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ABSTRACT 

Since the early 2000s, citizen science has grown in popularity throughout the world as a 

tool in both grassroots movements and professional research. There are many citizen science 

environmental monitoring projects that have been conducted in Latin America as a method for 

communities to learn about their environments and expand capacities. Despite its widespread 

use, there is a significant gap in literature about citizen science in the mining sector throughout 

Latin America, especially as it relates to environmental contamination stemming from artisanal 

and small-scale gold mining (ASGM). Drawing on literature review, archival research, and 

interviews with experts and community members in Medellin and Andes, this thesis identifies 

barriers and opportunities for implementing citizen science monitoring projects in the mining 

communities of Andes, Antioquia, Colombia. This research underlines the potential usefulness of 

already existing local civic engagement structures for citizen science. It also highlights the need 

to analyze the exclusion of marginalized stakeholder groups from existing civic engagement 

structures, as their everyday work demands make it difficult for them to participate in the very 

community initiatives that could benefit them. 
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CHAPTER 1 

ARTISANAL AND SMALL-SCALE GOLD MINING, CONTAMINATION, AND CITIZEN 

SCIENCE METHODS 

1.1 Introduction 

An estimated 40 million people around the world rely on artisanal and small-scale 

mining, with around 10-20 million involved in artisanal and small-scale gold mining (ASGM) as 

a livelihood strategy [1, 2]. ASGM, however, also leads to many environmental concerns such as 

degradation of habitats, erosion and increased turbidity in water sources, water pollution, air 

pollution, and deforestation [3, 4]. Mercury is a key concern, as it is commonly used during the 

amalgamation process to extract gold but is associated with health problems including memory 

loss, respiratory issues, renal failure, nerve damage, brain damage, physical and mental 

impairments in children, and death [4]. During processing, the amalgam of ore and mercury is 

heated, the mercury evaporates, and gold is left behind. Amalgamation typically requires 

between 10-25 grams of mercury per gram of gold produced. During this process, as much as 15 

parts per million of mercury per part of gold produced is lost to the environment [5]. While this 

method is used globally in ASGM, in Latin American countries the ratio of mercury lost during 

the amalgamation process and gold produced is anywhere between four to ten times higher than 

other countries [5, 6]. This loss of mercury to the environment created global concern that led to 

the signing of the Minamata Convention on Mercury in 2013 by over 140 countries. 

The goal of the Minamata Convention was to reduce the amount of mercury 

contamination and its negative health effects worldwide. The Convention addresses coal-

powered plants, waste incineration, cement production, and battery production, among other key 

sources of mercury pollution. To inform the development of the Minamata Convention, the 

United Nations Environment Program (UNEP) completed a Global Mercury Assessment in 2013 

and found that ASGM was responsible for 35% of global mercury emissions. This made ASGM 

the largest anthropogenic source of mercury emissions [7]. According to the latest Global 

Mercury Assessment completed in 2018, ASGM is still the largest contributor and mercury 

emissions have increased to nearly 38% [8]. As such, the Convention directly addresses ASGM 

due to its significant mercury release in the amalgam burning process. Because of the large 

number of workers involved in ASGM, the Convention also develops a public health plan to 
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reduce exposure through gathering data, training healthcare workers, and educating people on 

mercury exposure via health facilities [9, 10]. 

ASGM is a growing concern in Colombia. Between 2009 and 2011, the Colombian 

government conducted a census of ASGM miners and estimated there were about 50,000 

nationwide. An independent estimation concluded there were 200,000 ASGM miners, which was 

later upheld by the Secretary of Mines of Antioquia [11]. According to planetGOLD, that 

number has since risen to 350,000 [2]. The Department of Antioquia is a key region for gold 

production: approximately 37% of the land used in gold mining in Colombia is found there, and 

the region was responsible for 40% of the nation’s gold output between 2008 to 2018 [12]. 

