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Abstract: Universities have the mission to serve society by being pragmatic, diverse, and multi-
disciplinary. Similar to society in general, these centers have a common challenge: finding a way
to articulate projects that favor the demands and needs of vulnerable rural sectors. In this case,
the community-university partnership is based on the interaction of the Manglaralto population,
represented by the Junta Administradora del Agua Potable Regional de Manglaralto and the Escuela
Superior Politécnica del Litoral (ESPOL), both from Ecuador. Specifically, it is based on a collaborative
relationship since 2005, through the Centro de Investigacion y Proyectos Aplicados a Ciencias de
la Tierra (CIPAT) of the ESPOL. This work aims to evaluate the community-university partnership
through the results obtained in community work projects. In addition, it describes the resolution of
problems reached on the sustainability of water resources in the parish of Manglaralto (Ecuador).
The methodology was based on (i) the description of the existing community-university interaction
framework, (ii) the analysis of the community projects that CIPAT developed in the period 2017-2020,
and finally, (iii) the evaluation of the impact of the actions carried out on the sustainability of the
coastal aquifer. The community-university partnership has generated relevant information (e.g., wa-
ter reserves, extraction processes, aquifer recharge, and care of the resource) for the community and
has allowed for the strengthening and transmitting of knowledge in different specialties (education,
culture, and environment). In the 2017-2020 period, four community projects were carried out with
students, researchers, and the inhabitants of the rural area of Manglaralto. These projects allowed
wells for water extraction and engineering structures such as dikes and green filters that help the
use and recharge the aquifer. In addition, the initiatives carried out made it possible to inform the
population of the importance of the sustainable exploitation of water resources. In general, this work
made it possible to identify a natural laboratory of human interaction in which the results obtained
are based on the collaboration and contribution of all the participating actors.

Keywords: education for sustainable development; research projects; community; water resources;
Sustainable Development Goal
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1. Introduction
1.1. Overview and Objective

Universities are vital institutions for education, research, and community service
through their social action proposals [1,2]. Community involvement is generally considered
part of universities” Third Mission (community service) [3]. This link with society is the
primary role that universities can and should play in addressing pressing social problems
and, at the same time, in fostering the creation of prosperous regions [4], framing their
actions as “Magnets for Economic Growth” [5].

With the advances of science, it has become possible for Higher-Education Institutions
(HEI) to cross borders and reach the most remote communities in the world [6]. Nowadays,
the relationship between schools, colleges and universities, and the community is essential
for developing a more balanced and scientifically prepared society. According [7], the
university-community relationship is the collaboration between institutions of higher
education and their larger communities (local, regional/state, national, and global) for the
beneficial exchange of knowledge and resources in a context of partnership and reciprocity.

In general, the participation of universities in the communities offers remarkably favor-
able results. The research conducted by the University of Seville (Spain) mentions the term
“Service-Learning” and relates it to the interaction of students helping society as a method-
ological strategy for student learning. In addition, it raises students” awareness of their
civic commitment and their role in the community [8]. The first signs of “Service-Learning”
were in the 1990s. In that decade, Dewey [9] investigated the role of academic institutions
in community development and introduced the concept of “learning-by-doing”. In addi-
tion to Service-Learning (SL), finding other models for studying community-university
partnerships in the scientific literature is possible. Among these models, the following
stand out Community-Engaged Research (CEnR) [10], Community-based Participatory
Research (CBPR) [11,12], Participatory Action Research (PAR) [13] and Participatory Action
Learning and Action Research (PALAR) [14]. According to Reference [15], the models
that stand out most are CBPR and PAR. These two models are based on research methods
involving the researchers and the community affected by a problem: (i) the exchange and
co-construction of knowledge and (ii) applying participatory practices, which provide
benefits to the community [16,17]. A description of the two models used in this study is
presented in Section 1.2.

The university system, or HEI, included the terminology sustainability [18-20], whose
application has a complex and long-term objective [21]. According to Wiek et al. [22], there
are five key competencies in developing sustainability in higher education (interpersonal,
systems-thinking, anticipatory, normative, and strategic competencies), and they should be
interrelated. Sustainability in education was first introduced in 1975 at the international
level within the United Nations Educational, Scientific and Cultural Organization-United
Nations Environmental Programme (UNESCO-UNEP) [23]. Since then, HEIs have devel-
oped initiatives that seek to put sustainability as a primary focus in education (e.g., [24-30]).
The most remarkable HEIs initiatives are energy use and energy efficiency, greenhouse gas
reduction, waste management, water management, food procurement, transportation, and
accessibility for people with disabilities [31].

“Quality of Education” is one of the proven drivers to ensure sustainable develop-
ment [32]. The “Quality of Education” is included in the Sustainable Development Goals
(SDG) indicators promoted by UNESCO [33]. One of these indicators is SDG 4 of the
2030 Agenda, which seeks to “Ensure inclusive and quality education for all and promote
lifelong learning”. With “Quality Education”, many other SDGs can be achieved [34], such
as reducing inequalities (SDG 10), reducing poverty (SDG 1), or favoring good health and
well-being (SDG 3) [32]. Hence the importance of universities in the obligation and need to
train students with social commitment, innovative capacity, and drivers of the economic
development of society [35-37].

Within the water framework, certain universities such as Portland State University
(United States of America) have community-initiated water quality improvement projects.
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These projects promote understanding of watershed concepts and, primarily, community
participation, education, and partnership through the Community Watershed Stewardship
Program (CWSP) [38]. An example in urban areas applied to water management is the
“community-based environmental project” of the New Jersey City University (United States
of America). This program monitors both surface and groundwater quality in New York
and New Jersey, exposed to intense industrialization and urbanization [39].

In Ecuador, the Escuela Superior Politécnica del Litoral (ESPOL) through the Centro de
Investigacion y Proyectos Aplicados a Ciencias de la Tierra (CIPAT) carries out cooperation
initiatives with the Junta Administradora del Agua Potable Regional de Manglaralto (JAAP-
MAN), characterized by the water-resource problems in the rural parish of Manglaralto
(Ecuador). This study serves as the basis for the research question on which to address the
initiative. The research question is as follows: How can community-university partnerships
provide water use and management solutions in rural areas, considering sustainability
criteria? The objective of this work was to evaluate the community-university partnership
between ESPOL and the population (community) represented by the JAAPMAN through
the results obtained in community projects developed during the 2017-2020 period. In
addition, we aimed to determine the degree of resolution of the problem of water-resource
sustainability in Manglaralto.

