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ABSTRACT
This research shows the management of the generation and final disposal of household waste and
residues resulting from improper handling. The objective was to design an integrated solid waste
management plan in the canton of Quinsaloma, Province of Los Ríos, Ecuador. The analytical
method was used based on the information obtained through surveys, interviews, literature review
and data collected during the field phase, as well as the geographic method that allowed analysis
through GIS (Geographic Information Systems), the response variables based on the multicriteria
analysis are the water table, soil texture, gradient and drainage. The absence of temporary storage
containers made it difficult for people to find a suitable place to deposit their waste. In rural areas,
30% of the precincts do not have a collection service, so waste is deposited in abandoned land or
incinerated in the open air. Solid waste is managed in temporary containers that are then deposited
in landfills. The generation of solid waste amounts to 270 mt per month, of which 80.2% of the
people deliver their waste to the collection truck. The multicriteria analysis determined that there
are two optimal sites for the sanitary landfill, the site to the north of the canton with an area of
255.11 ha and the second to the south with 62.39 ha, both of which meet the variables of the water
table, soil texture, gradient and drainage.
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INTRODUCTION
Globally, solid waste has been recognized as one of the environmental problems of high impact
due to inadequate management by the municipal governments, as well as factors that have
repercussions such as lack of economic resources, lack of training for residents, and shortcomings
in the design of strategies. According to the study, the average amount of solid waste generated by
municipalities in the country is about 1.5 million tons (Rosas Baños & Gámez Anaya, 2019).
According to the World Municipal Solid Waste Management Plan, an annual average of 2.01
billion tons of municipal solid waste is generated worldwide, with a growth projection for 2050 of
3.40 billion tons (Yao, Kaza, Bhada- Tata, & Van Woerden, 2018). Municipal solid waste,
particularly its management, presents environmental risks, such as soil degradation, water
contamination, direct emissions to the atmosphere and collective health (Foradori, 2020).
According to Barragán et al. (2010), its management is related to the education levels of the
population.
In Ecuador, the current solid waste situation follows the same structure as in developing
countries, with an average urban production of 0.81 kg per inhabitant per day (Solíz Torres, 2015).
Of an approximate total of 58,829 tons per week produced in the 24 provinces, only 20% is done
with the measures established by the Municipal Government, following environmental regulations
(COA, COA regulations and ministerial agreement 061); the remaining percentage is distributed
among open dumps, controlled dumps, dumps on roads, streams and rivers (Solíz Torres, 2015).
As a result, Ecuador has suffered a substantial social deterioration in recent years, falling from
64th to 73rd place in the UNDP Human Development Index. The main problem is the existence
of a high level of poverty among its inhabitants, reaching 67% in rural areas and 40% in urban
areas (MAE, 2012).
Quinsaloma is a canton in the province of Los Ríos, with a population of 16,476 inhabitants,
72% of whom live in the rural sector and 23% in the urban area. It is in the rural area of the canton
where the problems related to solid waste management predominate since the waste collection
process is scarce, causing people to deposit their waste in abandoned lands or incinerate it in the
open air; added to that, the lack of a sanitary landfill that meets the necessary standards and that
guarantees a correct treatment of the waste forces the waste generated in the canton to be disposed
of in the emerging cell of the canton of Quevedo. This research details the management of urban
solid waste and collection, including the location of centers for the temporary storage of waste and
the optimal site for the location of a landfill that meets the needs of the population of
Quinsalomeña.
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MATERIALS AND METHODS
The study area is located in the Quinsaloma canton, Los Ríos province, with 16,500 inhabitants.
Figure 1 shows that the canton is bordered to the north by the canton of Valencia, to the south by
the parish of Zapotal and the canton of Ventanas, and the east by the cantons of Pangua (Cotopaxi
province) and Naves (Bolivar province), and to the west by the cantons of Quevedo and Mocache.

