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ABSTRACT

Solid Waste Management in Costa Rica and the United States: a Comparative
Analysis of Five Municipalities was prepared for El Centro de Investigaciones en
Contaminacion Ambiental (CICA). The main objective of this report was to recommend
sustainable methods for the management of solid waste in three select Costa Rican
municipalities. By means of research, interviews, and observations, we obtained data that
aided in our understanding of solid waste management in both Costa Rica and the United
States. A detailed analysis was devised for each Costa Rican municipality, and
recommendations were specifically formulated according to each individual
municipality’s budget and sustainable waste management needs.
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EXECUTIVE SUMMARY

Costa Rica’s current systems for solid waste management are not in accordance
with the principle of sustainable development: “development that meets the needs of the
present without compromising the ability of future generations to meet their own needs
(http://www.doc.mmu.ac.uk/aric/esd/menu.html).” Therefore, the goal of this project
was to improve the current waste management systems in the Costa Rican municipalities
of San Isidro de Heredia, Escazt, and Santa Ana based on the principle of sustainable
development. Our main objective was to prepare a comparative analysis of the current
systems of waste management in three Costa Rican municipalities to those of two towns
in the United States and to make recommendations that would improve Costa Rica’s
current systems.

Many waste collection systems in Costa Rican municipalities operate inefficiently
due to an excess of workers and inefficient collection trucks. Recycling programs in
Costa Rica, the few that exist, are not sufficiently developed to be utilized by entire
municipalities, and the types of items that can be recycled are limited. In addition, fifty-
eight percent of Costa Rica’s waste is biodegradable, yet not a single municipality
practices the disposal method of composting (Ronald Arrieta, personal communication,
May 27, 2003).

There exist two private waste management companies in Costa Rica, Empresas
Berthier (EBI) and Waste Placement Profession (WPP). EBI manages the landfill named
El Parque de Tecnologia Ambiental, which is located in Uruca. The Uruca landfill is
well-maintained and is it not hazardous to the environment. WPP manages the landfills

of Rio Azul, which is used by Escaz(, and Los Mangos, which is used by Santa Ana.

X1l



WPP’s landfills are not as well-maintained as the landfill in either Uruca or any of the
landfills in the United States due to a lack of enforcement on the part of the regulating
body of El Ministerio de Salud (Ronald Arrieta, Professor of Chemistry at University of
Costa Rica, personal communication, May 27, 2003).

To complete our comparative analysis, we evaluated the current methods of solid
waste management in the two United States’ towns of Clinton and Shrewsbury,
Massachusetts and in the three Costa Rican municipalities. As the first step of the
evaluation, we conducted interviews with the administration in the solid waste
management department of each municipality. We then visited landfills and recycling
centers utilized by the municipalities and conducted interviews with the managers of
these sites. In addition, we obtained copies of Costa Rica’s legislation for the disposal of
solid waste, and we asked a Costa Rican environmental group for its views on the
enforcement of these regulations and the environmental effects of landfills. We also
researched the buying power of a U.S. dollar in Costa Rica so as to analyze costs at
comparable values.

By means of interviews with the administrative personnel from each
municipality’s solid waste department, we obtained data on the number of families that
receive the waste and recycling services and the monthly fee that each household pays for
these services. We also received information about the annual number of metric tons of
waste produced by each municipality and the fee to dispose of each ton of waste in a
landfill. We obtained details concerning the number of workers employed by each
municipality for the services of waste collection and recycling, in addition to the

frequency of collections. The group then collected information from each municipality
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about the number of trucks it owns and the capacities of each truck for both the collection
of waste and recyclable items. We also received photocopies of the three Costa Rican
municipalities’ financial documents. From these documents, we found that each
municipality’s budget is divided into eight major categories: wages, tipping fees, non-
personnel services, maintenance and repairs, materials and supplies, depreciation,
administration, and benefits for future development. The deficit of each municipality, as
incurred by their waste management service, was calculated by subtracting the amount of
money received from residents from the total cost to the municipality.

We toured three landfills located in Costa Rica and one landfill located in the
United States. We interviewed the managers of these landfills to learn about the
environmental effects and maintenance methods of each landfill. We observed, and
inquired about the following structures: an impermeable layer, methane emission flares,
leachate collection systems, and leachate treatment plants. Each of the above structures
helps to protect the environment from the hazardous pollutants generated by landfills.

Escazl’’s waste management system is extremely efficient and has been used as a
model for the other two Costa Rican municipalities. Escazi employs 3.2 workers per
waste collection vehicle, which is only 1.1 times the sufficient amount. Escazui generates
the lowest amount of waste per 1,000 inhabitants. Escaz’s recycling program currently
collects from sixty percent of its residents.

We recommend that Escazu expand its recycling program until it services the
entire municipality. In addition, a composting system should be developed to divert

waste from landfills.
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Santa Ana’s management of solid waste is the least efficient of the three Costa
Rican municipalities. The municipality incurred a deficit last year for its waste collection
services of thirty-one percent its waste management budget. The municipality generates
approximately fifty more metric tons of waste per 1,000 inhabitants than Escazu. Santa
Ana not only generates a high amount of waste per 1,000 inhabitants, but it also pays
4,600 colones per metric ton for the disposal fee. This results in a final disposition fee
that is 6,000,000 colones more than that of Escaz, despite having 19,000 fewer people.
Santa Ana averages 4.7 workers per truck, which is 1.6 times the sufficient amount,
resulting in a loss of money on wages for unnecessary workers. The recycling program
only collects from ten percent of the municipality and it does not collect aluminum or
cardboard.

To improve the efficiency of Santa Ana’s waste disposal system, we recommend
the installation of a composting system to decrease the high amount of waste produced.
In addition, the recycling program should be expanded to service the entire municipality.
Two of the waste collection employees should be relocated to other waste management
departments. One of the workers should transfer to the composting system and the other
worker to the recycling service. Santa Ana should lay-off two additional workers from
the collection department to decrease its deficit by fifteen percent.

San Isidro’s waste management service only incurred a deficit of about four
percent of the waste management budget last year. Despite the low deficit, San Isidro’s
system still has inefficiencies that need to be addressed. San Isidro produces the most
trash per 1,000 inhabitants-- five metric tons more than Santa Ana. The municipality

employs eight workers for the management of one waste collection vehicle, which is over
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2.67 times the sufficient number of workers. The truck operated for the collection of
waste is among the oldest in the country and it incurs high maintenance costs. Also, San
[sidro’s recycling program is small and only collects from ten percent of its residents by
means of a small, one-ton-capacity pick-up truck.

As with Escazu and Santa Ana, San Isidro should create a system of composting
to dispose of organic waste, and the recycling program should expand to reduce waste
generation as a whole. In order for the above two recommendations to occur, two
workers from the waste collection department should be relocated, one transferred to the
composting system and the other to the recycling program. San Isidro should also fire an
additional three workers from the waste collection department to increase funds for the
investment in a new collection truck.

The landfill in Uruca, El Parque de Tecnologia Ambiental, should be a model to
other Costa Rican landfills. This landfill uses modern technology to monitor all
environmental hazards created by the waste disposal method of landfilling. The landfill’s
daily cover and numerous methane flares eliminate most foul odors and harmful gas
emissions. Its impermeable layer prevents ground contamination, and pumps transport
leachates to a treatment plant where the water is treated before it is released into the
nearby river.

In conclusion, all three Costa Rican municipalities must institute a composting
system, as is mandated by law, in addition to expanding their recycling programs. By
doing so, the amount of waste to be landfilled will be significantly reduced and the lives

of those landfills utilized will be elongated. Most importantly, future Costa Rican
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landfills should follow El Parque de Tecnologia Ambiental’s lead to decrease

environmental pollution and to minimize the health hazards of nearby residents.
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RESUMEN EJECUTIVO

Los sistemas costarricenses actuales para el manejo de desechos so6lidos no acatan
el principio de desarrollo sostenible: “el desarrollo que obedece las necesidades del
presente sin comprometer la capacidad de las futuras generaciones para cumplir con sus
necesidades propias (http://www.doc.mmu.ac.uk/aric/esd/menu.html).” Por lo tanto, la
meta de este proyecto fue mejorar el manejo actual de los sistemas de desechos en las
municipalidades costarricenses de San Isidro de Heredia, Escazi, y Santa Ana basado en
el principio de desarrollo sostenible. Nuestro objetivo principal fue preparar un analisis
comparativo de los sistemas actuales para el manejo de desechos entre tres
municipalidades costarricenses y dos pueblos estadounidenses, y hacer recomendaciones,
las cuales mejorarian los sistemas actuales en Costa Rica.

Una gran cantidad de los sistemas para recoleccion de desechos en las
municipalidades costarricenses opera ineficientemente por un exceso de trabajadores y
por los camiones de recoleccidon que son ineficientes. Los programas de reciclaje en
Costa Rica, los pocos que existen, no estan desarrollados suficientemente para ser
utilizados por las municipalidades enteras, y los articulos que pueden ser reciclados estan
limitados. Ademas, cincuenta y ocho por ciento de los desechos costarricenses es
biodegradable, pero no hay ninguna municipalidad que practique el método de
disposicion con un sistema de abono (Ronald Arrieta, Profesor de Quimica en la
Universidad de Costa Rica, comunicacion personal, el 27 de mayo en 2003).

Existen dos compaiiias privadas del manejo de desechos solidos en Costa Rica—
Empresas Berthier (EBI) y Waste Placement Profesion (WPP). El EBI maneja el relleno

sanitario nombrado El Parque de Tecnologia Ambiental, que esta situado en Uruca. El
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relleno sanitario de La Uruca esta bien manejado y no es peligroso para el medio
ambiente. El WPP maneja los rellenos sanitarios de Rio Azul, que esta utilizado por
Escazu, y Los Mangos, que esta utiliazado por Santa Ana. Los rellenos sanitarios del
WPP no estan manejados tan bien como los rellenos sanitarios en Uruca o en los de los
Estados Unidos a causa de una falta de ejecucion por parte del cuerpo reglamentario del
Ministerio de Salud (Ronald Arrieta, comunicacion personal, el 27 de mayo en 2003).

Para terminar nuestro anélisis comparativo, hicimos una evaluacion de los
métodos actuales del manejo de desechos soélidos en los dos pueblos estadounidenses de
Clinton y Shrewsbury, Massachussets, y en las tres municipalidades costarricenses.
Como la primera parte de la evaluacion entrevistamos al personal administrativo del
departamento de desechos s6lidos en cada municipalidad. Luego, visitamos los rellenos
sanitarios y los centros de acopio utilizados por las municipalidades y entrevistamos a los
directores de estos sitios. Ademas, obtuvimos una copia de la legislacion costarricense
para la disposicion de desechos sélidos, y le pedimos a un grupo ambientalista en Costa
Rica sus opiniones en cuanto a la ejecucién de las regulaciones y los efectos ambientales
de los rellenos sanitarios. También investigamos el poder del doélar para comprar algo en
Costa Rica para analizar los costos a valores comparables.

A través de entrevistas con el personal administrativo del departamento de
desechos sélidos de cada municipalidad, obtuvimos los datos en cuanto al nimero de
familias que recibe los servicios de la recoleccion de desechos y de los articulos
reciclables. También recibimos informacion sobre el nimero anual de toneladas métricas
de desechos producidos por cada municipalidad y la tarifa para eliminar cada tonelada de

los desechos en un relleno sanitario. Los detalles en cuanto al numero de trabajadores
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empleados por cada municipalidad para los servicios de recoleccion de desechos y los
articulos reciclables, mas la frecuencia de las recolecciones, fueron realizados. Después,
nuestro grupo obtuvo informacion de cada municipalidad sobre el nimero de camiones
que posee y las capacidades de cada camioén para la coleccion de desechos y articulos
reciclables. También recibimos fotocopias de los documentos financieros de las tres
municipalidades costarricenses. Descubrimos de estos documentos que el presupuesto de
cada municipalidad es dividido en ocho categorias mayores: salarios, disposicién final,
servicios no personales, mantenimiento y reparacion, materiales y suministros,
depreciacion, administracion, y beneficios para el futuro desarrollo. El déficit de cada
municipalidad, como estd incurrido por el servicio del manejo de desechos, fue calculado
restando la cantidad de dinero recibida de los residentes del costo total a la
municipalidad.

Visitamos cuatro rellenos sanitarios, tres de los cuales estan situados en Costa
Rica, y el restante esta situado en los Estados Unidos, en el estado de Massachussets.
Entrevistamos los directores de los rellenos sanitarios para aprender los efectos
ambientales y los métodos de mantenimiento de cada relleno sanitario. Ademas de
preguntar sobre las siguientes estructuras, también las buscamos; una capa impermeable,
encenderos de la emisidén de metano, sistemas para la junta de lixiviados, y plantas de
tratamiento para los lixiviados. Cada una de estas estructuras ayuda en la proteccion del
medio ambiente de los contaminantes generados por los rellenos sanitarios.

El sistema del manejo de desechos en Escazu es muy eficiente, y por eso, Escazu
fue usado como modelo para las dos otras municipalidades costarricenses. Escazu

emplea 3.2 trabajadores por camién de la recoleccion de desechos, que es solo 1.1 veces
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mas del numero necesario. Escazu no genera una cantidad de desechos particularmente
grande en comparacion a su poblacion. Actualmente, el programa de reciclaje para la
municipalidad de Escazu colecta de sesenta por ciento de sus residentes, y el programa
sigue creciendo.

Nosotros recomendamos que Escazl continue a expandirse el programa de
reciclaje hasta que colecte de la municipalidad entera. Ademas, un sistema de abono
debe ser desarrollado para desviar los desechos de los rellenos sanitarios.

El manejo de los desechos sélidos en Santa Ana es el menos eficiente de las tres
municipalidades costarricenses. La municipalidad incurrié un déficit el afio pasado para
su servicio de la recoleccion de desechos que alcanzd treinta y uno por ciento del
presupuesto del manejo de desechos. La municipalidad genera aproximadamente
cincuenta toneladas mas de desechos por 1,000 residentes que Escazi. Santa Ana no sélo
genera la mayor cantidad de desechos por 1,000 residentes, sino que también paga 4,600
colones por tonelada métrica como la tarifa de la disposicion final. Eso resulta en una
tarifa de la disposicion final que es 6,000,000 colones mas que la de Escazu, a pesar de
tener una poblacion de 19,000 residentes menos. Santa Ana tiene un promedio de 4,7 en
cuanto al numero de trabajadores por camioén, lo cual es 1,6 veces mas la cantidad
suficiente, y resulta en una pérdida de dinero en salarios para trabajadores que no son
necesarios. El programa de reciclaje sélo colecta de diez por ciento de la municipalidad,
y no colecta ni aluminio ni carton.

Para mejorarse la eficiencia del sistema de la disposicion de desechos en Santa
Ana, recomendamos la instalacion de un sistema de abono para reducir la cantidad alta de

los desechos producidos. Ademas, el programa de reciclaje debe ser expandido para
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proveer un servicio para la municipalidad entera. Dos de los empleados de la recoleccion
de desechos deben ser cambiados a otros departamentos de desechos sélidos. Uno de los
trabajadores debe ser cambiado al sistema de abono e el otro al programa de reciclaje.
Santa Ana debe despedir a dos trabajadores adicionales del departamento de la
recoleccion de desechos para bajar el déficit por quince por ciento.

El servicio del manejo de desechos s6lidos en San Isidro de Heredia sélo incurrio
un déficit de aproximadamente cuatro por ciento del presupuesto el afio pasado. San
Isidro produce la mayor cantidad de desechos por 1,000 residentes, la cual es cinco
toneladas métricos mas de la de Santa Ana. La municipalidad emplea ocho trabajadores
para el manejo de un camién para la recoleccion de desechos, lo cual es mas de 2,7 veces
del numero suficiente de trabajadores. El camion operado por la recoleccion de desechos
es el mas viejo en el pais e incurre costos altos para su mantenimiento. Ademas, el
programa de reciclaje es pequefio y sélo colecta de diez por ciento de sus residentes por
el uso de un camién pequefio con una capacidad de una tonelada.

Como Escazu y Santa Ana, San Isidro debe establecer un sistema de abono para
eliminar los desechos organicos, y el programa de reciclaje debe expandirse también para
reducir la generacion de desechos. Para ocurrir estas dos recomendaciones, dos
trabajadores del departamento de la coleccién de desechos deben ser cambiados; uno al
sistema de abonos y el otro trabajador al programa de reciclaje. San Isidro debe
despedirse de tres trabajadores adicionales del departamento de la recoleccion de
desechos para aumentar los fondos para investirse en un camién nuevo.

El relleno sanitario en Uruca, Parque de Tecnologia Ambiental, debe ser un

modelo para los otros rellenos sanitarios costarricenses. Este relleno sanitario utiliza
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tecnologia moderna para vigilar los peligrosos ambientales creados por el método de
disposicidn de rellenos sanitarios. La capa diaria del relleno sanitario y los numerosos
encenderos de metano casi eliminan los olores apestosos y las emisiones de gases
peligrosos. Su capa impermeable impide la contaminacion de la tierra, y hay bombas que
transportan los lixiviados a una planta de tratamiento donde el agua esta tratada antes de
que esté puesta en el rio cercano.

En conclusién, cada de las municipalidades costarricenses debe instituir un
sistema de abono, como estd mandado por la ley, ademas de expandirse su programa de
reciclaje. Al hacer eso, la cantidad de desechos para ser eliminada en un relleno sanitario
sera bajada y las vidas de los rellenos sanitarios utilizados seran alongadas. De mayor
importancia, los futuros rellenos sanitarios en Costa Rica deben seguir el ejemplo del
Parque de Tecnologia Ambiental para disminuir la contaminacion ambiental y para

reducir al minimo los riesgos de salud de los residentes cercanos.
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I. INTRODUCTION

The management of solid waste is a matter of global importance due to growing
populations and limited land resources. The longer that communities wait to address
their waste management options, the more scarce their options become. Those
communities will eventually be forced to practice improper waste management methods
that will lead to hazardous living conditions. A well-planned sustainable waste
management system, which utilizes appropriate technologies and suits the characteristics
of the community, creates a positive impact on health, water quality, and aesthetics.

The current systems for the management of solid waste in Costa Rica are not in
accordance with the principle of sustainable development: “development that meets the
needs of the present without compromising the ability of future generations to meet their
own needs (http://www.doc.mmu.ac.uk/aric/esd/menu.html).” The goal of this project
was to improve the current waste management systems in the Costa Rican municipalities
of San Isidro de Heredia, Escazu, and Santa Ana based on the principle of sustainable
development.

Landfills are the most widely-used systems for the management of solid waste in
the United States (M.S. Fitzpatrick, Associate Professor of Civil and Environmental
Engineering at WPI, personal communication, March 27, 2003); however, the landfills in
Costa Rica are not as strictly monitored as they are in the U.S (Ronald Arrieta, Professor
of Chemistry at University of Costa Rica, personal communication, May 27, 2003).
Many Costa Ricans believe that landfills are the source of the country’s waste
management problem. This is because laws and regulations preventing water supplies

from being contaminated, and the air from being polluted, are not strictly enforced by



their mandating body, El Ministerio de Salud (Ronald Arrieta, personal communication,
May 27, 2003). Many collection systems in Costa Rican municipalities operate
inefficiently because too many workers are employed for the number of people they
serve. Recycling programs in Costa Rica are not sufficiently developed to be utilized by
entire municipalities, and the types of items that are recyclable are limited. Eventhough a
law was passed in 1949 that states that every municipality must have a composting
system, there is not a single municipality that practices this method of disposal (Ronald
Arrieta, personal communication, May 27, 2003).

According to our liaison Dr. Ronald Arrieta, ninety percent of the waste

produced in Costa Rica is usable. He has developed a diagram (Figure 1) that
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Figure 1: Arrieta's Model for the Catergories of Solid Waste in Costa Rica

Ronald Arrieta Calvo. (2003). Manejo de los Desechos So6lidos en Costa Rica.




separates solid waste into two different categories, usable and non-usable. Currently,
only ten percent of waste in Costa Rica is used. Therefore, the amount of solid waste
generated can ideally be reduced by eighty percent, which would have a positive affect
on the environment and the health of the inhabitants of Costa Rica.

The Centro de Investigaciones en Contaminacién Ambiental (CICA) is an
organization that utilizes various techniques for researching and analyzing environmental
pollution. The organization’s mission is to investigate and contribute scientific
information that will assist in the world-wide effort to protect the natural environment.
Our research, analysis, and recommendations to improve Costa Rica’s current methods of
solid waste management will aid CICA in its effort to protect Costa Rica’s natural
environment. Also, our project will advance our liaison’s studies in the area of solid
waste management by providing him with new information on possible waste
management options in Costa Rica.

To accomplish the project’s goal, we did a comparative analysis between the
management of solid waste in two United States and three Costa Rican municipalities.
The objective of the analysis was to identify areas in need of improvement and to
formulate recommendations to improve each municipality’s system. To complete the
analysis, we obtained information on the solid waste systems in the five municipalities.
We researched the methods of waste management in the two U.S. towns of Shrewsbury
and Clinton, MA prior to our arrival in Costa Rica. Also, while in Costa Rica we
investigated the systems in the municipalities of San Isidro de Heredia, Escazi, and Santa
Ana. The methods of interviews and observations were used to collect data and

information on each municipality’s budget for solid waste management, the types of



equipment and number of workers used for solid waste removal, and the conditions and
maintenance of disposal sites and recycling centers.

We then analyzed the issues of cost, environmental effects, and socio-political
issues pertaining to the Costa Rican solid waste management systems. Our group
compared the quality and cost of the systems in the three Costa Rican municipalities to
those in the two U.S. towns. From the data, we identified the areas in need of
improvement and formulated recommendations for the most cost-efficient, socially-
acceptable, and sustainable methods for the management of solid waste in the Costa
Rican municipalities. The group sent recommendations to the administrative personnel in
the solid waste department of each Costa Rican municipality. A report was also sent to
El Ministerio de Salud, the governing body for all laws and regulations regarding the
management of solid waste, so that it can become aware of Costa Rica’s current
hazardous and potentially-dangerous disposal methods.

This report was prepared by members of Worcester Polytechnic Institute

Costa Rica Project Center. The relationship of the Center to CICA and the
relevance of the topic to CICA are presented in Appendix A.



II. BACKGROUND INFORMATION

The methods and processes used for the management of solid waste in the United
States are discussed, taking into consideration both social and economic contexts. The
elements of the municipal solid waste management systems in the U.S. towns of Clinton
and Shrewsbury, MA are described, along with those in the Costa Rican municipalities of
San Isidro de Heredia, Santa Ana, and Escazi. Health and safety issues regarding
landfilling are discussed, as well as a comparison of United States landfills to three
landfills currently being filled in Costa Rica. We also examined socio-political issues
that pertain to waste disposal in Costa Rica, such as the locations of landfills and their
future uses.

Waste Management

Solid waste includes, “any garbage, trash, rubbish, waste tire, refuse, sludge from
a waste treatment plant, water supply treatment plant or pollution control facility and
other discarded material, including solid, liquid, semisolid or contained gaseous material
(http://www.azleg.state.az.us/ars/49/00701-01.htm).” (Refer to Appendix B) Generation,
collection and transportation, and disposal are the three components that structure solid
waste management systems (Powell, 1996). Figure 2 shows how these three elements

function in relation to each other in a waste management system.
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J.C. O’Shaunessy, CE3059 lecture notes (2002).

Financial restrictions and environmental regulations govern how these three
components are implemented in an effective system. A sustainable solid waste
management system, which is appropriately designed for a community, should prove to

operate efficiently, as well as to improve living conditions.



Generation

Controlling and reducing the amount of waste generated is the first step of solid
waste management (Curi & Or, 1993). The high cost of sanitary landfilling, diminishing
landfill space, and the difficulty in finding acceptable landfill sites has made it necessary
to form policies and practices that decrease the amount of waste that requires disposal.
Many cities and towns are using the methods of waste reduction, reuse, and recycling to
divert waste from landfills (Byer & Noehammer, 1997).

The most effective way to manage solid waste is by reducing the amount
generated at the household level (M. S. Fitzpatrick, personal communication, March 27,
2003). Various means can be used to reduce solid waste produced, such as increased
regulation and economic devices. Studies have shown that an increase in the price of
waste disposal often causes the amount of waste discarded to decrease and the recycling
volume to increase (Adamowicz, Luckert & Salkie, 2001).

Reuse is another effective method used to reduce waste generation. The
construction industry could take advantage of this method. When an old building is
knocked down, the construction materials are disposed of in a landfill. If buildings were
constructed so that they could be taken apart and their materials could be reused, the
result would be a decrease in waste (M. S. Fitzpatrick, personal communication, March
27,2003).

Recycling is an excellent form of waste reduction because it decreases the amount
of waste disposed of by making use of old waste. Recyclable items, such as plastics, are

melted down to form new products using the original material. In order to be successful,



recycling programs need a substantial amount of investment and commitment (Byer &
Noehammer, 1997).

Recycling programs experience two problems when being developed by a
community: implementation costs and variable public participation. By designing a
program that suits the characteristics of the community, and one that meets the objectives
of the municipality, these issues can be controlled (Byer & Noehammer, 1997). An
effective recycling program makes use of community structures that are favorable to
recycling, increases recycling program awareness through education, and encourages
participation by various devices, such as economic inducements, legislation, and
convenience (Everett & Pierce, 1993).

Collection and Transportation

Collecting and transporting waste to disposal sites is the second step of solid
waste management (Curi & Or, 1993). Frequency of collection, collection sites, and the
type of transportation used are the three critical parts of this stage. Collection systems are
designed to accommodate the particular conditions of a community, as they are not
automatically transferable from one community to another (Korfmacher, 1997). A
community’s collection options are restricted by financial capabilities, population
density, and distance to disposal or transfer sites.

House to house and site collection are the two most common collection systems.
House to house collection systems involve a truck with a compactor, or in poorer
communities, a pickup truck or cart that goes from house to house to pickup waste. In
regards to site collection, people bring their waste to a designated area where it is

transported to disposal facilities. Solid waste collection is important because of the



positive impacts on health, water quality, and aesthetics to which a successful system can
lead (Korfmacher, 1997).
Disposal

Disposal sites are used to eliminate solid wastes, which operates as the final step
in the waste management process (Curi & Or, 1993). The most common disposal
methods are landfilling, incineration, refuse-derived-fuel, and composting.

Landfilling is the most common and well-known method of solid waste disposal.
During this process, waste is brought to landfills where it is then dumped and stored. Full
landfills are covered with a thick layer of clay to contain odors and to prevent water
penetration. Shrewsbury, MA has plans to build a park on top of their landfill after it is
capped (Nancy Allen, Director of Public Health in Shrewsbury, MA, personal
communications, March 31, 2003), and Los Mangos already has built a soccer field on an
old portion of its capped landfill. Only minor structures, such as playgrounds and parks,
can be built on capped landfills because the layer of clay must remain intact to contain
the landfill’s harmful gas emissions (M. S. Fitzpatrick, personal communication, March
27, 2003).

Siting for new landfills is a difficult task faced by many communities when
implementing a solid waste management program (Charnpratheep, Zhou, & Garner,
1997). Growing populations and limited land resources have made landfill siting a
difficult and even more critical undertaking than in the past. Landfills are generally
prohibited from being located within environmentally sensitive areas, such as flood plains
and wet lands. Furthermore, landfills should be located near roads to reduce the cost of

their construction and operation. Landfill siting analysis evaluates environmental, social,



and economic factors to locate communal sites appropriate for landfills (Kao, Lin, &
Chen, 1997).

The scarcity of available land that is suitable for landfilling is becoming a
significant problem in the disposal of municipal solid wastes. Incineration is a feasible
management option, reducing waste mass and volume up to eighty and ninety percent,
respectively (Lu, 1996). Some incinerator residues can be used for construction-related
applications; however, most of these residues end up in landfills (Lu, 1996). Incineration
creates heat energy that produces electricity. This process allows landfills to have a
longer lifetime than if the waste were just dumped without being incinerated because of
the reduction in waste volume (J. C. O’Shaughnessy, Professor of Civil and
Environmental Engineering at WPI, personal communication, April 2, 2003).

Refuse-derived-fuel (RDF) is another method of waste disposal. A plant for
RDF production selects materials with high heating values, such as paper and plastic, and
processes these materials to produce a combustible. The combustible is then sold to
industries that then burn it as fuel (Fiorucci, Minciardi, Robba & Sacile, 2003).
Therefore, this technique makes use of waste as a source of power (Alter, 1996).

Composting is the least expensive of all the disposal methods, but it can only be
used for organic wastes. A community with composting decreases the amount of waste it
produces each week because organic waste is collected separately from solid waste. The
organic waste is brought to a facility where it is composted. The compost acts as a
fertilizer and can be used for covering capped landfills and scrap pieces of land or it can

be used for farming (M. S. Fitzpatrick, personal communication, March 27, 2003).
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Waste Management Strategy

The main objective of a waste management strategy is the disposal of waste at the
lowest possible cost to the community and a regard for the protection of the environment
by use of waste as a resource. This can be done by undertaking an economic evaluation
of waste management options that incorporate the social costs and benefits incurred by a
society as a whole (Powell, 1996).

The evaluation of waste management options can be done in a number of different
ways, but the most common method is based solely on financial costs and revenues. The
BATNEEC principle (Best Available Technology Not Entailing Excessive Cost) implies
that objectives, such as environmental effectiveness and economic feasibility, have to be
set in a way that accepts a community’s financial limitations. By evaluating the net
financial cost of disposal options per ton of waste and the financial profitability of
recycling programs, communities are able to choose the waste management options that
are most suitable for their lifestyle (Powell, 1996). The various options for waste
management system design include combinations of landfilling, incineration, RDF, and
recycling. The effectiveness of an implemented system depends mainly on the attitude
shown by citizens towards the measures in the plan itself (Brio, Junquera & Muniz,
2001).

Solid Waste Systems in U.S. Municipalities
Shrewsbury

We used Shrewsbury’s composting program as a model when making

recommendations because it exemplifies good U.S. practices. Shrewsbury, MA has

31,460 residents who produced 12,000 tons of trash in 2002. The town has an extremely
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efficient waste management system. Shrewsbury charges its residents $9.16 per month
(3,585 colones per month) for each household for the waste removal services it provides
them. Shrewsbury has a contract with the private company of Wheelobraiter Inc., which
collects and disposes of Shrewsbury’s waste (Nancy Allen, Director of Public Health in
Shrewsbury, MA, personal communications, March 31, 2003).

Wheelobraiter utilizes two trucks per day and collects the waste by means of
curbside pick-up from each home once a week. The company owns a large incineration
plant that burns the waste collected from the residents of Shrewsbury. The incineration of
trash produces steam that is then utilized for the production of energy. Wheelobraitor
collects and disposes of waste not only for Shrewsbury but also for thirty-five other
communities. The incinerated waste from all thirty-six communities is then disposed of in
a landfill that Shrewsbury owns and maintains. This relatively small landfill is able to
service such a large quantity of waste due to the proceeding incineration process.
Incineration reduces the volume of waste from between eighty-five to ninety-five percent.
Shrewsbury charges Wheelobraitor a large fee to dispose of the ash in the landfill, and the
town also charges a $1,000,000 stipend to dump the coal ash that was used to burn all the
trash as well. By owning this landfill, Shrewsbury is able to make money from the
management of solid waste—money that is then used to improve several other aspects of
the town (Nancy Allen, personal communication, March 31, 2003).