1.2. Models of Applied Analysis

HEIs have adopted “Service-Learning” as a standard teaching tool and learning
strategy [40]. According to Tapia [41], Service-Learning (SL) is considered an activity
or program of solidarity service led by students, aimed at effectively meeting the needs
of a community. According to [41], this learning should be planned in an integrated
manner with the curricular contents of different disciplines to optimize learning. It is
essential to highlight that SL has been applied in several disciplines, such as business and
economics [42], physical education [43], computer and information sciences [44], health
sciences [45,46], education on urban water quality [47], and natural hazards education [48];
it is even is integrated with modern online Service-Learning system approaches (e.g.,
service e-learning, e-service learning, and extreme service learning [49-51]).

The definitions of Service-Learning are varied in the scientific literature [52]. However,
the concept of Service-Learning is based mainly on the theory and philosophy of learning-
by-doing of John Dewey, who promoted the idea that the community is an essential element
of the educational experience [53,54]. When students apply the SL simultaneously, they con-
tribute to relational living, citizenship, and democracy [53,55]. According to Mtawav [56],
SL is defined as a pedagogical approach and a subset of the public mission of universities
through which their members (staff, students, and communities) establish sustainable
partnerships and engage in activities that empower them, develop their capabilities and
enhance their well-being.

The SL aims to improve students’ learning and practical experience, strengthening
reflection and reciprocal relationships between students and community members [57].
Specifically, it has two main elements: (i) engagement within the community (service) and
(ii) reflection on that engagement (learning) [58,59]. The creation of community partner-
ships is essential for SL because it allows universities and communities to collaborate and
develop new ideas to meet the needs of communities [60]. Therefore, the first step for suc-
cessful SL experiences is establishing community-university partnerships [61], becoming
an essential part of this partnership [62,63].

Community-university partnerships have been plagued with challenges and diffi-
culties, mainly because “reciprocity” is not always established as a central principle of
interaction. In particular, it often becomes a challenge to maintain a continuous and sus-
tained commitment from university partners [64]. In addition, the possibility arises for
communities to become simple teaching tools [65—67] since the main objective of service
programs is the educational well-being and professional development of students [68]. The
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SL is limited in certain cases by predetermined and inflexible university schedules that do
not always conform to the schedules of community partners [69].

The Participatory Action Research (PAR) model also has wide application in HEIs.
This model is defined as a research approach committed to the democratic principles of
justice and equality [70]. PAR is characterized by “research with” and not “research on”
people [71]. The five values of PAR are (i) empowerment, (ii) social justice and equity,
(iii) supportive relationships and inclusion, (iv) mutual learning and reciprocal education,
and (v) respect for diversity and power-sharing [68]. The PAR method is a cyclical process
that allows researchers and community members to work together to define a problem,
take action on the problem, and evaluate the effectiveness of the action [72,73].

One way to integrate research and education into a mutual learning process is PAR [74].
PAR provides the opportunity for universities to generate important research for com-
munities while students reap the benefits of SL [75]. The interest of HEIs is to develop
sustainable initiatives [24-30]. Applying democratic and deliberative approaches such as
PAR can facilitate sustainable planning and development, especially in rural areas [75].

In general, active learning approaches (SL and PAR) share something in common:
collaboration and experimental knowledge production. However, it is emphasized that
there is a challenge in incorporating PAR in university education [76].

1.3. Study Zone

The parish of Mang]laralto is a rural area in the north of the province of Santa Elena
on the coast of Ecuador. According to the Population and Housing Census projection
(2020), the parish would have for that year about 38670 inhabitants, distributed in an area
of 426.0 km? [77]. In national terms, in Ecuador, more than 3.5 million people have access
to water and sanitation through water boards [78]. Data on water service provision for
consumption in 2017 show that, in rural areas, 69.2% of the service was managed by the
Autonomous Decentralized Governments (GADs), while 30.8% is provided exclusively by
water boards [79].

JAAPMAN is in the parish of Manglaralto and is responsible for exploiting and
supplying the scarce groundwater resources available. The supply service covers the
communities of Montafiita, Rio Chico, Cadeate, San Antonio and Libertador Bolivar, in
addition to Manglaralto itself. This board is a community organization created in 1979 by
Archbishop Othmar Stahelli. According to the Inter-American Development Bank (IDB),
the organization provides water and sanitation services to 3500 members, 20000 inhabitants
(local population), and a floating population (tourism) of 20,000 in high season [78].

The climate in Manglaralto and its surroundings has a climatological sequence in
which from January to May, there is a rainy season, while from June to December, there
are no or low precipitation levels. This cycle is affected by two principal agents: (a) the
Humboldt Current, a predominant factor that, due to the displacement of humid air to
the east, the province reaches temperatures of 20 °C and even lower; and (b) the El Nifio
phenomenon, which allows for the average temperature to reach 36 °C during the dry
season [80]. In general terms, Manglaralto and its surroundings are located in the semi-arid
zone of the Santa Elena Peninsula, where the level of evapotranspiration is higher than the
current precipitation [81]. Numerous riverbeds are primarily dry most of the year and only
contain appreciable freshwater during periods of high rainfall and climatic phenomena
such as “El Nifio” [80].

Manglaralto has an important aquifer. Specifically, southwest of the foothills of the
Chongon Colonche Coastal Range (CCC) (Figure 1a), within the Manglaralto hydrological
basin and geological units corresponding to the Late Cretaceous and recent alluvial deposits
(Figure 1b). The impermeable layer that favors water entrapment corresponds to the
lithological units of the Ancon group, and the permeable layer with good porosity and
permeability conditions are the Quaternary alluvial deposits [81-83]. In this last geologic
unit, there have been promising results in collecting water resources through wells, whose
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estimation of water volume is 13.6 Hm? [84]. Intensive pumping and climatic conditions
have lowered the phreatic level and resulted in seawater intrusion into the basin [82].
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Figure 1. Manglaralto watershed: (a) location of the basin, main regional geological structures (regional faults: LCF, La
Cruz fault; CF, Carrizal fault) and geomorphological elements (Chongon Colonche Hills and Progreso basin); (b) geological
units, and regional and local faults in the study area.