One of the biggest concerns about ASGM in Colombia is the use of mercury during 

processing. One study found that 55% of ASGM miners who provided hair samples had mercury 

levels higher than the EPA standard, and that miners who worked around amalgam burning had 

mercury levels six to eight times higher than miners who performed other activities [13]. In 

2014, the national government created a plan to reduce mercury use in mining that included: 

institutional strengthening; social, technological, and environmental management; education and 

communication; and research on environmental, health, and technological innovations. In 2018, 

Colombia banned mercury use in mining independent of the Minamata Convention. A year later, 

the national government ratified the Minamata Convention that had been signed in 2013 [14]. 

While regional efforts have been made to reduce mercury usage in ASGM, such as the “Cero 

Mercurio” or “Zero Mercury” initiative in Andes (Figure 1), other efforts have not included any 

national incentives or government aid to encourage miners’ transition from mercury use to more 

environmentally friendly practices [15, 16]. Other barriers to mercury reduction include the 

involvement of guerilla groups in the mining industry, illegal importation of mercury, the remote 

location of most ASGM sites, difficulties in the formalization process, and the lack of other 

economic opportunities for miners who rely on these practices to support themselves [16]. 

Finally, although mercury and other contaminants from ASGM are widely studied, little to no 

research efforts involve soil pollution despite its importance to environmental and public health. 

This is largely due to the fact that soil contamination and degradation cannot be directly 

observed and procedures analyzing soil contamination are technically complex [17].  
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Figure 1.1: A mercury free gold processing center in Andes. 

 

Given these and other challenges outlined below, citizen science could be one strategy for 

communities to understand and address environmental contamination from ASGM. This thesis 

draws on literature review, archival research, and semi-structured interviews to identify the 

barriers and opportunities for citizen science to assess soil contamination in one ASGM site – 

Andes, Antioquia, Colombia. It begins by outlining heavy metal contamination from ASGM, the 

benefits and downfalls of citizen science to address environmental contamination, and existing 

citizen science projects in Antioquia. It then presents the findings from our fieldwork in 

Colombia, with a focus on existing civic engagement structures. It concludes by situating 

potential citizen science projects within the broader context of the challenges posed by structural 

poverty. It then suggests a baseline guide for United States engineers to conduct citizen science 

projects more responsibly among marginalized populations in the Global South. 

1.2 Challenges of Addressing Heavy Metal Contamination from ASGM 

The complex issues surrounding mining and the mercury ban have led to a variety of 

studies on the subject in Colombia. Research mainly focuses on measuring levels of mercury in 

soil, water, air, and people as well as testing methods used to reduce mercury contamination in 
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the amalgamation process. The global and national focus on mercury, however, has obscured the 

dangers posed by other environmental contaminants associated with ASGM. Such topics span 

topsoil contamination in floodplains, origin and distribution of contaminants, analysis of 

contamination in river basins, and examination of exposure to mercury in ASGM. Mercury, 

cadmium, lead, and copper are found in excess in soil samples throughout these experiments. 

Other elements of concern include nickel, zinc, and manganese. The presence of these metals is 

attributed mainly to mining activities and flooding that occurs near mines, bringing pollutants 

with them [18, 19, 20]. Overall, there is little research on this topic compared to the impacts of 

mercury from ASGM. 

Successful strategies for mercury reduction include the use of social cartography and 

workshops to identify community concerns, use of local materials and workers to reduce cost  of 

equipment, and demonstrations on how to build and use this equipment [21, 22, 23]. In addition, 

educational meetings about the hazards of mercury contamination, understanding the motives of 

all stakeholders, and building trust with communities are effective strategies for developing 

tactics with communities to reduce mercury usage [11, 22].  