Wheelobraitor also collects recyclable items for residents of Shrewsbury every
other week. The items collected include cardboard, plastic, paper, aluminum, and glass.

Shrewsbury recycles 2,347 tons of those items per year. Nancy Allen stated that the
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percentage of waste that is recycled is slowly growing each year as people become
increasingly more aware of the service the town provides them.

Shrewsbury also uses composting as a means to reduce the amount of waste
produced. Of the 12,000 tons collected by Wheelobraitor, fifteen to seventeen percent of
this waste is composted. Therefore, roughly 2,040 tons of the towns” waste is composted.
Shrewsbury then uses the composted material as a daily cover for its landfill (Nancy
Allen, personal communication, March 31, 2003).

The cost of trash removal in Shrewsbury was $439,000 (171,649,000 colones) in
2002 for the curbside pickup service. In addition, the town paid Wheelobraitor $385,000
(150,535,000 colones) in 2002 to burn that trash. Recycling in 2002 cost the town
$273,000 (106,743,000 colones) and the cost of composting totaled $24,000 (9,384,000
colones). Shrewsbury paid a grand total of $1,121,000 (438,311,000 colones) for the
removal and disposal of its 12,000 tons of waste and 2,800 tons of recyclables produced
in 2002, which yields a per capita cost of $35.43 (13,853 colones) for the service.
Shrewsbury is able to afford these high costs by owning its own landfill, which allows
them to produce a profit for the town based on their waste management strategy (Nancy
Allen, personal communication, March 31, 2003).

Clinton

We used Clinton’s waste collection service as a model when making
recommendations because it exemplifies good U.S. practices. Clinton, MA has a
population of 13,435 residents who produced 3,000 tons of trash in 2002. The town’s
waste management strategy utilizes a PAYT system (Refer to Appendix F). Residents

must buy $1.00 (391 colones) stickers at the local super market or convenient stores, and
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they attach this sticker to a thirty-five gallon bag of trash to signify to the sanitary
workers that they have paid for the disposal service. The bags are then put in a rubbish
truck for disposal in a landfill, as Clinton does not compost any waste (Bill Sprat,
Superintendent of Public Works in Clinton, MA, personal communications, April 14,
2003).

The town of Clinton employs three workers and owns two trucks that are utilized
for the collection of waste from each residence once a week. One of the trucks was
recently purchased, and there is another truck is slightly older and used solely as a back-
up truck incase the newer truck encounters problems that require maintenance. Once the
waste is collected from each house on the daily collection route, the driver then transports
the waste to the Fitchburg landfill, which is located approximately twenty-five minutes
outside of Clinton. The town of Clinton was charged $78.00 (30,498 colones) per ton for
the disposal of its waste in 2002 (Bill Sprat, personal communications, April 14, 2003).

Clinton does not utilize a curbside service for recyclable items, so residents must
bring these items to a drop-off station located in the center of town. The station is only
open on Saturday from 8:00 AM to 1:00 PM. It costs $1.00 for residents to dispose of
recyclable items if these items are not accompanied with a bag of garbage. Recyclable
items in Clinton include plastic, paper, glass, cardboard, and aluminum. For a detailed
listing of the cost of disposing of items at Clinton’s Solid Waste & Rubbish Convenience
Station refer to Appendix G (http://www.townofclinton.com).

Clinton paid $418,657.00 (163,694,887 colones) for the collection and disposal of
its 3,000 tons of waste produced in 2002. Annually, the per capita cost yields $31.16

(12,184 colones). Clinton currently has a deficit that it is in the process of being
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eliminated by raising sticker prices. The PAYT program was implemented last year as an
experiment. The town has evaluated the program and has decided to increase the charge
of stickers from $1.00 to $1.40 to make its waste management system completely self-
sufficient (Bill Sprat, personal communications, April 14, 2003).

Solid Waste Systems in Costa Rican Municipalities

San Isidro de Heredia

San Isidro, a town of 17,000 residents, produced 4,945 tons of solid waste in
2002. San Isidro has a waste management strategy that is inexpensive when compared to
the other towns of Santa Ana and Escazt. San Isidro charges its residents 807 colones
($2.06) per month for waste removal services. San Isidro utilizes curbside pick-up,
which visits each household two times per week. Currently, San Isidro does not compost
any of its waste (Siany Villalobos Argiiello, San Isidro de Heredia Department of Public
Works, personal communication, May 18, 2003).

Ten people are employed in the waste management sector of the Department of
Public Works--two drivers and eight laborers. San Isidro owns two trucks—one for the
collection of waste and one for the collection of recyclable items. The waste disposal
truck is the oldest disposal truck in the country and it is in bad operating condition. After
the daily collection route is complete, the waste is then transported for forty-five minutes
by the drivers to a landfill in San Pablo for a cost of 2,400 colones ($6.14) per metric ton
dumped (Siany Villalobos Argiiello, personal communication, May 18, 2003).

San Isidro paid 42,302,821 colones ($108,191) for the collection and disposal of

its 4,945 tons of trash in 2002, yielding a per capita cost of 2,488 colones ($6.36) per
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year. San Isidro’s waste management service suffered a deficit of 1,619,325 colones
($4,169) last year (Siany Villalobos Argiiello, personal communication, May 18, 2003).

La Casa Hogar para Ancianos, the recycling center in San Isidro de Heredia,
services both municipal and local families, totaling approximately six-hundred. The
center is a supervised home in which the elderly assist in its management by tearing-up
phone books and other non-reusable paper. In addition to this center, San Isidro also has
a warehouse that is owned by the Red Cross, which is used as an overflow storage room
by the La Casa Hogar para Ancianos. Because the recycling program is only a pilot, only
three municipal communities receive the collection service—San Josito, Aprochaves, and
Urbanizacion San Isidro. Although the entire municipality does not receive the service,
all residents are welcome to bring their recyclable items to the center on their own. A
municipal pick-up truck that has a capacity of one ton collects recyclable items every
fifteen days. Recyclable items are separated into the following categories: paper, plastic,
periodicals, glass, and cardboard. The goal of the municipality is to expand the recycling
program and increase awareness of the importance of recycling (Ana Flor Villalobos,
Manager of Casa Hogar para Ancianos, personal communication, June 2, 2003).

Not only does La Casa Hogar para Ancianos obtain paper in return for managing
the center, but it also receives all money made from the selling of the recyclable items to
local residents or directly to companies or institutions. The center received
approximately 1,368,500 colones ($3,500) in the year 2002-2003 from the selling of
recyclable items (Ana Flor Villalobos, personal communication, June 2, 2003).

The center owns a minibus that can deliver items to various companies and

institutions; however, the vehicle is not large enough for some companies to bother
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utilizing the center’s drop-off service. Therefore, the center is forced to sell to
independent buyers for a lesser fee. These intermediate parties own larger trucks and are
able to sell the same items to companies at a higher cost than the cost at which they
bought the items (Ana Flor Villalobos, personal communication, June 2, 2003).

Escazi

Escazu, a town with 54,000 residents, produced 12,700 tons of waste in 2002.
The municipality paid 213,610,046 colones ($546,317) for the collection and disposal of
its 12,700 tons of waste last year, yielding a per capita cost of 3,127 colones ($8.00).
Escazi’s waste management system incurs a high price when compared to other Costa
Rican municipality budgets. The municipality obtained 151,940,825 colones ($388,596)
from residents in 2002. Escazl utilizes curbside pickup and collects two times per week
from each household (Luis Rodriguez, Escazi public works, personal communication,
March 20, 2003).

Escazu employs nineteen workers for the disposal of trash and it owns six trucks,
five of which are used for the collection of waste. The remaining truck is used for the
collection of recyclable items. Workers follow specific routes for the collection of waste.
The routes are based on studies to assure that they are the most efficient routes. Trucks
then transport all of the trash to a landfill in Rio Azul for a cost of 3,400 colones ($8.70)
per ton (Luis Rodriguez, personal communication, March 20, 2003).

Sixty percent of Escazi’s residents are provided with a collection service for
recyclable items. Such items include paper, plastic, glass, aluminum, and cardboard, and

they are collected from residents once a week. These items are brought to a recycling
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center where they are then sold to companies that make use of the items (Luis Rodriguez,
personal communication, March 20, 2003).
Santa Ana

Santa Ana, a municipality of 34,000 residents, produced 10,000 tons of solid
waste in 2002. Curbside collection of waste is utilized by the community. The
municipality charges its 7,470 households 1,200 colones per month ($3.10) for the waste
removal service. The per capita cost last year for this service was 4,739 colones ($12.12)
(Alberto Durano, Santa Ana public works, personal communication, March 21, 2003).

Santa Ana brought in 117,000,000 colones ($299,233) from residents in 2002, but
the service cost the municipality 168,545,698 colones ($431063), resulting in a deficit of
thirty-one percent of its disposal costs. The municipality is currently conducting a study
to learn if, and how, it can raise the cost that residents must pay for waste disposal so that
Santa Ana will no longer need to cover a large portion of the cost (Alberto Durano,
personal communication, March 21, 2003).

Santa Ana owns one truck for recycling and three trucks for waste collection.
Each truck follows a specific route that is conducted twice a week to control the odors
caused by organic waste in this tropical climate (Dr. Ronald Arrieta, personal
communication, May 27, 2003). There are fourteen employees for the collection and
disposal of waste. Santa Ana transports waste daily to a landfill located in Alajuela for a
tipping fee of 4,600 colones ($11.76) per metric ton (Alberto Durano, personal
communication, March 21, 2003).

Santa Ana has its own recycling center that collects paper, glass, aluminum,

cardboard, and plastic. The municipality employs two workers that collect the recyclable
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items. A study is currently being conducted to see what steps the municipality should
take to increase the percentage of waste that is recycled. Santa Ana does not have
composting; however, the municipality used to have a composting system (Alberto
Durano, personal communication, March 21, 2003).

Landfills

Health and Safety Issues

Both the United States and Costa Rica utilize landfills as their primary method for
the final disposal of waste (M. S. Fitzpatrick, personal communication, March 27, 2003)
and (Dr. Ronald Arrieta, personal communication, May 27, 2003). Although landfills
can be properly managed to minimize potential health and environmental hazards,
landfills do have the ability to cause major negative effects. These effects include a
reduction in ones’ health, air pollution, ground contamination, and water contamination.
We have been informed by Jorge Cardoza, the head engineer of the Rio Azul landfill, that
residents of the nearby community suffer from cancer, skin conditions, and headaches
that are caused by the landfill (Refer to Appendix Q for an environmental report on Costa
Rica’s landfills).

Landfills release approximately five percent of the currently estimated global
annual emission of methane. Although this percentage does not appear to be significant,
methane is produced in large amounts in landfills due to the decomposition of organic
matter under anaerobic conditions (Borjesson & Svensson, 1997). To give some meaning
to this fact, methane is combustible and mixtures of approximately five to fifteen percent

in the air are explosive. Although methane is not toxic when inhaled, it can produce
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suffocation by reducing the concentration of oxygen inhaled

(http://scifun.chem.wisc.eduw/chemweek/methane/methane.html).

Another effect of landfills is the contamination of water supplies. Approximately .
twenty-two percent of the locations on the U.S. National Priority List for hazardous waste
site cleanup are closed municipal landfills, as 200,000 tons of volatile organic compounds
(excluding methane) are produced and released from municipal solid waste (MSW)
landfills per year. These volatile compounds include both odor-causing agents and
hazardous pollutants. Once solid waste begins to break-down within a landfill,
biological, chemical, and physical events occur that result in the emission of hazardous
gases and liquids. Municipal water supplies can then be affected by landfill leachates,
which are produced as a result of rainwater mixing with the solid waste within the landfill
(Reinhart, 1993).

Landfills in the United States

Waste Management (WM) has the largest network of landfills in the industry.
Each of its landfills utilize state-of-the-art liners, leachate collection systems, ground
water monitoring, and gas control systems, along with operational procedures that protect
the environment and meet or exceed federal, state, and local regulations. The company
also owns a subsidiary, Recycle America, which is the largest collector of recyclable
materials from households in North America. The Environmental Protection Agency
(EPA) recognized four of WM’s facilities in 2000 for implementing environmental
programs that benefit people, communities, and the environment (www.wm.com). Tom
Murray is in charge of several operations for Waste Management, including overseeing

operations at the Fitchburg landfill.
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Landfills in the United States have extremely specific regulations that must be
obeyed (Refer to Appendix R for Pictures of the Fitchburg, MA Landfill). The majority
of the regulations are based on scientific studies that demonstrate the most efficient ways
by which to run an environmentally-safe landfill (Waste Management, 2003). The
regulations that are most important to the environment include those pertaining to
impermeable bottom layers, leachate collection systems, and methane collection systems.
Other regulations include those dealing with the grade on which the landfill must be built,
the use of daily covers, sectioning, layering, and on-site composting. Once the landfill
has reached its capacity it then has to be capped, which is a highly-regulated process in
itself (Tom Murray, Manager of Fitchburg Landfill owned by Waste Management,
personal communication, May 1, 2003).

The impermeable bottom layer consists of multiple layers that are made of plastic,
clay, and dirt. U.S. regulations not only state that an impermeable layer must exist, but
they also state the minimum thickness of every layer and the necessary level of
impermeability of these layers. The purpose of the layers of clay, plastic, and dirt is to
prevent the toxic chemicals, known as leachates, from leaking out from the bottom and/or
the sides of the landfill and contaminating water supplies (Tom Murray, personal
communication, May 1, 2003).

A system specifically-designed to collect these hazardous leachates is therefore
essential. Known as a leachate collection system, the purpose of the design is to collect
the contaminated rainwater and to treat it with chemicals that eliminate any contaminants
before the water enters into the final body of water, such as a river (Tom Murray,

personal communication, May 1, 2003).
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Designed by engineers, most leachate collection systems in the U.S. consist of
rain waterways that resemble small streams. The waterways are extremely rocky and are
constructed on a low grade. The water that flows through these waterways is constantly
tested for its degree of contamination so as to assure that the rainwater does not become
dangerously contaminated (Tom Murray, personal communication, May 1, 2003).

The waterways are controlled by the leachate collection and treatment pumps.
The treatment pumps collect the rainwater and keep it flowing at a constant, slow pace.
The pumps also push the water into and out of the leachate collection ponds. Engineers
calculate the time necessary for one molecule of water to flow from the entrance of the
pond in order to then calculate the amount of time it will take fér the water to reach the
next pump. This particular pump moves the water out of the pond and into a stream,
where the described process is repeated. In the landfill in Fitchburg, which is owned by
Waste Management Ind. (WM)), exists a series of five collection ponds that are connected
by four pumps and four streams (Tom Murray, personal communication, May 1, 2003).

The estimated time for one molecule of water to flow from the origin to its final
destination in a nearby river is twenty-three days, which allows the rainwater more than
enough time to dispose of the leachates as it is treated at each pump. This extended
pond-stream system slows down the rainwater so that WM can be sure that it is not
polluting the nearby river in which the rainwater is deposited in the final stages of the
leachate collection system (Tom Murray, personal communication, May 1, 2003).

A methane collection system is also an important installation for current landfills.
A methane collection system consists of a series of pumps throughout the landfill that are

connected to a larger methane pump. The large methane pump is located five-hundred
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yards away from the landfill as a safety precaution because it is connected to a large flare
where the methane can be collected and burned. In the landfill in Fitchburg, the methane
is collected and sold to a power plant located a short distance away from the landfill. The
power plant uses this methane to create electricity for the towns of Fitchburg and
Lancaster, MA (Tom Murray, personal communication, May 1, 2003).

The first step involved in making a methane collection system is drilling holes
with a width of about one foot into the bottom of the landfill. These holes are then filled
with rocks to prevent waste from getting pulled into the pump. There is sufficient space
between the rocks for the methane to flow to the pump system. The tops of the drilled
holes are tightly capped in order to prevent the leakage of methane. The methane pump
continually pulls all of the methane to the main collection system at which all of the
methane is collected and then sent to the Fitchburg power plant (Tom Murray, personal
communication, May 1, 2003).

It is also necessary for the section of the landfill that is still being filled to have a
methane collection system. Small methane flares are setup to force the methane out from
below the surface of the landfill. The methane flares continuously spark until the
adequate amount of methane collects in the flare chamber to cause ignition. When the
flare chamber ignites, the system burns off the collected methane. The described process
aids in the elimination of the harmful chemicals and the foul odors that are released from
landfills (Tom Murray, personal communication, May 1, 2003).

Landfills must be built at a thirty-three percent grade to prevent the landfill from
buckling or collapsing from its own weight. An example of the importance of this

regulation is that of the landfill located in Boylston, MA that was built on a forty-five
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percent grade. After several years of use, the landfill began to collapse. The town did
not have sufficient funds to repair the problem, so the town used funds from the state of
Massachusetts that totaled over $40 million (Tom Murray, personal communication, May
1,2003).

Daily covers are also necessary for the safe management of a landfill. The daily
cover serves a multitude of purposes, ranging from the reduction of odors to the
prevention of animals from rummaging through the waste. The cover also forces a
portion of the rainwater to run off the landfill in order to prevent it from seeping into the
waste and producing an increased amount of leachates. The cover consists of either
composted material or chipped construction material. The landfill in Fitchburg, MA, for
example, uses ground construction material that is disposed of as waste as its daily cover.
Due to the importance of a cover, it is a regulation in Massachusetts that a daily cover is
used (Tom Murray, personal communication, May 1, 2003).

On-site composting exists at most U.S. landfills. Compost can be used as daily
cover; however, compost is most commonly used as cover for capped landfills. The
items that tend to be composted on-site are yard wastes, such as grass and leaves. The
thirty-three percent grade is upheld by the growth of grass on this composted yard waste,
which prevents the sides from washing away with heavy rainfalls. By composting yard
waste, the landfill owners are reducing the amount of daily waste to be landfilled, as 17.9
percent of waste in the U.S. consists of yard trimmings (Tom Murray, personal
communication, May 1, 2003).

Currently, landfills in the U.S. must be sectioned. Sectioning is when an area

with an impermeable layer is created and then filled with waste. Once the capacity of
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this section is reached, a bordering section is then constructed in the same manner. The
new section must obey any new ordinances and regulations. The two sections are then
connected, and a new section can then be constructed on top of these connected sections.
It is also equally likely that yet another bordering section be created. Landfills are
constructed at a flat, even height, and once the entire area of the landfill reaches this
height, it is then that a new layer is built. This layering process continues until the
section has reached its maximum capacity (Tom Murray, personal communication, May
1,2003).

The process of sectioning therefore allows the landfill to continuously follow all
regulations without having to dig-up decomposed waste or fix any systems that have been
proven to be unsafe or environmentally-hazardous. To ensure the most environmentally-
safe management of a landfill in the United States, each section must have both leachate
and methane collection systems, and an impermeable bottom layer. Each section must
also use a daily cover.

El Parque de Tecnologia Ambiental

San José, along with private companies, utilize the landfill El Parque de
Tecnologia Ambiental (P.T.A.) (Refer to Appendix S), which is located in Uruca. The
landfill has been operating for three years and 800 metric tons of waste are dumped in it
each day. 500 of those tons dumped per day come from San José, while the other 300
come from the private companies. P.T.A. charges 3,900 colones per metric ton of waste
dumped in its landfill (Roberto Fallas ,EBI, personal communication, June 12, 2003).

El Parque de Tecnologia Ambiental is owned and operated by Empresas Berthier,

EBI, which is a Canadian company. It is the first landfill of its kind in Costa Rica. EBI
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manages the landfill beyond the regulations set by ElI Ministerio de Salud. Waste
collection trucks are washed with a microorganism, EMOR, before exiting the landfill.
The microorganism kills harmful bacteria that could form on the trucks. In addition,
EMOR is sprayed onto new waste twice a day to control odors and increase the
decomposition rate of the waste, which results in an increase in methane emission. The
peanut plant is planted around the edge of the landfill to introduce nitrogen into the soil
(Roberto Fallas, personal communication, June 12, 2003).

Eighteen of the landfill’s twenty-three hectares can be used for landfilling, while
the remaining five hectares are used for the maintenance of the landfill. The landfill has
a total of six phases that are each two-and-a-half hectares in size. Currently, the second
phase is being used for waste disposal. After a phases’ capacity is filled, it is covered
with one meter of soil, and then several rows of the vetiver plant are planted so that its
long, screw-like roots can act as a stabilizer of the filled section. There are twelve years
remaining until the landfill’s capacity is reached. Once the landfill is capped, it will be
transformed into a park for the community. However, the landfill must first sit and be
monitored for fifteen years before the construction of the park can begin (Roberto Fallas,
personal communication, June 12, 2003).

Each phase is protected by an impermeable layer of plastic. Below the plastic is
seventy meters of volcanic rock. A one meter layer of tires is placed on top of the
impermeable layer and under the solid waste. The solid waste is then piled up at a thirty-
three percent grade (Roberto Fallas, personal communication, June 12, 2003).

The leachate collection system of El Parque de Tecnologia Ambiental pumps

leachates into two lagoons. One of the lagoons has a volume of 2,500 cubic meters,
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while the other has a volume of only 500 cubic meters. The leachates are then
transported to a treatment plant, which is checked monthly for its level of contamination.
Once the water has been sufficiently treated, it is deposited in the nearby river (Roberto
Fallas, personal communication, June 12, 2003).

The underground water is checked monthly at three points for contamination. In
addition, the air and sand around the landfill is checked tri-monthly. To control odors
and infestation, a daily cover is placed over the dumped waste. Numerous methane flares
that burn methane gas are also used to aid in the reduction of odors and pollution. When
the landfill has reached its capacity and is capped, the methane pipes that lead to the
flares will be connected and the methane will be sold to power plants for the production
of electricity (Roberto Fallas, personal communication, June 12, 2003).

Rio Azul

Located in Rio Azul, San Jos¢, the landfill Rio Azul (Refer to Appendix T) is
utilized by eleven municipalities, including that of Escaz. The landfill was constructed
thirty years ago when the hazardous effects of landfilling were entirely unknown to Costa
Ricans. Therefore, the landfill does not have an impermeable layer that protects the
ground from leachates. The only layer between the earth and the waste is a layer of clay.
Leachates are collected by rainwater that runs down the side of the landfill’s pyramid-like
structure and into pipes that drain into a lagoon. The leachates are then transported to the
company Kimberely-Clark where the contaminated water is chemically-treated before the
water is dumped into a nearby river (Jorge Cardoza, Civil Engineer, personal

communication, June 17, 2003).
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There are three points for monitoring water contamination below the surface of
the landfill. Two of these points are located at the top of the landfill and the other is
located at the bottom of the landfill. These monitoring points are checked on a monthly
basis (Jorge Cardoza, personal communication, June 17, 2003).

There exist four small methane flares that burn the methane that is produced and
released from the landfill. There is a project currently underway that is managed by
CNFL (Electrificacion de toda la Finca La Caja) to filter the biogas and sell it to an
electric company. The goal of WPP is to complete this project by the end of this year;
however, there is currently a lack of funding for the completion of the program (Jorge
Cardoza, personal communication, June 17, 2003).

A daily cover of dirt is used to control odors; however, heavy rainfall can cause
the workers to neglect this job out of the dislike of getting wet. When a phase of the
landfill is filled, it is covered with three layers. The first layer consists of fifteen
centimeters of clay, the intermediate layer consists of sixty centimeters of clay, and the
final layer consists of eighty centimeters of vegetal matter (Jorge Cardoza, personal
communication, June 17, 2003).

The design of the landfill is of a pyramidal formation, and it is filled at a slope of
thirty-three percent. The method of sectioning is used, in addition to the compacting of
waste. These two methods are utilized to stabilize the landfill (Jorge Cardoza, personal
communication, June 17, 2003).

The landfill receives 750 tons of waste per day, and it charges 3,400 colones per
metric ton of waste. Scavengers search through the daily waste for items that they can

sell in return for money. The landfill has two to three years remaining before its capacity
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of forty hectares is reached. The landfill will then be capped and transformed into a park.
Before the close of the landfill, a treatment plant for the leachates will be completed on-
site. There already exist a pre-treatment facility and three lagoons that have been
constructed for this treatment plant. Once completed, the first lagoon will collect
sedimentary particles. The contaminated water will then be pumped into the second
lagoon where it will be treated with oxygen. Finally, the third lagoon treat will treat the
water with chlorine before it is released into a river. In the summer months, the treatment
plant will receive approximately fifty cubic meters of water daily that contain leachates.
As much as two-hundred fifty cubic meters of water is collected and treated in the winter
months. The construction of the treatment plant is being managed by FEDEMUR, which
is the administrative company that has supervised the workers of the Rio Azul landfill for
the past two years (Jorge Cardoza, personal communication, June 17, 2003).

WPP is in charge of the operation of the landfill. This company is aware of the
problems caused by the landfill, which affect the water, the air, the animals, and the
health of nearby residents. Nearby water supplies are contaminated by leachates, the air
is contaminated by biogases, and the ground used for the landfill causes a fauna barrier.
According to Jorge Cardoza, there have been several reports of headaches, skin
conditions, and cancer cases of residents that live in close proximity to the landfill (Jorge
Cardoza, personal communication, June 17, 2003).

Los Mangos

Santa Ana utilizes the landfill Los Mangos, which is located in Alajuela (Refer to

Appendix U). The landfill has a fifty kilometer service diameter and takes in

approximately 550 metric tons of waste per day, charging 4,600 colones per ton of waste.
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Los Mangos complies with all the rules administered by El Ministerio de Salud, which is
why the dumping fee is 1,000 colones more per ton than that of Rio Azul (Douglas
Alpizar Villalobos, WPP Engineer, personal communication, June 21, 2003).

Thirty years ago this landfill was a dump. WPP took over the site ten years ago,
but before WPP could begin construction of the landfill it had to take 10,000 metric tons
of waste out of the nearby river, Rio Itiquis (Douglas Alpizar Villalobos, personal
communication, June 21, 2003).

Twenty-seven hectares of the landfill can be used for landfilling and the
remaining seven hectares constitute the area around the landfill’s edge, thus serving as a
buffer zone between the landfill and the nearby community. The landfill has between
four and five years remaining before its capacity is reached. When the landfill is capped,
it will be turned into a park for the community (Douglas Alpizar Villalobos, personal
communication, June 21, 2003).

The landfill is currently in its fifth phase. Each phase is protected with a
geomembrane, a layer of plastic, which is placed over the bottom layer of clay. The
leachate collection system is placed over the impermeable layer and sand is placed on top
of the leachate collection system to improve drainage. Waste is placed in three meter
layers and then covered with dirt until ground-level is reached. When the ground-level is
reached, waste is piled up on a thirty-three percent grade (Douglas Alpizar Villalobos,
personal communication, June 21, 2003).

Each phases’ leachate collection system pumps the water that is collected on the
impermeable layer into a collection pipe. The contaminated water is then pumped into a

truck that transports it to the treatment facility of Kimberely-Clark, which is located in
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San Antonio de Belen. Every month, a chemical analysis is performed on the leachate
pipes to check for their contamination levels. Los Mangos plans to construct a treatment
plant on-site within two to three years (Douglas Alpizar Villalobos, personal
communication, June 21, 2003).

The landfill checks underground water contamination on a monthly basis from
five different points in the landfill. Three of these points are located near the river that
spans approximately one-third of the landfill’s perimeter, one at the beginning of the
river, one in the middle, and one at the end. This placement ensures that the water is not
becoming contaminated at any point (Douglas Alpizar Villalobos, personal
communication, June 21, 2003) .

Everyday, the waste is leveled with a small bulldozer and then compacted. A
daily cover of dirt is placed over the waste to contain odors and infestation. In addition,
the landfill has eight methane flares to burn the methane gas before it enters the
atmosphere, hence reducing odors. Within a few years, WPP intends to construct a
production plant for electricity that will utilize the landfill’s methane emissions (Douglas
Alpizar Villalobos, personal communication, June 21, 2003).

Social Benefits

The proper management of solid waste in its entirety creates positive impacts on
health, water quality, and environmental aesthetics. Landfills aid in solving issues of
public health problems in Costa Rica, as the management of solid waste is an integral
issue. While in operation, landfills create job opportunities for the surrounding
communities. In addition, the construction of a landfill requires the repaving of nearby

roads for the transportation of waste, which benefits all travelers (EBI, 2003). Landfills
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also present future benefits, such as the production of electricity and the transformation of
land into an ecological park. When landfills are capped, methane is collected and sold to
power plants that use it as a source of electricity (Roberto Fallas, personal

communication, June 12, 2003).
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III. METHODOLOGY

The goal of this CICA project was to improve the current waste management
systems in the Costa Rican municipalities of San Isidro de Heredia, Escazt, and Santa
Ana based on the principle of sustainable development. To accomplish the project’s goal
we did a comparative analysis between the management of solid waste in two United
States towns and three Costa Rican municipalities. Our primary objective in completing
the analysis was to recommend sustainable changes in the three Costa Rican
municipalities’ waste management systems.

We researched the methods of waste management in the two U.S. towns of
Shrewsbury and Clinton, MA prior to our arrival in Costa Rica. While in Costa Rica, we
investigated the waste management systems in the municipalities of San Isidro de
Heredia, Escazua, and Santa Ana. The methods of interviews and observations were used
to collect data and information on each municipality’s budget for solid waste
management, the types of equipment and number of workers used for solid waste
removal, and the conditions and management of disposal sites and recycling centers.

To achieve our primary objective, we completed an evaluation of the current
methods of solid waste management in the three Costa Rican municipalities. As the first
step in the evaluation, we conducted interviews with the administrative personnel in the
solid waste management department of each municipality. The administrators
interviewed provided us with copies of financial documents related to waste
management, along with the opportunity to ask specific questions regarding the
municipality’s methods of collection and disposal. We visited landfills and recycling

centers utilized by the municipalities and conducted interviews with their managers.
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These interviews and visits provided us with operational information about the sites, as
well as an applied perspective of the current situation. The group explored Costa Rica’s
legislation for waste disposal that is mandated by the regulating body EI Ministerio de
Salud (Refer to Appendices BB-EE). We contacted a Costa Rican environmental group
to obtain its views on the enforcement of waste disposal laws and the environmental
dangers caused by landfills. In addition, we researched the buying power of a dollar in
Costa Rica to normalize cost data.

We developed a questionnaire in both Spanish (See Appendix K) and English
(See Appendix L) that consisted of the questions needed for a complete and concise
evaluation of each municipality’s waste management system. The questions focused on
the municipalities’ demographics and the financial and operational details of their solid
waste management system.

Answers to the questions regarding demographics provided us with information
on the number of families who receive the waste and recycling services in each
municipality. We compared the number of trucks and workers to the number of people
receiving the service to make an evaluation of each system’s efficiency. Demographical
data was also utilized when we compared the waste production of each municipality, as it
was compared in terms of one thousand residents.