It is essential to point out that, in addition to the hydrogeological conditions of
the aquifer (limited reserves), factors such as population growth (fixed and seasonal
inhabitants), increased per capita consumption, and global climate change (decrease in
precipitation in the area) must be considered when correctly characterizing the scarcity of
fresh water in this region.

2. Materials and Methods

The methodology proposed to understand the community-university interaction was
developed in three phases (Figure 2): (i) description of the framework of community-
university interaction between the Manglaralto community and ESPOL; (ii) analysis of
the community projects that CIPAT has developed in the period 2017-2020; and, finally,
(iif) evaluation of the impact of actions on the sustainability of the coastal aquifer studied.
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Figure 2. Scheme of the methodology followed in this study.

2.1. Stage I: Community-University Interaction Framework

In phase I, first, the detailed description of JAAPMAN'’s water-management sys-
tem was addressed. Secondly, the procedure was oriented to describe the link and the
community-university dynamics by collecting data: (a) technical data (scientific articles,
graduate, undergraduate, and post-graduate theses) and (b) social data (surveys, commu-
nity meetings/workshops, and field visits) of the cooperation projects carried out since 2007,
focusing on the linkage (community) projects the 2017-2020 period related to Manglaralto.
Information is available in the CIPAT repositories (final and partial project reports).

2.2. Stage 1I: Community Projects

Phase II detailed the activities and goals achieved by the community projects. Al-
though it is indeed managed as an academic project with its methodologies and processes,
in practice, it adapts to the needs community, working in the field and sharing efforts.
This information was presented in a comparative matrix between the linkage projects
implemented, their scope of the study, and the evolution over time during the development
of practices for integrated water management in the Manglaralto coastal aquifer.

2.3. Stage III: Impact on the Sustainability of the Coastal Aquifer

In this phase, a diagnosis was made of the information obtained in Phase II. Specifically,
water-resource management was described based on the practices and technical studies
carried out. In addition, its impact on the sustainable use of the aquifer in the Manglaralto
communities was analyzed. Finally, in this phase, a SWOT analysis [85] was applied
based on surveys and questionnaires to 30 researchers/interns of Geological, Civil and
Chemical Engineering careers of the four community projects carried out by ESPOL’s
Unidad de Vinculacién con la Sociedad (UVS) in the study area. Specifically, the information
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collected addressed five aspects: (i) degree of satisfaction with the experience of the
interns, (ii) interaction between research assistant-practitioners, (iii) skills and strengths
acquired, (iv) materials and fieldwork resources available, and (v) weaknesses of the
activities developed.

Based on the results obtained previously, an analysis of CIPAT’s performance was
undertaken to identify whether the projects carried out in the 2017-2020 period promoted
and contributed to community development. Specifically, comparing these results with the
2030 Agenda for Sustainable Development indicators in the literature [33].

3. Results
3.1. Description of the Link and Dynamics between the University and the Community
3.1.1. JAAPMAN'’s Community System

The inventory results conducted at JAAPMAN indicate 3766 users of the provided
service (water supply), dispensing water to approximately 38,830 inhabitants of the six
communities of the rural parish of Manglaralto. The estimate corresponds to an average
of five people per household. The board’s management system consists of the delegates
of the six affiliated communities. These delegates appoint a board of directors (president,
treasurer, secretary, and members), managing the board’s operation. Figure 3 presents
the organization chart of the water board. This chart represents the socio-hydrological
system [86] that serves as a reference for the practical operation of the board. Although
the board president is the legal representative and oversees the economic and attendance
reports to the control body (Ministerio del Ambiente y Agua (MAAE)), the figure of the
operators plays a vital role in the community system. The four operators, described in the
organization chart, are the ones who carry out the fieldwork (meter reading and monthly
monitoring of the static/dynamic levels of the aquifer together with university interns),
which is fundamental for the efficient use of the resource.

River-aquifer
system
[
* Montaiiita N
. ’lﬁ;“,“é}f‘ﬁ}“’ General Assembly
+ Cadeate by commune
* San Antonio
« Libertador Bolivar
\/
Partners General Local .
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Figure 3. JAAPMAN's community system organization chart.



Water 2021, 13, 1998

8 of 25

3.1.2. Cooperation Agreements (Community-University)

The relation between the academy and the community began in 2007. From that year
to date, CIPAT-ESPOL and the International Atomic Energy Agency (IAEA) of the United
Nations have developed six technical cooperation projects:

1. ECU/8/041: Characterization of coastal aquifers in the Santa Elena Peninsula;

2. RLA/8/026: Application of Isotopic Tools for Integrated Management of Coastal
Aquifers;

3.  RLA 7/018: Improving knowledge of groundwater resources to contribute to their
protection, integrates management and governance (CXXVII);

4. RLA 7/024: Integrating Isotope Hydrology in National Comprehensive Water Re-
sources Assessments;

5. ECU/7/005: Improvement of the management of coastal aquifers by studying the
recharge rate of the alluvial aquifer of the Manglaralto river basin;

6. RLA/7/016: Use of isotopes for the hydrogeological evaluation of excessively ex-
ploited aquifers in Latin America (CXXVII).

These projects resulted from ESPOL’s official request to the IAEA to carry out groundwater-
resource characterization and evaluation studies on the coast of Ecuador. In these initiatives,
the community was involved in different tasks, such as training workshops (given by
international experts) on the chemical and isotopic characterization of groundwater, and,
additionally, on its application in the study of aquifers. In addition, the community was
offered several fields and monitoring activities focused on water-resource-management
planning in the area [87].

