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Abstract

There is an infinity of plastic products which have facilitated human life, but
have also caused great environmental pollution, such is the use of polyethylene
terephthalate (PET), which is a polymer in widespread use throughout the
world. The vast majority of organizations, scientists, and others have understood
this situation and have promulgated laws, designed strategies, environmental
programs, etc., in order to contain or reduce their use or even recycle and reuse
these materials, since once they are discarded they become polluting materials.
Objective: Propose a program to reduce the pollution generated by some plastics
in the municipality of Silacayodpam, Oaxaca, Mexico and in turn reactivate
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the local economy in small local businesses through exchanges for basic
basket products. Method: Using the documentary analysis technique, primary
information was collected by conducting a direct survey of the inhabitants of the
municipality, after which it was systematized in data record sheets, and the main
challenges posed by the use of the polymer in the municipality were identified.
Results: With the data collected, strategies for the use of plastic were analyzed and
proposed, designing a management program for it at the local level that helps
reduce the environmental impact, and also promote environmental culture in the
municipality, and in turn reactivate the economy of local businesses. Discussion
and conclusions: The generation of proposals and strategies for polluting waste
management systems, allows education with a culture of collection and recycling
and, in turn, supports small businesses affected by the pandemic and the inflation
of basic basket products. This represents a huge challenge at the local, regional
and national level through more efficient, inclusive and sustainable waste
recycling, to reduce environmental and health problems.

Keywords: environmental impact, PET, management, collection.
Resumen

Existe una infinidad de productos plasticos que han facilitado la vida
humana, pero también han causado una gran contaminaciéon ambiental, tal es
el caso del uso del tereftalato de polietileno (PET), que es un polimero de uso
generalizado en todo el mundo. La gran mayoria de organizaciones, cientificos
y otros han entendido esta situacion y han promulgado leyes, disefado
estrategias, programas ambientales, etc., con el fin de contener o reducir su uso
o incluso reciclar y reutilizar estos materiales, y una vez desechados convertirse
en materiales contaminantes. Objetivo: Proponer un programa para reducir la
contaminacion que generan algunos plasticos en el municipio de Silacayodpam,
Oaxaca, México y a su vez reactivar la economia local en pequefios negocios
locales a través de canjes por productos de la canasta basica. Método: Utilizando
la técnica de analisis documental, se recolect6 informacién primaria mediante la
realizacién de una encuesta directa a los habitantes del municipio, luego de lo
cual se sistematizé en fichas de registro de datos, y se identificaron los principales
desafios que presenta el uso del polimero en el municipio. Resultados: Con los
datos recolectados se analizaron y propusieron estrategias para el uso del plastico,
disenando un programa de manejo del mismo a nivel local que ayude a disminuir
el impacto ambiental, ademas de promover la cultura ambiental en el municipio,
y a su vez reactivar la economia de negocios locales. Discusion y conclusiones:
La generacion de propuestas y estrategias de sistemas de manejo de residuos
contaminantes, permite educar con una cultura de recolecciéon y reciclaje y a su
vez apoya a los pequenos empresarios afectados por la pandemia y la inflacién
de productos de la canasta basica. Esto representa un gran desafio a nivel local,
regional y nacional a través de un reciclaje de residuos mas eficiente, inclusivo y
sostenible, para reducir los problemas ambientales y de salud.
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Introduction

The use of plastic-based products has increased considerably in recent years,
and even more so during and after the pandemic, due, among other reasons, to
low cost, availability, versatility, durability, water resistance, etc. (Schmaltz et al.,
2020; Geyer et al., 2017). Plastic waste generated by humans has contributed to
environmental pollution in the shortand long term (Patricio et al, 2021), impacting
on human health (Estrada et al., 2016; Zambrano et al., 2022; Schnurr et al., 2018).