Financial records on the municipalities’ waste management budget supplied us
with information pertaining to their financial capabilities and expenses. We examined
the financial breakdown of each municipality’s budget. Each budget consists of eight
major categories: wages, tipping fees, non-personal services, maintenance and repair,

materials and supplies, depreciation, administration, and assets for future development.
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The group also obtained information on the deficit incurred by each municipality due to
its waste management services. Our analysis used the above information to formulate
comparisons concerning how the municipalities are budgeting their money for waste
management, and to make recommendations on how to more efficiently allocate their
financial resources.

Other important costs were also acquired during the interviews. We obtained the
monthly fee that each household must pay for solid waste services to find out how much
money the municipalities should be receiving in return for their services. In addition, the
group obtained information regarding the number of metric tons of waste that are
produced by the municipalities each year and the fee to dispose of each ton of that waste
in a landfill. The group used the information to calculate the municipalities’ efficiency
for waste generation and disposal costs.

Operational information acquired from the municipalities made it possible for us
to gain an understanding of how efficiently each municipality is using its capital
resources. The interviews provided us with information on the number of workers each
municipality employs for waste disposal and recyclable pickup and how often they
collect both waste and recyclable items. We then obtained information from each
municipality on the number and types of trucks they own and each truck’s capacity for
waste and recyclable collection. The group used the above information to calculate ratios
to be utilized in the analysis of each municipality’s waste management efficiency. The
ratios included the number of workers per truck, the number of trucks per 10,000

inhabitants, and the number of workers per 10,000 inhabitants. By examining these
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ratios, we determined how each municipality should modify its collection system to
operate more efficiently.

We visited two landfills maintained by Waste Placement Profession (WPP) and
one recycling center used by the municipalities, in addition to the private sanitary landfill
in Uruca that is managed by Empresas Berthier (EBI). We interviewed the engineers
who maintain the landfills and the operational manager of the recycling center. The
interviews and visits served to obtain the facilities’ financial and operational information,
as well as to gain a visual perspective of the methods of disposal that are currently
implemented in Costa Rica. -

By interviewing the engineers of the three landfills, we obtained operational
information that made it possible for us to understand how each of the disposal sites
functions. A questionnaire was created in Spanish (Appendix M) and in English
(Appendix L) and was given to the managers of the landfill to fill out to provide us with
information on the maintenance methods used by the sites. We learned whether the
landfills had an impermeable layer, methane emission flares, leachate collection systems,
and leachate treatment plants. By touring the landfills, we saw whether these systems are
actually utilized. The group then used the above information to compare the measures of
environmental protection employed by each landfill. The three landfills were then

compared to a landfill in the United States, and recommendations were made for the
improvement of the Costa Rican landfills make their practices less environmentally-
hazardous.

The operational capability of the recycling center was important for gaining a

better understanding of Costa Rica’s waste management systems. The interview with the
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manager of the center provided us with the knowledge of the types of items that can be
recycled and the storage capacity of the center. This information aided us in
understanding the amount and types of waste that can be diverted from landfills.

We then examined Costa Rica’s national legislation pertaining to the management
of solid waste that is mandated by El Ministerio de Salud. We read the laws to educate
ourselves on Costa Rica’s restrictions and regulations for the management of solid waste.
We then used this knowledge, in conjunction with our comparative analysis of the
municipalities and disposal sites, to make recommendations for the improvement of the
municipal solid waste systems of Santa Ana, Escazu, and San Isidro de Heredia.

For the final part of our procedure, we normalized our financial data by
researching the buying power of a dollar in Costa Rica. Buying power is “the potential
dollar amount available (after-tax income) to spend on goods and services
(http://www.laopinion.com/corporate/market_research/buying
_power/index.phtml?lang=en).” The group contacted the U.S. Embassy in San Jose,
Costa Rica, and was told that the dollar has approximately forty percent times more
buying power in Costa Rica than in the United States. We then normalized the United

States cost data by multiplying all the values by 0.71 in our results section.
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IV.  RESULTS

The following data presents demographics, waste collection, recycling abilities,
disposal methods, and costs for the overall management of solid waste in each of the five
municipalities. The significance of our data is explained within this chapter. It is
important to note that all the United States towns’ monetary values have been multiplied
by a factor of 0 .71 to normalize them with the buying power of a dollar in Costa Rica.
Also, the U.S. towns’ values were presented in colones to allow a more meaningful
comparison. The towns of Clinton and Shrewsbury, MA were utilized as models for
comparison to the Costa Rican municipalities. These two U.S. towns abide by all U.S.
and Massachusetts laws and regulations regarding the collection and the disposal of
waste. Therefore, the towns serve as examples of good practices of waste management
principles in the U.S. These good practices were compared with each Costa Rican
municipality and recommendations were made accordingly.

Table 1. General Data of Municipalities *

| Tons of
Waste/1000
Cost Residents
Population | (Col/Month) (2002)
San Isidro 17,000 807 291
Santa Ana 35,000 1,200 286
Escazu 54,000 933 235
2,221
Clinton 13,435 ($5.68) 203
2,545
Shrewsbury 31,640 ($6.51) 345

* This table lists all five municipalities and shows the population, the cost for collection of waste per month
(in colones), and the tons of waste produced per 1,000 residents in the year 2002.

Table 1 contains information needed to analyze each system. The purpose of the

analysis was to determine the efficiency of each municipality’s system of the
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management of solid waste. The municipality’s population was used throughout the
analysis as a common factor to ensure that data was being compared on equal grounds
with respect to population sizes. The number of tons of waste produced per 1,000
residents relates to efficiency, as an efficient system reduces the amount of waste
produced per person. However, it would not be sufficient to define an efficient system
solely in terms of the amount of waste produced per person. Shrewsbury, MA, for
example, has the most sanitary and environmentally-conscious system for management of
waste; however, Shrewsbury’s residents produce the greatest amount of waste when
compared to the other four municipalities. The cost per month is the fee that is supposed
to be paid by each household for the removal of solid waste. Santa Ana, for example,
charges its households two hundred sixty-seven colones more per month than Escazu
does for the removal of solid waste.

Table 2. Waste Collection *

Relation
Relation of
# of of Workers
Collection # of Workers/ | Workers # of to Vehicle
of Waste | Veh./10,000 | 10,000 With Workers/ with
Per Week | Residents | Residents  Clinton Veh. Clinton
San Isidro 2 0.59 4.7 2.11 8 2.67
Santa Ana 2 0.88 4 1.79 4.67 1.56
Excazi 2 0.93 2.78 1.25 3.2 1.07
Clinton 1 1.49 2.23 1 3 1
Shrewsbury 1 N/A N/A N/A N/A N/A

* This table lists all five municipalities and shows the number of collections of solid waste per week, the
number of vehicles used for the collection of solid waste per 10,000 residents, the number of workers per
10,000 residents, number of workers in relation to Clinton, the number of workers per truck, and the
number of workers per truck in relation to Clinton.

We used the information in Table 2 when making a comparison of the systems of

the collection of waste. In the three Costa Rican municipalities of interest, the collection
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of waste occurs twice per week, whereas collections occur once per week in the two U.S.
towns of interest. Collection occurs twice per week in Costa Rica due to the tropical
climate, coupled with the fact that more than half of Costa Rica’s waste is biodegradable.
Therefore, Costa Ricans need their waste removed as often as possible to reduce odors
caused by high humidity and temperatures (Ronald Arieta, personal communications,
June 10, 2003).

To understand each municipality’s vehicle-operating efficiency, the number of
vehicles was divided by a factor of 10,000 residents. The more trucks that a municipality
uses per 10,000 residents, the more likely it is that the municipality will be able to adjust
to residential growth. The ability to adjust to residential growth is highly dependent on
the town in question. Therefore, the ability to adjust to residential growth will be
explored in each town’s individual analysis. The reason Clinton has more trucks is
because it owns one extra truck that is only used when the regular truck breaks down.

To understand each municipality’s personnel efficiency, the number of workers
per 10,000 residents was calculated. This data was used to identify an excess of
employees, which is the case in two municipalities. The number of workers per 10,000
residents should be under three in order to be considered efficient for the population
served. The number of workers per truck may however change if the town is densely
populated. The trucks that run in the city of San Jose, for example, may need more than
three workers per truck due to the much larger production of waste in this densely-
populated area. Clinton, MA, for example, is able to effectively manage its waste with
2.23 workers per 10,000 residents, while San Isidro uses 4.70 workers per 10,000

residents. When this comparison is made, coupled with the fact that San Isidro only has
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0.59 trucks, it is evident that San Isidro has too many workers in its current system for the
management of solid waste. The money used to pay the excess number of workers could
therefore be used more effectively and could thus improve the current system. Having
analyzed the waste management systems of the two U.S. towns, it is our belief that the
Costa Rican municipalities should aim toward employing no more than three workers per
truck.

The relation of workers per 10,000 residents was made for each municipality with
respect to Clinton to show the excess number of workers used for solid waste
management in some Costa Rican municipalities. This data strengthens the previous
argument and shows that San Isidro has 2.11 times more workers per 10,000 residents
than does Clinton. The number of workers per truck was also calculated to show the
severity of the excess number of workers that are employed in specific municipalities for

the amount of equipment each municipality operates.

41



Table 3. Municipality’s Ability to Recycle *

# of % With

#of Veh./ | Work./ Access to

20,000 20,000 Recycling Recyclable
Res. Res. Program Items

Plastic, Paper,
Glass, and
San Isidro 1.17 2.35 10 Cardboard
Plastic, Paper,
Glass,
Cardboard,
Santa Ana 0.57 1.14 95 and Aluminum
Plastic, Paper,
Glass,
Cardboard,
Excazu 0.37 1.48 60 and Aluminum
Plastic, Paper,
Glass,
Cardboard,
Clinton 0 0 100 and Aluminum
Plastic, Paper,
Glass,
Cardboard,
Shrewsbury N/A N/A 100 and Aluminum

* This table lists all five municipalities and shows the number of vehicles used for the collection of
recyclable items per 10,000 residents, the number of workers for recycling per 10,000 residents, the
percentage of the municipality with the current ability to recycle, and the types of items that are currently
being recycled.

We used the data in Table 3 to analyze the recycling ability of each municipality.
The number of vehicles and workers per 20,000 residents served to examine the Costa
Rican municipalities’ future abilities to expand their recycling programs. The percentage
of the population with the current ability to recycle is noted to provide an understanding
of the expansion of service needed in each municipality. Only ten percent of the
population from San Isidro, for example, is provided with the service of recycling.

Therefore, the need to expand the recycling program in this municipality is great;
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however, the municipality’s ability to expand the program is still questionable. We also
list the items that are currently being recycled within each municipality to make
comparisons and provide recommendations regarding additional items that should be
recycled.

Recycling is not mandatory in any of the five municipalities, although by forcing
residents to recycle, the programs will become more effective. It would be very hard to
enforce recycling in Costa Rica, which is exemplified in San Isidro’s situation. San
Isidro is unable to collect monthly payments from a small percentage of the town, which
therefore makes the expansion of the program very difficult. Clinton does not have a
curbside pickup service for recyclable items. Therefore, there are neither workers nor

trucks in this part of Clinton’s system.

Table 4. Disposal Site Information*

Cost Per Ton
(¢) Form of Disposal
San Isidro 2,400 Landfill
Santa Ana 4,600 Landfill
Excaza 3,400 Landfill
19,700
Clinton ($50.40) Landfill
17,300 Incineration, then
Shrewsbury ($44.37) Landfill

* This table lists all five municipalities and shows the cost for the disposal of solid waste per ton, and the
form of disposal that each municipality uses.

Table 4 lists disposal costs and the method of disposal that is currently used by
each municipality. The total amount Shrewsbury pays for incineration and landfilling, as

compared to the cost Clinton pays, is much lower. This differnece exists because
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incineration reduces the mass of the waste by ninety percent, so tipping fees are greatly

reduced (Nancy Allen, personal communication, March 31, 2003).

Table 5. Budget Efficiency *

% of
Budget % of Budget
Per Capita % of | Consisting | Consisting of

Cost (¢) Defecit | of Wages ' Tipping Fees

San Isidro 2,488 3.8 33 28

Santa Ana 4,739 31 35 28

Escaza 3,127 + 30 26
8,700

Clinton ($22.12) 27 25 60
9,800

Shrewsbury ($25.16) + N/A 54

* This table lists all five municipalities and shows the total cost per capita, the percentage of the waste
management budget represented by the deficit (incurred in the year 2002), the percentage of the total cost
to the municipality that is paid to the workers as wages, and percentage of the total cost to the municipality
that is paid to the landfill in the form of tipping fees.

Table 5 shows the overall costs related to each municipality’s waste management
system, and it provides a general example of the system’s efficiency. The table also
provides the annual per capita cost. A high per capita cost can be a sign of inefficiency,
as it can mean that residents are paying too much for waste removal services. Because all
financial aspects must be considered when making recommendations, the percentage of
each municipality’s waste management budget that is the deficit is also important to note.
Personnel costs are noted because we observed that the Costa Rican municipalities of
Santa Ana and San Isidro both have an excess of workers and incur a deficit due to waste
management services. A municipality that employs an excess number of workers is
increasing its deficit—an observation that will be a topic of recommendation. The

percentage of the budget that consists of tipping fees was also provided.
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Table 6. Costs per 10,000 Residents (¢) *

Non Materials Lease
Personnel and Mantenance Tipping Future

Wages Services Supplies | and Repair | Depreciation Fees Admin. Assets
San
Isidro 8,307,285 432,170 | 3,359,903 514,706 964,158 6,981,782 | 2,056,000 | 2,261,600
Santa
Ana 16,331,193 | 2,945,714 | 5,289,714 314,286 631,654 14,285,714 | 3,979,828 | 4,377,810
Escazi 8,929,585 | 2,470,090 | 3,832,044 1,073,502 1,259,086 8,282,626 | 2,584,693 | 2,843,163
Clinton | 21,672,177 0 0 8,265,278 0 52,377,889 | 4,192,355 0

* This table displays all aspects of the budgets for the four municipalities of San Isidro, Santa Ana, Escazu,
and Clinton. The actual costs were broken down to the money spent per 10,000 residents.

The benefits of the data in this table are immediately noticeable after breaking

down the costs per 10,000 residents, as it is easy to identify in which areas each

municipality is spending too much money. We used the above data to strengthen our

recommendations for each municipality and to adjust its costs in specific areas by

reallocating financial resources. An easier and more meaningful comparison can be

made when the data of each municipality is compared according to a common factor, as

demonstrated above. Santa Ana, for example, pays double the wages per 10,000

residents, as compared to the two other Costa Rican municipalities. In addition, Santa

Ana’s tipping fee (cost for disposal of waste in a landfill) is significantly higher, as

compared to the other municipalities.
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V. ANALYSIS OF RESULTS AND RECOMMENDATIONS

Cost Breakdown (per 10,000 residents)

Future Development Assets

Administration
Tipping fees
Depreciation | O Escazu
) ] B Santa Ana
Maintenance and Repair B San Isidro

Materials and Supplies

Non Personnel Services

Wages

0 5,000 10,000 15,000

¢ in Thousands

Figure 3: This chart presents the cost breakdown for the three Costa Rican municipalities
per 10,000 residents.

Analysis of Santa Ana

Of the three Costa Rican municipalities, Santa Ana has the highest deficit at
thirty-one percent of its total budget for the management of solid waste. The above graph
identifies the cause of this deficit, as it is evident in the categories of tipping fees and
wages that Santa Ana pays a significantly higher amount of money per 10,000 residents
than the other Costa Rican municipalities. According to the data presented in the
previous chapter, Santa Ana has a poor system for the collection of waste, a highly

inefficient program for recycling, poor disposal methods, and excessive costs in 2002.
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Collection

Santa Ana charges the households that receive the service of waste collection
1,200 colones per month. Compared to the other Costa Rican municipalities, this number
is the greatest; however, this sum of money is not sufficient to cover the cost of its waste
management system. Therefore, Santa Ana does not utilize its funds efficiently, as will
be explained further. Santa Ana produces two hundred eighty-six tons of waste per 1,000
residents, which is high. This high generation of waste could be the result of an
inefficient recycling program. The large amount of waste produced, coupled with the
high price the municipality pays per ton of waste dumped, explain why Santa Ana’s
tipping fees per 10,000 residents are 6,000,000 colones more than those of Escaz.

Santa Ana has a vehicle-operating efficiency of 0.88 trucks per 10,000 residents,
while the desirable ratio is one truck per 10,000 residents. Implications of vehicle-
operating efficiency are the municipality’s ability to handle future residential growth and
expansion. The town of Clinton has 1.49 trucks per 10,000 residents; however, Clinton
owns a truck that is not used on a regular basis. This truck is used only when the daily
truck encounters maintenance problems. Therefore, Santa Ana’s vehicle-operating
efficiency is reasonable. Alberto Durano, the municipal director of the management of
solid waste in Santa Ana, told us that Santa Ana will be purchasing a new truck next year,
which will raise its vehicle-operating efficiency to 1.14 trucks per 10,000 residents. If
Santa Ana maintains a ratio close to one truck per 10,000 residents, then an increase in
the number of residents that receive the service of waste collection due to residential
growth and expansion will be manageable until the ratio drops below 0.70 trucks per

10,000 residents.
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The municipality of Santa Ana has a worker efficiency of four workers per 10,000
residents; however, there exists no need to employ any more than three workers per
10,000 residents for the collection of waste. The municipality would be able to manage
the current load of waste produced with three workers per 10,000 residents, in addition to
be able to handle residential growth. It is important, however, that the ratio does not go
below two workers per 10,000 residents.

The town of Clinton efficiently provides the service of waste collection to its
residents with a ratio of 2.23 workers per 10,000 residents. Therefore, a comparison of
all Costa Rican municipalities to Clinton, which serves as a baseline of an efficient
system, was made. Santa Ana has 1.79 times the number of workers per 10,000 residents
than does Clinton, which further supports the conclusion that Santa Ana employs an
excess of workers.

Another aspect of collection that was calculated is the number of workers per
truck in each municipality’s solid waste collection system. Santa Ana has 4.67 workers
per truck, where as in the United States the norm is to have three workers per truck,
especially in residential areas. Clinton has the desirable three workers per truck, so a
relation to Clinton and the Costa Rican municipalities was calculated. We noticed that
Santa Ana has 1.56 times the number of workers per truck than does Clinton, which is
very high, especially since Santa Ana is not a densely populated municipality. Santa Ana
is primarily residential, so there are few areas that will be generating larger quantities of
waste, which would require more than three workers per truck. By employing more

workers than is necessary, the municipality is adding to its large deficit.
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Recycling

Recycling is currently an option in Santa Ana; however the program is not well-
developed. Recyclable items could be picked up from ninety five percent of its residents,
since only five percent live in the mountainous region; however, only ten percent of
Santa Ana’s residents utilize this service. The recycling center is small, and the
municipality lacks sufficient funds to expand its current program.

A sufficient vehicle-operating efficiency for recycling is 0.75 trucks per 20,000
residents, as recycling pick-up need only be done once per week and the volume of
recyclable material is low compared to that of solid waste. Therefore, one truck could
easily collect the recyclable material from more than 20,000 residents (Tom Murray,
personal communication, May 1, 2003). The vehicle-operating efficiency for the service
of recycling was calculated for the municipality of Santa Ana per 20,000 residents.
Currently, Santa Ana owns 0.57 trucks per 20,000 residents, which is low and needs to be
remedied.

The number of workers employed for the recycling service per 20,000 residents
was also calculated for Santa Ana. Currently, Santa Ana employs 1.14 workers per
20,000 residents. For a town to service its residents properly, it should employ a
minimum of two workers per 20,000 residents (Tom Murray, personal communication,
May 1, 2003). Since only ten percent of the residents actually recycle, it seems obvious
that the problem lies within the fact that the residents lack knowledge on the benefits of
recycling.

Costs
The municipality of Santa Ana collects and transports all of its waste to a landfill

located in Alajuela. The fee to dispose of its waste in the landfill is 4,600 colones per
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metric ton. This cost is quite high, as a significantly more advanced landfill located in
Uruca charges only 3,900 colones per ton. Unfortunately, that landfill currently services
solely central San José. Yet another point of reference is the landfill located in Rio Azul,
which charges 3,400 colones per metric ton of waste disposed. Therefore, Santa Ana is
paying a great deal more per ton than is necessary.

The costs that Santa Ana incurs are very high, and with a deficit of thirty-one
percent, costs need to be lowered. If all residents split evenly the cost for the entire
system for the management of solid waste in 2002, the per capita cost would be 4,729
colones. This fee is much higher than that of Escazu, and it is almost double the per
capita cost in San Isidro.

A significant part of Santa Ana’s budget consists of wages (thirty-five percent).
Wages include both the salaries paid to workers and the workers’ benefits. According to
Table 6 on page 44, the wages spent by Santa Ana per 10,000 residents totaled over
16,000,000 colones, while the municipalities of Escazti and San Isidro each spent about
8,000,000 colones. Therefore, Santa Ana spent double the amount on wages per 10,000
residents than in both Escazll and San Isidro in 2002. Twenty-five percent of Clinton’s
budget is spent on wages, while Santa Ana spends thirty-five percent on wages. Our
liaison, Dr. Ronald Arietta, conducted a study in 2002 that showed that the average
percentage of the budget spent on wages is 25.7 in eleven local Costa Rican
municipalities (Martin, 2003). The results of this study further support the conclusion
that Santa Ana employs too many workers for its waste management system.

Non-personnel services in Santa Ana were seven percent of the budget in 2002.

Non-personnel services include any costs for temporary workers and consulting fees.
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When compared to Escazi and San Isidro, the fee incurred per 10,000 residents in Santa
Ana is highest. (Clinton includes non-personnel services in the wages category of its
budget.). In Dr. Arietta’s study, eleven local municipalities averaged 7.50 percent of the
budget for non-personal services (Martin, 2003). Although Santa Ana is below this
average, the municipality still needs to consider ways to lower the costs in this area.

Materials and supplies for the municipality of Santa Ana consist of eleven percent
of its budget. The category of materials and supplies consists of gloves, masks, uniforms,
and any other supplies that are needed for the collection of waste. This category does not
include, however, any supplies needed for the trucks. When percentages are compared,
San Isidro uses fourteen percent and Escazi uses twelve percent of its budget on
materials and supplies. Dr. Arietta’s study shows that the average percentage of the
budget consisting of materials and supplies is 12.3 percent (Martin, 2003). In 2002,
Santa Ana spent 5,000,000 colones, San Isidro spent 3,000,000 colones, and Escazui spent
4,000,000 colones per 10,000 residents. Therefore, Santa Ana is once again paying far
more for a service than the other two Costa Rican municipalities.

Lease, maintenance, and repairs are all equipment-related costs regarding the
trucks (Figure 4, and Figure 5). This category includes the cost for any parts, the monthly
payment on the trucks, and the fees owed to mechanics. In 2002, Santa Ana spent one
percent of its budget in this category, while San Isidro spent four percent and Escazi
spent three percent. Not only did Santa Ana spend the lowest percent of its budget on
this category, but it also had the lowest maintenance fees per 10,000 residents, which

suggests that Santa Ana is efficiently maintaining its trucks.
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Figure 4: One of Santa Ana’s Waste Figure 5: Another One of
Collection Trucks Santa Ana’s Waste

Collection Trucks

Tipping fees compose the annual amount that must be paid to dump a
municipality’s waste in a landfill. Santa Ana and San Isidro each spent twenty-eight
percent of its budget on tipping fees, while Escazu spent twenty-six percent. These
numbers are misleading because once the cost for tipping fees is broken down to 10,000
residents, there actually exists a large difference between the amount spent by Santa Ana
and the amounts spent by Escazui and San Isidro. In 2002, Santa Ana spent 16,000,000
colones per 10,000 residents, while Escazu and San Isidro spent 8,000,000 and 7,000,000
colones, respectively. Therefore, Santa Ana spent more than double on tipping fees than
did both Escazu and San Isidro. The high cost is due to the large production of waste
(three hundred ninety-one more tons per 10,000 residents than Escazu), and the high fee
per ton dumped (1,200 colones more per ton than Escazi). The amount spent for tipping
fees in 2002 by the municipality of Santa Ana per 10,000 residents was far too high.

Recommendations for Santa Ana
Santa Ana has a system of solid waste management that is neither cost-efficient

nor environmentally-beneficial. The municipality spends the majority of its budget on
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wages and tipping fees, which are expenses that must be lowered. To lower Santa Ana’s
current deficit, the municipality also needs to increase awareness of the recycling
program that is available to its residents. Santa Ana will need to reduce additional costs
that increase the deficit incurred by Santa Ana. Lastly, the municipality will need to
implement a system for composting, which will effectively reduce the amount of waste
produced. This system will be explained later , as all three Costa Rican municipalities
will need to implement a similar system.

Recycling

The increase in the use of the recycling program should also be a top priority to
Santa Ana. Santa Ana currently produces an excessive amount of waste per 1,000
residents. However, with an increase in the use of the recycling program, the
municipality would decrease its production of waste. For this expansion to be effective,
there are several steps that must be accomplished by the central government. The
municipality first needs to increase the awareness of its residents of the environmental
benefits of recycling. The government should then increase the size of its recycling
facility to effectively manage the increased amount of recyclable items.

To increase environmental awareness of the benefits of recycling, Santa Ana
should create an informational pampbhlet that focuses on the effects that the lack of an
efficient recycling program has on the environment. The details of this pamphlet will be
discussed later, as San Isidro should create a similar pamphlet.

Currently, Santa Ana has a small recycling center that accepts paper, plastic,
cardboard, and glass. However, the municipality needs to expand its program to include

aluminum. To double the space of the existing storage facility, Santa Ana need only pay
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approximately 2,000,000 colones, which was the fee paid by La Casa Hogar Para
Ancianos in San Isidro for the construction of its storage room. The additional space
would allow for the efficient management of an increased volume of recyclable items,
and the newly-extended storage room would be able to store the items gathered by all of
Santa Ana’s residents. If the center is unable to separate or sell items within a sufficient
time period, then the municipality should consider increasing the number of employees.
If the center is able to sell items reasonably quickly, however, storage space is an issue,
then the construction of another new storage facility should be considered by the
municipality.

Reduce Cost

Another important issue is Santa Ana’s need to reduce its expenses. The total
cost for the management of solid waste in Santa Ana is only 3,000,000 colones less than
that of Escazi, a municipality that is home to an additional 19,000 people. The above
recommendations are focused on reducing the amount of money spent on tipping fees by
effectively reducing the amount of waste produced by the residents. There are, however,
several other factors that also contribute to the deficit.

Wages, for example, need to be reduced, which can be done by relocating some
workers and releasing others. One worker should be moved from the collection of waste
to the collection of recyclable items. This will provide the recycling service with three
workers per truck so that the program will be better equipped to handle the increase in the
amount of items recycled. One other worker from the collection of waste should be
relocated to manage the new composting facility, which can easily be managed by one

person. This relocation of two workers will reduce Santa Ana’s worker efficiency to 3.40
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workers per 10,000 residents. The reduction of workers in the waste collection
department does not, however, reduce the fee that must be paid in wages, and the number
of workers per 10,000 residents is still 1.53 times higher than that of Clinton. If two
workers are released, then the deficit will be decreased by 8,000,000 colones, which is
fifteen percent of the deficit. The release of workers will reduce the worker efficiency to
2.87, and it will create a worker per truck ratio of 3.3. These figures are much more
reasonable, as they will prove to help in the reduction of the deficit without
compromising the quality of the waste collection service.

Non-personnel services consist of the wages that are paid to temporary workers.
Temporary workers are those that are hired solely to cover for a full-time employee who
is unable to work for a brief period of time. The only way to minimize this cost is to
utilize ten workers, which consist of one driver and two collection men per truck. One
worker either fills in for any missing worker or works as a forth man on one of the trucks
on any given day. If the above model is followed, then the amount of money spent on
non-personnel services will decrease and the deficit will therefore be reduced.

Materials and supplies is another section of the budget in which Santa Ana spends
significantly more per 10,000 residents than do Escazi and San Isidro. With the
reduction in workers and the relocation of workers, the amount spent on materials and
supplies will decrease, which will also reduce the deficit.

Tipping fees is the cost incurred by the municipality to dispose of the waste
produced by its residents. The expense will be reduced upon the expansion of the
recycling system and the implementation of a composting system, as these systems will

reduce the amount of waste produced per resident. Santa Ana pays 4,600 colones per
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metric ton to dump its solid waste in the landfill of Los Mangos, which is located in
Alajuela. Los Mangos will only be available for use for another six years. There is a
landfill located in Uruca that is owned by EBI of Canada, which charges only 3,900
colones per ton to dispose of waste. EBI is planning to build a larger landfill near San
José that will be able to service all municipalities in the Central Valley. EBI plans to
begin the construction of this landfill within the next two years, so the municipality of
Santa Ana should open a line of communication with EBI and discuss arrangements for
the use of the new landfill. The current landfill managed by EBI charges less per ton than
does Los Mangos, and it is considered environmentally-safe by U.S., Canadian, and
Costa Rican standards.
Analysis of San Isidro

San Isidro incurred a deficit of 3.8 percent of its budget in 2002. Unlike Santa
Ana, the cause of San Isidro’s deficit is not easily identifiable from Figure 3 (presented
earlier). In fact, we noticed that San Isidro appears to be more conscious of its spending
per 10,000 residents, as the municipality actually spends less than the other two
municipalities in every category, with the exception of one. Therefore, we concluded that
the cause of this deficit is not due to excessive spending, but rather to a combination of an
inefficient recycling program and system for the collection and disposal of waste.
Collection

San Isidro charges those households that receive the service of the collection of
waste 800 colones per month. When compared to the other Costa Rican municipalities,
San Isidro charges the lowest monthly fee. This fee, however, is not sufficient to cover

the total cost for the collection and disposal of solid waste, and it therefore contributes to
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San Isidro’s deficit. Unfortunately, it would be extremely difficult to raise this fee (Siany
Villalobos Argiiello, Executive of solid waste system in San Isidro, May 19, 2003).

San Isidro has a vehicle-operating efficiency of 0.59 trucks per 10,000 residents,
while the desirable ratio is one truck per 10,000 residents. Implications of vehicle-
operating efficiency are the municipality’s ability to handle future residential growth and
expansion. The town of Clinton has 1.49 trucks per 10,000 residents. However, Clinton
owns a truck that is not used on a regular basis. This extra truck is used only when the
daily truck encounters problems that require maintenance. When compared to the other
Costa Rican municipalities of Santa Ana and Escazu, which have vehicle-operating
efficiencies of 0.88 and 0.93, respectively, it is evident that San Isidro is in need of
another truck. The one truck that is owned by San Isidro is not sufficient to manage the
collection of the population, as on some days the truck is forced to collect and dump
twice. In addition, the truck is among the oldest waste collection trucks in the central
valley, says Ms. Villalobos, and large sums of money are spent on its maintenance.

