de-Cans, Una, Guanabara.

Neighborhood: |Street: N2
QUANTITY/DAY {can/level)
Harvest: |Interhawest:
PURCHASE LOCATION
Acai fair( ) |Aga|'p0rt|,’ ) |Icoaraci{ ) |Others: )
DISCARDING PITS
Cart driver{ ) |urban waste collection | ) |C00pera’civet ) |Other51 )

Figure 2. Field-applied questionnaire model.

One (1) questionnaire was employed per agai blender location, totaling the number of 1,783
points, in 37 neighborhoods of the city of Belém. The door-to-door survey began in February 2023 by
the establishments located near the Federal University of Pard — UFPA, such as the neighborhoods of
Guama, Condor, Jurunas, Montese — Terra Firme and Universitdrio; followed by the other sectors
located in center of Belém, namely, Umarizal, Sao Braz, Marco, Reduto, Nazaré, Campina, Cidade
Velha and Batista Campos; until reaching the farthest neighborhoods from UFPA, such as Coqueiro,
Tapana and Cabanagem. The field research was completed in June 2024.

The acai pulp processing points that were studied show an accumulation of waste in front of
their establishments or on the streets of the city of Belém, being the main issue due to the impact that
this activity can generate on the environment.

2.2. Database Description

With the application of the questionnaire in the field, some variables were imposed, among them
the date, identification of the points, quantity of cans sold (classified into harvest and off-season),
purchase locations that are subdivided into: agai fair (Campina neighborhood), agai port (Jurunas
neighborhood), Icoaraci (district of Belém), and others (insular region of the city of Belém); according
to the panorama raised, the options for urban collection (carried out by the municipal government),
cart drivers, cooperatives, and others (private company) for the collection and final disposal of acai
waste.

The geographic coordinates (latitude and longitude) were also recorded. The variables of harvest
and off-season, points of sale, and sub-variables of purchase and disposal locations are categorized
as numerical and discrete.

To obtain the collection of primary data, the questionnaire technique was used, conducted
“door-to-door” for each owner of the acai points, located in the 37 neighborhoods.

Next, the quantification of the mass of waste produced was carried out, through the number of
cans used during the processing of fresh acai at the collection points in each neighborhood. Table 1
shows the collection date and quantity by points in the target area of the research during the harvest
and off-season.

Table 1. Demonstration of questionnaire collection by neighborhoods.

Neighborhoods Period Quantity of points
Aguas Lindas 24/11 e 25/11/2023 14
Barreiro 11/07 a 01/08/2023 65
Batista Campos 13/06 a 16/06/2023 18
Bengui 20/03 a 03/05/2024 34
Cabanagem 31/01 a 29/02/2024 35
Campina 01/05 a 28/05/2023 13
Canudos 07/03 a 14/09/2023 13

Coqueiro 18/01 a 09/02/2024 96
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Castanheira 09/08 a 01/09/2023 27
Cidade Velha 12/04 a 15/05/2023 22
Condor 01/03 a 27/03/2023 98
Cremacao 29/03 a 31/03/2023 42
Curio-Utinga 18/04 a 20/09/2023 28
Fatima 19/04 a 20/04/2023 15
Guama 16/02 a 23/08/2023 176
Guanabara 02/07 a 11/07/2024 2
Jurunas 17/02 a 11/04/2023 238
Mangueirao 19/02 a 29/02/2024 45
Maracangalha 03/07 a 30/08/2023 28
Marambaia 21/05 a 21/06/2023 70
Marco 20/03 a 12/04/2023 62
Montese_ Terra-Firme 24/02 a 24/09/2023 135
Nazaré 16/05 a 18/05/2023 7
Parque Verde 14/02 a 20/03/2024 70
Pratinha 06/03 a 05/04/2024 50
Pedreira 25/04 a 12/05/2023 46
Reduto 05/06 a 06/05/2023 3
Sacramenta 04/07 a 27/06/2023 50
Sao Bras 04/04 a 26/04/2023 23
S30 Clemente 07/04 a 20/03/2024 15
Souza 19/05 a 20/06/2023 9
Tapana 05/04 a 18/07/2024 112
Telegrafo 05/07 a 19/09/2024 69
Umarizal 13/06 a 08/08/2023 23
Una 14/05 a 31/05/2024 13
Universitario 27/02 a 28/02/2023 15
Val-de-Cans 07/02 a 08/02/2023 2
3. Results