The environmental problem has to be analyzed but not before studying the
economic growth of the countries, and the conservation of the environment
(Gémez et al., 2011). Pollution is one of the most serious problems worldwide and
is a silent threat to life (Montano and Sandoval, 2007), especially now after the
pandemic with the use of more plastic products (Prieto, 2022). The causes that
cause the contamination of a site in flora and fauna (Wu et al., 2019; Rist et al., 2018)
are the inadequate disposal of Urban Solid Waste (MSW), Special Management
Waste (SMR) and Hazardous Waste (RP) in vacant lots, warehouses, warehouses
and patios of businesses, houses and industries (SEMARNAT, 2013).

The production and consumption of goods and services inevitably generate
some type of waste, these can be solid, liquid and those that escape in the form
of gases (SEMARNAT, 2016). The same source indicates that in Mexico, according
to the most recent figure published in 2015, the generation of RSU reached 53.1
milliontons, which represented anincrease of 61.2% with respect to 2003.The State
of Oaxaca in terms of solid waste They generated approximately 2,998 tons/day
of this waste (SEMAEDESO, 2017), also considering that the existing infrastructure
for the management of urban solid waste and special management in the state
is insufficient, obsolete, and very precarious (Ruiz, 2020). The management of
solid waste in the Mixteca must become a central point, although the number
of tons registered in 2019 places the region in fourth place in waste production
with 51 thousand tons, by 2020 it was already in second place at the state level
with 86,410.1 tons (SEMAEDESO, 2017). In this context, this project will be carried
out, whose main objective is to design a program to reduce pollution generated
mainly by PET, which is the most used, and by other plastics|, this through basic
activities such as changing, identifying and presenting a program according to
the local conditions of the municipality and follow up on said program through
continuous improvement (Montesinos, 2022). The results will be useful to reduce
environmental pollution.

On the other hand, the general hypothesis is that the conditions exist to
implement a program to reduce the contamination generated by PET. The proper
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handling of this material will reduce greenhouse gas emissions and now raw
materials.

Among the theories related to the use and handling of polymers, the following
are considered important: Bronfenbrenner’s ecological theory (1976); The Solid
Waste Comprehensive Management Program (PGIRS), the first referenced theory
mentions an environmental system based on the development of individuals
through the different environments in which they move and that consequently
influence their changes and development. While the program mentions aspects
related to the generation, separation and treatment at the source of origin of
waste, as well as its collection, transfer, transportation, treatment, recycling and
final disposal of waste.

Another related theory is the theory of development that conceives
development as a harmonious process, where the exploitation of resources, the
direction of investments, the orientation of technological change and institutional
transformations must correspond to the needs of present and future generations.
Thus, development is presented as a process that requires global progress, both in
economic and social matters as well as in the environmental and human spheres
(Pichs, 2002).

Methods

The methodology used in this research is the descriptive method (Hernandez,
2020; Rojas, 2007; Torres and Navarro, 2007), since it consisted of collecting
information through direct questions, organizing, summarizing, presenting,
analyzing and generalizing the results. results of the observations. This method
involves the systematic collection and presentation of data to give a clear idea
of a certain situation. The advantages of this study is that the methodology is
simple, fast, short time and economical. Due to the nature of the research, it was
convenient to distribute it into four activities, which were defined by the group of
researchers, these were the following.

1. Data collection.Thisactivity consisted of gatheringall possible information
from various sources in order to obtain a complete and accurate picture of
the area of interest.

2. Conducting surveys and interviews. It was a laborious, meticulous
and analytical stage, since the questions were defined and the surveys
were carried out on the citizens of the municipality, basically it was 350
inhabitants of the municipality of Silacayoapam, the number of people
was determined with a confidence level of 90% of a population of 2.156
people in total.

3. Analysis of the information. As part of the tasks that were carried out
in this activity, it was to analyze the data collected, in order to formulate
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strategies that would help to achieve the objectives and to design a good
PET management program.