Since IAEA participated in Ecuador, ESPOL through CIPAT has maintained a positive
and interactive cooperation relationship with the community. Specifically, since 2017,
several studies have been carried out in the area through community service projects
(Linkage), such as the following;:

1.  PGO03-PY18-13: Hydrology and hydrogeology applied to the coastal aquifer of Manglar-
alto (Phase I);

2. PGO03-PY18-13: Hydrology and hydrogeology applied to the Manglaralto coastal

aquifer (Phase II);

PGO03-PY19-09: Integrated water management in Manglaralto Parish watersheds;

4. PGO03-PY20-03: Resilience in water management, before COVID-19, Manglaralto.

The linkage projects covered hydrogeological and environmental studies of the
Manglaralto coastal aquifer, optimization of the stabilization lagoon system of Libertador
Bolivar, and the development of an experimental green filter system in the Manglaralto
parish [88]. In addition, all the projects developed included an evaluation of the envi-
ronmental impact of the extraction and use of water resources. Examples include (a) the
estimation of the ecological footprint of the water extraction and use process [89], (b) the
presentation of a plan to reduce the use of aquifer material in construction, and (c) the
proposal of civil works to minimize the saline intrusion process in the aquifer ([82,83,90]).

@

3.1.3. The Relation between Linkage and Research in University-Community Cooperation

Figure 4 shows the CIPAT-ESPOL cooperation system within its general and activities
(e.g., coastal aquifer) for the community. This scheme shows the relationship between
external and internal academic researchers, undergraduate students, professors, directors
of the Unidad de Vinculacién con la Sociedad (UVS), and community members. All existing
relationships promoted the creation, development, and transmission of mutual learning.
In this case, it regards the Manglaralto coastal aquifer.
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Figure 4. The relation between linkage and research in the context of sustainable water-resource
management.

The UVS mission is to regulate, plan and coordinate the community service projects
carried out by ESPOL. For example, in the multidisciplinary program entitled “Strength-
ening community capacities for the Sustainable Development of Canton Santa Elena”,
the UVS designates a teacher expert in the institutional program domain who will be the
“Linkage program director”. The main task of the Linkage program director is to ensure
permanent communication with the team of teachers, students, and the community; among
his team is the “Community Service Project Director”.

In the “Community Service Project Director”, the link between linkage and research
arises because the director and part of his team (tutors) are members of the Research and
Development (R&D) group of the Ibero—American Program of Science and Technology for
Development (CYTED) [91]. One of the 11 networks of CYTED’s “Sustainable Develop-
ment” R&D line is the “Sowing and Harvesting Water in Natural Protected Areas-SYCA
Network”, made up of 68 researchers and technicians from Argentina, Bolivia, Chile,
Colombia, Ecuador, Spain, Mexico, and Peru. These countries have ancestral practices or
methods where man collects and infiltrates (sows) rainwater and runoff in the subsoil in
order to capture (harvest) it to provide water for human, animal, or agricultural use [92].
In the JAAPMAN-ESPOL community-university partnership, this relation becomes a
means of gathering and exchanging scientific knowledge, case studies, and obtaining
funding sources.



Water 2021, 13, 1998

10 of 25

The “Community Service Project Director” oversees the direction, formulation, devel-
opment, and evaluation of the actions involved in the community intervention process. The
director has a team made up of tutors who can be external and internal researchers from the
three academic domains related to the project (geological, civil, and chemical engineering),
students/interns, and co-researchers who facilitate the research process by actively and
collaboratively involving themselves through the “Service-Learning” educational strategy,
where the student assumes the role of protagonist [93]. Tutors guide students, facilitate,
coordinate, review the trainee’s profile, and resolve any conflicts.

3.1.4. Community Project Activities and Goals Achieved

Since 2017, the CIPAT center developed four community service projects (listed in
Section 3.1.2) as part of the ESPOL Unidad de Vinculos con la Sociedad (UVS). These four
projects aimed to understand the geometry of the aquifer, analyze water quality, and finally
propose sustainable water-resource management. Table 1 presents the activities developed
and the scope of the community projects.

Table 1. Scope of community service projects and communes Manglaralto (MG), Libertador Bolivar (LB), Olon (OL),
Montaiiita (MT), and Cadeate (CT) during the period 2017-2020. The vertical axis represents the main activities developed
in the projects. The horizontal axis represents the year and the commune of the study.

Year
2017 2018 2019 2020
MG MG MG LB OL MG LB OL MT CT

Physical-chemical parameters

Workshops and socioeconomic surveys

Geological mapping
Geographic landmark

Topography

Aquifer conceptual model

Aquifer geometric model [84]

SEV ! y ERT 2

Hydrological study of the watershed

Design or proposal of dikes (tapes)

Environmental management in the sector

Water hydrochemical and isotopic
characterization [82]

Wastewater treatment tests and

characterization

Articles and graduation projects
Well construction technical report
IKIAM 2 University student internships
Informative videos and poster production
Delivery of 2 signage and a geosite sign

Design of green filter system

Production of a lysimeter

Soil sampling and characterization

Preliminary design of containment dike for
temporary ponds
Flow and transport numerical model [83].

Energy calculation of solar panels for
pumping water from wells
Video [94], Green Filter 3D modeling [95], and
website as educational tools

! Vertical Electrical Soundings, 2 Electrical Resistivity Tomography, and > Amazon Regional University.
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Table 1 highlighted the following aspects:

e Commune: There has been a growth in the scope of the study sectors during the
community projects development. In 2017 and 2018, the focus was on the Manglaralto
area, while, in 2019, it was located on the communes of Libertador Bolivar and Olon
(where another community organization called Junta Administradora del Sistema
Regional de Agua Potable de Olon (JASRAPO) managed the water resource). Finally,
in 2020, studies focused on the communities of Cadeate and Montaiita;

e  Dikes: Manglaralto has five dikes, namely one technical-artisanal dike (concrete dike)
and four artisanal dikes (earthen dike). In addition, there are artisanal infrastructures
(tapes) aimed at artificially recharging the aquifer. The town of Olén has three artisanal
type dikes. Finally, in the town of Cadeate, only proposals for the strategic location of
tapes have been defined [96].

e Agquifer system: The information obtained previously and the geological studies
carried out in Manglaralto have made it possible to generate a conceptual, geometric,
and numerical model of the aquifer’s flow and transport [83,84]. In the case of Olon
and other communes, there is only one study with primary conceptual models [97];

e  Wastewater treatment: In the municipalities of Libertador Bolivar and Montaiita, stud-
ies and pilot tests have been carried out for wastewater management, using a green
filter [88]. In addition, CIPAT carried out diagnoses, evaluations, and optimization of
the purification systems (oxidation ponds) in Libertador Bolivar;

e Integrated water management: Reforestation plans have been developed in Manglar-
alto and Libertador Bolivar as a solution to the problem of land degradation and to
halt the loss of biodiversity;

e  Solar or alternative energy: A feasibility study for sizing a photovoltaic system for the
water pumping has been developed exclusively in Manglaralto.