3.1. Data Collection

The field data were grouped and presented in Table 03, which shows the 37 (thirty-seven)

neighborhoods with agai sales points, the amount of production during the harvest and off-season

periods, between the cycle of February 2023 to June 2024, as well as the arithmetic mean; it also shows

the percentage calculation subdivided between urban collection, cooperative, closed points (places

that were not operational at the time of the field interview), and others (private companies that collect

waste), which are locations for collecting and storing acai seeds. After analyzing the data in the table,

a distinction was observed among the neighborhoods studied regarding points of sale, productivity,

and the amount of waste generated by each agai production point in these neighborhoods. Among
the neighborhoods studied in Belém, Jurunas is the one with the highest quantity of agai sales, with
238 units; while the neighborhoods of Val-de-Cans and Guanabara have 2 sales units of the same
production. Table 2 also shows the quantity processed during the harvest period, the off-season, and
the average between these two terms. It also presents the percentage division between the disposal
and collection of the waste that is produced.

Table 2. Neighborhoods targeted in the study.

NUMBER OF CANS WASTE DISPOSAL
Point of A £ 1
Neighborhoods omnto Harvest ~ Underharvest.. . 8¢ Urban. CooperativeC ?sed Others
Sale the harvests collection points
Aguas Lindas 14 159 79 119 71,43% 14,29% 14,29% 0%

Barreiro 65 531 320 425,5 60% 15,38% 1,54% 18,46%
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Batista Campos 18 254 167 210,5 72,22% 0% 5,56% 22,22%
Bengui 34 449 260 354,5 70,59% 17,65% 11,76% 0%
Cabanagem 35 168 84 126 11,43% 20% 68,57% 0%
Campinas 13 262 166 214 100% 0% 0% 0%
Canudos 13 359 247 303 69,23% 19,23% 15,38%  11,54%
Coqueiro 96 788 481 634,5 8,33% 40,63% 47,92%  2,08%
Castanheira 27 175 106 140,5 77.78% 11,11% 7,41% 3,70%
Cidade Velha 22 294 192 243 59,09% 13,64% 22,73%  4,55%
Condor 98 1086 594 840 83,67% 9,18% 0% 6,12%
Cremacgao 42 468 265 366,5 78,57% 14,29% 2,38% 4,76%
Curié Utinga 28 189 125 157 78,57% 7,14% 10,71% 0%
Fatima 15 193 91 142 86,67% 13,33% 0% 0%
Guama 176 1866 1155 1510,5 76,70% 11,36% 2,84% 6,82%
Guanabara 2 20 13 16,5 0% 100% 0% 0%
Jurunas 238 2277 1446 1861,5 74,37% 7,56% 1727% 0%
Mangueirao 45 453 280 366,5 68,89% 15,56% 15,56% 0%
Maracangalha 28 300 166 233 82,14% 7,40% 3,57% 7,14%
Marambaia 72 742 438 590 27,14% 57,14% 4,29% 7,14%
Marco 62 701 436 568,5 77,42% 14,52% 8,06% 0%
Terra Firme 135 1375 982 1178,5 86,67% 6,67% 2,96% 0%
Nazaré 7 89 56 72,5 71,43% 28,57% 0% 0%
Parque Verde 70 269 121 195 14,29% 7,14% 7571%  1,43%
Pratinha 50 328 178 253 76% 4% 16% 0%
Pedreira 46 473 310 391,5 58,70% 34,78% 4,35% 2,17%
Reduto 3 26 6 16 66,67% 33,33% 0% 0%
Sacramenta 50 555 298 426,5 88% 12% 0% 0%
Sao Bras 23 289 155 222 60,87% 30,44% 4,35% 4,35%
Sao Clemente 15 146 80 113 66,67% 6,67% 26,67% 0%
Tapana 112 1097 546 821,5 68,75% 22,32% 8,93% 0%
Souza 9 102 72 87 77,78% 0% 22,22% 0%
Telégrafo 69 534 323 428,5 81,16% 15,94% 1,45% 1,45%
Universitario 15 128 114 121 53,33% 13,33% 6,67% 26,67%
Umarizal 23 272 174 223 56,53% 34,78% 4,35% 0%
Una 13 151 65 108 53,85% 38,46% 7,69% 0%
Val de Cans 2 12 6 9 100% 0% 0% 0%

3.2. Analysis by Descriptive Statistics of Acai Residues

Through univariate descriptive statistics, a statistical survey was conducted on the 1,783 acai
sales points located in the 37 neighborhoods of the metropolitan region of Belém, as shown in Tables
3 and 4 below. It presents elements such as the mean, median (Med), variance (Var), standard
deviation (SD), minimum (Min), maximum (max), interquartile range (IQR), coefficient of variation
(CV), skewness, and kurtosis on the data collected during the harvest and off-season periods.