4. Program proposal. At this stage, the set of activities to be carried out
was organized taking into account the application of human, material and
financial resources in order to arrive at a proposal for a program for the
collection and use of some plastics.

Results
1. Data collection. The information that was found on the main waste that

is discarded in the municipality are plastics, aluminum, cardboard and iron. The
respective percentages are presented below (Figure 1).

Main waste Percentage

polymers 39
aluminum 19
iron 24
cardboard 6
others 12

pobymers
B aluminum
Wiron
mcardboard

W others

Figure 1. Main Waste of the Municipality of Silacayodpam. Source: Self made.
On the other hand, the volume of the different plastics that the municipality

collected in 2022 with the implementation of the program that was implemented
is shown in the following graph.
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Kilograms collected
Month PET LDPE PVC

January 251 71 178

February 224 67 162

March 290 69 160

April 278 72 165

May 269 65 174

June 271 81 188

July 230 79 191

August 247 80 178

September 305 74 166

October 270 61 187

November 289 77 194

December 336 92 221
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Figure 2.Volume of the different types of plastics recycled in the year 2022
(municipality of Silacayodpam). Source: Self made.

2. Conducting surveys and interviews.

The survey consisted of four questions that were carried out in a period of
5 weeks directly and in writing from house to house by social service students,
these in turn are presented below (Table 1).
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Table 1.

Survey format
Item Questions Answers

How many plastic bottles

1 do you throw away per 1 2 3 4 50 mas
day?

2 What. do you do with the Does no recycle Recycle
plastic you use?
Consider it important to very . less without

3 . ) important neutral . .
recycle plastic important important  importance

Do you know of a

4 collection center in the Yes No
municipality?

Source: Self made.

I’'m not inte-
rested

3. Analysis of the information

For the first question, the answer was that on average a person discards 1.98
bottles daily. Table 2 reflects an analysis considering the average according to the
sample surveyed. It should be noted that this question is only related to the bottle
product, and not to other large or small containers that are thrown away.

Table 2
Average bottles discarded

Daily Monthly Yearly

Individual 1.98 59.54 724

Total average of the sample surveyed (350 people) 693 20,790 249,480
Source: Self made.

For the second question, the answer was that 24% of the population recycles,
while 76% does not recycle discarded plastic.

But based on the comments that most people commented, it is that with
this program that they started, they will surely store their plastic products to be
recycled and exchanged.

It is worth mentioning that this pilot program will start, in an initial phase, in
nine agencies and 10 neighborhoods that concentrate 91% of the municipality’s
population, and once its application is analyzed, it will surely be applied to the
rest of the municipalities.

For the third question, which is: ‘Do you consider it important to recycle
plastic’, the answers are found in Figure 3. In this, it is identified that the population
indicates that it is very important to have a culture of recycling with 80.3%, that is,
281 people responded with this answer.
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Quantity Percentage

very important 281 80.3%
important 53 15.1%
neutral 10 2.9%
less important 4 1.1%
without importance 2 0.6%
Totals 350 100%
80.3% .]5.1!5 o 29% 4 11% 2 0.6%
—
VERY IMPORTANT  IMPORTANT NELITRAL LESS IMPORTANT WITHOUT

IMPORTANCE
Figure 3. Percentage on the importance of recycling. Source: Self made.

Finally, the fourth question is related to the fact that, if you know of a collection
center in the municipality, of this only 24% of the respondents know of a plastic

collection center in the municipality, the other answers can be seen in the Graph
1.
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Yes

u No

w I'm notinterested

Graph 1. Percentage of people who know of a collection center in the municipa-
lity. Source: Self made.

Based on the information available and collected, the following aspects were
observed:

«  Thereis no recycling program in the municipality.

«  The volume of discarded plastics per person is high.

«  There is interest among citizens in recycling plastic waste.

«  76% of people do not recycle.

«  The conditions exist to implement a recycling program.

Based on the results of the analysis carried out, the collection, recycling and
exchange program was generated, each of the activities carried out is described
below.