During the period analyzed (2017-2020), there was an increase in the number of stu-
dents in internships and the participation of different careers (e.g., geological engineering,
civil engineering, and chemistry engineering) interested in community service projects
(Figure 5). In contrast to 2017 and 2018, where there was only student collaboration from
the field of engineering geology, other majors were present in 2019. In this last period,
students shared field knowledge and practices jointly. In addition to the ESPOL students,
students from IKIAM University also shared their experiences with the community. In
2020, despite the health crisis of the COVID-19 pandemic and the presence of the “La
Nifia” phenomenon [98], there was only a slight decrease in the total number of students
in cooperation projects compared to 2019 (Figure 5).

Community Intern total/year rag 31

External intern
(IKIAM)
Chemical Engineering 3 Year 2020
(ESPOL) Year 2019
Civil Engineering 9 Year 2018
(ESPOL) M Year 2017

Geology Engineering — 15

(ESPOL) S — 20

0 5 10 15 20 25 30 35

Community Intern Number

Figure 5. Evolution of the number of interns in community service projects during the
period 2017-2020.
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2017

1. Geological mapping and
hydrogeological study of the
Manglaralto River basin.

2. Management for the location
of a geographical landmark.
3. Awareness workshops on
sustainable use and exploitation
of water.

As aresult of the linkage projects, a significant scientific production has been generated
in the four years of activity analyzed. The works generated include undergraduate theses
(14), master’s theses (2), and scientific articles (16). The latter was published in national
journals and, for the most part, in international indexed journals. It is important to note
that 90% of the theses produced under the direction of CIPAT-ESPOL have been published
in indexed scientific journals.

Another relevant aspect is the academic consultancy developed for the communes
within the service projects’ framework. Specifically, a habit has been created to monitor the
aquifer’s water levels (e.g., twelve times in 2019 and six times in 2020). In addition, engi-
neering and technological knowledge have been provided to the inhabitants in managing
the resource. Finally, the university has generated technical reports that have been used as
a basis for decision-making by the water board (e.g., three technical reports in 2019 and six
technical reports in 2020).

Figure 6 shows the goals achieved in the community service projects developed
during the period 2017-2020. The results presented in Figure 6 indicate the achievement,
in the first instance (years 2017-2018), of general and basic information (e.g., general
thematic cartography). In later stages (years 2019-2020), the results have a more specific
and applied profile (e.g., tourism promotion and inventory of geosites). In general terms, it
highlighted that, in 2020, the work carried out in the project won first place in the Social
Entrepreneurship category and second place of all the ventures in the Eureka CICE 2020
Fair, organized by the Bolivian Catholic University San Pablo.

2018 2019 2020

1. "Resilience in water
management to COVID-19,
Manglaralto" project obtains the

1. Location of strategic first place in the Soc_ial
recharging sites along 1. Design of green filters using Entrepreneurship Summit 2020
Manglaralto River. wastewater in rural areas. virtual edition.
2. Construction of a 2. Studies for the construction 2. Sowing and Harvesting of
technical/artisanal dyke in of a new well, and aquifer Water Project .
Manglaralto. geometric model. (Manglara!tg-Ecuador) came f!rst
3. Hydrochemical 3. Tourism promotion through in the Social Entrepreneurship
characterization of the signage, official Geosite sign and category and second place of all
Manglaralto basin using the posters. Eureka ventures CICE 2020 Fair,
Inaquas software. organized by the San Pablo

Bolivian Catholic University.
3. Flow and transport numerical
model of Manglaralto coastal
aquifer,

Figure 6. Goals achieved in community service projects during the 2017-2020 period.

3.2. Contribution of Community Activities to the Sustainable Use of the Aquifer

This section presents the primary practices and activities developed in the period
2017-2020 (Table 2 and Figure 7) and their effect generated in the communes of Manglaralto.
The most noteworthy aspects in terms of the contribution provided to the community are
technical studies and monitoring (e.g., taking measurements of static/dynamic levels, and
physical-chemical parameters), the approach of sustainable solutions to water scarcity and
treatment (e.g., green filters, dikes, and well construction), and awareness campaigns on
the use and cycle of water that achieved community participation and knowledge transfer.
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Table 2. Effects of the activities carried out by the academy in the communities of Manglaralto.

Main Practices Impact on the Community

Control of overexploitation and contamination
of the aquifer.
They provide scientific support in the reports
Research and graduation projects submitted by the water board to the
control body.
Solutions to water scarcity: artificial recharge
of the aquifer through retention dikes that feed
the aquifer by infiltration in rainy seasons.
Application of water management techniques =~ Water-quality treatment and control: natural
filter to eliminate urban wastewater
contamination and evaluate the condition of
stabilization ponds.
Raise awareness and sensitize the community
Workshops and socioeconomic surveys on water use and transfer technical knowledge
on integrated water-resource management.

Technical studies and aquifer monitoring

Figure 7. Practices carried out in the process of community-university partnership: (a) 3D modeling of the green filter
system as one of the educational tools; (b) concrete dike; (c) monitoring of water levels and physical-chemical water
parameters; (d) installation of timber tree cultivation lines; (e) soil sampling and characterization; and (f) SEV campaigns.

The SWOT matrix resulted from a survey of 30 students/researchers who carried out
community internships at the research center during the four linkage projects. Table 3
shows the summary of the SWOT analysis.
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Table 3. Strengths, weaknesses, opportunities, and threats (SWOT) matrix.

Internal Environment

External Environment

Strengths (S)

Weaknesses (W)

S1. Technical skills and
scientific research.