The worker efficiency for San Isidro was calculated to be 4.70 workers per 10,000
residents. However, there exists no need to employ any more than three workers per
10,000 residents for the collection of waste. When compared to the municipalities of
Santa Ana and Escaza, which have worker efficiency ratios of 2.78 and 4.00,
respectively, San Isidro’s ratio is significantly high.

The town of Clinton is able to effectively provide the service of waste collection
to its residents with a ratio of 2.23 workers per 10,000 residents. Therefore, a
comparison of all Costa Rican municipalities to Clinton was made. San Isidro has 2.11

times the number of workers per 10,000 residents than does Clinton, which further
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supports the conclusion that San Isidro employs an excess of workers. In comparison
with Santa Ana and Escazu, which have relations of 1.79 and 1.25, respectively, San
Isidro is again the least efficient.

Another aspect of collection that was calculated is the number of workers per
truck in each municipality’s solid waste collection system. San Isidro has eight workers
per truck, where as in the United States it is uncommon to have more than three workers
per truck, especially in a residential area. Clinton has the desirable three workers per
truck, so a relation to Clinton and the Costa Rican municipalities was calculated. We
noticed that San Isidro has 2.67 times the number of workers per truck as does Clinton,
which a large difference. Employing eight workers for one truck is absolutely
unnecessary. By employing more workers than needed, the municipality is adding to its
deficit. San Isidro has only one truck for the municipality, and it employs eight workers
that work on this one truck on a daily basis. This overstaffing is financially hurting San
Isidro, and it needs to be remedied.

Recycling

Recycling is currently an option in San Isidro, but the program is not well-
developed. Recyclable items are picked up from only ten percent of its residents, so if
the remaining ninety percent want to recycle they must bring the items themselves to the
small center. The truck that is currently used will not suffice for an increase in the
collection of recycling; however, the municipality lacks sufficient funds to expand its
current program due to its deficit.

The vehicle-operating efficiency for the service of recycling was calculated for

the municipality of San Isidro per 20,000 residents. Currently, San Isidro owns 1.17

58



trucks per 20,000 residents. One truck could easily manage the collection of recyclable
items from more than 20,000 residents (Tom Murray, personal communication, May 1,
2003). According to the number calculated for San Isidro, it appears that the
municipality does not need to purchase a new truck at this moment. The truck that is
currently used is a small pick-up truck with a capacity of only one ton (Figure 6). This
truck can easily handle the current load of recyclable items, and it could even manage an

increase of 3,400 residents before it reaches its capacity.

Figure 6: San Isidro’s Recycling Truck

The number of workers employed for the recycling service per 20,000 residents
was also calculated for San Isidro. San Isidro currently employs 2.35 workers per 20,000
residents. For a town to properly service its residents’ production of recyclable items, it
should employ a minimum of two workers per 20,000 residents (Tom Murray, personal

communication, May 1, 2003). Since San Isidro employs more than two workers per
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20,000 residents, and because the workers currently service only 1,700 residents, there
exists no need to increase the number of workers for recycling.
Costs

The municipality of San Isidro collects and transports all of its waste to a landfill
located in San Pablo. The fee to dispose of its waste in the landfill is 2,400 colones per
metric ton. This cost is quite low as a result of the landfill’s poor maintenance and
inability to adhere to Costa Rican regulations.

The costs that the municipality of San Isidro incurs are not significantly high
when compared to those of Santa Ana and Escazi. However, there are particular sections
of San Isidro's budget that need to be evaluated and remedied to reduce the deficit. These
sections include wages and maintenance and repair.

Thirty-three percent of San Isidro’s budget goes toward wages, which is a high
value. Escazi spends thirty percent on wages, and Clinton spends twenty-five percent on
wages. San Isidro spent 8,000,000 colones per 10,000 residents in 2002. Although this
number is lower than those of the other two Costa Rican municipalities, it still needs to
be reduced.

San Isidro spends more per 10,000 residents on maintenance and repairs than do
the other Costa Rican municipalities. This is due to the fact that the truck is old and
breaks down often (Figures 7 and 8). Each time a problem arises, an outside mechanic is
called in. It is evident that San Isidro is spending large quantities of money on a truck

that should be replaced.

60



Figure 7: San Isidro’s Waste Collection Figure 8: San Isidro’s Waste Collection
Truck (side) Truck (front)

Recommendations for San Isidro

San Isidro has a system of solid waste management that is neither efficient nor
environmentally-beneficial. The municipality spends the majority of its budget on
wages, and it also spends a great deal on maintenance and repairs. To lower San Isidro’s
current deficit, the municipality needs to expand the recycling system, decrease spending
on wages, and implement a system for composting, which should be done by all three
Costa Rican municipalities.
Recycling

The expansion of the recycling program should be a top priority. San Isidro
currently produces the largest amount of waste per 1,000 residents; however, with the
expansion of the recycling program, the municipality can decrease its production of
waste. For this expansion to be effective, there are several steps that must be
accomplished by the central government. The municipality first needs to increase
awareness of its residents for the environmental benefits of recycling. The government
should then increase the size of its recycling facility to effectively manage the increased

amount of recyclable items. San Isidro should also increase the lengths of its route on a
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bi-monthly basis to allow for the adjustment of the recycling facility to the increase in
items. Once San Isidro collects from approximately 20,000 residents, an evaluation of
the efficiency of the system should be conducted according to specific criteria; vehicle-
operating efficiency, worker efficiency, and facility efficiency.

To increase environmental awareness of the benefits of recycling, San Isidro
should create an informational pamphlet that focuses on the effects that the lack of an
efficient recycling program has on the environment. A similar pamphlet is needed by
Santa Ana as well, therefore the details of the pamphlet will be described later in a
general format.

Currently, San Isidro has a small recycling center that accepts paper, plastic,
glass, and cardboard; however, the municipality needs to expand its program to include
aluminum. To double the space of the existing storage facility, San Isidro needs only pay
approximately 2,000,000 colones to construct another storage facility like the one already
located at the senior home. The additional space will allow for the efficient management
of an increased amount of recyclable items, and the newly-extended storage room will be
able to store the items gathered by all of San Isidro’s residents.

The expansion of the recycling program to include the entire municipality
involves three major modifications: an increase in the number of routes, an increase in
the number of residents included on each route, and a new truck for collection. The
increase in the number of routes should be done on a bi-monthly basis, at which points an
additional ten percent of the municipality’s population will receive the service of
collection. For the service of collection to be successful, the routes should be planned in

advance and the residents should be notified of the day that their recycling service is to
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begin. If the above model is followed, then all residents of San Isidro will have the
option of utilizing the collection service within eighteen months of the start of the plan.

Once San Isidro’s recycling program services 5,100 residents, an evaluation of the
program should be made, which would be after about four months. An evaluation of the
number of workers must also be made, which will ideally demonstrate the employment of
two or three workers. More importantly, however, is an evaluation of the truck. The
municipality will have to consider the truck’s capacity, the workers’ ability to manage the
amount of recyclable items collected, and the recycling center’s ability to store the items.

If the truck is beyond its capacity at this point, then the purchase of a new truck
should be considered. However, if the truck is not beyond its capacity, then the purchase
of a new truck can wait. If the latter is the case, then an analysis of the truck’s capacity
must be done every other month until the truck reaches its capacity. At this point, San
Isidro will then need to decide if sufficient funds are available and if the purchase of a
new truck is a feasible option.

If San Isidro employs three workers to manage the one truck, then an increase in
the number of workers is unnecessary. The number of employees, however, is dependent
on the budget and the available funds. The recycling program can be managed by two
workers, so if three are employed for the collection of recyclable items then one worker
should be released.

Lastly, San Isidro needs to evaluate the recycling facility itself. It is important
that the center be able to separate, store, and sell the recyclable items that are collected.

If the center is unable to do so, then the municipality should consider increasing the
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number of employees. If storage space is an issue, then the construction of a new storage
facility should be considered.
Reduce Costs

The above recommendations are focused on reducing the amount of money spent
on tipping fees by effectively reducing the amount of waste produced by the residents.
There are, however, several other factors that also contribute to the deficit. Wages, for
example, need to be reduced, which can be accomplished by relocating some workers and
releasing others.

One worker should be relocated from the collection of waste to the collection of
recyclable items. This relocating will provide the recycling program with three workers
per truck so that the program will be better able to handle the increase in the amount of
items recycled. One other worker from the collection of waste should be relocated to
manage the new composting facility, which can easily be managed by one person. This
relocation of two workers will reduce San Isidro’s worker efficiency from 4.70 to 3.50
workers per 10,000 residents. This reduction of workers in the collection of waste,
however, does not reduce the total that must be paid in wages, and the worker efficiency
is still 1.60 times higher than that of Clinton. If three workers are released, then the
deficit will be decreased by 4,870,000 colones. The release would therefore bring San
Isidro’s account to a positive 3,251,000 colones and the deficit would no longer exist.
The release of workers would also reduce the worker efficiency to 2.10, and it will create
a worker per truck ratio of 3.00. These figures are much more reasonable, as they will
prove to help in the elimination of the deficit without compromising the quality of the

waste collection service.
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As previously mentioned, maintenance and repairs is another problematic section
of San Isidro’s budget. The municipality spent 875,000 colones on maintenance and
repair on its sole truck that is used for the removal of waste. With the reduction of
workers, 3,251,000 colones will be saved to purchase a new truck. In addition, if a ten
percent reduction of waste from the expansion of the recycling program and the
institution of a composting system results, San Isidro will save an extra 1,330,000
colones. The total savings sum 4,581,000 colones. With the purchase of a new truck, the
fee for maintenance and repairs will be significantly reduced, which will leave an excess
of funds that will sum over 5,000,000 colones. This money could be used to help pay for
the new truck’s first year payments.

Analysis of Escazi

The municipality of Escazu has a very well-managed and efficient system for the
collection and disposal of waste. Not only is this statement true when Escazu is
compared to the other Costa Rican municipalities, but it is still valid when compared to
the U.S. towns of Clinton and Shrewsbury, Massachusetts. Escazi does not currently
have a deficit, and the municipality actually has an excess of money that can be used to
improve its system. Refer to Figure 3 (previously presented) for the budget expenses of
Escaz.

Collection

Escazu charges its residents 933 colones per month for the collection and disposal
of its waste and recyclable items. This fee is between those of Santa Ana and San Isidro,
and it is a fair rate. Not only does this fee provide the municipality with enough money

to cover the cost of the collection and disposal of all waste, but there is a sum of money
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that remains that could be used toward the expansion of the recycling program. Escazu
produced 235 metric tons of waste per 1,000 residents in 2002. This is the lowest
generation by far when compared to the other two Costa Rican municipalities. This low
generation is due to its more effective recycling program and the efforts of the public
health department in educating the residents on the benefits of recycling and trash
reduction.

The vehicle-operating efficiency and worker efficiency in Escazi comply with
those efficiencies of the model. Escazu has a vehicle-operating efficiency nearing one
truck per 10,000 residents, with less than three workers per 10,000 residents. The
combination of these two factors shows that Escazu is efficiently managing its collection
of waste. This statement is supported by the data of workers per vehicle, which is 3.20,
while the desirable value is three workers per truck.

Recycling

Recycling in Escazi, when compared to the two other Costa Rican municipalities,
is extremely effective in the reduction of waste. The collection service is provided to
sixty percent of the residents in the municipality. Expansion of the collection service can
only further help to reduce the amount of waste produced.

Escaz(’s recycling program currently has a vehicle-operating efficiency of 0.40
trucks per 20,000 residents, which is low. The worker efficiency rating for Escazi’s
recycling program is 1.50 workers per 20,000 residents. This number is also low for a
municipality of its size, as there should be no less than two, and no more than three,

workers per 20,000 residents for a recycling program to be effective. The municipality of
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Escazu collects all five of the commonly accepted items for recycling in the U.S. These
items are plastic, paper, aluminum, glass, and cardboard.
Cost

Waste is transported by the municipality to a landfill in Rio Azul, which is owned
by Waste Placement Profession (WPP). The final disposal fee is 3,400 colones per
metric ton. When compared to Santa Ana, Escazu is reasonably charged.

The total cost to Escazu in 2002 was only three million colones more than that to
Santa Ana, which is a municipality with a population of 19,000 fewer residents than
Escaza. The per capita cost in 2002 was significantly less than that of Santa Ana,
however more than that of San Isidro. Although Escazu had a higher per capita fee than
did San Isidro, it is justified by its well-managed collection service and recycling
program. It is also important to note that Escaza did not incur a deficit in 2002 and that it
spends about thirty percent of its budget on wages.

Recommendations for Escazu

Escazu does not need to make any changes to its system for the collection of
municipal waste. The municipality has the lowest production of waste per 1,000
residents, but this number can still be reduced by means of instituting a system for
composting and expanding the service of recycling to collect from all residents.
Recyceling

There are several steps that must be taken to expand the service of recycling in
Escazu. Firstly, Escazi needs to continue to inform its residents of the benefits of
recycling. Secondly, each section of the municipality needs to be adjusted to service all

residents.

67



Escazu currently has a pamphlet that has been given to its residents (See
Appendix W). The pamphlet stresses the importance of recycling to the community as a
whole and how to make the collection of recycling more effective by explaining how to
properly prepare the recyclable items for collection. These pamphlets should also be
passed out to residents that are soon to be included in the recycling service, and they
should include the date that the recycling service is to begin.

To expand the recycling program in Escazt, the municipality must first purchase
a new truck. Only one truck is used currently to service 32,000 residents, and this truck
is filled to near capacity on its daily routes. With an additional truck, Escazu will have a
vehicle-operating efficiency of 0.74 trucks per 20,000 residents, while the recommended
value is 0.75 trucks per 20,000 residents.

After the purchase of a new truck, workers for this truck will be needed. Escazui
currently employs three workers for the collection of recyclable items. Three employees
give the town a worker efficiency of 1.50 workers per 20,000 residents, which is low
according to the recommended minimum value of two workers per 20,000 residents. If
the municipality hires one driver and two other workers to collect the recyclable items,
Escazu will increase its worker efficiency to 2.20 workers per 20,000 residents. This is
an ideal number as it is over the minimum level, and it will allow the municipality to
manage the collection of all recyclable items efficiently. Since Escazu has a profitable
collection program, to increase the number of workers would not put a burden on the
budget.

Once the new truck and workers have been added to the program, the expansion

of the recycling program can begin. The expansion should be done on a gradual, monthly
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basis, adding 5,400 residents to the collection route each month. This method would
allow the collection from all of its residents after four months of its start. If the model
stated above is followed, then the municipality will already be at ideal levels for worker
and truck efficiencies. Therefore, an evaluation of these sections would not be necessary.
The evaluation of the recycling facility should be made to identify potential problems.
Any problematic issues could easily be remedied by adding workers to the program or by
building a new storage facility for an overflow of items. The municipality already has a
well-established recycling program. Therefore, the sale of items should not be a problem,
as a large market exists for recyclable items--cardboard and plastic in particular (Ana
Flor Villalobos, personal communication, June 2, 2003)

Analysis of Rio Azul

Rio Azul was built into the side of a hill near a poor and highly populated
community (For figures see Appendix T). The area surrounding the landfill is being
contaminated because no impermeable layer exists to protect the ground from leachates.
In addition, the system for the collection and treatment of leachates is technology out-
dated, as it is ineffective and unacceptable when analyzed with U.S. standards. Lastly,
Rio Azul’s system for releasing methane does little to prevent the landfill from polluting
the air.

Rio Azul has been in use for over thirty years and has between two and three
years remaining before it reaches its capacity. The landfill’s structure consists of sections
that are strategically built on top of one another to prevent collapsing. The sections fill
the side of a hill that was dug out during the construction of the landfill. Since the

landfill was built thirty years ago, an impermeable layer was not constructed to prevent
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leachates from contaminating the ground and water supplies because such technology
was unknown in Costa Rica.

Numerous health hazards are already affecting the community surrounding the
landfill. These health hazards include cancer, skin conditions, and headaches ( Jorge
Cardoza, personal communication, June ,2003). The ground below the landfill is highly
contaminated with leachates and other chemicals, which can cause harm to living
organisms. A nearby river has been contaminated by the landfill, spreading the
hazardous chemicals over an even greater distance (Douglas Alpizar Villalobos, personal
communication, June 21,2003).

This contamination could affect farm land that could then affect humans, plants,
and animals. Communities’ water supplies could be contaminated and therefore
hazardous to drink. Due to their extreme state of poverty, many of the nearby residents
have no other place where they can live.

Rio Azul’s current leachate collection system is extremely ineffective. The
leachates are neither collected nor properly treated (See Appendix T). Also, there are no
means of preventing untreated leachates from by-passing the collection system, which
adds to soil contamination.

Leachates are carried down the mound of waste by rainwater to the bottom
of the landfill where a portion of this contaminated water is then collected. The
remaining leachates seep into the ground where they can reach underground water
sources. The water that flows down the hill is not guided in any particular direction or
pumped to a lagoon. There is a small lagoon that sits at the bottom of the landfill. This

lagoon is simply a hole in the ground that has no means of preventing the leachates from

70



seeping into the ground below. Some of the rainwater that flows down the hill ends up in
the lagoon (See Figure 9 below). Rainwater is collected through a system of drains,
which flows into this lagoon, but this type of water generally does not carry leachates
since it has not mixed with the dumped waste. Therefore, only a small percentage of

leachates end up in the lagoon and are sent to a treatment plant.

Figure 9: Model of Rio Azul after being closed and capped. Notice the small black
rectangle (A). That is the lagoon that is meant to hold the leachates produced by the

entire landfill above (B).

Methane is a hazardous gas produced by landfills as a result of the decomposition
of waste. Rio Azul is a large, old landfill that produces a great deal of methane gas. The
system controlling methane emission has two main flaws: methane is not burned and
methane is not collected. The system for methane control leaves large pockets of
methane to sit under capped sections, which has led environmentalists to claim that the

landfill Rio Azul is “an artificial mountain which is a threat that seems ready to explode

(Pacheco, 2003).”
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The benefits of burning methane as it escapes into the atmosphere include a
reduction in methane odors and air pollution. Rio Azul has four methane flares; however,
these four flares only collect and burn methane from about twenty percent of the landfill.
The rest of the methane is released into the atmosphere by chimneys located throughout
the landfill, which run deep into the ground. By just releasing the gas and 'not burning it,
the surrounding air becomes extremely polluted. Methane collection is another beneficial
option. This system functions by collecting all the methane through a common set of
pumps, which is advantageous because methane is a valuable gas that could be sold to
power plants to produce electricity.

Recommendations for Rio Azul

Rio Azul creates a great deal of negative environmental effects, which result in air
and water contamination. Some of these effects may be remedied; however, doing so
will be expensive. Leachate collection and treatment needs to be more effective, and the
improvement of methane collection is absolutely necessary in order to become more
environmentally safe.

WPP has already begun construction of an on-site leachate treatment system.

This system will remove and treat any leachates collected in the lagoons. Since only a
small amount of the leachates are actually collected, the benefits of a treatment facility
are minimal.

For the leachate treatment system to be effective, it needs an effective system for
the actual leachate collection. Rio Azul could improve this system by building an
impermeable layer in the buffer zone of the landfill. This impermeable layer would

collect any water that flows on top of the clay layer that currently separates the landfill
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from the ground. The impermeable layer should cover the entire length of the bottom of
the landfill and be constantly drained into the treatment lagoons. After all the leachates
are treated by the treatment plant, the water could safely be dumped into the nearby river.
This system would collect a great deal of the untreated leachates that otherwise would
have by-passed the system and contaminated the soil and water.

The current system used for controlling the landfill’s methane emissions is not
effective enough. Methane should be collected and either burned to reduce air pollution
or sold to a power plant that can use it to produce electricity. WPP claims that it plans to
collect the methane after the landfill is closed, but in our opinion there is no reason that
WPP should wait. If a system were built to collect all the methane, the methane could be
burned in a large flare until an agreement could be made with a power plant for the sale
of the methane. Building the system as soon as possible will allow the landfill to monitor
more precisely how much methane is produced by the landfill.

A system for the collection of methane includes two major parts: small collection
chambers and a main collection pump. The chimneys that are currently in place need to
be removed. Methane collection chambers and pumps should be installed in the
chimneys’ place, according to the standard used in the landfill in Fitchburg, MA (See
Appendix R). Once this system is set up, the methane could be sold for a profit to a
power plant.

When the landfill has reached its capacity and has been capped, WPP plans on
building a park on this ground for the nearby residents. This is a dangerous idea since the
landfill is already causing health problems for these residents. To build this park will

only encourage the locals to use the facility and become more closely in contact with the
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hazards of the landfill. Therefore, the landfill should be capped and closed to the public
to reduce the risk of the population getting cancer and other harmful diseases.
Analysis of Los Mangos

Los Mangos is a landfill located in Alajuela , and it is owned by WPP (For figures
see Appendix U). This landfill has an impermeable layer, but it contains less than half
the waste in the landfill. The system for the collection of leachates from the impermeable
layer is sufficient, but leachates are not collected from the entire landfill. Lastly, the
system for controlling methane is sufficient, but there are more effective and profitable
options.

WPP installed the impermeable layer ten years ago when the company bought the
landfill. The landfill was previously a dump that was so poorly managed that sections of
it would spontaneously ignite due to the huge amounts of methane that was being
produced (See Figure 10 below). The dump had been in existence for twenty years
before WPP took control, and it had accumulated a great deal of waste over these years.
WPP capped this area and started a new section with an impermeable layer. Sections
with impermeable layers consist of less than half of the area with waste in the landfill, so

the previously dumped waste could still be contaminating ground water supplies.
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Figure 10: Los Mangos when purchased by WPP. The sections of smoke are the result of
unsupervised fires that would spontaneously ignite.

The leachate collection system is efficient in the sections where it exists. The
system leaves the leachates on top of the impermeable layer in a drainage area. This
water is then pumped into a truck where it is then brought to a treatment facility. If the
entire landfill had an impermeable layer, then this would be an effective system.
However, some of the sections do not have the impermeable layer and are still
contaminating the underground water supplies (see Figure 11). Another issue with this
system is that it would be much more cost-efficient to have an on-site collection and
treatment system, which could also be used to collect the rain wash-off from the old,

unprotected section.
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Figure 11: Area of landfill without an impermeable layer or leachate collection system.
Note the green substance in the water. This is water that is highly contaminated and sits
stagnant on the outside of a collection stream. The water will stay here until heavy rains
wash it into the stream below.

Methane is not collected in Los Mangos, but it is well-controlled. There are
multiple methane flares set up throughout the landfill, which draw out the methane from
under them and burn it. This system reduces the odors produced by the landfill. It also
reduces air pollution caused by the release of large quantities of methane. Overall, the
system is efficient, but other options exist that are more effective and profitable.

Recommendations for Los Mangos
Los Mangos is a landfill that claims to follow all of Costa Rica’s regulations, yet

the landfill is still contaminating underground water supplies. The landfill has a system

for leachate collection that is effective, but it has room for improvement. Lastly, the
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landfill needs to collect the methane it produces because this method is more effective at
reducing air pollution and it has the potential to be very profitable.

In order to improve the system for leachate collection and treatment, Los Mangos
will first need to build an on-site treatment facility. This facility can utilize lagoons,
which can treat the leachates with oxygen and chlorine, or it can use new substances like
the microorganisms used at El Parque de Technologia Ambiental (See Appendix S). The
leachates should be collected from all sections of the landfill that have impermeable
layers and treated in these lagoons. The leachates should also be collected by means of
leachate streams, which should be systematically located around the base of the landfill.
All these streams should be connected to the leachate collection system so that
contaminants, as seen in Figure 11, will wash into the streams and be treated. Although
this will not treat all the leachates, it will reduce the amount of untreated leachates that
could contaminate ground water supplies or the nearby river.

The landfill’s system for methane collection could be improved. This system
should be improved by using the landfill located in Fitchburg, MA and owned by Waste
Management Industries as a model. First, methane pumps and collection chambers
should be set up throughout the landfill. These collection chambers should all be
connected to a main pump at which all the methane can be collected. The collected
methane could be sold to a power plant that would use the methane to produce electricity.
The sooner this system is completed, the more profit the landfill can yield. Los Mangos
will continue to produce great deals of methane for over fifteen years after being capped.

Therefore, WPP could continue to make money off of the landfill after it reaches its
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capacity. This system for methane collection is environmentally-safe because it collects

almost all of the methane.
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VI. GENERAL CONCLUSIONS

The municipalities of Santa Ana, San Isidro de Heredia, and Escazu each need to
reduce the amount of waste produced per 1,000 residents. The reduction of waste can be
accomplished by means of expanding the recycling program and instituting a composting
system in each municipality.

A facility for the composting of yard waste should first be constructed, as
composting is an effective way to significantly reduce the amount of waste produced by
residents. As a result of a decreased production of waste, the total cost to the residents
for the collection of the waste is lowered and the fee to the municipality to dump the
waste in the landfill is also lowered. Shrewsbury, MA, for example, composts about
seventeen percent of its solid waste per year, and it only costs the town $24,000 for this
service (Nancy Allen, personal communication, March 27, 2003). This means that the
town saves approximately $145,000 and diverts about 2,040 tons of waste from being
disposed of in the landfill.

Each of the three Costa Rican municipalities would benefit from the development
of a composting system. Since fifty-eight percent of Costa Rica’s solid waste
composition is biodegradable, it only stands to reason that it should be composted. Each
municipality would save a lot of money by composting its organic waste because as the
system expands and the composting rate increases, the municipality would be diverting
several tons of waste from the landfill, thus saving money on tipping fees.

The composting program should be placed at a communal dumping site at which
residents can dispose of their yard trimmings. Since the purchase of a truck for this

program would not be in the budget in the beginning, a collection service would not be
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available until the composting program became more established. To begin its
composting program, each municipality should relocate one of its workers from solid
waste collection to composting. That one worker’s job would be to maintain the
composting facility by taking drop-offs and turning over compost. Upon development,
the facility should only accept yard-trimmings for disposal, as food waste requires a
significantly higher level of maintenance due to the odors and insect infestation caused
by its decomposition. In the United States, food composting is accomplished with a 4:1
ratio of dry materials to food waste in order to reduce the odors and insect infestation
(http://www.cfe.Cornell.edu/compost/composting_homepage.html). In a tropical climate,
the ratio of dry materials to food waste would have to be even higher due to a
combination of heavy rains, humidity, and high temperatures. Compost should be rotated
after a predetermined period of time to increase decomposition rates by the method of
putting old, rich compost on top of new, fresh compost.

To increase environmental awareness of the benefits of recycling, Santa Ana and
San Isidro should create an informational pamphlet that focuses on the effects that the
lack of an efficient recycling program has on the environment. This pamphlet should
explain the process of separation and the collection of recyclable items, in addition to
stressing the advancement into a new era of waste collection by means of an efficient
recycling program. The booklet should specify that recyclable items not only need to be
separated from the rubbish, but that they also need to be separated from each other.
Paper and cardboard, for example, can be bagged together; however, these items should
be bagged separately from aluminum, glass, and plastic. Specific items that cannot be

recycled should also be specified. Plastic bags and aerosol cans, for example, are items
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that cannot be recycled. In addition, the preparation for the disposal of each item need to
be explained, such as the rinsing of plastic bottles and aluminum cans and the placement
of these items in transparent bags. Lastly, the pamphlet should stress the fact that the
municipality has a center for recycling that is available to any and all residents who
currently do not have the collection service. The final product should then be mailed to
all residents, in addition to be available at El Palacio Municipalidad (Town Hall).

The municipality of Santa Ana has the least efficient system for the collection of
waste when compared to the Costa Rican and American municipalities of interest. Santa
Ana spends far too much money on wages and tipping fees, which are costs that can be
reduced according to our recommendations. Santa Ana needs to increase the percentage
of residents who use their system for recycling. The implementation of a composting
facility will also help to reduce the amount of waste produced by the residents. The
combination of the fulfillment of these two recommendations will help to reduce Santa
Ana’s deficit, in addition to making its system for waste collection and disposal more
efficient.

San Isidro has a waste management system that appears to be well-managed,
based on financial data, but when all collected data is scrutinized, many flaws appear.
The municipality has a poor system for the collection of recyclable items. Therefore, the
recycling program needs not only to expand, but it first needs to become better-equipped
to do so. The system for the collection of waste employs far too many workers, so it is
recommended that three be released as a cost-cutting measure. These changes, combined
with the implementation of a composting facility, will rid San Isidro of its deficit and

allow the municipality to purchase a badly-needed new truck for the collection of waste.
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Escazi has a very efficient system for waste management. This municipality has
been able to reduce its waste generation by means of providing its residents with a well-
managed recycling program. Once the recycling program is expanded and a composting
system is implemented, Escazi will be able to further reduce the amount of waste
produced. The reduction in waste will not only make the municipality’s system for waste
management more cost-efficient, but it will also aid in the protection of the environment
by diverting waste from landfills.

The landfill located in Rio Azul, which is owned by WPP, is an example of the
inconsistencies that exist in Costa Rica’s current waste disposal systems. Rio Azul does
not have an impermeable layer and its manager claims that leachates are collected for
treatment. In reality, the majority of the leachates produced by Rio Azul completely by-
pass the leachate treatment system and contaminate the surrounding area. WPP claims to
have methane flares, but the fact is that only four small flares exist. A large quantity of
methane is released into the atmosphere through chimneys, which results in the pollution
of the atmosphere. The Rio Azul landfill needs a proper method for the collection of
leachates for treatment, and it also needs to finish the construction of the on- site leachate
treatment facility. Additionally, Rio Azul should improve its system for methane control
either by burning the methane or collecting it and selling it to a power plant to produce
electricity.

Los Mangos is the landfill located in Alajuela that is owned by WPP. This
landfill does have an impermeable layer in some sections; however, these sections
contain less than half of the total volume of waste in the landfill. Leachates are collected

only from these areas with impermeable layers, while the older sections of the landfill are
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left to contaminate ground water supplies and the nearby river. The system for the
control of methane is effective, as methane is burned by flares throughout the landfill that
help to reduce air pollution. Los Mangos needs to improve its system for leachate
collection by adding an on-site treatment facility and by building an effective and safe
leachate collection system in the old area of the landfill. Methane should be collected
and sold, which would be profitable and more effective than the current methane control
system.

If the above recommendations are followed, then each municipality will reduce its
amount of waste produced, in addition to implementing a more environmentally-
conscious system for waste management. If the landfills are improved, then they will
reduce the contamination of the surrounding areas and the pollution of the atmosphere as
a whole. The methodology utilized in this report for both data collection and analysis
should be used to analyze other municipalities and landfills in Costa Rica. The result
would be the reduction of solid waste generation in Costa Rica by means of instituting

environmentally-safe systems of waste management that are practiced in the U.S.
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VII. APPENDICES

Appendix A: Mission and Organization of CICA

The Centro de Investigaciones en Contaminacion Ambiental (CICA) is an
organization that utilizes various techniques for researching and analyzing environmental
pollution. CICA was founded in 1982, and it works in conjunction with the University of
Costa Rica, which is located in San Pedro (Pouliot, Trovato, &Yim, 2001). For the past
twenty-one years, CICA has been utilizing a variety of techniques for investigating and
analyzing environmental pollution. Their technical instruments are currently among the
most advanced in the country. The organizations mission is to investigate and contribute
scientific information that will assist in the world-wide effort to protect the natural
environment. The research team includes scientists from a variety of fields: physics,
chemistry, biology, toxicology, pharmacology, chemical engineering and microbiology.
The organizations main focus is on the quality of water, the atmospheric emissions, and
the chemistry of pesticides in Costa Rica (Pouliot, Trovato, &Yim, 2001).