Table 3. Descriptive statistics of mass agai consumption by neighborhood during harvest periods.

CurtoseAsymmetryCV  Max IQR p75 p25 Min DP Var Med Median = Neighborhoods

1.83  0.03 36 20 63 158 95 6 47 222 135 133 12 AguasLindas
523 131 38 20 40 100 60 4 31 98 80 82 63 Barreiro

3.6 1.20 43 30 50 15.0 10.0 8 6.4 404 140 149 17 Batista Campos
743 224 86 60 70 150 80 6 129 167.2 10.0 150 30 Bengui

213  0.58 75 40 17.0 250 80 2 12.7 1619 12.0 169 9 Cabanagem
514 1.01 38 40 40 220 18.0 8 76 575 20.0 202 13 Campina
1796 3.86 137 100 5.5 115 6.0 4 189 3582 85 13.8 26 Canudos

256 041 31 12 3.0 80 50 3 22 48 70 7.0 25 Castanheira
13.88 3.50 162 200 15.0 25.0 10.0 3 45.3 2050.717.0 279 17 Cidade Velha
414 121 41 25 70 150 80 5 45 202 10.0 11.1 97 Condor
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5.84
2.56
2.06
1.45
4.79
17.36
4.86
1.86
491
8.24
4.84
12.02
2.24
3.54
1.5
2.58
2.35
3.76
2.52
13.66
2.68
10.87
241
6.13

1.67
0.60
0.48
-0.38
1.33
2.89
0.87
0.12
1.30
2.08
1.89
3.04
0.37
1.06
0.71
0.68
-0.63
-0.17
0.80
2.60
0.43
244
0.57
1.94

81
37
37
18
55
67
45
25
51
69
61
81
39
34
13
37
37
30
61
62
38
81

96

60
20
14
15
30
60
30
16
30
50
30
60
20
15
10
20
20
20
30
50
15
60
25
40
6

13.3 20.0
70 15.0
45 105
45 15.0
75 140
9.0 150
70 15.0
4.0 135
70 145
70 15.0
25 115
6.5 150
73 150
4.0 10.0
1.0 9.0
6.8 14.8
70 19.0
48 15.0
12.0 20.0
6.0 120
50 100
10.0 15.0
70 150
6.0 10.0
0 6

6.8
8.0
6.0
10.5
6.5
6.0
8.0
9.5
7.5
8.0
9.0
8.5
7.8
6.0
8.0
8.0
12.0
10.3
8.0
6.0
5.0
5.0
8.0
4.0
6

13.4 178.2 14.0
42 176 10.0
29 86 80
24 56 140
6.0 36.6 10.0
7.7 593 10.0
54 294 12.0
28 76 100
55 29.7 10.0
8.8 783 10.0
78 60.2 10.0
12.1 146.5 12.0
42 17.8 10.0
27 70 75
1.2 13 8.0
41 172 100
54 293 150
39 154 13.0
81 648 10.0
6.7 452 8.0
30 88 8.0
92 843 8.0
55 30.1 10.0
101 102.6 7.0
0 0 6

16.4
11.4
8.0
12.9
10.9
11.5
12.1
11.1
10.7
12.8
12.7
14.9
10.8
7.8
8.7
11.1
14.6
13.1
13.3
10.8
7.9
11.3
12.5
10.6
6
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48
41
23
15
171
196
37
27
63
56
7
18
44
42
3
50
7
22
11
101
68

131

21
14
2
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Coqueiro
Cremacao
Curié-Utinga
Fatima
Guama
Jurunas
Mangueirao
Maracangalha
Marambaia
Marco
Nazaré
Parque Verde
Pedreira
Pratinha
Reduto
Sacramenta
Souza

Sao Braz

Sao Clemente
Tapana
Telégrafo
Terra Firme
Umarizal
Universitario
Vals-de-Cans

Table 4. Descriptive statistics of mass agai consumption by neighborhood during the off-season periods.