S,. Software and equipment
management.

S3. Communication and
teamwork.

S4. Strengthening of concepts
and field practices.

Wi. The interns do not have
the necessary experience to
carry out technical studies.
W,. Little predisposition to
resolve conflicts/problems.
Wj. Academic workload
difficulty unemployment in
community internships.

Wy. Failure to adequately
apply safety standards in the
field.

W5s. More equipment needed
for isotopic and
electromagnetic TDEM
analysis studies.

Opportunities (O)

Strategies: S + O

Strategies: W + O

0. To become familiar with different areas related to the
participating careers.

O,. Scientific articles and presentations at international
conferences.

O3. Certificates of training and courses for equipment handling.

O4. Work experience, internships, and trainings.

S1.0,. Create a research club
that encourages scientific
writing and brainstorming
solutions.

S5.53.03. Establish a training
program in geophysics
applied to water.

S4.04. Formulation of projects
that help the community in its
priority needs.

W1.W4.03. Plan
complementary courses on
Occupational Health and
Safety Management.
W,.04.03, Establish a
Complex Problem-Solving
course as a preparation
process.

W1.01. Strengthen cultural
exchange and leadership
skills.

Threats (T)

Strategies: S+ T

Strategies: W+ T

T1. Lack of interest on the part of the inhabitants of the
commune.

T,. Scarce economic funds would limit community work.
T3. Climate change could affect the successes achieved.
T4. Closure of the Manglaralto linkage project by ESPOL
Ts. Other communities request academic advising.

S,.S3.Ts. Establish a
collaboration network with
other universities neighboring
the sector, to share
experiences and
methodologies to be followed
in other communities.
S4.T3.T4. Applied R&D&I
projects with academic
participation in research and
linkage.

W5.T,.T;. Preparation of
research project proposals for
international funding.
W5.T3.Ts. Technical and
budgetary strengthening for
new equipment and greater
outreach and research.

The SWOT analysis carried out allowed us to propose four main strategies focused on
strengthening the community-university partnership of the study:

e Raising international funds to carry out actions that favor the implementation of pilot
projects on a larger scale and to obtain a seawater desalination plant to combat water
shortages in the communities: 54.04. Formulation of projects that help the community
in its priority needs from Table 3;

e Develop complementary courses in Occupational Health and Safety Management
and Complex Problem Solving that strengthen students’ cultural exchange and lead-
ership skills: W;.W,.03. Plan complementary courses on Occupational Health and
Safety Management and W;.04.03. Establish a Complex Problem-Solving course as a
preparation process from Table 3;

e Establish a collaborative network of students from primary and secondary schools
and universities at the local level to share experiences and methodologies to follow
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in the management of water resources in the other rural communities of Santa Elena:
S,.53.Ts. Establish a collaboration network with other universities neighboring the
sector, to share experiences and methodologies to be followed in other communities
from Table 3;

e Promote scientific research on sustainable water use and climate change through
R&D&I projects (e.g., Concurso Ecuatoriano de Proyectos I+D+i.”CEPRA”): 54.T3.T4.
Applied R&D&I projects with academic participation in research and linkage from Table 3.

Table 4 presents the results of the qualitative assessment of the framework status of
those Sustainable Development Goal (SDG) indicators and Agenda 2030 targets that are
directly related to community-based project activities.
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Table 4. Relationship of SDG indicators to community-related project activities (2017-2020).
Sba Indicators Relationship with Community Project Activities
No. Description Target
4.7.1. Extent to which (i) global
citiz ens)ilie}? e d?lzgﬁlgn :Sllr)1 § ((i)i)a The participation of women interns has been growing from 23.1% in 2017 to 48.15% in 2020.
. ) ) education for sustainable The community-university partnership is bidirectional. Each party has a mutual benefit. It is based on the following:
Ensure inclusive and equitable . . . . . R . .
Lality education and promote development, including gender 1. Students/researchers engage with the environment, work in a multidisciplinary team, and develop and apply to learn and evaluate engineering
4 i]ifelor?, learning o oﬁunities 47. equality and human rights, are solutions;
for all. & & OPP mainstreamed at all levels in: 2. Community acquires all the technical knowledge and obtains solutions to their problems.
(@ nah(_)nal education policies, . Important spaces are created to exchange knowledge, not only academic but also cultural; the community shares its experiences in managing the scarce
(b) curricula, (c) teacher education,  yoqquree with ancestral techniques such as “Water Sowing and Harvesting”.
and (d) student assessment
The removal efficiency of the Libertador Bolivar stabilization lagoon system is 61% for BOD ! and 73.5% for COD 2.
. Urgent sludge removal, permanent removal of creams on the water’s surface to allow sunlight to pass through and blocking the passage of illegal
6.3.1. Proportion of wastewater .
safely treated connections were recommended.
The non-conventional green filter method in the Montafiita commune reduces BOD ! and total coliforms in the oxidation lagoons by up to 80% at
6.3. depths of 90 cm, complying with Ecuadorian environmental quality standards [88].
6.3.2. Proportion of bodies of Physical-chemical parameters and well water levels are taken monthly to ensure that the water is fit for consumption by the community.
water with good ambient water Numerical simulation [83] shows that marine intrusion has reached wells W2, W3, and W4 (located near the coastline). Implementing dikes in the
quality sector forms a “barrier” to advancing this phenomenon, reducing the TDS® concentration of the groundwater and improving its quality.
A process of protection and construction of water resilience has been carried out in Manglaralto based on three actions carried out with the support of
the academy:
1. Protect water sources: reforestation campaigns, prohibition of exploitation of construction material from the banks, declaration of its territory as
) a natural reserve;
R X 6.4.1. Change in water-use 2. Recharge and efficient use of water: implementation of artisanal and technical-artisanal dikes to take advantage of seasonal rains, avoid rapid
Ensure availability and sustainable efficiency over time discharge into the sea, and recharge the aquifer;
6 management of water and sanitation 3. Plan for sustainable water management: A habit of monthly participatory water monitoring and development of local capacities for its
for all. 6.4. maintenance was created through the interaction system that involves all interested parties in water management decisions from the community
with advice from academia and national control agencies.
6.4.2. Level of water stress:
freshwater withdrawal as a With the help of the geophysical data collected, an aquifer geometric model has been made, where an in-flow volume of 13.6 Hm® was estimated,
proportion of available freshwater  alerting of a recharge deficit [84]. The 2020 “La Nifia” phenomenon aggravated the situation, raising the stress level to 20%.
resources
The Manglaralto parish has an estimated total area of 426.0 km? [77], 51.92% of its territory is made up of two types of protected areas: Forest and
Protective Vegetation, and Community Conservation Areas [99]:
661 Ch in the tent of 1. Forests and Protective Vegetation 1987-2002 (198.64 km?): Loma Alta Communal Ecological Reserve (1.97 km?;1987), Chongoén Colonche
6.1, S-hange In the extent o Protective Forest (196.58 km?; 1995), Esterillo Oloncito (0.02 km?; 2001) and Cangrejal de Olén (0.07 km?; 2002);
6.6 water-related ecosystems over