However, there have also been substantial difficulties encountered in research projects 

attempting to reduce mercury usage in ASGM. Approaches to developing technologies for use in 

ASGM globally have often failed due to their lack of cooperation with miners, as well as their 

failure to account for all the socioeconomic consequences of proposed solutions [24]. In 

Colombia, there is also a lack of government programs and financial incentive to transition to 

mercury-free processing methods [16]. In addition, the cost of new equipment to achieve this is 

prohibitive; miners would need microloans to be able to purchase equipment, which is difficult 

given their lack of mining titles. While this equipment may be more efficient long-term, in the 

short-term miners would not have enough income to support themselves or their families, 

making the transition more difficult [23]. Additionally, there is great confusion surrounding 

government regulations and a lack of support for projects that attempt to help miners transition to 

mercury-free mining. If trainings are held, they usually reach a very low number of miners, are 

inconsistent, and are a one-time session [25]. Many of these capacity-building trainings also do 

not present appropriate technologies for miners to use. Lastly, there is a lack of experts to consult 

in the field due to the negative media attention and illegality of ASGM in Colombia [25].  
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Finally, efforts to address the environmental challenges posed by ASGM are complicated 

by the cost of monitoring contaminants, especially in the soil. There are many methods for 

monitoring soil contaminants across a range of prices and accuracy. One method that is both 

more accurate and expensive is field testing. One instrument that can be used for screening soil 

samples in the field is the portable x-ray fluorescence (XRF) device. A single handheld XRF 

analyzer can cost anywhere between $18,000 to $50,000, depending on the application [26]. 

Field screening can also be performed via a reaction between soil samples and added chemicals. 

The color of a test strip dipped in the resulting solution is an indicator of the level of soil 

contamination [27]. Laboratory testing is another method of determining the concentration of 

soil contaminants. Rapid biotesting is a laboratory method that is used to quickly assess the 

extent of contamination in a soil sample. More traditional laboratory methods for soil analysis 

include microwave digestion and flame atomic absorption spectrometry. These methods are 

expensive, require access to a lab or technical expert, and are widely inaccessible to 

communities.  

A less common method for measuring heavy metal contamination is through the use of 

at-home testing kits. A variety of testing kits ranging from $10 to $200 can currently be 

purchased online. At the lower end of the price range, testing kits measure a variety of factors 

that could affect plant growth including pH, phosphorus, nitrogen, manganese, copper, and zinc 

levels [28]. Generally, as the range of testing abilities increases, so does the price. While some of 

these elements, such as manganese and copper, are of concern in mining communities, these 

testing kits exclude highly toxic metals like lead and arsenic. At the more expensive end of the 

range, testing kits utilize urine and blood samples to measure levels of heavy metals in a person’s 

body. A person orders the testing kit, collects their sample, and sends it back to a lab for analysis 

[29]. These at-home testing kits are usually less detailed than field sampling, require internet and 

mail access to order, and are prohibitively expensive, especially for people outside of the U.S. A 

$30 USD testing kit costs about 120,000 Colombian pesos (COP). To put that in perspective, a 

sit-down meal at a restaurant in a town like Andes costs about $5 USD or 20,000 COP. In 2020, 

the average annual income of the lower 50% of the population in Colombia was 5.17 million 

COP or $1409 USD [30]. It is clear that these tools are far too expensive for consistent use in 

mining communities of Colombia. 
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1.3 The Case for Citizen Science 

Given the limitations of both outreach efforts and traditional methods of soil monitoring, 

community-based monitoring (CBM) could provide a more grassroots approach to understanding 

soil contamination. CBM is a specific form of citizen science, a multidimensional tool used by 

researchers globally. Citizen scientists are community members that participate in scient ific 

research through activities such as data gathering, data analysis, or dissemination of results [31]. 

Beginning in the 2000s, citizen science projects quickly gained momentum across the world. 

Organizations such as the Citizen Science Association in the United States, the European Citizen 

Science Association, and the Citizen Science Network Australia have been established in an 

effort to promote its accessibility [32].  