CurtoseAsymmetryCV ~ Max IQR p75

24
59

3.7

8.4
2.3
3.9
17.8
3.6
12.9
55
6
24
4
22
7.8
8.5
29
3.5
5.6
29.8

0.5
1.5

1.3

24
0.6
-1.1
3.8
0.3
3.3
14
1.7
0.6

47

41.2
46.4

65.6

98.5
72.6
24.6
140.1
443
190.3
439
81.8
427
43.8
30.8
69.9
68
45.8
36.8
61.1
86.6

12
14

26

40
20
17
70
9
160
16
40
13
12
10
30
35
15
10
20
50

4 8
3 6

(o)}

11

8
12
15
10
5
14
7
14
8
7
8
10
10
10
8
8
10

AR WO NN W W W VW W WO N O W W

p25 Min DP Var Med Median
4 3 27 74 6 66 12
3 2 23 52 4 49 63
5 3 64 415 8 98 17
4 2 85 729 6 87 30
4 1 62 385 6 86 9
12 5 31 99 14 128 13
4 2 133 177155 95 26
3 0 19 35 4 42 25
5 1 37.6 1414310 198 17
4 2 27 71 5 61 97
5 1 82 672 8 10 48
5 2 28 76 6 65 41
4 2 23 54 5 53 23
5 4 19 35 5 61 15
4 0 48 227 5 68 171
4 1 5 25 6 74 196
5 3 34 118 6 75 37
5 0 23 51 6 61 27
4 2 4 158 5 65 63
4 3 6.7 447 6 7.7 56

Neighborhoods
Aguas Lindas
Barreiro
Batista
Campos
Bengui
Cabanagem
Campina
Canudos
Castanheira
Cidade Velha
Condor
Coqueiro
Cremacao
Curié-Utinga
Fatima
Guama
Jurunas
Mangueirao
Maracangalha
Marambaia
Marco
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47 1.9 677 20 3 8 5 5 54 293 6 8 7 Nazaré

121 31 28 30 2 6 4 3 62 389 5 6.7 18 Parque Verde
2.7 0.6 421 15 4 9 5 3 3 88 7 7 44  Pedreira

45 13 463 10 3 6 3 2 2 38 4 42 42 Pratinha

15 -0.7 866 3 2 3 2 0 1.7 3 3 2 3 Reduto

3.5 0.7 543 15 4 8 4 0 32 105 5 6 50  Sacramenta
1.8 -0.3 408 15 6 14 8 4 42 176 10 103 7 Souza

1.8 0.3 362 12 5 10 5 3 26 65 65 7 22 Sao Braz

19 0.7 577 15 7 1 5 3 42 176 5 73 11  Sao Clemente
3.3 09 542 15 4 7 3 2 29 84 5 53 101 Tapana

3 0.7 409 10 3 6 3 2 19 38 5 48 68 Telégrafo

233 3.8 9.3 60 4 8 4 1 73 538 5 7.6 131 Terra Firme
22 0.6 491 15 5 10 5 3 39 152 6 8 21  Umarizal

1.9 0.7 792 20 10 14 4 2 7 492 65 89 14  Universitario
* * 0 3 0 3 3 3 0 0 3 3 2 Vals-de-Cans

Conducting the descriptive statistical survey of acai production in the neighborhoods, the target
area of the study, it is noted that the values of mean, median, variance, standard deviation, and
minimum value are higher during the harvest period (Table 3) than the same terms during the off-
season (Table 4). This occurs due to the high production of acai pulp and the mass resulting from the
quantity of cans (mass) generated in each harvest season.

Regarding the terms of IQR, maximum value, skewness, and kurtosis, these were greater in
quantity during the off-season compared to the harvest season, due to the variation of the mean and
median presenting a skewed distribution, varying according to the amount produced in the off-
season months.

Thus, the histogram of the continuous variables harvests and off-season showed a high
dispersion, with the most frequent values shifted to the left, indicating that these variables do not
follow a normal distribution, as shown in Figure 3.
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Figure 3. Distribution of the number of agai cans in relation to the harvest period (a) and off-season (b).

Based on the spatial distribution of the data, Figure 3 illustrates the quantity of cans of acai sold
in the neighborhoods of Belém during the harvest and off-season periods. It is observed that the
southern region of the municipality, including the neighborhoods of Jurunas, Guama4, Terra Firme,
and Condor, along with the neighborhood of Tapana to the north, accounts for 44% of the total acai
sold in Belém-PA during the harvest period and 44.5% during the off- season. The number of agai sales
points identified and organized by neighborhoods is presented in Figure 4.

d0i:10.20944/preprints202502.2081.v1
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Figure 4. Number of acgai spots in the Belém-PA region.