time

2. Community Conservation Areas 2011-2014 (22.56 km?): Dos Mangas (7.12 km?; 2011), Comuna Sinchal (3.93 km?; 2012), San Francisco de las

Nunez (2.46 km?; 2013), Comuna Loma Alta (3.37 km?; 2014), Comuna Barcelona (6.17 km?; 2014), and Comuna Olén (1.20 km?; 2014);
3. Community Conservation Areas in the process of registration 2019: Manglaralto (0.003461 km?).

These areas harbor vegetation that is important for water supply, as it filters and retains water in the drizzle clouds (garua) [100].
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Table 4. Cont.

No. Descrisl:zi(t-);n Target Indicators Relationship with Community Project Activities
Protect, restore, and promote 15.2. iﬁi;}iﬁlslra(l)eg;zisestsxz;isgement Field of cultivation with timber trees and reforestation with guadua cane (area: 0.00075 km?)
sustainable use of terrestrial
ecosystems; sustainably manage Bordering the parish lies part of the Chongén Colonche Protected Forest (196.58 km?—official registries 1995) forest named after the Chongén Colonche
15 forests; combat desertification; and 15.4.1. Coverage by protected coastal mountain range that crosses NW-SE in the sector. In addition, a small percentage of the Loma Alta Communal Ecological Reserve crosses next to
halt and reverse land degradation 15.4. areas of important sites for the protective forest (1.97 km>—official registry 1987), both are located within the Tumbes Choco-Magdalena biodiversity hotspot [101] and the
and halt biodiversity loss. mountain biodiversity biological corridor Chongén Colonche-Machalilla, being one of the last vestiges of native flora and vegetation of the coast [102]. There are cloud forests,

secondary forests, different species of avifauna mainly [103], and regenerating areas in these protected areas (e.g., Manglaralto).

! Biochemical Oxygen Demand, > Chemical Oxygen Demand, and 3 Total Dissolved Solids.
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4. Interpretation of Results and Discussion

Educational innovation is based on a transformation of the role of the student and the
teacher through active methodologies. The community-university partnership (JAAPMAN-
ESPOL) described in this study shows how Manglaralto (study area analyzed) becomes a
scenario of educational experiences or natural laboratory (Figure 7). Students/researchers
are the protagonists in this environment, as they apply the knowledge acquired in classes to
solve real community problems [93]. The different projects described in the paper (Table 1
and Figure 7) combine groundwater utilization practices [83,84,90,96,104-107], wastewater
management through the diagnosis of the condition of oxidation ponds, and development
of green filters [88], highlighting the university’s collaboration with the community. In
addition, these projects recommended the possibility of using alternative energy for water
pumps as a sustainable practice. They also address the awareness of water use, its cycle,
and taking measures against the COVID-19 pandemic. The different activities addressed
have generated a positive impact on habitat conservation and have mainly contributed to
SDG 4 (“Quality education”), SDG 6 (“Clean water and sanitation”), and SDG 15 (“Life on
land”) (Table 4).

The community-university partnership between JAAPMAN-ESPOL described in the
study is based on Service-Learning, coinciding with what is proposed in the scientific
literature [45]. Specifically, it is a system where students actively participate by applying
their knowledge (Figure 4) to solve problems such as water scarcity in the semi-arid zone
of Manglaralto [108]. In addition, because of this partnership, three water-resilience actions
in the communes of Manglaralto are verified: (i) protection of water sources, (ii) recharge
and efficient use of water, and (iii) plan for sustainable management of water in search
of sustainability (Table 4). The studies and activities carried out by the academy have
generated (i) a remarkable scientific production in the four active years and impact on the
community (Table 2) and (ii) spaces that promote cultural exchange through the different
ancestral practices of Water Sowing and Harvesting [92,109]. These ancestral practices
date back more than 1500 years and continue to be applied by the communities (e.g.,
“Albarrada” or “jagtiey” y “Tape” [109-111]). These resilience actions have made it possible
to overcome the problems and try to assemble a sustainable system.

According to Wiek et al. [22], there are five key competencies in developing sus-
tainability in higher education. This author highlights that there must be an interaction
between interpersonal, systems-thinking, anticipatory, normative, and strategic competen-
cies when exploring a complex sustainability problem. The work carried out indicates that
in the community-university partnership (JAAPMAN-ESPOL), interpersonal competency
skills are developed in the pre-field, field, and post-field processes. It also evidenced that
this partnership practiced effective communication, multidisciplinary teamwork, leader-
ship, empathy, negotiation and deliberation skills, pluralistic and cross-cultural critical
thinking [112-115]. In addition, it is essential to highlight that competencies related to
systems-thinking, also described in similar works, are applied [116,117]. Specifically, the
following are analyzed and defined: stakeholders, technical aspects, contextual aspects,
and, finally, their relationships in a complex system, such as the one studied.

As for the strategic and normative competencies defined by Wiek et al. [22]. The
first consists of strategies or actions to intervene and positively influence this desirable
future [118]. Normative competence is the ability to collectively evaluate and choose
visions of project sustainability or standard or ideal model [119]. Both competencies have
been developed somehow in the JAAPMAN-ESPOL relation in building the green filter
or proposals for the design and strategic placement of dikes (“tapes”). Competencies
that students develop when they participate in Service-Learning [93]. However, it is a
future challenge in the community-university partnership (JAAPMAN-ESPOL) to apply
anticipatory competence, including the capacity to analyze, evaluate, and generate possible
alternative scenarios [22].