Citizen science has multiple uses among communities and researchers. Data from 

participatory environmental monitoring projects can be used for the purposes of regulation, 

reporting, assessment, development of environmental standards, and enforcement of said 

standards [33, 34]. As many citizen science projects occur locally, these regulatory aspects are 

limited to local politics and governance. Citizen science case studies have also been used to 

examine the feasibility of reaching the United Nations’ Sustainable Development Goa ls. The UN 

has several checks in place to ensure accuracy of data when accepting data from such projects  

[33]. Additionally, citizen science is useful for expanding community knowledge and capacities 

of community volunteers. Participatory environmental monitoring increases scientific literacy 

among communities, engages communities in STEM projects, and helps them make informed 

decisions for the benefit of the community based on the data collected [33, 34].  

There are, however, concerns among the scientific community about the use of citizen 

science despite its growing popularity. One of the main concerns is the accuracy of data collected 

due to lack of training or unintentional bias [35, 36]. There are also issue with ownership of data 

and intellectual property of citizen scientists. Citizen scientists may have their own desires about 

what should be done with the data they collected, which may conflict with the purpose of the 

study [36]. Researchers also sometimes take an exploitative approach to citizen science, utilizing 

the layperson’s time without providing proper benefits [36]. The extensive use of and reliance on 

citizen science may also promote the idea that most problems are solvable with solely the 

cooperation of the community, when in many cases government initiatives or changes to the law 

are necessary to make an impact [32]. Additionally, citizen scientists are often unable to make 
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widespread changes after the completion of a project, as it is difficult to challenge systemic 

institutions or concerns using only local resources [32]. Citizen science projects are also far more 

common in the Global North than the Global South due to their ability to recruit volunteers. Due 

to the isolated nature of many communities in the Global South, it is necessary for researchers to 

use multiple recruitment strategies and have extensive local contacts in order to recruit a 

sufficient number of volunteers. Issues such as internet access, isolation of communities, and 

road conditions also often impact the number of volunteers in a citizen science project [38].  

Despite these concerns, there has been extensive research on successful strategies and 

different methods of performing citizen science. To capture the differing organizations and 

outcomes of citizen science projects, Jalbert and Kinchy [38] distinguish between two 

approaches. The first focuses on the data gathering portion of the project, considering accuracy 

of methods and the data citizen scientists gathered. Due to the nature of this approach, it mostly 

focuses on professionally initiated monitoring projects, rather than ones brought forth by the 

community. The importance placed on the accuracy of the data means that social and economic 

consequences to the communities performing the monitoring activities are often ignored. In this 

extractive method, community members are viewed as workers for professionals who have a data 

collection goal, rather than researchers working with communities [38]. The second approach 

places more focus on the desires and input of community members, considering both social and 

political contexts. These projects are usually brought forward by communities themselves. As a 

result, more importance is placed on the needs and concerns of the communities, as well as the 

social and economic consequences of the project. Projects that treat community participants as 

valued members of the project are generally more successful in the long-term and provide more 

benefits for communities, such as greater understanding of their environments, understanding of 

scientific procedure, knowledge of legal procedures, and the knowledge that citizens can 

pressure local governments to listen to their concerns [38]. 

Broader research confirms the value of more participatory citizen science projects. 

Researchers have found that key factors for success in general citizen science projects include 

giving communities the ability to direct the project, adapting leadership models, acknowledging 

collective values, empowering community members, building trust with communities, and 

recognizing local funds of knowledge [39]. Additional salient factors for community-based 

environmental projects include analysis of all stakeholders, allowing communities to decide 
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levels of engagement, being open to ideas, considering different monitoring capacities, and 

recognizing that monitoring results and experiences are the intellectual property of communities 

[40, 41].  

Community participation is an excellent way to involve stakeholders and the general 

public in issues that involve their communities. The use of citizen science also increases 

scientific literacy, leading to the democratization of science and helping to build the capacities of 

communities [42]. The collaborative nature of citizen science projects also leads to the 

integration of local knowledge in published, peer-reviewed papers [39]. In addition, community-

based monitoring projects directly involve communities, ensuring that community priorities are 

involved in the development and implementation of projects [41]. 