4. Program proposal

A social program was planned, which goes by the name ECOPET with the
objective of attending once a month (in a first stage) to the municipality of
Silacayodpam, which consists in summary that the committee in charge of the
program, makes a tour of the different agencies and neighborhoods of the
municipality, to identify the inhabitants/families that correctly classify their
recyclable waste, with the intention of observing, analyzing and exchanging for
basic basket products.

As part of the functioning and operation of the program, it initially consisted
of defining the activities to be carried out to bring the program to a successful
conclusion, these in turn were directed by a coordinator and a committee
designated and made up of citizens of the municipality.

1. Schedule the tour in the different agencies and neighborhoods with a

Gantt chart (specifying exact dates and times).

2. Travel with the municipal van to the agencies and neighborhoods defined

in the schedule.
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3. Weigh the materials, these are weighed in the presence of the citizen to
exchange them for basic basket products.

Table 3 shows the value in points of 1 KG of each of the plastic materials which,
in turn, are equivalent in points to be exchangeable, and these are shown in Table
4,

Table 3
Value of materials

Weight Material Points
1KG LDPE (Low Density Polyethylene) 4
1KG PET (Polyethylene Terephthalate) 3
1 KG PVC (Polyvinyl Chloride) 1

Source: Self made.

Table 4
Redeemable products
Product Presentation Points
Oil 11t 20
Egg 1 kg. 18
Sugar 1 kg. 14
Bean 1 kg. 12
Rice 1 kg. 10
Oatmeal 1kg 10
Juice 11t 8
Juice 1 kg. 6
Cookies 1 package 4
Jelly 1 bag 2

Source: Self made.

Analysis and discussion

The amount of discarded plastics is increasing, and when policies and programs
are not put into practice to collect them and allocate them to final disposal sites
for proper handling, the result is, in the least severe case, pollution of the urban
image. By implementing the program, the population and citizens will be made
aware of the management, good use, recycling and recovery of plastics in the
municipality. In addition, you will have more benefits such as:

24 | UNACIENCIA. Revista de Estudios e Investigaciones



«  Support for small businesses for the purchase or exchange of points in
their stores.

«  Support for the family economy with products that complement the
pantry.

«  Adequate and timely use of recoverable and recyclable waste.

«  Communities with good environmental habits.

«  Reduction of unregulated dumpsites.

The experience gained allows us to propose more formal strategies that also
involve recreational-creative educational activities that generate awareness
and further motivate citizen participation in programs focused on mitigating
environmental deterioration. The ultimate goal is for the population not only to
understand concepts related to caring for the environment, but also to put them
into practice during their daily activities.

In general, the results of the study suggest that educational campaigns on
aspects of separation and classification of solid waste should be reinforced,
considering some reasons put forward by some authors (Wu etal., 2019; Zambrano
etal, 2022).

Conclusions

The community responded favorably to the high-density polyethylene
collection, recycling, and exchange campaign/program, with large quantities
being collected.

During the entire collection period, which was only five weeks, larger amounts
of plastics other than PET were obtained, which was initially the objective of the
program. However, it was also observed that the community does not have the
culture of separating and classifying plastics, and that education campaigns for
this purpose should be reinforced.

Waste management is one of the main problems faced by municipalities
in Oaxaca and at the national level, given that waste generation is increasing
exponentially, management requires generating continuous improvement
proposals, strategies, and budgets that help care Ecology for the sustainable
management of plastic waste.

On the other hand, support for small convenience stores was important given
the situation of the pandemic that affected the economy and the sale of their
products, this greatly helped families increase their economic income and, on
the other hand, the citizens took advantage of and obtained a benefit from the
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recycling and collection of plastic material that was to acquire products from the
basic basket.

With this program, the environmental culture was improved through the
collection, recycling and exchange of plastic waste, somehow reducing the
ecological impact of this type of waste.
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