CICA receives its financial support from three different sources. The University
of Costa Rica’s administration provides a small amount of funding for some of CICA’s
projects. A second source of funding comes from consulting services within the country,
such as chemical analysis and sampling. Financial support also comes from the national
and international institutional organizations to which CICA directs much of their research
and project efforts. Some of these organizations include the Inter-American
Development Bank, the National Organization of Atomic Energy, the Pan American

Health Organization, the United Nations Development Program, the Institute of



Municipal Promotion and Advisory, and the National Service of Underground and
Irrigation Waters (Pouliot, Trovato, &Yim, 2001).

Each research center receives a set of by-laws from the government. CICA has a
committee called Consejos Scientificos that set the policies for their research center. The
director of the center enforces the policies of CICA (Pouliot, Trovato, &Yim, 2001).

Our liaison Sr. Arrieta works at the University of Costa Rica’s School of
Chemistry. His work for CICA is in the area of solid waste management. Ronald is
currently the only person at CICA working on this issue.

The goal of our IQP is to propose a sustainable system for the management of
solid waste in three Costa Rican municipalities. Our research, analysis, and
recommendations to improve Costa Rica’s current methods of solid waste management
will aid CICA in its effort to protect Costa Rica’s natural environment. In addition, our
project will advance our liaison’s studies in the area of solid waste management by
providing him with new information on possible waste management options in Costa

Rica.
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Appendix B: Refuse Material by Kind, Composition,

Kind

Cricbage

Kubbish

Ashies

Sirect refuse

ead
aninals

Abardoned

als i i o
VONICECS

fndustriat

Demoition

wasles

Conatruction

Wisles

Speaial

WISICS

Waslewaier
treatment

tesilue

Composition

Wastes rom preparation, cookmg. and serving of food.
markel wastes: wastes from handling. storage. and

sale ef produce

Combustible: paper, cartons, boxes, harrels, wood.

tree branchos, vard sirunings. wood lurmiture, bedding

SHINS, CTOCKLIY, IMINCTALS

Residue Trom res used for cookang and heating and

ITomt on-sile ncineration

Sweepings. dirt leaves, cateh basin dirt, contents of
litter receptacles

Cats, dogs, horses, cows

Liwanted cars and trucks 1eit on public propeny

Food-processing wastes. boiler house cimders. lumber

wastes seraps. metal scraps. shavings

Furmber, pipes. brick, musonoy, and other construction

matenals from razed buldings and other structanes

Scrap lumhber. pipe. other construcuon materials

Hazardous solids and liguids: explosives, pathologica!
wastes, radipactive materials

Solids from coarse screening and from gt chambers:
septic tank sludge

sncombustible: metals, tin cans, metal Turniture. dirt,

and Sources

Sources

Houscholds, restaurants,

lastiiutions, stares.cle.

Streets. sidewalks.

alley s, vacant o

Faciories. power plants

Demalition siws 1o e
used Lor new consiruction

New construction,
remodeling

Houschalds, holels.
hospials. insttutions,
stores, mdlisin

Woastowates
plants. s¢

O’Shaughnessy. (2002). Municipal Solid Waste.
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Appendix C: Solid Waste Composition in the United States

Metal 8%

Plastic 8%

Paper 37% Glass 7%

Biodegradable
25%

Other 15%

O’Shaughnessy. (2002). Municipal Solid Waste.
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Appendix D: Solid Waste Composition in Costa Rica

Glass
2%
Metal Other
2% 9%

Plastic
11%

Biodegradable
58%

Chacén, Garcia, & Guier. (2000). Ambiente Problematica y Opciones de Solucién.




Appendix E: Town of Shrewsbury Curbside Pickup Regulations

Acceptable Trash For Pickup

Rags

Cartons

Automobile tires (without rims)

Rugs

Furniture

Household items
Kitchen waste

Unacceptable Trash For Pickup
Bricks

Plaster
Demolition debris
Automobile parts including batteries and truck tires
Fences
Appliances

Recyclable Items
Newspapers
Magazines
Paper book's
Light weight cardboard
Glass bottles and jars
Water jugs
Aluminum cans

(http://www.shrewsburyma.gov/health/reg_rubbish.asp)
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Appendix F: Pay as You Throw (PAYT)

The Pay as You Throw (PAYT) system forces users to pay a set fee per bag of
waste produced instead of incorporating the cost of waste disposal within the property
tax. Stickers are purchased from the town and are then attached to approved waste
disposal bags and carts and/or containers (Document given to us by Bill Sprat during a
meeting, April 14, 2003). The most important aspect of the PAYT system is that it
charges the participants in the town as close to the real cost as is possible for their
generation of waste. If established recycling programs exist within a community, then
PAYT has been found to increase the residents’ motivation to recycle. After the
implementation of a PAYT program communities recycling rates change between -3 to
+30 percent. Residents in general are more likely to recycle with a PAYT system
because there are not any fees imposed on recyclable items. Therefore, recycling reduces
the number of bags that need to be purchased, and as a result lessens the cost that
residents must pay (Document given to us by Bill Sprat during a meeting, April 14,
2003).

Variable and fixed costs are the two major cost subsets for the PAYT program.
These costs need to be identified so that user fees can be appropriately structured, based
on a community’s program. Fixed costs consist of both indirect and direct expenses.
Direct expenses include salaries for collection workers and contracted amounts. Indirect
costs consist of a town’s overhead expenses and benefits (Document given to us by Bill
Sprat during a meeting, April 14, 2003).

The user cost is determined by fixed costs, and it varies based on an increase in

disposal fees or the cost of bags or stickers themselves. An ideal PAYT system results in
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a neutral impact on the town’s budget by having revenues and expenses equal to each
other. Communities can reduce fees charged to their residents by paying for additional
expenses by means of taxes or other available revenue. A community’s current political
and financial situations determine the type of a PAYT system that should be implemented
(Document given to us by Bill Sprat during a meeting, April 14, 2003).

The first step in implementing a PAYT system is to identify the user obstacles--
financial, operational, and attitudinal. Residents with low incomes and fixed incomes,
such as senior citizens, can be burdened by the costs of waste disposal. Operational
obstacles include the change in using approved bags or stickers, and the distribution
network where these items can be purchased. People will also have some doubts and
questions when their disposal program changes. They will be angered that they are now
paying for something that was “free” before. Many users will overfill bags and practice
illegal dumping to get around the fee for disposal (Document given to us by Bill Sprat
during a meeting, April 14, 2003).

Approaches then need be identified to resolve such obstacles. Regulations need
to be enforced in regards to the volume of disposal bags, so that users do not abuse the
system and pay less for the disposal of their waste than other users pay by using larger
bags. Therefore, pre-program communication should be used, such as surveys, to acquire
resident opinions before implementing a PAYT system. The costs incurred by citizens in
a PAYT system must be explained so they realize that distributing costs over the use of
the services is fairer than having a flat rate to be paid by all users. Graphics could also be

applied to show users how full is too full. Fines for illegal dumping, and a convincing
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threat of investigation and apprehension need to be established also (Document given to
us by Bill Sprat during a meeting, April 14, 2003).

Budget elements involving expenses and revenues must be thoroughly analyzed,
and pricing models need to be produced to determine the cost that the town should charge
for each bag or sticker. It is also necessary that the new budget take into account the
need for new staffing or capital items (Document given to us by Bill Sprat during a
meeting, April 14, 2003).

Outreach and communication are necessary components in helping people to
understand and to accept the new waste disposal program. Local television or radio
advertisements, along with town mail, can be used to inform residents on the PAYT
system and budget. After the implementation of the system, a survey could be given to
the residents in order to get their thoughts about the new program (Document given to us
by Bill Sprat during a meeting, April 14, 2003).

Measurement and revision is the last step that is needed before a PAYT system is
implemented. Data is needed on the rates of all the materials being managed. All
expenses for recycling and disposal rates need to be tracked, along with the expenses and
revenues for all materials, operations, and capital items. To maintain the system, results
must be analyzed and changes need to be made to the program when deemed appropriate

(Document given to us by Bill Sprat during a meeting, April 14, 2003).
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Appendix G: Town of Clinton

Solid Waste & Rubbish Convenience Station

Hours: Saturday 8:00am to 1:00pm — Residential use only

Fees as of 5/12/02
Trash, garbage (larger than 33 gal bag) $5.00
Trash, garbage (30-33 gal bag) $3.50
Trash, garbage (10 gal bag) $1.75
Recyclables (plastic, aluminum, tin, and glass) Free*
Newspapers and inserts Free*
Leaves, brush cuttings, yard debris (30 gal bag) $5.75
Wooden chair $5.00
Upbholstered chair $15.00
Recliner $20.00
Sofa $20.00
Sleeper Sofa $30.00
Twin mattress or boxspring $10.00
Full or larger mattress or boxspring $10.00
Portable TV $15.00
Console TV $20.00
Rug (average size 10x10, 12x12) $20.00
Hot water tank (30-40 gal) $15.00
Refrigerator, freezer (appliance with freon) $25.00
Window air conditioner $20.00
Passenger car tire (without rim) $3.50
Passenger car tire (with rim) $5.00

All prices include sales tax

* Free only if accompanied with a bag of garbage,
otherwise $1.00 fee

(http://www.townofclinton.com/)




Municipality of Clinton, MA
Waste Management Budget for 2002 (Amount in $)

Wages - | 104,883.00"

Inter-Governmental Charges (Administration Costs) _ , 20,289.00

Maintenance and Repairs » - 40,000.00

Payment for final disposal of trash at landfill (Tipping Fees) - B - 253,484.00 ‘
Total Rubbish Cost Per Year __ 418,656.00
Money collected from families ($1 sticker * 305000 stickers sold) _ 305,000.00

Cost for town ( money from family - total rubbish cost => a deficit is currently created ) (113,656.00)

Document given to us during a meeting with Bill Sprat, April 14, 2003
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Clinton, MA Cost Breakdown

Wages

Inter-Governmental Charges
(Administration Costs)
5%

Payment for final disposal of trash
at landfill (Tipping Fees)
60%
Maintenance and Repairs
10%

Document given to us during a meeting with Bill Sprat, April 14, 2003
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Appendix H: Municipality of San Isidro (Amount in Colones)

Wages 14,122,384.00
Non Personnel Services 734,689.00
Materials and Supplies 5,711,835.00
Maintenance and Repairs 875,000.00
Depreciation 1,639,069.00
Payment for final disposal of trash at landfill (Tipping Fees) 11,869,029.00
Total Incurred Costs 34,952,006.00
Administrative Costs (10% of total incurred cost) 3,495,200.60
38,447,206.60
Benefit for development or growth ( 10% of Incurred + Administrative) 3,844,720.66
Total Rubbish Cost Per Year 42,291,927.26
Money collected from families (807 col/mon * 4200 families) 40,672,602.00
Cost for town ( money from family - total rubbish cost => a deficit is currently created ) (1,619,325.26)

Zamora, (2000). Clarification of the costs of the budget for the collection, transportation, and disposal of solid wastes in the canto of
San Isidro Heredia.
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San Isidro Cost Breakdown

Benefit for development or
growth
9%

Administrative Costs
8%
Wages

33%

Payment for final disposal of
trash at landfill (Tipping Fees)
28% Non Personnel Services

2%

Matenals and Supplies
Depreciation 14%
4%
Maintenance and Repairs
2%

Zamora, (2000). Clarification of the costs of the budget for the collection, transportation, and disposal of solid wastes in the canto
of San Isidro Heredia.
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Appendix I: Municipality of Escazii (Amount in Colones)

Amount in Colones

Wages o | S ; 48219761557
Servicios no personales ‘ o 13,338,484.00
Materials and Supplies - ~ 20,693,038.45
Maintenance and Repairs » 'y ~5,796,910.83
Depreciation 6,799,063.92
Payment for final disposal of trash at landfill (Tipping Fees) 44,726,182.00 N
Total Incurred Costs 139,573,440.75
Administrative Costs (10% of total incurred cost) 13,957,344.08
j 153,530,784.83
Benefit for development or growth ( 10% of Incurred + Administrative) 15,353,078.48
Total Rubbish Cost Per Year ‘ - . ) 168,883,863.31
Money collected from families (933 col/mon * 13571 families) + Money collected from companies 213,610,046.00
Cost for town (money collected - total rubbish cost => Money for improvement) 44,726,182.69

Financial documents given to us during a meeting with Mario Porras, Escazu, Costa Rica, 2003
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Escazu Cost Breakdown

Benefit for development or
growth
9%

Administrative Costs

8% Wages

30%

Payment for final disposal of
trash at landfill (Tipping Fees)

26% Non Personnel Services

8%

Depreciation Materials and Supplies
4% 12%

Financial documents given to us during a meeting with Mario Porras, Escazu, Costa Rica, 2003
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Appendix J: Municipality of Santa Ana (Amount in Colones)

Amount in Colones

‘Wages ’ - _ 57,159,177
Servicios no personales _ 10,310,000
Materials and Supplies ‘ 18,514,000
Maintenance and Repairs o - 1,100,000
Depreciation _ o o _ » 2,210,788
Payment for final disposal of trash at landfill (Tipping Fees) _ 50,000,000 - _
Total Incurred Costs 139,293,965.00
Administrative Costs (10% of total incurred cost) 13,929,397

. 153,223,361.50
Benefit for development or growth ( 10% of Incurred + Administrative) 15,322,336 o »
Total Rubbish Cost Per Year - 168,545,697.65
‘Money collected from families (1200 col/mon * 8125 families) 117,000,000
Cost for town (money collected - total rubbish cost => A large deficit) (51,545,697.65)

Municipality’s budget for 2003 given to us during a meeting with Alberto Durano, Santa Ana, Costa Rica, 2003
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Santa Ana Cost Breakdown

Benefit for development or
growth
9%

Administrative Costs
8%
Wages

35%

Payment for final disposal of
trash at landfill (Tipping Fees)
28%

Non Personnel Services
7%

Depreciation Materials and Supplies
1% 1%

Maintenance and Repairs
1%

Municipality’s budget for 2003 given to us during a meeting with Alberto Durano, Santa Ana, Costa Rica, 2003
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Appendix K: Preguntas directazas a los administradores del manejo de los desechos

10.

11.

12.

13.

14.

solidos en las municipalidades costarricenses

(Cual es la poblacion de la municipalidad?

( Como paga los habitantes por el servicio de eliminacion de desechos solidos?
;Cuantas familias reciben el servicio de eliminacion de desechos sélidos?
(Cuantas familias reciben el servicio de reciclaje?

(Dénde esta situada el relleno sanitario, si existe?

(Cuantas toneladas de desechos solidos estan producidas por afio (en promedio)?

(Cuanto dinero tiene que pagar la municipalidad por cada tonelada de desechos
solidos que esta producida e eliminada?

(Cudles articulos estan reciclados?
;Cuantos camiones tiene la municipalidad? ;Estan usados todos?
{Qué es la capacidad de los camiones?

(Cuantos trabajadores hay para el sistema de reciclaje y para el manejo de
desechos sélidos?

(Cuantas veces cada semana vienen los dos servicios a las casas?
[ Qué es el déficit hoy en dia?

(Cudles son las ideas que tiene la municipalidad en cuanto lo que quiere hacer en
el futuro?
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Appendix L: Questions Directed to Administrators of the Management of Solid

Waste in Costa Rican Municipalities

1. What is the population of the municipality?

2. How do the residents pay for the service of waste removal?

3. How many families receive the service of waste removal?

4. How many families receive the recycling service?

5. Where is the municipality’s landfill located, if one in fact exists?

6. How many tons of solid waste is produced per year (on average)?

7. How much money must the municipality pay for the disposal per ton of solid

waste produced?

8. What items are recycled?

9. How many disposal trucks does the municipality own, and are all of the trucks

used?

10. What is the capacity of the trucks?

11. How many workers are there for the recycling system and for the solid waste

system?
12. How many times per week do the services go to the houses?

13. What is the municipality’s current deficit?

14. What ideas does the municipality have in regards to the future management of

waste?
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2)

3)

4)
S)

6)

7)

8)

9)

Appendix M: Preguntas a los administradores de los rellenos

¢ Existe una capa impermeable de plastico que impida la contaminacién de areas
cercanas con los lixiviados?

,Si lo tiene, de cudles materiales fue creada esta capa?

(Existe un sistema para juntar los lixiviados? Para clarificar, un sistema de ese
tipo consiste en cualquier manera de retardarse el agua contaminada antes de que
llegue a una fuente de agua.

;Cuantas veces al mes se analizan las aguas subterraneas?

;Donde estan los puntos de monitoreo?

(Sabe Usted de alguna fuente de agua que ha sido contaminada, o que esta en
peligro de estar contaminada, del relleno?

(Sabe Usted de algin problema ambiental que ha causado este relleno?

;Existen sistemas para recolectar el metano? Si lo tiene, /esta quemado el
metano?

( Coémo estan controlados los olores del relleno?

10) ; Cémo fue construido el relleno, y tiene alguna inclinacién?

11) ;Cuando esta cubierto el relleno con materiales para tapar los desechos?

12) ; Tiene un sistema de abonos? Si lo tiene, ;cudles materiales estdn compostadas?

13) ¢ Esta seccionado el relleno en la manera en cual cada seccidn tiene una capacidad

que tiene que estar conseguido antes de que otra seccion pueda ser usada?

14) ; Estan majados los desechos y puestos en el relleno a un nivel igual cuando esta

llenado el relleno?

15) ; Tiene alguna idea en respeto al periodo de tiempo que tiene el relleno antes de

que llegue a su capacidad?

16) ; Como estara tapado el relleno cuando llega a su capacidad?
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2)

3)

4)
S)

6)

7)

8)

9)

Appendix N: Questions for Landfill Managers

Does this landfill have an Impermeable Layer of clay or plastic that will stop
leachates or toxic chemicals from reaching underground water sources?

If so, how was it constructed and with what materials?

Does this landfill have a leachate collection system? This system could consist of
ponds, pumps, streams, or any other means of slowing down the contaminated
water before it reaches any water supplies.

How many times per week is underground water analyzed?

Where are the monitoring points?

Do you know of any water supplies that are in danger of being contaminated by,
or have been contaminated by, this landfill?

Do you know of any environmental problems this landfill may have caused?

Does this landfill have a system for collection and/or reduction of methane
production, and if so, is the methane burned to be rid of it?

If no system for collection of methane exists, how are the odors produced by the
landfill controlled, if at all?

10) How was this landfill constructed, and will it be built up on a certain grade or

slope?

11) When is the landfill covered to cap the waste?

12) Does this landfill have on-site composting? If so, what types of materials are

collected to make this compost?

13) Will the area that this landfill will eventually occupy be sectioned off, and will

each section be filled individually until the landfill reaches its capacity?

14) Is the waste crushed and kept at an even height as it is filled?

15) Do you have an estimate of how many years will pass before the capacity of the

landfill is reached?

16) How will this landfill be capped when it reaches its capacity?
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Appendix O: Preguntas para los administradores de los centros de acopio

1) ¢Cuanto de cada tipo de articulo reciclable puede manejar el centro? En otras
palabras, ;cuanto de un aumento de los articulos puede manejar el centro?

2) ;Cuanto gana el centro en la venta de cada articulo reciclable, y en cual forma
estan vendidos los articulos? ;Por kilogramos o por niumero de articulos?

3) ¢(Tiene problemas en encontrarle a un comprador de los articulos reciclables o
reutilizables?

4) ;Existe a un comprador consistente para algunos articulos especificos?
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Appendix P: Questions for Recycling Center Managers

How much of each type of recyclable items is this center able to manage? In
other words, how much of an increase of items could be handled?

How much does this center get paid to sell each type of recyclable item, and in

what form are the items sold? For example, by kilogram or by number of items?

Does this recycling center ever have a problem finding a buyer of the recyclable
and/or reusable items?

Is a there a consistent buyer of certain items?
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Appendix Q: Basura y Falsedad

Todavia se escucha el eco de las palabras del exministro de Salud Rogelio Pardo
anunciandole a la nacion la solucion definitiva al "problema de la basura". Acompaifiado
de su compinche, el alcalde Johnny Araya y de su mas entusiasta seguidor, el director del
Departamento de Proteccion del Ambiente Humano del Ministerio de Salud, Oscar
Guzman, don Rogelio hablaba del vertedero de La Carpio y de los otros rellenos
regionales que vendrian a acabar, "de una vez por todas", con el viejo problema.

Pero el tiempo vino a demostrar la falsedad de lo pregonado. Con la sancion que
recibieran de parte del Tribunal Centroamericano del Agua, se creyé que atenderian
responsablemente la llamada de atencion y se preocuparian (jde verdad!) por promover la
erradicacion de ese simbolo del subdesarrollo que ensucia la cara ambiental de Costa
Rica. Sin embargo, la demagogia siguié sustituyendo a la verdad.

Hoy la situacion demuestra que estdbamos muy lejos de alcanzar una solucién y
que la supuesta preocupacién gubernamental no era mas que un cuento. Y es que mas
bien el problema se profundiz6 al poner a las instituciones del Estado, ministerios y
municipalidades, en situacidon de rehenes de las empresas privadas que dicen prestar el
servicio de tratamiento de la basura, mientras se cierran los ojos ante las opciones que
germinarian a partir de una adecuada planificacion.

Hay que cerrar el botadero de Rio Azul, pero no se sabe a donde se podria llevar
la basura que se amontona en esa amenazante montafia artificial que parece lista a
explotar. Por su parte, el vertedero situado en un tajo de La Uruca, pomposamente
llamado "Parque de tecnologia ambiental", por un lado lanza sus gases malolientes hacia

los vecinos de La Carpio y Cariari, mientras que los inmundos fluidos lixiviados que no
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logran filtrarse hacia los acuiferos alli presentes, siguen su camino hacia el rio Virilla.
Ademas, de sobra es conocido el incumplimiento de los compromisos ambientales y
administrativos, que determinan que al deposito de basura solo puede ser llevada basura
proveniente de la Municipalidad del Canton Central de San José, por lo que sigue siendo
irregular el depoésito de basura proveniente de otros cantones del pais, sea €sta municipal
o privada. Asi, mientras se espera la accion de las autoridades ambientales, de la
Contraloria General de la Republica y de la Defensoria, por el momento nos limitamos a
invitar a los responsables a cumplir su deber.

Finalmente, tenemos el llamado "relleno sanitario" de Los Mangos, que hoy
desvela a los vecinos de Alajuela sinceramente preocupados por el ambiente que los
cobija. Como parte de la lista de irregularidades que lo caracteriza, se tienen los gases sin
tratar, los lixiviados que, segun la Setena, "desfogan a la quebrada ubicada en este
sector”, la excesiva cantidad de basura que se recibe diariamente, el limitado espacio que
presagia su pronto colapso, el hecho de gastar un tercio del presupuesto municipal solo
por la recoleccion y vertido de la basura en ese lugar... La denuncia penal presentada por
el Grupo Ecologico de Occidente (GEO) y la responsable actitud de las nuevas
autoridades municipales encabezadas por su alcalde don Fabio Molina, despiertan la
esperanza y hacen prever una toma de posicion razonable donde los favorecidos seran,
indiscutiblemente, los habitantes de Alajuela que suefian con heredar a sus hijos y nietos,
una calidad de vida digna.

Pero asi como en La Uruca y en Rio Azul han sido los vecinos los que han tenido
que sustituir de facto a los complacientes funcionarios de los ministerios de Ambiente y

Salud, en Alajuela también ha sido necesaria la accidon de los grupos sociales ajenos al
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gobierno, para avanzar hacia el ejercicio del derecho a un ambiente sano y
ecolégicamente equilibrado, segun se consagra en la Constitucién Politica. Ahora, con la
toma de posicion de la Municipalidad de Alajuela, en conjunto se le esta sefialando un
camino a los demas municipios del pais, para que no se conviertan en rehenes de la
basura ni de los que lucran con ella. jOjald! tomen nota de esta leccion, los habitantes de
otros lugares que hoy se sienten "amenazados" por la ofertas de desarrollo tecnolégico

que adornan las propuestas de los entes privados que merodean por sus cantones.

(Dr. Freddy Pacheco, 2003)
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Appendix R: Fitchburg, MA Landfill

Owned by Waste Management

Leachate Collection System

Figure 1. Leachate Collection Pond

The leachate collection pond serves as a method of slowing down the flow of
rainwater. The main function of the pond is to force the water to slow down and release
the silt, which could carry leachates. Collection ponds are tested on a weekly basis so as
to assure that no unsafe chemicals or leachates are passing through the system.
Therefore, the collection pond aids in assuring that the landfill is environmentally
conscious (Operational Manager of Waste Management Inc., Tom Murray, personal
communication, May 1, 2003).
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Figure 2. Leachate Collection Stream

The leachate collection stream (A) runs the entire length of the landfill. This
stream is rocky and is created at a slight slope to slowdown the flow of the rainwater to
the next leachate collection pond or leachate collection pump, where it is then treated.
Just behind (B), where dead grass is present, is a rainwater wash-off. This grove in the
landfill serves to collect and pull rainwater off of the landfill so that the water will not
seep into the ground and collect the leachates. Note also the gradual thirty-three percent
slope that makes a stable landfill (Operational Manager of Waste Management Inc., Tom
Murray, personal communication, May 1, 2003).
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Figure 3. Leachate Pump Station #1

The fenced in area (A) is where the leachate pump is stored. The pump draws in
water from the pond in Figure 1. It then treats the water for the final time before it enters
the nearby stream (B). Once the water leaves this pump, it is checked once per week and
after any heavy rainfalls to assure that the water does not contain any silt, which could
carry leachates into the stream. The leachate pump is one of four that treat and pull the

water throughout the system (Operational Manager of Waste Management Inc., Tom
Murray, personal communication, May 1, 2003).
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Methane Collection System

Figure 4. Large Methane Flare

The large methane flare is the site in which all the methane is pumped and burned.
The flare functions by constantly sparking until there is enough methane within to ignite,
at which point all the methane inside the flare is burned. In the Fitchburg landfill,
however, this flare is not used, but rather the methane is collected and sent to a nearby
power plant (Operational Manager of Waste Management Inc., Tom Murray, personal
communication, May 1, 2003).
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Figure 5. Methane Collection System--Main Pump

This figure shows the main pump (A) for the methane collection system. The
pump pulls all of the methane throughout the landfill as a method of collection, and it
also pumps the methane to the Fitchburg power plant. If the large flare were used, the
methane would be pumped through the pipe (B) where it would then be burned. In the
background (C) is the landfill, which is about 500 yards away from the pump. This
distance serves as a safety precaution, as large amounts of methane are collected here
(Operational Manager of Waste Management Inc., Tom Murray, personal
communication, May 1, 2003).
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Figure 6. Small Methane Flare

The above picture shows a small methane flare. Although this type of flare is not
connected to the methane collection system, it is still a major part. This small flare is
situated in areas where the landfill is currently being filled and layered. The flare has its
own pump, which is in green in the above photograph. A hole is dug all the way down to
the bottom of the landfill, and is then filled with rocks. The pump draws out the methane
through this hole, and the methane then collects in the conical flare area. It is in this area
that sparks are constantly produced, and the flare ignites (Operational Manager of Waste
Management Inc., Tom Murray, personal communication, May 1, 2003).
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Figure 7. Methane Collection Pump

The above methane collection pump is one of over twenty throughout the landfill.
These methane collection pumps are connected to the main pump shown in Figure 5. The
taller part of the pump system is connected to the deep hole, which reaches the bottom of
the landfill, and pulls the methane out of this area. The methane then flows into the
shorter tube, where it is connected to the main methane pump that collects all of the
methane (Operational Manager of Waste Management Inc., Tom Murray, personal
communication, May 1, 2003).