The analysis shows that the cultural exchange and awareness workshops addressed
in the cooperation projects (Table 2) provide experiences to the community, the JAAPMAN
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representatives, and the ESPOL students/researchers. On the one hand, they transform
the role of the student through Service-Learning [45], as well as empower the beneficiary
community by considering their ancestral knowledge in engineering solutions [105,111]
and contribute to social learning [106,120]. That is, the community-university partnership
(JAAPMAN-ESPOL) combines Service-Learning [45] with Participatory Action Research
(PAR) [24]. Combined qualitative methodologies are carried out in other universities
such as Prince of Songkla University in Thailand [121] or Szent Istvan Universit in Hun-
gary [75], searching for sustainability, community capacity building, encouraging partici-
patory methodologies focusing on educational innovation.

When evaluating the results obtained (SL and PAR) with other studies such as the
Master’s Program in Environmental Education at Songkla University [121], the influence
of community capital (human capital and wisdom) is revealed. The strong social relations
of the community, reinforced by religious and traditional practices, are considered. In
addition, local wisdom on conservation, management, and ecological systems of the forests,
while the university contributes methodological knowledge for sustainable development.
Similar to the Manglaralto case study, where the community still conserves ancestral
practices of Water Sowing and Harvesting [92,109], which are considered by ESPOL’s
program of linkage with society to provide solutions to the different problems of resource
scarcity, naming the new project of Sowing and Harvesting Water in the face of COVID-19,
Manglaralto 2021.

One means of creating educational initiatives focused on sustainable development is
incorporating the PAR methodology in Service-Learning programs. When joining PAR,
teachers must act as tutors for their students and carry out research. As the case study
presents (Figure 4), the tutors and teachers of the different disciplines of the project are
researchers and members of the research network (CYTED). The need for all participants,
but especially instructors, to be flexible, prioritize process over results, and willing to share
control over the direction of classroom and community activities is emphasized [76].

Given the limitations of the PAR and SL methodologies, namely inflexible academic
schedules, lack of student training, the workload for students and teachers, logistics work,
and research in the community requires more time to publish scientific articles, among
others [64-67,69,122], a key point is the sustainability [75,76]. The experiences of SL and
PAR in the community-university partnership JAAPMAN-ESPOL) have a particularity:
(i) in the interaction, the community partners acquire skills that are transmitted to the
community and to the students who enter each academic semester, (ii) the heritage gener-
ated in 40 years of active community organization, and (iii) the alliance with a university
research centre are factors that contribute to the sustainable development of the community,
achievements in research and professional training, minimizing the weaknesses of the
cited models.

A major challenge in community-university partnerships is to generate long-term
benefits for the community [64]. For example, a specific threat in the initiatives addressed
is the short duration (Table 3) of community service projects (1 year). In this study, the
relationship addressed has provided a better use and knowledge of the water resource in
the community studied. Without a doubt, the results obtained in this initiative (Tables 2—4
and Figure 6) are an example to follow in other locations with similar potentialities. Some
of the processes addressed have been collected in international outreach forums (e.g., see
References [81,87]) sing university-community projects as an example of feasibility. Finally,
highlighting the success of the measures involves the cooperation and collaboration of
society in the proposed initiatives. Another important factor is the institutional support
to sustain community-university partnerships [64]. Additionally, incorporating interdisci-
plinarity allows students to collaborate with other disciplines to solve community problems
not only in social work [123], but in areas such as earth sciences.

In general, it is essential to emphasize that the study has made it possible to identify a
fundamental factor for the correct functioning of the community-university partnerships—
specifically, the existence of community coordinators. In addition to their knowledge of the
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community’s problems, they are aware of the university’s potential contributions. These
coordinators are those who would guarantee the continuity of the collaboration based on
an adequate transmission of information about the subject matter addressed.

5. Conclusions

The evaluation of the community-university partnership between JAAPMAN and
ESPOL indicates that, in the period evaluated, practical application projects have been
generated with the participation of multidisciplinary teams. These projects have pro-
vided solutions to community problems related to water resources. In these cooperative
projects, students, in their fieldwork, have maintained a direct relationship with JAAPMAN
members and community members, thus acquiring communication skills, leadership, and
decision-making experience. This remarkable exchange of knowledge and concerns be-
tween both parties has provided positive results both in the projects undertaken and future
actions. Among the specific results of the collaboration are the 16 graduation projects, the
participation of 91 interns in the initiatives, the publication of 16 scientific articles, and
10 training courses’ delivery to the community. In the context of resource sustainability,
the community-university partnership has led the community to declare a small natural
reserve area to preserve the territory and its water characteristics and reforestation and
water-use awareness campaigns.

Among the practical results of community-university partnerships is implementing
solutions in water-use management with sustainable criteria: (a) support and training for
the recipient population to make the investments, thus compensating for the inability of
the authorities to provide the service; (b) a detailed inventory and economic valuation of
the assets that the community has (wells and water reserves), so that, through this, they can
opt for improvements to credits and improve maintenance of their infrastructures; and (c)
knowledge and awareness of the importance of proper management of the water resource
that they supervise.

In general terms, the work carried out shows that ESPOL, although having a traditional
education system, has adapted to the needs required by society, especially in water and
climate change. Encouraging university students from all disciplines to create solutions
within an economic, environmental, social, and cultural context. However, it is also
important to highlight the need to address research involving other branches of science to
optimize responses to the community.

The partnership between the community and academia shows scientific knowledge
application for the attention and solution of problems related to water (well construction,
dike, geometric model, water hydrochemical and isotopic characterization, flow and
numerical transport model, and green filters). However, on the other hand, the experience
and practice of the community provide a unique scenario for the transfer of experiences,
pragmatism, and field lessons that allow the student to practice and learn sustainable
techniques, some of which come from ancestral knowledge, which constitutes an imprint
in the culture of human beings.
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