The analysis of the model’s residuals and the qqplot graph show that their distribution does not
follow a normal distribution (p < 0.05), due to extreme values originating from the neighborhoods of
Condor, Jurunas, and Tapana. Among the agai sales points, the acai market (Ver-o-Peso) and Porto
do Acai were identified as the main suppliers for the neighborhoods of Belém, accounting for 92.8%
of all agai sold in the region, Figure 5.

Ver-0-Peso 64.8%

Port of Agai

Other locations 6.8%

Icoaraci [0.4%

0% 25% 50% 75% 100%

Figure 5. Places to buy agai in the Municipality of Belém.

The research found that 253 points of sale (14.2%) were closed or did not provide information.
Regarding the disposal of agai seeds, the study revealed that 76.6% of the waste is collected through
selective collection, followed by collection carried out by cooperatives (companies). Only 5.2% of acai
sales points dispose of their waste improperly, according to Figure 6.
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Figure 6. Destination of agai seeds.

3.3. Multivariate Analysis

The cluster analysis using the Ward method and Euclidean distance identified four distinct
groups as shown in Figure 7. One group includes the neighborhoods Barreiro, Condor, Marambaia,
and Tapana (orange color). The neighborhood Coqueiro was isolated (green), while Terra Firme,
Guama, and Jurunas formed another group (blue). The remaining neighborhoods formed the larger

group (red).
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Figure 7. Cluster Analysis by Neighborhoods of Belém-PA.

For a better understanding of group formation, the PCA analysis emphasizes the variables
responsible for the formation of these groups. From the groups formed by HCA, the neighborhood
clusters were labeled as clusters to corroborate the information between the multivariate analysis
techniques.

The results presented in Table 5 demonstrate that the variables harvest, off-season, point, Ver-
0-Peso, and selective collection are more adequately represented by the first principal component
(PC1), while Porto do agai, Porto Icoaraci, Other points, and cooperatives exhibit more expressive
correlations in the second principal component (PC2).
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Table 5. Correlation matrix of the principal components.

PC3 PC2 PC1 Dice
0.148 0.085 0.38 Harvest
0.122 0.083 0.379 Underharvest
0.175 0.051 0.375 Point
0.113 0.036 0.337 Ver-o-peso
0.054 0.319 0.304 Port of agai
0.209 -0.697 0.087 Port of Icoaraci
-0.278 -0.288 0.264 Other ports
-0.532 -0.122 0.261 Cartwrights
0.112 0.272 0.358 Urban collection

0.22 -0.472 0.244 Cooperatives
-0.672 -0.031 0.182 Other discards

Thus, based on the table above, the variables cart driver and other waste are better represented
by PC3. The first principal component, PC1, represents 60.3% of the total variance. The first three
principal components explain 84% of the variation in the data.

4. Conclusions

During the analysis of the topic, especially since it deals with a current problematic situation in
the municipality of Belém, the study was able to rely on statistical data on acai waste production in
37 neighborhoods of the city of Belém, generated during the harvest and off-season periods of the
product.

According to the results, it is understood from the statistical survey which neighborhood
produces the most and which one has the lowest waste generation rate. The neighborhood of Jurunas
was the one that showed the highest production of acai, both during the harvest and off-season
periods, and consequently, the highest production of waste. On the other hand, the neighborhoods
of Val-de-Cans and Guanabara show the lowest percentage regarding the same theme. This is due to
the number of agai production points in each neighborhood, as well as the population size that
consumes the product.

It was also observed that the highest rate of disposal of this waste is collected and discarded
through the urban collection of the Municipality of Belém and sent to the regional landfill. Some areas
of the municipality of Belém do not have daily urban collection, and the research identified other
disposal methodologies for this waste, with it being collected by private companies and applied in
research projects or other purposes. The acai pits are also being implemented for other purposes,
such as bioasphalt and the production of sustainable shoes, which are made from acai waste along
with rubber waste.

In this way, the research was able to prove that the percentage of waste generated occurs due to
the amount of pulp produced annually in the region, and that the disposal of this input is still a socio-
environmental issue; however, the statistics indicated that the largest percentage of this waste is
directed to proper final disposal, which consists of the local landfill, and that the other collection and
disposal methodologies carried out by private companies and cooperatives already present studies
and other forms of reuse and implementation of these pits, introducing sustainable methods and
reducing irregular disposal.
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