XXXIV



Figure 8. Collection and Transport Pipes

The large pipe (A) is connected to the landfill. This is where all the methane is
collected by the pump. The methane can then either be sent to the large flare in the
background (B) or to the Fitchburg power plant (C) (Operational Manager of Waste
Management Inc., Tom Murray, personal communication, May 1, 2003).
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Daily Cover

Figure 9. Daily Cover

The above figure shows the previous day’s load of waste (A) that has all ready
been covered with ground construction material. The current days’ waste (B) is still
being pushed, crushed and layered. This section will also be covered with the ground
construction materials at the end of the day. Note also that the sections are of equal
height, that they have been layered, and that behind them is a flat surface that continues
to the end of the section (Operational Manager of Waste Management Inc., Tom Murray,
personal communication, May 1, 2003).
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Figure 10. Daily Cover Piles

This figure shows the piles that are used for the daily cover. Pile (A) is ground
construction material, and pile (B) is composted yard waste. The composted yard waste
is used on the sides of the landfill as layers are built. The composted waste creates a tight
grade, and it allows grass to quickly grow, thus preventing the landfill from washing
away with heavy rainfalls (Operational Manager of Waste Management Inc., Tom
Murray, personal communication, May 1, 2003).
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On-Site Composting

Figure 11. On-Site Composting

This figure shows how on-site composting is managed. The first pile is pre-
composted yard waste (A), which is moved to the other yard waste pile shown in Figure
10, as needed. The other pile (B) is yard waste that is being composted, and it can also be
added to pile A. The last pile (C) is clean pallets and other forms of construction waste
that will be ground-up and used as a daily cover (Operational Manager of Waste
Management Inc., Tom Murray, personal communication, May 1, 2003).
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Figure 12. Collection of Easily Composted Materials

This figure shows an area of the landfill where residents can dump their easily
composted yard waste. Having a section like the one above encourages residents to
separate their yard waste so that it may be composted. It also helps to reduce the amount
of waste that needs to be landfilled (Operational Manager of Waste Management Inc.,
Tom Murray, personal communication, May 1, 2003).
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Sectioning

Figure 13. Sectioning

This figure shows an old section of the landfill (A), which is the area covered in
grass. This section was capped in 1976 and it was not used again until 1992 when the
new section (B) was built by Waste Management Inc. The new section can be noticed by
the pile of freshly-composted material that is kept there for use of daily cover
(Operational Manager of Waste Management Inc., Tom Murray, personal
communication, May 1, 2003).
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Appendix S: El Parque de Tecnologia Ambiental
Owned by Empresas Berthier (EBI)

Leachate Collection System
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Figure 1. Water Treatment Lagoon

This photograph shows the larger of the two water treatment lagoons in the
landfill in Uruca, with a capacity of 2,500 cubic meters. There are two motors that pump
the water either to the top of the landfill to recycle the water through the system again or
to the pumps that then release the water in the nearby river. This lagoon treats the water
with microorganisms that reduce smell and clean the water of leachates (Engineer of

Uruca Landfill owned by EBI of Canada, Roberto Fallas, personal communication, June
12, 2003).
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Figure 2. Leachate Collection Stream

The leachate collection stream (A) runs the entire length of the landfill. This
stream was created with a slight slope to slowdown the flow of the rainwater on its path
to the water treatment plant. Just behind (B), note the gradual thirty- three percent slope

that sustains a stable landfill (Engineer of Uruca Landfill owned by EBI of Canada,
Roberto Fallas, personal communication, June 12, 2003).
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Figure 3. Microorganism Sprayer Figure 4. Microorganism Fermentation Station

Figure 3 is a microorganism sprayer that is used to wash down every truck after
its contents are dumped in the landfill. Employees of the landfill spray the trucks to kill
all bacteria before they leave the landfill. Figure 4 shows the barrels in which the
microorganisms are fermented, and then stored in the large tank labeled 1-B. The
production of the microorganisms costs the landfill $1,000 per month. The
microorganisms are very effective in the reduction of odor, and they kill any potentially
harmful bacteria. The microorganisms also have other uses that will be shown in later

pictures (Engineer of Uruca Landfill owned by EBI of Canada, Roberto Fallas, personal
communication, June 12, 2003)
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Methane Collection System

Figure 5. Large Methane Flares

The methane flares are set-up throughout the landfill. These tall yellow flares are
used to collect and then burn all the methane produced by the landfill. These flares are
constructed by the digging of large holes that reach the bottom of the landfill, and then
the filling of these holes with rocks. The methane produced within the landfill seeps
through the rocks and exits the top of the flare where the methane is then burned. These
flares are only temporary, however, as the methane flares will be connected when the
landfill reaches its capacity (twelve to fifteen years from now), and the methane will be
sold to a power plant that will burn it to produce electricity (Engineer of Uruca Landfill
owned by EBI of Canada, Roberto Fallas, personal communication, June 12, 2003).
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Daily Cover

Figure 6. Dumped Waste

Figure 6 shows two days’ worth of waste. This landfill does not utilize a daily
cover, but rather covers the waste with dirt every other day or so. Microorganisms are,
however, sprayed over the waste throughout the day with the microorganism sprayer
shown in Figure 3. The spraying of the microorganisms on the waste serves two main
purposes. Firstly, it reduces the odors that are released by the landfill. Secondly, the
spraying increases the rate of decomposition of the waste. The result of increased
decomposition of waste is an increase in the production of methane. This is why there
are multiple methane flares set-up around the section in which the waste is currently
being dumped (Engineer of Uruca Landfill owned by EBI of Canada, Roberto Fallas,
personal communication, June 12, 2003).
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Sectioning

Figure 7. Sectioning

Figure 7 shows an old section of the landfill that is called Phase 1 (A). The new
section (B) is the area that is currently being used for the dumping of waste. The landfill
will have six phases of sections before it has reaches its capacity (Engineer of Uruca

Landfill owned by EBI of Canada, Roberto Fallas, personal communication, June 12,
2003).
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Impermeable Layer

Figure 8. Impermeable Layer

Figure 8 shows a major part of the landfill’s impermeable layer. The thick rubber
material is laid down on the bottom of the landfill, and the next layer is a net-like plastic
material that is used to create space between the remainder of the impermeable layer so
that water can pass through. The next layer is a filter that allows only water to pass
through in order for the water to be easily separated. The filter is covered by a thick layer
of ground tires that the water must first pass through. These materials, in addition to
other classified materials, create a layer that is impermeable to all water so that it cannot
contaminate ground water (Engineer of Uruca Landfill owned by EBI of Canada, Roberto
Fallas, personal communication, June 12, 2003).
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Figure 9. Future Plans

Figure 9 shows how the landfill will look once it reaches its capacity and is
capped. The boxed in areas (A and B) represent the areas that were shorn earlier as the
section that has all ready reached its capacity, and section A is the section that is
currently being filled. This landfill, once capped, will be transformed into a park with
soccer fields and basketball courts for the residents of San José (Engineer of Uruca

Landfill owned by EBI of Canada, Roberto Fallas, personal communication, June 12,
2003).
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Appendix T: Rio Azul

Owned by Waste Placement Profession (WPP)

Leachate Collection and Treatment System

Figure 1: Leachate Stream
This picture was taken from the top of the pyramid-like structure of the Rio Azul
landfill. Note the rainwater run-off (A), which is supposed to divert water from entering
into the landfilled waste. Notice that on the sides of the stream there are large amounts of
waste and that the stream is only a trough-like hole that was dug along the surface of the
landfill. The run-off is diverted to the side of the landfill where it then flows down into
other streams similar to this one shown above, until it either reaches the leachate
collection lagoon or seeps into the ground. The seeping of the leachates into the ground
contaminates the underground water supplies and affects the extremely poor and densely

populated nearby community (B) (Jorge Cardoza, personal communications, June 17,
2003).

XLIX



Figure 2: Future Leachate Treatment Lagoons
WPP plans on building an on-site leachate treatment facility that consists of three
lagoons that will treat the collected water and remove all the leachates from the water.
The facility is a series in which the first lagoon (A) will collect the silt that is carried in
the water by keeping the water sedimentary. The second lagoon (B) will treat the
leachates with oxygen until the water is pumped into the final lagoon (C), which will treat
the leachates with chlorine. This process should eliminate all leachates, and at that point
the water should be safe to dump into the nearby river. However, this system will not be
finished for another two years (Jorge Cardoza, personal communications, June 17, 2003).



Methane Control

Figure 3: Methane Flare

The small methane flare shown above is used to collect and burn methane from
the area of the landfill that is below it. Rio Azul has four of these flares set-up
throughout the landfill. These flares serve only to remove methane from a small area
around it. Therefore four flares are not sufficient for a landfill of this size (Jorge
Cardoza, personal communications, June 17, 2003).

LI



Figure 4: Methane Chimney

The two barrels stacked on top of each other serve as methane chimneys. These
are set-up throughout the landfill, and their purpose is to release the methane that is
produced below them. These chimneys are ineffective, as they have no form of suction
to help remove the methane, which leaves great deals of methane sitting under the
landfill’s cap and creating a potentially hazardous situation. The chimneys also release
the methane into the air without burning it, resulting in the pollution of the air (Jorge
Cardoza, personal communications, June 17, 2003).
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Landfill Condition

Figure 5: Poor Management of Waste
The tractor shown below is running-over and crushing all the waste that was

collected and that has remained uncovered for an uncertain number of days. The

rainwater is therefore able to enter the landfilled waste where it can then produce and

carry leachates out of the landfill (Jorge Cardoza, personal communications, June 17,
2003).

Figure 6: Scavengers | Figure 7: Scavengers

Figures 6 and 7 show some of the many scavengers that are allowed into the
landfill to pick-out any glass or plastic items. The presence of the scavengers shows just
how poor the neighboring town is, as the selling of these items produces their only source
of income (Jorge Cardoza, personal communications, June 17, 2003).
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Figure 8: Neighboring Community

This aerial picture shows the size of the landfill as compared to the neighboring
community. This community is very poor, and some of the residents” homes are built on
the very edge of the landfill’s boundary (Jorge Cardoza, personal communications, June
17, 2003).
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Appendix U: Los Mangos

Owned by Waste Placement Profession (WPP)

Leachate Collection and Treatment System

Figure 1: Leachate Stream

Los Mangos landfill has leachate streams that collect rainwater and span
throughout the landfill, carrying all of the water to a collection point. The leachates are

collected by a truck and transported to a waste-water treatment plant ( Douglas Alpizar
Villalobos , personal communications, June 21 ,2003).

e
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Figure 4: Contaminated Water

Figure 3: Stream Collection Reservoir

The leachate streams in Figures 1 and 2 above collect at Figure 3 where the water
sits until it is removed by a truck. Figure 4 shows contaminated water oozing out of the
side of the landfill, where it will remain until rainwater washes it into the leachate stream
( Douglas Alpizar Villalobos , personal communications, June 21 ,2003).
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Figures 5 and 6 show the system that removes leachates from the five sections of
the landfill. The leachates sit on the impermeable layer at the bottom of the landfill until
they are pumped out of the landfill and into a truck. The truck then brings all of the
leachates to a treatment plant owned by a private company ( Douglas Alpizar Villalobos ,
personal communications, June 21, 2003).
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Methane Control

Figure 8: Methane Flare

Los Mangos has eight methane flares like the one shown above that are located
throughout the landfill. These flares reduce the amount of methane released into the air
by the method of burning, which reduces air pollution ( Douglas Alpizar Villalobos,
personal communications, June 21, 2003).
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Landfill Conditions

o A

Figure 9: Daily Cover

Figure 9 shows the area where the day’s waste is dumped. This waste is
compacted and moved by a large tractor with spiked, metal wheels. At the day’s end, the
waste is covered with dirt, unless heavy rainfall ensues ( Douglas Alpizar Villalobos,
personal communications, June 21, 2003).
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Figure 10: Landfill before WPP purchased

Before purchasing the landfill, Los Mangos was a dump. The trash was left in
huge piles with no form of cover or maintenance. It was just dumped. The methane
production was so great that fires would spontaneously ignite and burned unsupervised.
WPP had to fix-up the site, and it removed over 10,000 tons of trash from the nearby
river. The section was then capped and new sections were built according to Costa Rican
regulations (Douglas Alpizar Villalobos, personal communications, June 21, 2003).
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Figure 11: Soccer Field on Landfill

WPP plans on turning Los Mangos into a park once it reaches its capacity and is
capped. As shown above, there is already one soccer field on the site, but WPP’s future
plan is to make the landfill into a larger park that local families will be able to enjoy
(Douglas Alpizar Villalobos, personal communications, June 21, 2003).
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= Excremento de: Personas, perros, gatos,
cerdoes

s Carnes
» Productos iacteos
* Productos grasosos

* Huesos

(Abono Organico)

+ Utiliza materiales baratos y faciles de
consegquir.

= Fabyicacion en poco tiempo

» Recicla la materig organica y no
contaming el medio ambiente

* Respetala fauna y ia flora

« Son abonos mas completos y enriguecsen
fos suelns.

Para mayor informacion scbre composiaje,
vermicompostaje.o el programa de reciclaje
de Escazd comuniguese al departamento de
Contraloria Ambiental de ta Municipalidad de

Escaz( a los teléfonos:

228-5757 / ext. 259 6 289
228-7762

E-mail:
fundatamu@yahoo.com

o visite nuestra hoja web:
www fundatamu or.cr

Guia para elaborar
facilmente
compostaje en su casa

PROYECTO

Promovido pon

Convenio Bilateral de Desarrollo
Sostenible entre Costa Rica y el Reino
de los Paises Bajos
(Fundecooperacion para el
Desarrolio Sostenibie)
Municipatidad de Escazu
ASOFAMISAE
Fundacion TAMU - COSTA RICA
{Texas A&M University)

A Xipuaddy

Pydueg 3unsodwo)) s,nzessy



1. Seleccione un lugar en el jardin,
nivelado, v que reciba iguai cantidad de
sol vy de sombra durante el dia.

2. Remueva unz capa de zacate de
manera que queds expuesta ia tlerra. Se
recomienda preparar un area minima de
1 m?

3 Puede utilizar malia de alambre,
madera 0 bloques para conformar fa
gstructura donde se va a hacer la
composia, e disefio debe parmitir una
tuena ocirculacion de aire. La altura
recamendable es de 1 m.

£

1. Se coloca una capa inicial de 10 cm de
material grueso como ramas picadas,
hojas y paja.

2. lLuego se agrega una capa de
materiales compostables caseros.

3. Se debe agregar una pequefia capa de
cal apagada, ceniza y/o cascaras de
hueve trituradas para neutralizar malos
olores.

4. Repita la secuencia utilizando en jugar
de ramas solo resjduos de jardin tales
como zacate, paja, hojas y plantas.

5. Se e pueda agregar una capa deigada
de tierra negra y sueita o de compaost
preparado, para que acelere el proceso.

§. Revoiver 10 2 veces por semana, v
mantener himedo {(no empapado)
raciandole un poco de agua, {(entre mas
se revuelva, mas rapido se descompone).

enga la compostera cubierta con
de hojas ¢ zacate para prevenir
iz proliferacion de inssctos. En elinvierno
se recomienda cubrirla con un plastico
RAra QUe No se empape.

7. Mant

8. El abono esta listo cuando toma una
co luracmn nzg a y una textura
{3 meses aprox).

2. Si tiere a au alcance excremento de
gallina, vaca. caballo, cabra, conejo u oveja
aiterr
jardin y los maleriales compostabies
Caserns.

das entre jas capas de desechos de

Materiales 'compsstables CAaSeres:

« Uascaras y recortes de frulas y verduras
= Residuo de cafe después de chorreade.
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RUTA1
msmms RUTA 2
s RUTA 3
wmmms RUTA 4
mEE RUTAS
mmes RUTA 6

RUTA ESPECIAL
Se haré una ruto adicionat con las escucias v colagios que guieran participar y estar: fuera
de las rutas de recoleccion y los com s en que se le recojo mas o menudo
Si estd inferesad favor contactarse con nosotros.

Nomeros de teléfono importantes |

Para mayor informacion comuniquese ol departumento de
Centraloria Ambients! de la Municipdlidad de Escazo a los teléfonos:

228-8757 / Ext 289 6 259
228-77672
e-mail fundotomu@yahoo.com
O visite nuestra hoja web: www. fundatamu.or.cr

Reciclaje de
desechos solidos

en el canton de Escazu

&

; @
Sy el
Cazij rec

Guia para la separacion
y recoleccion de
desechos solidos reciclables

M Xxipuaddy

wydwed 3urpAdoy s nzedsyy



MATERIAL como preparario NO INCLUIR

No se deben de incluir latas de aton,

Latas de aluminic. Enjuagar v drenar. Apiczsrlc.

{Latas de refresco, de cerveza y algunos jugos). ? Colocar en bolsa transparente. verduras, frutas ni de pinturas.
Latas suaves.

Tampoco se aceptan Jatas de aerosol.

Botellas y frascos, de todos colores y formas. Enjuagar y drenar. No se deben de incluir bombillos,
Vidric de ventana fransparente. vidrio de automavil, espejos,
Vajillas de vidrio. No hay que quitar las etiquetas. pyrex, ni vajillas de cerdmica.

Colocar en bolsa fransparente.
El vidrio quebrado debe venir por
seguridad en una caja de carén.

llas plasticas con el simbolo £3 {PET), como Enjuague y drene. No se aceptan bolsas plésticas,
las de refrescos gaseosas y agua (busque el Le puede quitar la tapa. o envoltorios,
simbolo en la base del envase). No le quite la efiqusta. No se aceptan plasticos que tengan
Aplastar y colocar en la simbalos de reciclaje con némeros
Envases plésticas de detergentes, aceite, bolsa transparente, diferentes al £ 6 2.
shampoo hechos con el simbole ﬁ} {HPDE). ' .
= No inct:ir platos ni vasos desechable

ni muebles plasticos.

Papel, Cartén y Cartulina

Papel peritdico, revistas, directorios, Los cajas de cartén y de cartuling No incluir carfon o papel con
papel blanco y de colores. deben de desarmarse y colocarse en residuos de comida o grasa, o sucios.
Cartdn caté grueso. una bolsa pléstica transporente. No se debe incluir envases tetrabrik

Cartén delgado tipo cartuling {cajas de leche o jugos).

{e.g. cajos de cereal o de medicinas).

No se debe arrugar el papel (hacer
bodoques) perque acupan mucho
espacio. El papel se debe de colocar
en belsas plésticas fransparentes para
que no se moje.

Tampoco incluir platos o tezas
de cartén, servilletas, toalias sanitari
o mantillas desechables.
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Nunca la recoleccion de basura
va a ser igual

Desde el 7 de enero del 2002, le Municipalided de Escazi
comenzé con la primera efupa de la recoleccién de
desechos selidos reciclables. Estos desechos se recolectan
una ver cade quince digs. No se afectord lo recoleccién

normal de la bosura tradicienat.

Estos desechos son procesados por uno empresa comunal,
con un importante componente de género, ol contar con la
participacion de ASOFAMISAE, generando asi empleo y
recursos para invertir en proyectos ambientales del cantén,

£l financiemiento del proyecto fue posible gracias of apoyo
y cooperacién del gobierno holandés o tavés de

Fundecooperacion parc el Desarrollo Sostenible y la
asistencia técnica de lo Fundacién TAMU-Costa Rica.

AX'1

Acerca del reciclaje

El reciclaje puede reducir los desechos sélidos que usted
produce hasta en un 40%. Entre més reciclemos podremos
disminuir ¢l nimero de toneladas que diariamente se
envian al relleno sanitaric. Actucimente el cantén de Escaz
produce alrededor de 50 toneladus diorias con wun
crecimiento anual de un 12% o un 14%.

Para disminuir este efecto, lo Municipalidad de Escoz
aprobé el “Reglamento pora el manejo discriminado de
desechos sélidos en el Canton de Escazd”, el cual fue
publicado en La Gaceta del 15 de abril del 2002. En este
reglamento se indica la obligacidn de separar los desechos
sélidos reciclobles de lo basura normal con multos de cien
colones (¢100) por metro cuadrado de propiedad {Articulo 83),
a quienes no cumplan.

¢Como separar?

Se recomienda Jo separacién de los desechos salides
reciciables en 5 grupos: aluminio, vidrio, papel, cortén v
pléstica.

Los desechos sélidos reciclables deben de colocarse en
bolses plasticas transparentes. Esto nos permite verificar
que el contenido de la bolsa no se encuentre contaminado.

Para facilitar la seporacion, se recomienda el uso de
canastas hechas de tubos plésticos. Estas canastas podrén
ser adquiridos en lo Oficina de Centro de Acopio o en ¢l
camién de reciclaje.

Si tiene problemas de espacio se permite separar el
pléstico, el vidric y el aluminio en una bolsa ransparente y
el papel y el cartén en ofra. Nunca debe de mezclarse el
papel con los envases para que no se moje

é¢Donde conseguir las bolsas
plasticas transparentes?

Los bolsas plasticas fransparentes son vendidas en
los principales supermercados del cantén: Saretto,
Mas x Menos, Aviomercado, Pali, Super Colderdn, Super
Aldine y cuclquier abastecimiento que desee participor,



Calendario de recoleccion 2003

Se ha adoptado un sisteme de recoleccion de desechos sélidos reciclables quincenal. E siguiente
calenderio indicc los semanas en que se recolectard en su ruta dependiendo del color. Para las rutas
1,2y 3 se brindard ef servicio de recoleccion los dias lunes martes y miéreoles respeciivamente duranie
las semanas marcadas en azul, mientras que las rutos 4, 5y 6, lunes, martes y miércoles durante lus
semanas en verde. Se informara conforme nuevas rutas sean creadas, hasta cubrir todo el cantén.
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RUTAS DE RECOLECCION

RUTA 1 (Lunes) * Ver mape

ZONA DE BELLO HORIZONITE

incluye ks casas y locales circunscritos por la calle de la entrode principal de Bello He
hasta la calie tos Lanes, en el lindero sur hacia Toycos y por la calie principa! de
hasta lo entrade de Bello Horizonle.

Incluye: Urbanizacién Los Angeles, Calle Villalobos y Urbanizacion Palma de Mallorce
Aleman, Vista Alegre, Urbanizacidn La Suize, Palermo y Urbanizacién Anonos.

RUTA 2 (Martes)
ZONA DE SAN ANTONIO

Abarce de la esguina noroeste del Colegio Nuestra Sefiora del Pilar o la Calle Ent
hasta lo Calle San Miguel. Ademas incluye: Las urbanizaciones La Macadamia, .
Guevara, Lla Nuez, Barrio Santa Terese, La Aveliana, Entierillos v el cuadrante cen
San Antonio, de la guardie rural a la interseccion con la ruta 105 y alrededores de la «

Juan XXHL

RUTA 3 ({Miércoles)

ZONA ESTE DE SAN MIGUEL

Incluyen las casas y‘r:\eg__ocios que van desde Jaboncillos hasta el inicio de la -
colindando con el Country Club, por el este la calle. 6 hasta ‘el Country Day contir
hasta el Barrio Cordzén de Jesds.

Incluye: Urbanizacion Rosalinda, Calle Fendel, Urbanizacién Vista de Oro, Jobon
Calle La Cuesta. :

RUTA 4 (Lunes)

ZONA SAN RAFAEL NOROESTE

Incluye las urbanizaciones of norte de la ruta viejo @ Santa Ana desde el cruce con
105 haste o Urbanizacién Ayala. incluye: Cobafias (embajodas), Laureles, Urban
Americana, La Sacola, La Carchifa, Lotes Facio, La Primavera, Quesada, Corflor ¥
del Convento.  Ademas incluye Lotes Carazo, Maynard y olrededores de la iglesia
Rafoel.

RUTA 5 (Martes)

ZONA TREIOS MONTEALEGRE

Urbanizaciér Trejos Montealegre, Zona Comercial- Boulevard Rosa {acera oeste) y
Comercicil Trejos Montealegre y Urbanizacion Betina.

RUTA 6 (Mieércoles)
ZONA GUACHIPELIN, BAJO DE LAS PALOMAS, QUINTAN

Abarea la calle principel a Guachipelin: Del Banco de Son José hasta la Urb. Real de

Incluye: Urbanizacién Loma Real , Reol de Pereira, Quintanar y Bajo de Las Paloma
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El Parque de Tecnologi

Appendix X

L.a vida (til del Parque se estima en 11 afies, sin em-
bargo pusde ampliarse una vez que se fortalezcan los
pracesos de recuperacion, reutilizacion y reciclaje de
un alto porcentaje de los desechos sélidos, a través
de programas permanentes de educacion y sensibifi-
zacion hacia la ciudadania para que conozcan los pro-
cesos de clasificacidn y separacion de desechos, des-
de Ia fuente de origen, para facilitar asi su manejo in-
legral. Finalmente el Cierre Técnico permite habilitar
todo el terrena que se utilizo como Relleno Sanitario,
en una zona ecoldaica para el disfrute de la comuni-
dad.

Beneficios del Parque de
Tecnologia Ambiental

1. Sociales

e Elecirificacion de toda la Finca La Caja. (CNFL)

o Ampliacion y mejoras de las condiciones fisicas
de la escuela de la focalidad. (EBI, MSJ, MOPT)

‘» Asfaltado de las carreteras. (MOPT)

e Fideicomiso para promocion y desarrallo
socio - comunal. (EBI)

e Construccion de corddn, aceras y cafios. (MSJ)

o Apertura de 5 Equipos Basicos de Atencidn Inte-
gral en Salud (EBAIS). (CCSS)

e Escritura de las propiedades de los habitantes de
fa finca. (IMAS)

* (Oportunidades laborales para la comunidad.

2. Educativos
La empresa EB.L. mantiene un programa de educa-
cidn ambiental con énfasis en gestion integral de de-
sechos, dirigido principalmente a estudiantes de pri-
maria y secundaria del cant6n central de San José.

3. Ambientales

* Garantiza el funcionamiento eficiente y eficaz de las
instalaciones del Pargue de Tecnologfa Ambiental

 Vela por Ia calidad del agua, aire y suelo.
e Contribuye en [a solucién de un problema de salud

pliblica para el pafs, como es el manejo integral de los
desechos sdlidos del cantdn central de San José.

;Como llegar al Parque de
Tecnologia Ambiental de La Caja?

Oficinas Centrales
(506) 232-7618 6 232-4271

Fax: (506) 232-4142

Correo Electronico
ebicosta@racsa.co.cr

Apartado Postal:

295-1150 La Uruca, San Jose

Oficinas del Parque de
Tecnologia Ambiental:

(506) 290-7464

Fax: (506) 290-6014

Grupo EBI de Costa Rica

Parque de Tecnologia Ambiental

Una Experiencia
Tecnologica
para proteger

el Ambiente y

la Salud Piiblica

ienvemdos
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Ut £ 3 sanitarnia
a gue finaliza cuando
ponible o permitida.

3 COntro-

o)

oF ddiseiio
&8 und astivig
se agota fa capacidad
Para asegurar ef funcicramiento de }
tes ambientales durante la clausura v
después de elia, debe desarrollarse previaments
un plan o proyesio de clerre téenico. Se debe
mo:

afos

]

i

v Sisiema de ¢
drenajes

v Control de gas

W

da Clever Tiounine

T

Para minimizar ¢l impacio ambiental v Jograr un
amortiyuanienio bioldgico, los terrencs del Re-
Hleno se destinaran para la creacion de un parque
ecologico, ya que el terrene debe ser una zona de
hajo ¢

Verd

s el afio 1973 empicea |
gue hoy ¢s el Relieno Sa
on del Rellen

riores, debido & que ¢l
sit ol campo
o resolver ¢of problema ades

Refiena Sanitario de Rio dzul en ¢ pusado

fUR, conststuida por las muni-
dades de Curridabat v La Unidn v creada para lo
adnyinistracion del Rellens puso manos a ln obra. v
logro dar una solucidn al grave problema producio del
mal mangjo de los desechos sohidos ea of Rellene de
Rio Azal.

Con FEDEMUR ¢ ho logrado manteacr una buena
on de respeto v ayeda a las comumdades, orde-
nar v capacilar a los buzos, dar mantenimiento a las
arcas clamsuradas, inspeccionar diaramente la opera-
cidn del Relleno, momiorear v Hovar o o -
ma de control ambiental.
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Qfnaimente son so
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dos v so desechan

[IRER:

Es un término aplicado a todas las actividades asaciadas
con la gestibn o mancjo de los residuos dentro de la socie-
dad. La ineta es lograr que ssa tarea sca compatble con lag
preccupacionss ambieatales v la salud piblica.

La Gestion Integral de los desechos solides se puede divie

CGeneracidn

Almacenamiznio
Recolecerdn v Transporte
Disposicién Final
Teatasuentn

g S S,

Los desechos solidos se pueden agrupar en <os grandes
categonias: Ordivarios v Especiales
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it ui relleno
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ianto de

1o, ¢

s disusht

USRIl e e
AR s GG ARG S

tanta generadora de electricis

cional de Fuerza v Luz firmo un convenic
Gu v explotacion del biogds que se genera en
ancea se avanza en ¢ procese de clerre

La Competia
para fa extrac
¢l Retleno. De esta
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La propuesta técnica de desarrollo propone una obra de mti-
gacion uiilizande ¢l gas metano como combustible para mi
gar of impacto ambiental sobre 5

omunidades. Este pro-
voeto padra generar 3000 kilovatios de encrgia eléctrica por
periodo so

fores sen perse

Los Hamados “buzos”
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Composicidn Fisica de los
Sélides Municipales
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Appendix BB: Regulations for Costa Rican Landfills

DECRETO
N°27378-S
EL PRESIDENTE DE LA REPUBLICA
Y EL MINISTRO DE SALUD

AL-3750-98

En uso de las facultades que confiere el articulo 140 incisos 3) y 18) de la Constitucion
Politica; 28), 2.b) de la Ley General de la Administracion Publica y 278 al 284, 302, 303 y
304 de la Ley No. 5395 del 30 de octubre de 1973, "Ley General de Salud".

CONSIDERANDO:

1. Que la adecuada disposicion final de los desechos solidos en el pais, asi como su
recoleccion y acarreo es un serio problema que atenta severamente contra la salud publica, la
vida y un ambiente sano y ecoldégicamente equilibrado.

2. Que la disposicion final de desechos mediante rellenos sanitarios, es técnicamente la
alternativa mas conveniente de disposicion.

3. Que es potestad del Poder Ejecutivo establecer las disposiciones reglamentarias
necesarias, para prevenir los problemas sanitarios debidos a la mala disposicion de los
desechos, fijar las directrices técnicas para la ubicacion, disefio, construccion, operacion y
mantenimiento de rellenos sanitarios, en beneficio y protecciéon de la salud publica.

4. Que mediante Decreto Ejecutivo N°22595-S del 14 de octubre de 1993, publicado en la

Gaceta N°202 del 22 de octubre de 1993, el Poder Ejecutivo promulgd el "Reglamento
sobre Rellenos Sanitarios".

5. Que los reglamentos requieren de una revision y actualizacién periddica para el
cumplimiento de las funciones que contempla la Ley General de Salud.

6. Que es fin primordial del Estado velar por la salud de la poblacion y brindar un servicio
eficiente, mediante la eliminacién de requisitos innecesarios que repercuten en distorsiones
en el manejo de los desechos sélidos provenientes de las actividades personales, familiares,
de la comunidad, productivas y otras.

7. Que la nueva estructura organizativa adoptada por el Ministerio de Salud, hace necesaria
la modificacion de algunos articulos del citado Reglamento.
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REGLAMENTO SOBRE RELLENOS SANITARIOS

CAPITULO1
Disposiciones Generales

Articulo 1. Para los efectos del presente reglamento se entiende por:

a) Celda: Conformacion geométrica que se da a los desechos solidos y a su material de
cobertura, debidamente compactados, como parte de la técnica de relleno sanitario.

b) Desechos: Sustancias u objetos muebles, sin uso directo, cuyo propietario requiere
deshacerse de ellos o es obligado segun las leyes nacionales.

c) Desechos especiales: son solidos, gases, liquidos fluidos y pastosos contenidos en
recipientes, que por su reactividad quimica, caracteristica toxica, explosiva, corrosiva,
radiactiva u otro, o por su cantidad, causan dafios a la salud o al ambiente.

Estos desechos necesitan de un manejo y vigilancia especial, desde su generacion hasta su
dispocision final. Segin su tipo y procedencia, se agrupan de la siguiente forma:

- agroindustriales: son los restos de plaguicidas, fertilizantes y materiales de empaque
contaminados por ellos, asi como los desechos de la agroindustria.

- cuerpos de animales: restos o cuerpos enteros de animales que deben recibir una
adecuada disposicion sanitaria.

- de establecimientos de salud: son los que requieren de un manejo especial dentro y fuera
de la institucion de salud donde se generan. Estos provienen de areas de aislamiento de
enfermos infectocontagiosos, laboratorios microbioldgicos, cirugia, parto, servicios de
hemodidlisis y otros. Incluye también los restos organicos humanos provenientes de las
areas de cirugia, parto, morgue y anatomia patoldgica, asi como restos de animales de
prueba de diagnostico o experimentales.

- domésticos peligrosos: son desechos domiciliares, comerciales y administrativos de alta
toxicidad, tales como bacterias con metales pesados, termometros, cosméticos,
medicamentos, recipiente con restos de propelentes halogenados, plaguicidas, restos de
pinturas, etc.

- emanaciones gaseosas: son gases que contienen sustancias toxicas o que al reaccionar en
la atmosfera, las forman. Incluye humos, 6xidos de azufre y nitrégeno, compuestos

halogenados y compuestos de metales pesados.

- radiactivos: son desechos de las secciones de laboratorio, radioterapia y medicina nuclear,
usualmente son generados en instituciones de salud.
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- industriales ordinarios: son aquellos generados en cualquier actividad industrial, que por
sus caracteristicas y cantidad, no pueden recogerse o depositarse junto con los de origen
doméstico.