Figure 1 Location of study area
Solid waste management
The instrument used in the survey was elaborated considering the following categories: MSW
generation, collection, waste separation, transportation and final disposal, where strategically the
information regarding the production and management of MSW was obtained and therefore, this
information obtained was captured in an Excel database for a basic analysis (Pérez, 2015).
Likewise, information collection techniques were used, using a form of questions based on the
current regulations (Ministerial Agreement 061) of the Unified Text of Secondary Legislation, to
officials of the Gad (Decentralized Autonomous Government) of the canton Quinsaloma.
Temporary solid waste collection route
To obtain information on the current waste collection route. First, daily trips were made in the
collection vehicle and coordinates were taken in the streets where the vehicle travels, which were
then processed in the ArcGIS program. Second, a Network Dataset was created using the Network
Analyst tool to establish the collection route (Masaquiza Masaquiza, 2019). It should be noted that
first, the different neighborhoods and precincts that make up the canton of Quinsaloma were
identified in order to make an appropriate treatment of the matrix (Origin-Destination); third, a
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spatial calculation of the route traveled daily by the solid waste collector was performed and a map
of the route calculated using the Solve tool was created. Fourth, the road network of the canton
was elaborated with the attributes of each of the roads, in addition to the construction and
evaluation of routes; the sectors with the most significant mobility problems were determined and
an alternative route was elaborated to improve the efficiency of the collection system; the
frequency of collection and the number of sectors where the collector will make his trips were
determined; the type of collection vehicle and the type of container to be used were defined; finally,
the number and location of temporary storage containers were established (Serna Uran, García
Castrillón, & Flores Londoño, 2016).
Table 1. Main processes performed by phase in the Network Analyst tool.
Processes performed in the Network Analyst tool
Elaboration
of Layers




DATASET




Control
points
Analysis

Source: Own
(2016).

Digitalization of roads. Georeferencing.
Inclusion of track attributes.

Elaboration of the Network Dataset.
Configuration of parameters, evaluation functions and
restrictions
 Locate Control Points.
 Execute the route layout.
 Evaluation of current route and route traced by Network
Analyst.
 Comparison of measurements
 Conclusions
elaboration based on processes in Network tools, SERNA, GARCÍA & FLORES

Final disposal of solid waste.
First, a variable multicriteria analysis was performed and executed using the ArcGIS 10.5
(ArcMap) software tool, which allowed the structuring, design, evaluation and prioritization of
decision alternatives (Malczewski, 2006). Second, criteria based on current environmental
regulations were considered; these are linked to the factors stipulated by the Ministry of the
Environment, such as environmental, technical and social factors (Ministry of the Environment,
2015). Third, the study established the pertinent variables, where the multicriteria analysis was
applied. First, a buffer was applied to the bodies of water and towns and designated as 1 km buffer
zones; then, the multicriteria analysis was applied to the variables: water table, soil texture,
gradients and drainage according to the values in (table 2). Fourth, the Erase tool was used to
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obtain the areas outside the buffer (suitable zones), and the vector coverages were converted to
raster to manipulate the variables (Palacios Orejuela, 2018).
Table 2. Criteria for the variables considered in the multicriteria analysis.
Criteria