Among scientists, community-based monitoring is popular because it is cost-effective 

and a helpful tool for performing research in areas that may be inaccessible to scientists [42]. It 

also addresses the issue of limited time and funding, as these community participants are able to 

increase sample density at no cost to researchers [35]. This can increase the scope of the study 

and make the results more applicable than one that takes place in a small area. According to 

Charles et al. [39], citizen science can also contribute to data accuracy, minimize bias in data 

collection, and produce sustainable long-term studies that can be adapted for use elsewhere.  

1.4 Existing Citizen Science Methods in Mining 

While there are many citizen science efforts throughout Latin America, very few address 

ASGM. One case study that focuses on ASGM and community monitoring in Latin America 

studied the impact of the Minamata Convention on miners in Costa Rica. Researchers found that 

the outright ban on mercury use in the amalgamation process was difficult for miners to 

accommodate. This was due to the lack of community involvement in this decision process and 

the fact that government action does not necessarily impact every community equitably. They 

found that utilizing technology transfer and vertical integration were best for teaching techniques 

to reduce mercury use, as well as generating other income opportunities [43].  

In 2019, researchers traveled to four mining towns in Peru, Corcona, Carachacra, 

Cocachacra, and Tornamesa, to study the issue of lead contamination in soil. A significant 

component of this study was involving parents from these communities in soil sampling. By 

using this method, researchers relied on local knowledge of parents to sample in the most 

important areas, such as where their children commonly played. Researchers were also able to 
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find a new lead hotspot that they had previously missed during their surveying because of parent 

involvement [27]. 

A final Latin American case study conducted in Chile addressed the lack of information 

surrounding soil contamination by developing a low-cost toolkit to assess levels of soil pollution, 

particularly arsenic and copper. This toolkit was designed to have an accessible methodology so 

it could be used directly by communities impacted by soil contamination. Researchers found that 

incorporating nontraditional elements, such as soil fertility and history, increased the 

community’s understanding and engagement surrounding soil health [17]. 

In Colombia, researchers focus on community engagement tactics and CBM, but mostly 

within coffee farming communities. Many of these projects are in conjunction with Manos al 

Agua, an initiative that promotes sustainable water management. Manos al Agua has worked 

with coffee farmers to develop erosion control tactics, as well as prevent contaminants due to 

coffee farming from entering water sources. These projects place an emphasis on working with 

communities, including speaking with coffee farmers, performing technical trainings for 

communities, and using social mapping to identify sites of highest priority. Manos al Agua also 

places importance on working with families, women, and youth of communities. For these soil 

and water management projects, they provide site descriptions where erosion tactics would be 

implemented and instructions for communities on how to construct different types of erosion 

control measures [44, 45]. Manos al Agua also conducted a social return on investment (SROI) 

for their work in the micro-basin of Edén-Bareño. They found that, for every peso invested, there 

was a return of five COP. There were also noticeable improvements in water quality, 

productivity, air quality, water savings, landscaping, and social contributions of the community 

[46]. 

Different branches of the Colombian government have also sponsored research on 

community engagement and participatory monitoring projects. One such project analyzes 

strategies necessary to conduct a successful community engagement project. It discusses steps 

for programming, methodology for working with communities, the importance of learning about 

community organization, and different types of educational media that can be used in community 

engagement [47]. A second case study performed by Corantioquia, which is a government entity 

dedicated to sustainable development within Antioquia, Colombia, focuses on land management 

similar to the Manos al Agua projects. Corantioquia worked with communities, administrations, 
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and public and private organizations to increase technical knowledge of soil management. 

Communities were involved in construction of soil erosion prevention tactics and participated in 

educational sessions about soil management. The project reached over 500 community members 

and remediated 16 eroded sites [48]. 