- residuos industriales peligrosos: son desechos de las actividades industriales
basicamente, de la industria quimica, metalurgica, papelera, textiles, curtiembres, etc.
Incluyen también los lodos provenientes del tratamiento de las aguas residuales industriales,
si por su composicion y efectos, son considerados peligrosos.

d) desechos ordinarios: son solidos, gases, liquidos fluidos y pastosos que no requieren de
tratamiento especial antes de ser dispuestos. Segun su tipo y procedencia, se agrupan de la
siguiente forma:

- desechos domésticos y similares: domiciliarios, administrativos, comerciales e
industriales similares a los domésticos, barrido de calles, desechos de jardin, etc., que por
naturaleza, composicion, tamafio y volumen, son incorporados en las recoleccion que
efectia la entidad de aseo urbano.

- escombros: son desechos provenientes de la demoliciéon de construcciones y tierras de
excavaciones.

- lodos provenientes del tratamiento de aguas residuales domésticas o similares.

e) Disposicion final: es la operacion controlada y ambientalmente adecuada de depositar los
desechos en un relleno sanitario, segiin su naturaleza.

f) Relleno sanitario: es la técnica mediante la cual diariamente los desechos sélidos se
depositan, esparcen, acomodan, compactan y cubren empleando maquinaria. Su fin es
prevenir y evitar dafios a la salud y al ambiente, especialmente por la contaminacion de los
cuerpos de agua, de los suelos, de la atmosfera y a la poblacién al impedir la propagacion de
artropodos y roedores.

g) Relleno sanitario manual: es aquel en el que solo se requiere equipo pesado para la
adecuacion del sitio y la construccion de vias internas, asi como para la excavacion de
zanjas, la extraccion, el acarreo y distribucion del material de cobertura.

Todos los demas trabajos, tales como construccion de drenajes para lixiviados y chimeneas
para gases, asi como el proceso de acomodo, cobertura, compactacion y otras obras conexas,
se llevan a cabo manualmente.

h) Relleno sanitario mecanizado: es aquel en que se requiere de equipo pesado
permanentemente en el sitio, asi como de estrictos mecanismos de control y vigilancia de su
funcionamiento.

i) Vertedero de desechos: es el sitio o paraje, sin preparacion previa, donde se depositan los
desechos, sin técnica o mediante técnicas muy rudimentarias y en el que no se ejerce un
control adecuado.
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j) Vida til del relleno sanitario: es el periodo de tiempo comprendido entre el inicio de
operaciones del relleno sanitario y su clausura.

Articulo 2: La aprobacion, vigilancia y fiscalizacion de los rellenos sanitarios del
pais, estara a cargo del Ministerio de Salud a través de la Direccion de Proteccion al
Ambiente Humano.

CAPITULO II
De la Clasificacion de los Rellenos Sanitarios

Articulo 3: Para los efectos de este reglamento, los rellenos sanitarios se clasifican
segun su forma de operacion, en dos tipos:

a) Relleno sanitario manual
b) Relleno sanitario mecanizado

Articulo 4: El relleno sanitario manual se utilizara como método de disposicion
final de los desechos ordinarios de poblaciones urbanas y rurales que generen menos de 20
toneladas diarias de estos desechos.

Articulo 5: El relleno sanitario mecanizado se utilizard como método de disposicion
final de los desechos ordinarios de poblaciones urbanas que generen mas de 40 toneladas
diarias de estos desechos.

Articulo 6: En aquellas poblaciones urbanas y rurales que generen de 20 a 40
toneladas diarias de desechos ordinarios, podra usarse cualquiera de los tipos de relleno
sanitario a que alude el articulo 3 de las presentes disposiciones, o una combinacion de
ambos, segun lo requieran las condiciones financieras y ambientales de cada caso.

Articulo 7: Toda propiedad que se destine para la disposiciéon de desechos
ordinarios, mediante la técnica de relleno sanitario debera presentar las siguientes
caracteristicas:

a) Estar ubicado a una distancia que garantice que las zonas de recarga de acuiferos o de
fuentes de abastecimiento de agua potable, estén libres de contaminacion. Esta distancia sera
fijada por la autoridad competente segun el articulo 68 de la Ley Forestal.

b) El suelo debe reunir caracteristicas de impermeabilidad, remociéon de contaminantes y
profundidad del nivel de aguas subterraneas, que garanticen la conservacion de los acuiferos

de la zona, en caso de que estos existan.

¢) Contar con suficiente material para la cobertura diaria de los desechos depositados
durante su vida util. En caso de no contar con material suficiente, se deberan presentar los
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planos de ubicacion de los bancos de préstamo a los que se recurrird, asi como las formas de
transporte y almacenamiento de dicho material, para aprobacion de la Direcciéon de
Proteccién al Ambiente Humano.

d) Estar ubicado a una distancia de zonas de inundacién, pantanos, marismas, cuerpos de
agua y zonas de drenaje natural, que en cada caso definird la Direccion de Proteccion al
Ambiente Humano.

e) Estar ubicado a una distancia de los centro urbanos, fijada en cada caso por la Direccion
de Proteccion al Ambiente Humano, en un sitio con facil y rapido acceso por carretera o
camino transitable en cualquier época del afio.

f) Estar ubicado fuera de las areas naturales protegidas, servidumbres de paso de acueductos,
canales de riego, alcantarillados, oleoductos, y lineas de conduccion de energia eléctrica.

g) Estar ubicado a una distancia minima de 60 metros de fallas geologicas que hayan tenido
desplazamientos recientes.

h) Otras que considere convenientes, segun las condiciones particulares de cada zona y a
juicio de la Direccidn de Proteccion al Ambiente Humano.

CAPITULO 111
De los Permisos

Articulo 8: Todo proyecto de relleno sanitario requiere de los siguientes permisos:

a) De Ubicacion
b) De Construccion
¢) De Funcionamiento

Para el tramite de cada uno de estos permisos, el interesado debera presentar ante la
Direccion de Proteccion al Ambiente Humano, que serd la dependencia encargada de
otorgar los mismos la documentacién y requisitos indicados en el presente Reglamento.

Articulo 9: Toda entidad de aseo o empresa comercial o industrial, publica o
privada, interesada en llevar a cabo un proyecto de relleno sanitario, debera contar con un
permiso de ubicacion, emitido por la Direccion de Proteccion al Medio Ambiente Humano.

Articulo 10: Del Permiso de Ubicacion: La solicitud de permiso de ubicacion
debera presentarse acompaiiada de la siguiente informacion:

a) Planos catastrados visados, de al menos tres posibles sitios.

b) La siguiente informacion basica de los posibles sitios:
- Nombre del propietario actual
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- Ubicacion exacta

- Area

- Distancia del centro de poblacién beneficiario

- Distancia del centro de poblacién mas cercano

- Nombre de los cuerpos de agua que atraviesan, limitan o circundan el terreno e indicacion

de las separaciones existentes.

- Direccién predominante del viento

- Estado de las vias de acceso

- Valor estimado del terreno

- Uso actual del terreno

- Clasificacién de la zona segun el plan regulador (si existe)

c) Poblacién a servir (poblacion de disefio)

d) Tipo de relleno sanitario propuesto

e) En el caso de entidades privadas de aseo, deberan presentar carta de la Municipalidad
respectiva, haciendo constar la posibilidad de delegar en esta empresa la responsabilidad
de la disposicion final de los desechos ordinarios de su cantén, segin condiciones
exigidas por el articulo 280 de la Ley general de Salud.

f) Aprobacion del Consejo Municipal de la Municipalidad respectiva, salvo en caso de
emergencia nacional o calamidad publica debidamente decretada por el Poder Ejecutivo.

Articulo 11: En caso de que la Direccién de Protecciéon al Ambiente Humano,
considere alguno de los sitios propuestos como apto para relleno sanitario, el interesado
debera presentar ademas un estudio hidrogeolégico y geotécnico del terreno en cuestion,
que incluya como minimo la siguiente informacion:

a) Caracterizacion y espesor de los diferentes estratos geoldgicos.

b) Evaluacién del riesgo de contaminacion de mantos acuiferos y recomendaciones al
respecto.

¢) Determinacion de la profundidad del nivel freatico segtn el disefio.

d) Localizacion de nacientes y otros cuerpos de agua.

e) Determinacion de la permeabilidad del suelo, en cada uno de los estratos geologicos
encontrados.

f) Censo de aprovechamiento hidraulico de la zona.

g) Unidades hidrogeolodgicas.

h) Modelo de funcionamiento hidrogeoldgico.

Articulo 12: La Direccion de Proteccién al Ambiente Humano, emitira el criterio
definitivo respecto al permiso de ubicacion, dentro de los 30 dias naturales siguientes al
recibo de la solicitud con la informacién completa. En casos muy calificados a criterio de la
Direccion el plazo podra ser ampliado previa comunicacion al interesado, pero dicha
prorroga no podra exceder los 15 dias naturales.

Articulo 13: Del Permiso de Construccion: La Direccion de Proteccidén al

Ambiente Humano, aprobara el permiso de construccion de relleno sanitario, dentro de los
15 dias naturales siguientes al recibo de la solicitud con la informacién completa.
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Para lo cual el interesado debera presentar ante dicha Direccion los siguientes requisitos:

a) Memoria de célculo.

b) Planos y Manual de Operacién y Mantenimiento del proyecto, asi como una carta de
compromiso de la Municipalidad de presentar periddicamente la informacioén contenida
en el articulo 19 del presente reglamento.

¢) En caso de existir manantiales, rios, lagos, embalses naturales y artificiales y areas de
recarga acuifera, el plano catastrado debera aportar el alineamiento otorgado por la
autoridad competente segun el articulo 68 de la Ley Forestal.

Los requisitos sefialados deberan incluir la informacion indicada en los articulos 14, 15, 16 y

17 del presente reglamento asi como la contenida en los articulos 41 y 42 del " Reglamento
de Manejo de Basuras".

d) Permiso de Ubicacion segun articulo 12 del presente reglamento.

Articulo 14: Del Permiso Sanitario de Funcionamiento: La Direccion de
Proteccion al Ambiente Humano, aprobara el permiso de funcionamiento de relleno
sanitario dentro de los 15 dias naturales siguientes al recibo de la solicitud con la
informacién completa.

Para el otorgamiento del permiso de funcionamiento mencionado en el articulo 8 de las
presentes disposiciones, se requerira que todo proyecto de relleno sanitario,
independientemente de su tipo y tamafio, cumpla como minimo con los siguientes requisitos
técnicos:

a) Garantia de estabilidad del terreno y del relleno contra deslizamientos.

b) Vias internas de acceso, lastreadas o pavimentadas, transitables en cualquier época del
afio, con rotulos de informacion.

¢) Cercado periférico que limite el terreno e impida el ingreso de animales y personas
ajenas al relleno, con portén y entrada restringida.

d) Preparacion del terreno con una base impermeable, con pendientes hacia las lineas de
drenaje.

e) Canales periféricos para las aguas pluviales.

f) Drenajes para los liquidos lixiviados y chimeneas para gases y humos.

g) Instalaciones para captar y tratar o recircular sobre el relleno, los liquidos lixiviados.

h) Caseta, bodega, servicios sanitarios y otra infraestructura basica.

1) Personal suficiente y con capacitacion adecuada. Supervision calificada.

j) Cobertura diaria de los desechos con material inerte con un espesor minimo de 15 cm.

k) Cobertura final del relleno con una capa de material de cobertura de 60 cm de espesor,
con una capa adicional de 20 cm de espesor capaz de sostener vegetacion y con la
suficiente inclinacién para impedir el ingreso de aguas pluviales a los desechos.

1) Disefio de diferentes fases de explotacion del sitio de relleno.

m) Disefio de la configuracion final del sitio, con su tratamiento paisajistico.

n) Ningun aprovechamiento posterior que implique construcciones, en un plazo minimo de
20 afios.
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fi) Franja de proteccién de un minimo de 20 metros entre el drea de disposicion de
desechos y el lindero de las propiedades vecinas.

o) Estar ubicado a una distancia que garantice que las zonas de recarga de acuiferos o de
fuentes de abastecimiento de agua potable estén libres de contaminacion.

p) Aprobacién del permiso de construccion segun articulo 13 del presente Reglamento .

Articulo 15: Los desechos infectocontagiosos podran ser dispuestos en el relleno
sanitario, después de su tratamiento mediante incineracién o esterilizacion. En situaciones
extraordinarias se podra aceptar este tipo de desechos sin tratamiento en celdas
especialmente acondicionadas, en cuyo caso la autorizacidn para la ubicacion del deposito y
para los procedimientos para llevarlo a cabo, serd otorgada por la Direccién de Proteccion al
Ambiente Humano del Ministerio de Salud.

Articulo 16: Los desechos industriales podran ser dispuestos en el relleno sanitario,
previo tratamiento o neutralizacion que los haga asimilables a desechos ordinarios o
inocuos, en las celdas para desechos ordinarios. En caso de que los desechos industriales
previo tratamiento o neutralizacién no resulten asimilables a desechos ordinarios o inocuos,
deberan ser dispuestos en celdas especialmente disefiadas para este tipo de desecho.

Para lo anterior requieren autorizacion de la Direccidn de Proteccién al Ambiente Humano,
para la ubicacion del deposito y de los procedimientos para llevarlo a cabo.

CAPITULO IV
De los Rellenos Sanitarios Manuales

Articulo 17: La aprobacion de funcionamiento de un relleno sanitario manual,
requiere ademas de los requisitos establecidos en los articulos 13 y 14 del presente
Reglamento, los siguientes requisitos minimos:

a) Vida util superior a los cinco afios.

b) Equipo minimo para el movimiento y compactacion manual de los desechos: palas,
azadones, picos, pisones de mano, horquillas, rastrillos, -carretillas, rodillos
compactadores de operacion manual, equipo de proteccion personal.

¢) Disposicion de desechos en capas de 20 cm a 30 cm de espesor para compactacion.

CAPITULO V
De los Rellenos Sanitarios Mecanizados

Articulo 18: La aprobacion de funcionamiento de un relleno sanitario mecanizado,
requiere ademas de los requisitos establecidos en el articulo 13 y 14 del presente
Reglamento, de los requisitos minimos siguientes:
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Vida util superior a los diez afios.

Taludes finales con una inclinacion no mayor de 30%.

Area de ingreso con bascula, caseta de control y estacionamiento.

Area administrativa y de oficinas.

Servicio de electricidad, agua y teléfono en el area administrativa y de ingreso.
Acondicionar el terreno con una base de suelo impermeable, con un coeficiente de
penetracion no superior a los 10° m/s, de un espesor minimo de 50 cm, excepto que se
demuestre técnicamente que un espesor menor obtiene el mismo coeficiente de
penetracion y compactacion al 95% del préctor estandar y con pendiente minima del
3% hacia las lineas de los tubos de drenaje.

El sistema de drenaje para lixiviados contara con aditamentos para su inspecciéon y
mantenimiento y conducird a estos liquidos hasta un sistema de tratamiento y
disposicion final con o sin recirculacion en el relleno.

Control de la calidad del agua subterranea mediante la perforacion de al menos tres
pozos para detectar la posible presencia de contaminacién por la operacién del relleno.
Equipo y obras para impedir emisiones de polvo y de cualquier materia volatil.
Supervision calificada permanente.

Disposicion de los desechos en capas de 60 cm de espesor para compactacion.
Compactacion de cada capa mediante un minimo de cuatro pasadas con maquinaria

pesada, de manera que se obtenga una densidad minima de 800 kilogramos por metro
cubico.

m) Sistema de emision para gases con aprovechamiento o evacuacion permanente previo

n)
0)
p)

tratamiento.

Vigilancia y control durante los 15 afios posteriores al cierre.

Asignacion de personal suficiente para el volumen de desechos a disponer.

Lavaderos de camiones y llantas con conduccion de las aguas de lavado al sistema de
tratamiento o recirculacion hacia el frente de trabajo.

CAPITULO VI
De la Vigilancia Estatal

Articulo 19: El ente administrador del relleno sanitario, facilitara la entrada al

relleno de las Autoridades de Salud, con el fin de practicar las inspecciones que se
consideren necesarias.

Articulo 20: El ente administrador del relleno sanitario presentara trimestralmente a

la Direccion de Proteccidon al Ambiente Humano, reportes de operacion del relleno sanitario,
los cuales incluiran al menos la siguiente informacion:

a)

b)

Promedio diario, semanal y mensual de ingreso de desechos, expresado en términos de
volumen y peso.

Registro de ingreso de vehiculos de transporte de desechos, clasificandolos segin su

origen, peso y tipo de desechos.
Andlisis de laboratorio, practicados mensualmente para rellenos mecanizados y
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trimestralmente para los rellenos manuales y de los pozos de agua.

Este analisis incluird como minimo los siguientes parametros:
- Demanda Bioquimica de Oxigeno (DBO>*?)

- Demanda Quimica de Oxigeno (DQO)

- Potencial Hidrogeno (pH)

- Solidos Totales (ST)

- Cromo total (Cr)

- Plomo (Pb)

- Mercurio (Hg)

- Niquel (Ni1)

Articulo 21: El ente administrador debera resguardar la salud ocupacional de sus
empleados, para lo cual aplicara como minimo las siguientes medidas:

a) Exigira al personal que labore en el relleno sanitario, contar con su registro de vacunas al
dia.

b) Elaborara normas de seguridad del trabajo, con las respectivas indicaciones para el uso
de equipo.

c) Proveera al personal de un local para vestuario y duchas donde asearse y cambiarse de
ropas después de la jornada de trabajo.

d) Establecera un programa de examenes médicos, que permita identificar y reducir los
riesgos potenciales de contaminacidn relacionados con esta actividad.

e) Dotara a los trabajadores de guantes, botas y al menos de dos uniformes al afio.

f) Cualquier otra que exija la Direccion de Proteccion al Ambiente Humano del Ministerio
de Salud.

Articulo 22: Se derogan los siguientes Decretos Ejecutivos: N° 22595-S del 14 de
octubre de 1993, publicado en la Gaceta N°202 del 22 de octubre de 1993; N° 23563-S del
05 de agosto de 1994, publicado en la Gaceta N°164 del 30 de agosto de 1994 y N° 24601-S
del 28 de agosto de 1995, publicado en la Gaceta N°176 del 18 de setiembre de 1995.

Articulo 23: Rige a partir de su publicacion.
TRANSITORIO UNICO.

Mientras no existan en el pais, plantas de tratamiento de desechos especiales 0 uno o mas
rellenos de seguridad, estos desechos podran disponerse en los rellenos sanitarios para
desechos ordinarios, en areas especialmente acondicionadas para tal fin, previa aprobacion
de ubicacion y de la técnica de disposicion, por parte de la Direccion de Proteccion al
Ambiente Humano del Ministerio de Salud. En estos casos queda prohibida la disposicion
de desechos potencialmente incompatibles en una misma celda o frente de trabajo, segun se
indica en las listas de los siguientes grupos.
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La mezcla de un desecho del grupo A) con otro del Grupo B) debera ser evitada, por las
consecuencias potenciales que en dichas listas se mencionan:

GRUPO 1
Consecuencias potenciales: generacion de calor, reaccion violenta

GRUPO 1-A

GRUPO 1-B

Lodos de acetileno

Liquidos alcalinos causticos
Limpiadores alcalinos

Liquidos corrosivos alcalinos
Liquido de bateria alcalino corrosivo

Agua de desecho caustico
Lodo de cal y otros alcalis corrosivos
Agua de cal de desecho

Cal y agua
Sustancias causticas usadas

Lodo acido

Acido y agua

Acido de bateria

Limpiadores quimicos

Liquido o solvente de acido fuerte
Compuestos liquidos limpiadores

Lodo acido
Acidos usados

Mezcla de acidos usados
Acido sulfurico usado

GRUPO 2
Consecuencias potenciales: liberacion de sustancias toxicas en caso de fuego y explosion

GRUPO 2-A

GRUPO 2-B

Desechos de asbesto y otros
Desechos toxicos

Desechos de berilio

Recipientes de plaguicidas sin lavar
Desechos de plaguicidas

Solventes limpiadores
Liquidos de maquinas de procesamiento de datos
y copiadoras

Explosivos obsoletos

Desechos de petrdleo

Explosivos vencidos

Solventes

Desechos de aceite

Otros desechos inflamables y explosivos
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GRUPO 3
Consecuencias potenciales: fuego o explosion, generacion de hidrogeno gaseoso inflamable

GRUPO 3-A

GRUPO 3-B

Aluminio

Berilio

Calcio

Litio

Magnesio

Potasio

Zinc en polvo

Otros metales reactivos e hidruros

Cualquier desecho de los Grupos 1-A 6 1-B

GRUPO 4
Consecuencias potenciales: fuego, explosion o generacion de gases toxicos o inflamables

GRUPO 4-A

GRUPO 4-B

Alcoholes
Agua

1-B

Litio

Sodio

Cualquier desecho concentrado de los Grupos 1-A 6
Calcio
Potasio

SO,, Cl,, SOCl,, HCl3, CH3SOCI; y otros desechos
que reaccionan con el agua

GRUPO 5
Consecuencias potenciales: fuego, explosion o reaccion violenta

GRUPO §-A

GRUPO 5-B

Alcoholes

Aldehidos

Hidrocarburos halogenados
Hidrocarburos nitrogenados y otros

Desechos concentrados de los Grupos 1-A, 1-B
6 3-A
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GRUPO 6
Consecuencias potenciales: fuego, explosion o reaccion violenta

GRUPO 6-A GRUPO 6-B

Soluciones usadas de cianuros y sulfuros Residuos del Grupo 1-B

GRUPO 7
Consecuencias potenciales: fuego, explosion o reaccion violenta

GRUPO 7-A GRUPO 7-B
Cloratos y otros oxidantes fuertes. Acido acético y otros acidos organicos
Cloro Acidos minerales concentrados
Cloritos Desechos del Grupo 2-B
Acido crémico Desechos del Grupo 3-A
Hipoclorito Desechos del Grupo 5-A
Nitratos Desechos inflamables y combustibles
Acido nitrico, fumante
Percloratos
Permanganatos
Peroxidos

Dado en la Presidencia de la Republica. San José, a los nueve dias del mes de octubre de mil
novecientos noventa y ocho.

MIGUEL ANGEL RODRIGUEZ ECHEVERRIA
DR. ROGELIO PARDO EVANS
MINISTRO DE SALUD
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Appendix CC: Regulations for Waste Management in Costa Rica

LA GACETA N 129 — Viernes,] déljudio de 1989
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DECRETOS
N¥ 19049.5

EL PRESIDENTE DE LA REPUBLICA
Y EL MINISTRO DE SALUD,

En uso de la faculiades conferidas en los articulos 140 incisos 3) y [8) de la
Cuonstitucion Polftica, 28 inciso b) di la Ley General de la Administrucion Pablica v
2,4, 278, 279 y 280 de la Ley General de Salud.,

Considerando:

t*—Que en beneficio y proteccién smpenteenién de la salud publica, se hace
necesario establecer una seric de regulaciones relacionadas con los desechos sélidos
provenicntes de las actividades corrientes, personales, amiliares, de Ja comunidad y

ntras a fin de cvitar o disminuir en lo posxblc la contaminacién del aire, del suclo o
de lay aguas. -

&}
=

!"
2

Por tanto, DECRETAN

El siguiente:
Reglamente sobre el manejo de basuras
CAPITULO |
De las definiciones
Artfculo 1%—Par los cicctos del prescate reglamento entiéndase por:

a} Basura: Todo residuo solido o semisédlido putrescible o no putrescible, exclu-
yendo las excretas de origen humano o animal. En csta definicién sc incluyen
los desperdicios, desechos, cenizas, clementos del barrido de calles, residuos
industriales y comerciales, de establecimientos huspitalarios y de mercados entre
otros.

b} Residio sélida: Todo objeto, sustancia o clemento en estado s6lido o semisolido, |
quc se abandona, bota, rechaza o desprende. :

¢) Desperdicia: Todo residuo sélido o semisélido de origen animalo vegetal, suicto
a putrefaccion, provenicnte de la manipulacién, preparacion y consumo de ali- |
mentos.

ch}t  Desecho: Cualquier producto deficiente, inservible o inutilizado que su poscedor
destina al abundonn o del que desea desprenderse.

d)  Residuo solido domiciliario: El que por su naturaleza, compaosicion, cantidad y
volurien es generado en actividades en las viviendas o en cualquier estableci-
miento asimilable a estas.

¢} Residuo sélido comercial: Es aquel gencrado en establecimientos comerciajes v
mercantiles, 1ales como almacencs, depésitos, hoteles, restaurantes, cafeterias,
sodas, camicerfas. mataderos, mercados de todo tipo, oficinas y utros tipos de
negocios.

f) Residuo sélido institucional: Es el generado en establecimientos educativos,
gubernamentales, carcelarios, religiosos, hospitalarios, terminales aérv.'as terres.
tres, fluviales o marftimas, entre otros.

g) Residuo solido industrial: Es el generado en actividades proplas dc ese sector del
desarrollo, como resultado de los procesos de produccion. '

h)  Residuo solido patogenn: Es aquel que por sus caracterfsticas y composxcxén .
puede ser reservorio o vehiculo de infeccién. !

i) Residuo solido téxico: Es el que por sus caracteristicas fisicas o quimicas, depen-
diendo de su concentracidn y tiempo de exposicion, pucden causar danos v aun
Ja muerte a los seres vivientes, o provocar-coniaminacion ambiental. °

i) Residuo salido combustible: Es ¢l que arde en presencia de uxigeno u otra ingi-
dente, por accion de una chispa o de cualquicr otra fuente de ignicion.

k) Residuo salido inflamiabler Es el que puede arder expontdneamentc en uuulv-
ciones normales,
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) Residuo solidu explosivo: Es aquel que genem gmudcs presiones de gaxes en su
descomposicion instantdnea,

1) Residuo solido volitalizable: Aquel que por su presion de.vapury g tempergium
ambicnte, se evapura o volatiliza, r
m} Residuo solido radioactivo: Aquel que emite mdlaniunc«.ul&ann:gnEnc {pn
niveles superiores a las radiaciones naturales de.fondo. L

) Rexiduo solido con caracterfsticas especiales: Incluyo a los 1t~qdum xfiglos
patogenos, toximo, combustible, infllamable, cxp!uxavu volu.thuhkvrddl.mum
Se incluse en esta delinicion los objetos o elementos que pur su tamano. volduwn
o peso requicren’un manejo especial, - i 1
f)  Lodo: La suspencién de solidos en un Hquido, provenicntes de’ lralamu nty de
agua, de residuos liquidos o de otros procesos similares. :
v} Tratamiento: El proceso de transformacién (fsica. quimica y geologica de los
residuos sélidos para maodilicar sus caracteristicas o aprovechar su poteheial,
ven el cual se puede generarun nuevo residuo solido de caracteristicas diferentes,
p)  Disposicién sanitaria de basurus: Es el proceso mediante ¢l cual las basuras son
colocadas en fonma definitiva, sea en ¢l agua o en ¢l suclo, siguiendo, entre
otras, las téenicus de enterramiento. relieno sanitario v de disposidion al mar.
q)  Enterramiento de busuras: Es la técnica que consiste cn colocar fas basuras en

una excavacion, aislandolas posteriormente con ticrm u otro material de cober-
tura.

3

) Relleno sanitaric de basuras: Es la téenica quue vonsiste en esparciclas, acome.
darlas y compaciarias al volumen mis prictico posible, cubrirlas diadamente
cuntierra u otro material de cobertura y ejercer los controles rcquundos al clecto.

3) Dispusicién sanitaria al marz Es la técnica utilizada para descagar las basuras
al mar ¢n condicioncs tales que sc evite al méximao su esparcimicnto por cfectos
de cordentes y animales marinos.

1) Entidad de asco: Es la persona natural o juridica, sea esta pablica o pnvad1
cncargada o responsable de almacenar, recoger, transportar y disponer las basu-

ras. CAPITULO 11

De las disposiciortes gencrales

Articulo 2°—El almacenamicnto, recolfcién, transporte, dnsposxcxonm'\mt;\na
v demas aspectos relacionados con las basuras, cualquicra sca la actividad o ¢l Iugar
de generacion, se regirdn por lo dispuesto en el presente reglamento.

Articulo 3*—ETl manejo de basuras comprende las siguientes actividades:

a.-Almacenamiento D
b.—Presentacion '
c.—Rcceoleccion
ch.—Transportc
d.—Tratamicnto
¢.—Disposicién sanitaria
{.—Barrido y limpieza de vias y drcas publicas T .
g.—Transferencia - R

W ! .

h —Recuperacién R v

Articulo 4*—Desde ¢l punto de vista sanitario, el mhnc]o de basuras se LLISIrlCI
en dos modalidades:

a.-—Servicio ordinardo . '
b.—Servicio especial

Articulo 5"—La prestacién del servicio ordinario tendrs como objetivo ¢l mattjo
de Jas siguicntes clases de basura:

a) Basuras domiciliarias. v

b) Basuras que por su naturaleza, composicion, tamafo v volumcn pueden ser
incorporadas, en su manejo, por la entidad de asco y a su juicio, de acuerdo
con su capacidad de operacién.

¢) Basuras no incluidas en el servicio cspecial. .

Artlculo 6¥-—La prestacién del servicio cspccnal tendra como objetivo el manejo
de las siguientes clases de basuras: .

Al Basuras patégenas, téxicas, combustibles, inflamables, explosivas, vola-
tilizables y radioacthvas,

b} Basurax que por su naturaleza, composicién, tamano y volumen, deban
ser consideradas como especiales, a juicio de la entidad de aseo, de ncucrdo
con su capacidad. ’

<) Empaques o envases de productos quimicos de cualquier noturalerza, en
especial de plaguicidas y de preparaciones de uso agricola o pecuanio.

ch)  Basuras que, por su localizacién, presentan dilicultades en su m:mqo por
inaccesibilidad de fos vehifculus recolectores.

d)  Basuras no contempladas en los incisos.anicriores que requicran para su
mancjo condiciones especiales de las de servicio ordinario.
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CAPITULO 11 .

De la responsabilidad en materia de basuras ) |

Artfculo 7'-—Elicrvicio de recoleccidn, acarrvo y disposicién e basuras, estars '
a cargode las municipalidades, la cuales podran realizar por administracién o mediante
contratos coi empresas o particulares, que s vtorgardn de acuerdo coa las lormalida- *
des legales y que requieren para su valldez la aprobaclén del Ministerio.

Articulo 8'—La contratacién de servicios para el mancjo total o parcial de las
basuras, no exime a la municipalidad de la responsabilidad mencionada y, por lo
tanto, debe cjercer estricta vigilancia en ¢l cumplimiento de las actividades propias
del manejo de las basuras. . :

Artfculo 9*—En el contrato que se realice entre la municipalidad y el contratista,
deberd estipularse clara y especificamente, las condiciones de la prestacion del servicio
y la actividad o actividades que se efectuarin en el mancjo de las basuras.