Reclassification scale

Influence

1

%

Water table

>1 m

Between 1m and 0.50 m

< 0.50 m

Soil texture

Fina

Media

Thick

Gradient

<15°

15°

>15°

Drainage

Under

Moderate

High

Source: Own elaboration based on the Ministry of Environment data, 2015.
A reclassification into three classes was handled, the value 1 (optimal) was given for the areas that
met the given specifications, the value of 2 (acceptable) for those areas that moderately met the
desired requirements, and the value 3 (not suitable) for those areas that did not meet the requested
requirements, all this was done with the Reclassify tool; at the end what was obtained were the
raster of the different variables to be related (Palacios Orejuela, 2018). Once the raster results were
obtained, they were transformed to vectorial through the Raster to Polygon too to know the
hectarage of the identified optimal zones and proceeded to perform the field verification.
RESULTS AND DISCUSSION
The solid waste collection rate is around 9 to 10 tons per day and 270 tons per month. These results
are the product of studies conducted by the municipal administration. Storage by the population is
inefficient because there are no containers established according to current regulations (INEN
2266) for hazardous, special, and non-hazardous waste (returnable, organic, and non-organic), and
collection takes place Monday through Sunday. According to André (2006), although it has
traditionally been considered a purely technical problem, MSW management generates numerous
mechanisms whose full understanding requires careful economic analysis. In particular, MSW has
a cascading external effect on the various economic agents involved in the transformation chain.
Citizen perception of solid waste management
The perception determined by the population based on the adequate management of solid waste,
the great majority stated that they do not have training for the adequate management of waste,
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which causes incorrect management from its separation at the source to its final disposal or with a
correct physical or chemical treatment (Betancourt Torres & Betancurt Pulgarín, 2011). The study
in the city of Cartago evaluated the population's knowledge of the management of solid waste in
the municipality of Cartago, where 55% did not know the processes involved in inadequate waste
management. In the same context, it was determined that (60.5%) of the surveyed population
indicated that they did not know how the waste they generate is managed, while (39.5%) indicated
that they are developing management practices in their homes, as shown in Figure 2.

39.5

60.5

KNO W L E DGE O F S O L I D WAS T E MANAGE ME NT

NO

SI

Figure 2. Knowledge on MSW management

The material used mainly by the population of Quinsaloma canton surveyed, as reflected in Figure
3, are bags 47.2%, and the least used material is cardboard 3.1%, according to the data obtained,
in his research conducted in the canton of Riobamba, determined that the bags with 91% are the
most used container when storing waste, and the least used are cardboard with 3.92% and plastic
garbage cans with 2.35%.
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23.4

3.1

26.3

47.2

W A S T E S T O RA G E M A T E R I A L

TOTAL

CARDBOARD BOXES

COVERS

SACKS

PLASTIC GARBAGE CANS

Figure 3. The material used to store waste
Analysis of the management and environmental impact of solid waste variables show
significant differences in the means shown in Figure 4. The Gad of Canton Quinsaloma executes
the final disposal through the collectors in 80.2% that provides services in both urban and rural
areas; a lower percentage of the population performs it by accumulating in empty land and burying
them, burning water bodies (4.2%), (1.7%) and (0.3%), given as per (Yataco Apolaya, 2018). This
indicates in its research that the excessive production of domestic solid waste and incorrect
management contaminate the soil, water and air, causing environmental damage. Some factors
contribute to the increase in the problem, such as the increase in population in the last three decades
and the uncontrolled growth of cities, which implies more waste production, generating greater
demand for waste collection, treatment and final disposal services (Gutiérrez Moreno, 2018).
Therefore, the local government should plan and implement strategic points for waste segregation
to carry out adequate final disposal.
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SOLID WASTE DISPOSAL
80.2