Many of these case studies analyze tactics for successful cooperation with communities, 

developing plans, and ensuring communities have the resources to continue CBM projects. They 

also focus on relationships between stakeholders, including relationships between those in 

governance and the wider community. However, differences between groups within communities 

themselves are usually not addressed. Within one seemingly united community, different social 

groups with distinct variations of power can exist. As a result, citizen science and CBM projects 

may be more accessible to different parts of the community than others. This thesis will assess 

the barriers and opportunities for citizen science projects in Andes, Antioquia, Colombia for the 

purpose of expanding community knowledge and capacities.   
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CHAPTER 2 

IDENTIFYING BARRIERS AND OPPORTUNITIES FOR CITIZEN SCIENCE 

METHODS IN ANDES, ANTIOQUIA, COLOMBIA 

 

2.1 Field Site Description 

The primary field sites were the mining and farming communities of Andes, Antioquia, 

Colombia. Andes is a municipality of the Department of Antioquia measuring about 250 square 

miles (400 square kilometers). It is located about 73 miles (117 kilometers) southeast of 

Medellín [49]. Founded in 1852, Andes is a small community with a population of about 42,000 

people [15]. The agriculture and livestock industries are some of the most economically 

important activities in Andes, as well as gold and coal mining [49].   

We visited Santa Rita, which is a corregimiento, or village, of Andes as well as the 

vereda of San Agustín, which is a sub-region of Santa Rita. Santa Rita is located about seven 

miles (11 kilometers) southwest of the Alcaldía de Andes at an altitude of about 5400 feet (1650 

meters) [50]. San Agustín is located about three miles (4.8 kilometers) northwest of Santa Rita. 

The populations of these villages rely heavily on farming and ASGM to support themselves. 

Access to the corregimientos from Andes is difficult. They can be reached by traveling along a 

dirt road through the mountains that is prone to flooding and landslides when it rains. Horses and 

mules are still used for transportation (Figure 2), along with cars and motorcycles. Due to limited 

access to Andes and larger cities, these communities are largely self-sustained and independent. 

Agriculture and mining are closely intertwined in Andes. Many miners often transition to 

farming during harvest season, then move back to mining once the harvest season is over. This 

gives them a steady source of income throughout the year, rather than relying on the income 

from one or two harvests a year [15]. In addition, many families have members who are miners 

and other members who work in agriculture. Some own their own plots of land for farming 

(Figure 3) while their spouses mine. Because of the close relationship between miners and 

farmers in Andes, they have a mutual respect for each other and the work they perform, as well 

as for the land itself [15]. 
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Figure 2.1: Horses used for transportation outside Santa Rita. 

 

 
Figure 2.2: Coffee crops seen from the rooftop of a home in Santa Rita. 
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2.2 Methods 

Research was performed in three stages. The first stage was conducting a literature 

review of two topics. The first focused on citizen science and effective methods of community 

engagement, as well as case studies of successful citizen science projects. The second topic 

focused on ASGM, both globally and in Colombia, and contamination from the mining 

processes. 

In the second stage, we performed research in Medellín, Colombia. In order to better 

understand the context of ASGM in Colombia, semi-structured interviews were held with two 

professionals who have performed research in the mining sector about ASGM, formalization, 

and miners’ relationships with the government. We also visited at the physical archives of the 

Corantioquia office and searched these archives for literature related to community engagement, 

ASGM, and contamination from mining. This search yielded several reports about citizen 

science within the mining and coffee farming communities in Antioquia that could not be found 

online in the United States. 

In the final stage, we held semi-structured interviews in the municipality of Andes. Two 

members of the Alcaldía de Andes, the government of the municipality, were interviewed in 

order to understand programs in place for capacity building and engagement, relationships with 

the community, and perceptions of miners. We also performed site visits in two corregimientos 

of Andes, Santa Rita and San Agustín. This entailed visiting farms and entables, or gold 

processing centers (Figure 4). Semi-structured interviews were conducted with a total of eight 

community members, including four in the mining and agriculture sector and two working in 

community organization. We spoke with more community members informally in order to better 

understand the context of mining, agriculture, and community organization in Andes. The goal of 

these interviews and conversations was to understand relationships between community 

members, how they organize as a community, and learn about their desires and concerns for their 

respective communities. At the end of each interview, interviewees signed an informed consent 

document that we also explained to them. This document detailed the purpose of our research, 

any risks involved in interviewing, and assured interviewees that the information they provided 

would remain anonymous. Interviews were also recorded with the consent of each interviewee. 