Artfculo 10X ~Independicntemente de quien realice el servicio, el mancjo de tas
basuras deberd obedecer a un programa que responda a las necesidades del servicio
de asco, el que debe incluir entre otros, los aspectos siguientes:

a) Establecimiento de rutas y horarios para la recoleccion de las basuras, los
que serdr: dados a conocer a los usuarios.

b) Mantenimiento de los vehiculos y equipos destinados a la recoleccitn y

© . dispgsicién sanitaria de las basuras.

c) Entrenamiento del personal que realiza el manejo de las basuras para una
mcjor prestacidn del servicio y las medidas de seguridad que debe observar.

ch)- Actividades a desarrollar en eventos de fallas ocurridas por cualquier
circunstancia, que dificulten, restrinjan o Impidan la prestacién de! servi-
clo de aseo. )

d) Mecanismos de informacién a los usuarios sobre, ¢l almacenamiento y
entrega de las basuras, eu cuanto a localizacién, tamano, capacidad y
calidad de los recipientes y otros aspectos relacionados con la correcta

~ prestacién dd servicio.

« CAPITULO TV
Del almacenamiento de basuras

Artfculo 11.—Los usuarios del servicio ordinario del mancjo de basuras, tendrdn
las siguientes obligacfones en cuanto al almacenamicnto:

a) Almacenar en forma sanitaria las basuras generadas, conforme lo especi- -
fica este reglasnento.

b) No depositar sustancias liquidas, excretas, ni basuras de las contempladas '
para el servicio especial, ‘en los recipientes destinados paca la recoleccion
en el setvicio ordinario. ‘

c) Colocarlos recipientes en el lugar de recoleccién, de acuerdo con el horario
establecido por la entidad de aseo.

ch) Oums disposiciones que establecs el presente reglamento ¥ que son de
n:.sponsabilldzd de los usuarios.

Artfculo 12.—Los recipicntes retornables para almacenamiento de basuras en
¢l servicio ordinario wendrin, cntre otras, las caracterfsticas sigulentes:

a) Peso y construccién que faciliten el manejo durante la recoleccién.
b) Construidos de material impermeable, de ficil limpicza, con proteccién
contra la corrosién, tales como pléstico o metal. )
¢) Tendrin tapas con buen ajuste, que no dificulten ¢l proceso de vaciado
durante la recoleccién,
ch) Construidos de tal forma que, estando cerrados o tapados, no permitan
“la entrada de agua, insectos o roedores, ni el escape de liquidos por sus
paredes o por ¢l fondo. |
d)- Bordesy esquinas .edondeados, de mayor drea en la parte superior, para
- :que se facilite el vaciado. :
e) Capacidad de acuerdo con lo que establezea la entidad de asco. !

Artfculo 13.—Los recipientes desechables utilizados para el almacenamiento de
basuras on el servicio ordinario, serdn bolsas de material plistico o de caracteristicas
similares y deberdn reunir, por lo menos, las siguientes condiciones:

a])! Suyesisiencia deberd spponar la tensién ejercida por las basuras.conte-
[dns y por la manipulacién. | !
b3. -Bu-capacidad estard de acuerdo con lo que establezea la entidad que
. ,preste ¢ servicio de agqo.
c) De color opaco. !
ci)  Debe podercerrarse por medio de un dispositive de amarre fijo 0 por medio
de un nudo.
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CAPITULO V

Del almacenamiento colectivo de basuras

Aticulo 14.—Toda edilicacién para uso multifamiliar de cualquier tipo institu-
cional o comercial ¥ otras que la entidad de aseo determine, tendrén un sistema de
aliacenamiento colectivo de basuras. disenado de acuerdo con las acrmas del presente
reglymento y las que téenicamente, a juicio del Ministerio de Salud, sean aplicables.

Antfeulo 15.—Las &reas destinadas para ef almacenamicnto colectivo de basuras
enlas edificaciones a que hacereferenciael anlcoulu anterior, cumplirdn, como minimo,
con los siguienics requisitos: -

). Los acabados de pisos, parcdes y cielo raso serdn lisos para permitir su facil

limpicza e impedir la formacién de ambientes propicios para ¢l desarrollo
. du inscetos y microotganismos en general. Tendrén redondeadas las

esquinas entre paredes y entre estas y ¢l piso. R

b) Tendrin sistemas de ventilucion efectivos, de suministro de agua, du
drenaje y de control de incendios.

¢)  Serdn construidus de manera que impidan el acceso de insectos, rocdores v
otras tlases de animales.

Articulo 16.—Las basuras que sean evacuadas por medio de ductos, serfin em:
pacadas cn recipientes impermeables que cumiplan las caractenisticas exigidas en el
articulo 13 de este reglamento.

Articulo 17.—Las editicaciones a que se refliere el artfculo 14 de este reglamento,
v cuyst ubicacion no facilite fa prestacion del servicio de recoleccion ordinaiio, podrin
insialar cajas de almacenamiento de busuras dentro del perimetro de su propicdad,
de conflormidad con las normas que establezea la entidad de asco, para lo cual se
requiere el previo permiso de esta.

Articulo 18.—E! aseo de los alrededoyes de cajas de almacenamiento de uso
prvado, serd de responsabilidad exclusiva de los usuarios.

Articulo 19.—El tamaio, la capacidad, el nimeroy el sistema de curga y descarga
de las cajas de almacenamiento, serdin determinados poi [a entidad de asco, de acuvrdu
con las caracteristicas del equipo de recoleccion y transporte que utilice.

CAPITULO VI
De la presentacion de las basuras

Articulo 20.—La presentacion de las basuras se debe realizar de confonmnidad
con las disposiciones contenidas en ¢l presente reglamento.

Artlculo 21.—Los recipientes de basuras sc colocardn ¢n un sitio de (il revo-
leceién por el servicio ordinario segan sus rutas y horanos, pero evitando la obstruccion
peatonal o vehicular.

Artfealo 22.—No deberdn permanceer los recipientes de basura ‘vn of servicio
ordinario, en los sitios ¢n que s¢ recojan ¢n dias difercntes a los establecidos por

servicio de aseo. CAPITULO VII
De la recoleccidon de las basuras

Artlculo 23.—Es responsabilidad de la entidad de aseo recoger todas las basuras
que presenten o entregen los usuarios del servicio ordinario, de acuerdo con este tipo
de servicio y siempre que la presentacién de las basuras se haga de conformidad con
los orticulos 434 y siguicnies del presente reglamento, para cuda zona o sector de fa
poblacién. oL

Articulo 24.—Las entidades de aseo, y los usuarios que utilicen el servicio espe-
cial, deberdn sujetarse a las disposiciones contempladas en ¢l presente reglamento,

Articulo 25.—~La ¢ntidad de asco establecerd la [recuencia éptima de recoleccion,
lo que se hard por sectores y ¢n los sitios de recoleccién, de tal forma que los residuos
solidos no se alteren o propicien condiciones adversas en la salud de las personas o
contaminen ¢l ambicnte. . .

Artfculo 26.—La recoleceion de basuras serd efectuada por operaios designados
por la entidad de asco, de acuerdo con las rutas y las frecuencias estobiccidas pam
tal (in.

Artfculo 27.—En ¢l evento de que I35 basuras sean esparcidas durante el proceso
ijc recoleccidn, los encargados del mismo deberdn proceder inmediatamente arecoger-

as.

Articulo 28.—Cuando paor ausencia o deficiencia en el cierre y mantenimivnto
de los lotes de terreno se acumulen basuras ¢n los mismos, la recoleccién y transporic
hasta el sitio de disposicién estard a cargo del propietario del lote. En caso de que la
entidad de asco proceda alarecoleccion, este servicio pod e considerarse como especial
v s¢ hard con cargo al ducio o propictano del lute de terreno.

LXXXIX



CAPITULO VIII
Del transporte de basuras

Antfculo 29.—Los vehiculos destinados al transporte de basurns reunirdn lus
condiciones propias para esta actividad y las que se sefialan en el presente reglamento.
Su diseno cumplird con las especificaciones que garanticen lavcorr,ccta prestacién del
scrvicio de aseo.

Articulo 30.—Los vehiculos y equipos destinados al transporte de basuras que
no reunen las condicioncs exigidas, deberdn ser adaptados o reemplazados dentro del
plazo que fije ef Ministerio de Salud, el que se determinard de acuerdo con ¢l programa
propuvsto por cada entidad de asco.

Anticulo 31.—El mantenimicnto y la operacién de los vehiculos y equipos des-
tinados al trapsporte de basuras, estard a cargo de la entidad de asco, de cuya respon-
sabilidad no quedard eximida bajo ninguna circunstancia. Dcberdn estar permmanente-
mente en correctas condiciones para prestar ¢l serviclo. .

Articulo 32.—Al términa de b jonmada-diaria'se lavardn los vehiculos y el equipo,
aefectode mantenerlos en condiciones que no atenten contra la salud de las personas.

Articulo 33.—Los vehidilos d&siinados al transporte de tierra, escombros, pape-
les © cualquicr otro matarial.que puedp ser esparcidob por el viento, deberd proveerse
de los mecanismos o aditamentos necesarios para garantizar el correcto transporte y
aislamiento de dichos materiales.

Articulo 34.—Los vehiculos y cquipo destinados al transporte debasuras deberdn
cumplir con las normas de circulacién y trénsito vigentes en cada localidad. evitando
ser obstdculo para la circulacion de vehiculos y personas.

CAPITULO IX
De la disposicion sanitaria de basuras

Anticulo 35.—Ua dispusicién sanitaria de las basuras currespondicates al servicio
ordinado deberd someterse a las exigencias de la Ley Generul de Salud y u las normas
que dicte el Ministerio de Salud, y realizarse de acuerdo con las técnicas siguientes:

, - a) Relleno Saniiario
b) Enterramiento

Articulo 36.—La técnica de disposicién sanitaria al mar solo pxdri emplearse,
previa aceptacion del Ministerio de Salud, cuando previos los estudios del caso, s¢
demuestre que otras alternativas no son viables,

Articulo 37.—Es responsabilidad de la entidad encargada del mancejo de i
basuras cn el servicio ordinano. seleecionar la técnica para su disposicion sanitana
v la adecuacign del sitio para llevarla a electo. debiéndose recubar previamente' la
aprobacidon del Ministedo de Salud. .

Artfculo 38.—Los estudius dinigidos u la scleccion del sitio parac disponer las
basuras deberdan someterse al andlisis del Ministerio de Salud, previo a su utilizacién
para tal fin.

Artfculo 39.-—-Todo proyecto para disposicién sanitaria de basuras en el servicio
ordinaro, deberd presentarse al Ministerio de Salud, adjuntando un estudio de impacto
ambiental para su valoracién. :

Articulo 40.—En todo sitio destinado a la disposicién sanitaria de basuras deberd
datse cumplimicnto a las normas de este reglamento y a las relacionadas con el control
de la contaminacion del aire y del agua.

Artlculo 41.—Todo sitio para la disposicién sanitaria de basuras provenientes
del servicio ordinario, deberd cumplir, como minimo, con los siguientes requisitos:

a) Estaraislado de sus alrededores, a fin de garantizar la no interferencia con
actividades distintas de las allf realizadas asf como para evitar sfectos
nocivos para la salud del las personas y en ¢l ambiente.

b) Tener schales y avisos que lo identifiquen en cuanto a las actividades que
ahf se desarrollan, definicién de entrada y salida de vehfculos: horarios de
operacién o funcionamiento: y clara indicacién de que se prohibe expresa-
qente cl acceso a personas distintas alas que laboran enlas actividades que
ahf{ se realizan.

¢) Contarcon los servicios minimos de suministro de agua, encrgfa eléctrica,
conexidn telcfonica, sistema de drenafe para evacuacion de sus residuos
ltquidos, de acuerdo con la complejidad de las actividades realizadas.

¢h) Contar con programas, adicstraniienlo de ‘personal y sistema parm o
prevencion y control de accidentes ¢ incendios. como tambicn para la
atencion de prmeros auxilios. asf como cumplir con las disposicionces
Jepnles que en materia de salud ocupacional, higicne y seguridad laboral
dirpoogan cf Ministerio de Salud v demas instituciones computéntes.
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) Mantener condiciones sanitavias de opéracidn y mantcnimiento par
evitar la profileracion de vectores y otros animales que podrian aféctar la
salud humana o la estética del contorno.

¢)  Ejercer control sohre ¢l esparcimiento, y si luere del caso, la compactacion
de Tas hasuras, particulax, polvo y otros objetos y condiciones que por ia
accian del viento pucdan ser transportados a los almdcdnms def sitio de
disposicion final,

) Controlar, tipificar y tratar, los llquidos percoladons que se originen por
descumposicion de las basuras y que puedan alcanzar cuerpos de agua
supctficiales o subterrdncas.

g) Manitcnerun registro diario, a disposicién de las autoridades del Ministerio
de Salud, ¢n el que se anote lo relacionado con cantidad, volumenes, pesoy
composicién promedios de las basuras destinadas a disposicién sanitaria.

Artlculo 42.—Cuando se utilice la téenica de disposicién final por medio de
relleno sanitario, la entidad encargada del manejo de las basuras, debers presentar,

como minimo. al Ministerio de Salud, para su eventual aprobacién los siguientes
requisitos:

a) Planos y detalles de la xnfrncsxruc(ura y zonas urbanas circunvecinas o
periléricas.

b) Planos y detalles del terreno y del desarrolio del relleno sanitario. inclu-
yendo vias permanentes y transitorias, divisién progresiva de las celdas
y destino de zonas para basuras especiales o peligrosas.

¢} Infraestructura del relleno, incluyendo edilicaciones existentes o por
construir.

ch) Niveles intetmedios y finales del relleno sanitario.
d) Planes de control dc{lratamicmo de afluentes liquidos y gaseosos.
¢) Obras auxiliares y paisajismo necesario
[) Plan de operacién del relleno sanitario.
+ - g) *Plan de inversiones y costos.
h) Plan de implementacién del relleno sanitario.

CAPITULO X -
De las disposiciones sobre el serviclo especial de aseo

Artfculo 43.—El manejo de los residuos sélidos con caracteristicas espcciales
deberd cumplir, ademds de las disposiciones dc cardcter general del presente reglamen-
10, con las que corresponden a las de este Capitulo.

CAPITULO X1
Delos permisos de manipulacién de los residuos con caracteristicas especiales

Articulo 44.—Todo sistemna de manejo de residuos sélidos con caracteristicas
especiales, deberd ser sometido a la aprobacién por parte del Ministerio de Salud.

Artfculo 45.—E] interesado o responsable del transporte de residuos sélidos con
caracteristicas especiales, deberd solicitar y obtener permiso previo del Ministerio de
Salud, el que establecerd las condiciones minimas que deben reunir los vehiculos
destinados para cste fin, asf{ como cszablcccr:'x las normas necesarias para la proteccion
de los operarios y de los seres vivos.

Antfculo 46.—Los operarios encargados del mancjo de residuos sélidos con
earacteristicas especiales, deberdn contar con ¢l equipo de proteccion personal y los
impleinentos necesarios, de acuerdo con las disposiciones que en matenia de higicne
y wyuridad industrial dicte el Ministerio de Salud.

Attfculo 47.—Los métodos de'tratamicnto y disposicidn sanitaria de los residuos

stlidos con eamcteristicas especiales, deberdn contar con el previo permiso del Minis-
terio de Salud.

CAPITULO X1l
Del almacenamicnto de los residuos especiales

Articulo 48.—El almacenamicnto de residuos sélidos con caracteristicas especia-
ks, debera electuarse en recipientes distintos de lox destinados para el servicio ordi.
nana, deberdn estar claramente identificados y se deberd observar con cellos medidas

especiales de cardcter sanitario y de seguridad, a electo de proteger fa salud humana
y del ambicntc.
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Artfculo 49.—Los materiales no biolégicos desechakles, ¢ofslderados Do re-
siduns sélidos patégenos, tales como agujas hipodérmicas ¥ dtro tipo de instruméental,
solo podrin scr mezclados con este upo de desechos cuando\cumplan as ‘medidas
teadientes a evilar riesgos en el manejo del conjunto, de ﬁq;‘sey é!f,c]ﬁmr&n ser
almacenados en forma scparada

Art{culo 50.—Los recipientes para almacenamicnio de mxduos sohdos con ca-
racteristicas especiales, deberdn ser de cierre hermético y estar debidamente marcados
con las medidas a seguir en caso de emergencia.

.Artfculo S1.—E! o los materiales que se utilicen en la fabricacién de recipientes
parg el almacenamicenta de residuos sélidos con caracterfsticas especiales, deberd estar
de acuerdo con las caracteristicas del residuo.

Artfculo 52.—Las 4ircas de almacenamicnto temporal de los residuos sélidos

patégenos en las edificaciones donde se generan, deberdngumplir. por lo menos, con
los siguicntes requisitos:

1) Disponer de extractores de aire con filtro biolégico.

b) Estar marcadosen forma tal que pucdm seridentificados facilmente v bajo
la prohibicién expresa de no permitir la entrada de personas ajenas a las
comprometidas en esta actividad.

¢} Ser desinfectadas y desodorizadas con la frecuencia quc garantice condi-
ciones sanitarias.

ch) Contar con los dispositivos, dlsposicnoncs de scgund&d’ncc!sahds para la
prevencién y control de accidentes ¢ Incendios.

Artfculo 53.—Los residuos sélidos cen caracteristicas cspcdalcs. serdn tenidos
como tales aunque se presenten para su manejo empacados o cnvasados.

Articulo $4.—Toda mezcla de basura que incluya residuos sélidos patogenox,
s¢ considerara como residuo sélido con caracterfsticas especiales.

CAPITULO XIV

De los hc(ncndor\u para residuos especiales

.

Articulo 55.—Todo provccto para la canstruccién, modificacion o ampliacion
de incineradores de residuos especiales, requiere el previo permiso del Ministerio de
Salud, para lo cuali el interesado deberd presentar, junto con la solicitud, Iz siguiente
informacién: .

a) Nombre, razén social y perfbneria del solicitante.
b) Representacién legal del solicitante.
<) Datos de localizacion, direccion y teléfono del peticionario.,
¢h) Relacién detallada de los residuos sélidos a incincrar con indicacion de la
cantidad promedio a incinerar, peso y volumen.
d) Planos y memorias del proyecto.
¢) Estudio del impacto ambiental.
) Las demis que la autorid'ad s:nltfn'a estime pertinente.

CAPITULO XV
De los propésitos de la recuperacion de residuos
Artfculo 56.—~La recuperacién de Jos residuos sélidos a parfir de as, Bene

dos propésitos principales: e
. . <X,
a) Recuperacidn de valores econémicos . cncrgéﬂco;/quc hzv}r sxdo

utilizados en el proceso primaria de c!aboracndn & productos. ‘\ e
b) icrc'i':x:cxén de la cantidad de basura producxd.f %\m‘_moqdd l
namente. - Ja
3 8 H
CAPITULO XVI A "/’.j_’-‘ :

BN

De los lugares en que se puede separary llmncen‘u ll bl’un .

Capitulo $7.—S4lo se permitirs la scpamcxén de basurasen lu fuentes de origen
y en los sitios autorizados expresamente por el Ministerio de Salud.

Articulo 58.—No se permitira ¢l reciclaje o recuperacion de residuos sélidos
que por sus caracterfsticas scan susceptibles de causar dafto a la salud humana, a
juicio del Ministerio de Salud. .

Articulo 59.—El acopio y almacenamiento temporal de elementos recuperables
podri cfectuarse en bodegas, antes de su traslado al sitio de clasificacidh y empaque,
siempre y cuando se observen condiciones sanitarias y de proteccidn de los manipu-
ladores y del ambiente.

*
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UAPITULO XXI
De las prohibiciones a particulares y a las entidades en general

Artfculo 74.—Se prohibe depositar animales muertos, parte de estos y basuras |
de carcter espectal, en los recipientes de almacenamicnto, de uso publico o privado, |
y Gue son recogidos por ¢l servicio ordinario. )

© Antfculo 75.—Se¢ prohibe la quema de basuras bajo ninguna circunstancia, pero

*s¢ permite 1a’ Incineracidn de residuos sélidos segin las normas que cstablece el
presente reglamento., ’ . N

- Anticulo 76.—Se prohibe la entrada y circulacién de los operarios de recoleccion
eninmucbles o predios de propicdad privada o pablica, con ¢l finde retirar las basuras.

, Articulo 77.—Se prohibe cntregar basuras a operarios encargados del barmdo
y limpicza de las vias y dreas publicas.

+.  Anlculo 78.—Sc prohibe a toda persona distinla de las del servicio de asco,
remover o extraer ol contenido total o parcial de los recipientes para basuras, una vez
culocados en cl sitio de recoleccidn.

" Antedlo 79.Sc prohibe Ia disposicién o abandono de basuras, cualquiera sca.
su procedencia, a ciclo abierto, en vias o dreas publiicas, en lotes de terreno y en los

“Lukrpus J€ dgui superficiales o subterrineas. : s
" Artfculo B0.—Sc prohibe arrojar basuras, de cualquier tipo, en vias piblicas,
parques y dreas de esparcimiento coicclivo. ‘

- Anticulo 81.—Se prohibe el lavado y limpieza de cualquier objeto en vias y 4rcas
publicas, cuando con tal actividad se originen problemas de acumulacién o esparci-
micin de basuras. : .

. Anfculo 32,—Se prohlbe. al personal de las entidades de aseo, del servicio de
barrido y limpieza de vias y dreas publicas, realizar actividades de separacién de los
componentes de las basuras.

Artfculo 83.—Se prohlbe a los operarios encargados del servicio de barmido y
limpicza de-vias y 4reas pablicas, la recoleccién de basuras generadas en el interior
de cualquier edificacion.

Articulo 84.—Se prohibe ¢l almacenamientq de residuos sélidos en un mismo
Jrecipiante, cuando puedan interactuar ocasionando situaciones peligrosas.

CAPITULO XXII

De las sanciones

;
|
|
!

<

Articulo 85.—Los usuarios de los servicios que incumplieren con las disposicio-
nes del presente reglamento, serdn denunciados ante los tribunales correspondientes,
conforme con las disposiciones contenidas en el articulo 378 de lu Ley General de Salud.

Articulo 86.—En caso de incumplimiento a lus dispusiciones del presente regla-
mento, por parte de lus corporaciones municipales o contratistas encargados del ser-
vicio de recoleccion, acanvo y disposicion de basuras, ¢l Ministerio de Salud podra

decretar por propia autoridad, medidas cuya finalidad tiendan a evitar la apariciéa
de peligros en contra de la salud de las personas o del medio ambiente.
Artfculo 87.—Rige a partir de su publicacién. '

Dado en la Presidencia de la Republica.—San José, a los veinte dfas del mesde
junio de mil novecientos ochenta y nueve.

20-06-~549 OSCAR ARIAS SANCHEZ

E! Ministro de Salud a. i,
VICTOR JULIO BRENES RQJAS
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Appendix DD: Regulations for Composting in Costa Rica

NY 175 _27 &C?’/?"f?

JUNTA FUNDADORA DE LA SEGUNDA REPUBLICA

Considerando -

s Oue agrrcultura desperdicia actuadmente lo o desechos  animales y
egetalcs, los cuales deben volver al suclo, de donde vinicron, a  enrique-
vrlo para que nos dé cosechas mas saludables y abundantes,

e Que es neeesario para la Nacion practicar estos sistemas de agricul-
ifa para que se pucdan aprovechar estas huentes de abonos organicos, basc
orincipal dc l()dl Agll(ll“l”d racional .

DECRETA

: Articufo 19%—Ia fabricacidn de abonos organicos o conposte con los
Flesechos y todos los materales urbanos aprovechables, se regicd por la
i,'reqcn[c ley que se considera de mterés publico.

5“ Articulo 29—Para la fabricacion y expendio de los abonos organicos
5‘3; que se refiere el articulo anterior, se crea la “"Corporacion de Abonos
s Orgamcoi”. que serd una junta integrada por cico miembros propietarios. nom-
"ﬁ;r«dw por el Poder LEjecutive en la siguiente forma: tres escogidos de cada una
de fas ternas que al ciecto sumimistren el Colegio de Ingemieros Agronomos,
§la Camara de Agrcullura v Camara de Industrias, no de nombramiento
~Ael Ministerio de Salubridad Pablica y otro que sera el Jefe de la Seccidn
(Granjas L,\pomncn ales ael Mmisterio de Agricuitura e Indusinas.

i Ao

Bon Ge

Articulo  3¥-—Para lovrar a c\}'ruacon ads, sa Curpor
:{‘j\bow\ Organicos procederd a Jevantar planos y mentar tas fabricas de
‘dbow organicos utihzando los desechos 411)31105 en las poblaciones que dis-
songant de  materiales  propios  suficientes.
E5l Articuto 49 La Corporacidon de Abonos Organcos queda facuitada
Epara entrar en arreglos cuando o considere conveniente, con los Concejos
IMuonicipales, o el Ilstado en sn caso, a fin de estabiecer los sistemas de
ecoleccidon v aprovechamienio de  desechos mas adecuades v aconsejables.
Articulo 59%—Para el cumplimiento de este decretn-ley, se autoriza a
32 Corporacion para financiarse por medio de un empeestito. hasta por la
' de cincuenta il eolones, con la garanta del Tstado. Las unlidades
i Corporacion acumule serdn apheadas en fa amphacidn del vadio de
actuvidades.
Articulo 69—TLos nuembros de la Corporacién  deberan  ser perso-
1(‘1:0:1')(”(11 honorabilidad, costarricenses o no, duraran en sus fun-
G an namovibles para el periodo para que fueren nom-
femas, tener conochmientos relatives a la fabricacion de

Debervan,
0rg;§n£cos,
Articulo 7% Para ¢l cumplimiento de sus fines la . Corporacidn  se
del persoral de la Seccion de Granjas Dxperimentales vooen caso
msuficienty éste. podrd nombrar personal  adicienal  pagado de sus
©oque wabajard bajo la jurisdiccion del Jefe de la Secaion de Granjas
womentales, quien tendrd @ su cargo la gestin ejecutiva del proyecto
Lordenada p'@" la Corporacion,

; Articulo 8Y%—Aparte del trabajo indicado en
soesponde 2t Seccidn de Granjas Dxperimeatales
cmiento de desechos en e

5

anterior, Co-
el aprovecha-

as zomes rurales, dentro d2 spoglaciones SANarias
dicte of Mintsrevio de Sadubridad Pablica, y l formacion de Clubes del
N Aetemn | IOW’LU'({

. 1
fisres yvoang «(l»"“"f.
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186 COLECCION DE LEYES Y DECRETOS ..x

‘e ) . g1 g J , I
. Articulo 9%—l.a Corporacion presentard anualmente al oder Iijcc{‘%
tivo el presupuesto de gastos y planes de trabajo. !
‘/\_rnculo 1014 C'orporaci(m sometera a la aprobacion del PodE‘
Ejecutivo un reglamento interno, dentro de los treinta dias  posteriores 3
st nstalacion. . ;

Transitorio.—Con el objeto de darle una eficiente organizacién inicial al
“Corporacion de  Abonos Orgénicos™. el Poder ISjecutivo se reserva el
recho de hacer ¢l nombramiento de todos sus miembros para el ejercig
del primer periodo unicamente.

1

Dado en el Salén de Sesiones de la Junta IFundadora de la Segung
Reptblica—San José, a los veintitim dias del mes de setiembre de mil n
vecientos cuarenta y ocho.—JOSE FIGUERES —~Fcernando Valverde Veg
Uladislap Gamez Soluno.—Bruce Masis Diwviasi—Benjomin Nititez Vargas.
Alberto Martén Chavarria.—Francisco José Orlich Bobnarcich.—Raul  Blan,
Cervantes.—Ilidgar Cardona Quirds. -
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Appendix EE: Other Regulations for Waste Management in Costa Rica

278 Clasifiear los desechos :
Todos los desechos sélidos que provengan de las actividades |
corrientes personales, familiares o de la comunidad y de( '
operaciones agricolas, ganaderas, industriales 0 comerciales,
deberan ser separados, recolectados, acumulados, utilizados
cuando proceda y sujetos a tratamiento o dispuestos finalmente,
por las personas responsables a fin de evitar o disminuir en lo
posible la contaminacion del aire, del suelo o de las aguas.

279  Aprovechar los desechos o disponerlos

Queda prohibido a toda persona, natural o juridica arrojar o
acumular desechos sélidos en lugares no autorizados para el
efecto, utllizar medios Iinadecuados para su transporte vy
acumulacion y proceder a su utilizacion, tratamiento o disposici()r(
final mediante sistemas no aprobados por el Ministerio. | i

280 La municipalidad debe realizar ia gestion por
administracion o contratacién Los usuarios estan
obligados a contribuir econémicamente
El servicio de recoleccion, acarreo y disposicién de basuras asi
como la limpieza de cafios, acequias, alcantarillas, vias y parajes
publicos estard a cargo de las municipalidades las cuales
podran realizario por administracién o mediante contratcs con
empresas o particuiares, que se otorgaran de acuerdo con las
formalidades iegales y que requieran para su validez ia aprobacion
del Ministerio. ‘

Toda persona, queda en la obligacion de utilizar dicho servicio
publico y de contribuir econémicamente a su financiamiento de
conformidad con las disposiciones legales y reglamentaria

I peitinentes. ‘

281  E! comercio debe cornitar con su piropio sistema pero
autorizado por el MS

Las empresas agricolas, industriaies y comerciales, deberan
disponer de un sistema de separacién y recoleccion,
acumulaciéon y disposicion final de los desechos soélidos
provenientes de sus operaciones, aprobadc por el Ministerio
cuando por la naturaleza, o cantidad de éstos, no fuere
sanitariamente aceptable el uso del sistema pubtico o cuando
éste no existiere en la localidad.
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282
[ os terrenos baldios deben estar en condiciones higiénicas

Los propietarios de terrenos desocupados en areas urbanas
estan obligados a mantenerlos cerrados y en buenas
condiciones higiénicas.

Quedaran obligados, asimismo, a realizar las practicas u obras,
dentro del plazo que la autoridad de salud les ordene, cuando tales
terrenos constituyen un foco de contaminacion ambiental.

283 Solo los autoizados podran recuperar desechos

ueda prohibida la recuperacién de desechos y residuos
dlidos en lugares no apircbados por la autoridad de salud para
les efectos.
| uedaran obligados, asimismo, a realizar las practicas u obras,
entro del plazo que ia autoridad de salud les ordene, cuando tales
errenos constituyen un foco de contaminacion ambienta!.

as personas, naturales o juridicas, que se ocupen de la
ecuperacion, aprovechamiento, comercic o industrializacion de tales

aterias, deberan solicitar permiso previo a la autoridad de salud y
g;ta podra otorgario, cuando se compruebe que ios trabajos de
seleccion, recoleccién y aprovechamiento de ios desechos y
?esiduos no impiiquen el peligro de contaminacion del ambiente o
riesgos para la salud de ias personas que trabajan en tales faenas o
de terceros.

F84 Poder de revocatoria por incumplimiento

La autorizacién a que se refiere 2l articulo anterior duraré un

pio y podra ser canceiada en cualquier tiempo, cuando el titular
o cumpliere las disposiciones reglamentarias pertinentes o no
ealizare las practicas y obras especiales que la autoridad de
alud le imponga como requisitos necesarios para resguardar la
alud de las personas, o el saneamiento de la operacion.
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