90.0
80.0
70.0
60.0
50.0
40.0

12.1

30.0

0.0

Throws into a body of water

1.4

1.7

4.2

10.0

0.3

20.0

TOTAL

Dumps in vacant lots

Buries them

Delivery to the collector

Accumulates them until they decompose

Burns them

Figure 4. Forms of final waste disposal
Collection route and location of temporary solid waste storage centers
Figure 5 shows that the solid waste collector made daily trips to verify compliance with the
schedule provided by the Environment Office of GAD Quinsaloma. The following is the current
waste collection map of Quinsaloma canton, with the respective routes and collection stops in
urban and rural areas according to the work days in the schedule stipulated by the corresponding
office.
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Figure 5. Current solid waste collection in the canton of Quinsaloma, Ecuador
The schedules and frequency of collection were defined in hours of less vehicular flow on the
roads, thus achieving a quick collection of solid waste and trying to avoid traffic jams; it is noted
that route one of the collection is composed of neighborhoods in the urban area of the canton,
which is why it has more containers and the collection will be daily due to a more significant
generation of waste making two trips once the vehicle capacity is completed.
The distribution of the schedules was carried out as follows: Morning (06:00 am- 15:00 pm) in
rural sectors of more complex access (routes 2 and 4) and Night (21:00 pm - 06:00 am) in sectors
of easy access, both urban and rural (routes 1 and 3). In addition, a distance of 200 meters was
defined for the location of the temporary solid waste storage containers so that people do not have
to travel long distances to deposit their waste. Given this, Roulier & Mansilla (2021) indicate in
their research on “Solid Waste in Intermediate Cities” in Ushuaia- Argentina, where 94.82% of
urban households and with a collection at least two times a week.
Therefore, the speed range allowed has been determined based on the nomenclature or
type of street, according to the Regulation to the law of the land Transportation, Traffic and
Road Safety in its Art.191 of the indicates that: the maximum limits and moderate ranges of
vehicle speed allowed on public roads for freight vehicles in the urban sector is 40 km/h and
on highways, the moderate range is 40-70 km/h. (National Transit Agency of Ecuador, 2012).
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Likewise, the capacity of the solid waste container is 1100 liters/1.5 tons, with a useful life of
up to 10 years, a total length of 1453 mm and a total width of 1300 mm. Figure 6 below shows
the proposed collection route for the urban area.

Figure 6. Collection route for Quinsaloma Urban Zone.
The criteria were based on current environmental, technical, and social regulations. Once the
variables considered were established, a buffer was applied to the bodies of water and settlements,
and they were designated as buffer zones of a 1 km radius, after which a multicriteria analysis was
applied to the variables: water table, soil texture, gradients and drainage, with a percentage of
importance of 25%. Subsequently, the Erase tool obtained the areas outside the buffer (suitable
zones). Finally, the vector information was converted to raster using the Raster to Polygon tool to
determine the hectare of the optimum zones identified.
The proposed solid waste collection route was conformed by four routes with a total distance
of (141.65 km), with a collection frequency of three times per week in rural areas (121.18 km) and
in the urban area performing night routes a distance of (20.47 km) was obtained that weekly add
up to (61. Campuzano obtained similar results in his proposal to improve the collection of nonhazardous waste in the city of Triunfo, Guayas, where he determined that the distance traveled in
the urban area with a daily collection for six days from Monday to Saturday with nighttime
schedules is (127.5 km) in the commercial zone (127.5 km) (Campuzano Angulo, 2020). Likewise,
Araiza & Zambrano (2015), in their research conducted in the towns of Benito Juárez and Jesús
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María Garza, Yucatán, obtained that the total weekly collection distance is 129.90 km with the
distance/time ratio, with 6 km of progress for each hour traveled in the collection period.
The multicriteria analysis obtained two optimal sites for the sanitary landfill, the largest with
an area of 255.11 ha and the second with 62.39 ha; both meet the variables used, such as water
table, soil texture, gradient and drainage. According to Iñiguez & Porras (2021), in their zoning of
optimal areas for a sanitary landfill in the city of Machala, using the GIS tool, they found six areas
suitable for the location of a mechanized sanitary landfill with a total area of 896 ha, using social,
technical and environmental variables to increase the level of precision in the delimitation of land
surfaces.
CONCLUSIONS
The phases of generation, collection, transportation and final disposal are carried out by both the
municipal government and the population of the canton, complying with the provisions of Art. 66
of Book VI of the TULMAS, the same, which indicates the types of collection that are made being
the organic waste that is produced in greater quantity, followed by the returnable and in smaller
percentage the non-returnable by the operators, likewise the citizenship should be made aware for
the use of these containers reducing the waste accumulated in the corners of the streets and are foci
for the generation of pests and bad odors; in addition, the collection service becomes more
efficient.
The criteria considered for the ideal route (water table, soil texture, gradient and drainage) made
it possible to draw up a map with the two optimal sites for the landfill site, the larger one with an
area of 255.11 ha and the second one 62.39 ha, both of which meet the criteria established in
previous processes.
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