After each interview, we wrote a summary of the major themes that were brought up by 

interviewees. As interviews progressed, we took note of common themes between them. 
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Different themes presented themselves depending on who was being interviewed at the time. For 

example, officials at the Alcaldía de Andes had different priorities than community members in 

Santa Rita. Overarching themes were also developed based on all interview data. Upon returning 

to the United States, interviews were transcribed using transcription software and reviewed for 

accuracy. This also ensured that the notes taken during and after interviews in Colombia were 

accurate. 

 

 
Figure 2.3: Tailings and sedimentation ponds at an entable near Santa Rita. 

 

2.3 Results and Discussion 

Both opportunities and barriers exist for potential citizen science projects to address 

environmental concerns in Andes, Antioquia, Colombia. In Andes, mining is a way of life and 

has been a part of the culture for generations. Many people rely on ASGM as a key source of 

income that complements other livelihood strategies, such as farming. While many people 

outside of mining communities, particularly within government agencies, view miners as a direct 

cause of contamination and pollution, miners have respect and concern for their environment and 
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enjoy working with the land. As Schwartz et al. [15] described it, miners rely on the environment 

in the sense that their livelihoods depend on the environmental quality of the subsurface. As one 

miner we interviewed stated,  

 

“Pero la agricultura también es muy importante porque hacer parte de la vida 

también, porque usted puede sacar mucho oro, pero si tiene…mucha plata, pero 

no hay agricultura, no hay quien la cultive, pues no hay que comprar. Entonces 

como que las dos cosas van de la mano.” 

 

“But agriculture is also very important because it is part of life too, because you 

can have a lot of gold, you can have… a lot of money… but if there is no 

agriculture, there is no one who cultivates it, there’s nobody to buy it. So, the two 

things go hand in hand.” 

 

In fact, many miners also participate in the farming sector. During peak harvest seasons, 

miners work in the fields. Once the harvest is over, they return to the mines in order to maintain 

a steady source of income. Within families, a spouse may farm on their own land while the other 

works in the mines. Because of this close connection between farmers and miners, conflict is 

rare. One miner mentioned, 

 

“…como problemas personales no tanto, sino por lo de que la misma gente que se 

va a necesitar para trabajar o que se necesita para trabajar el campo agrícola es la 

misma gente que trabaja en la minería.” 

 

“…not so much personal problems, because the same people who are going to be 

needed to work or who are needed to work in the agricultural field are the same 

people who work in mining.” 

 

There is a very different perception of the miners outside of the corregimientos. As 

discussed below, in the Alcaldía de Andes, local government officials view miners as people 

who are separate from society and exploit the land without concern.  
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Overall, a key part of the social life in Andes is strong preference for not relying on 

outside entities. While they are accepting of training from outside sources, they prefer doing 

everything largely independently. This is challenging, as there is limited cell service and internet 

in the corregimientos. This limits communication with outside sources and experts, which can 

restrict capacity-building opportunities.  Lastly, residents are concerned for the environment, but 

they still have basic needs that are lacking, such as plumbing, trash pickup, and road 

maintenance, which makes it hard for them to act on these concerns. Many struggle to get the 

attention of the Alcaldía de Andes and feel forgotten by the government.  

 

2.3.1 Opportunities for Miners to Participate in Citizen Science in Andes 

There are five key features of social life in Andes that would facilitate potential citizen 

science efforts to address environmental contamination. First, community engagement and 

organization are already present in civic involvement through the juntas de acción comunal 

(JACs). A junta de acción comunal is a community organization with an executive board that is 

recognized by the government of Antioquia. The closest approximation to these JACs in the 

United States is a city council. The size of a JAC depends on its location. The JAC of Santa Rita 

has over 300 members who take part in community decision-making, fundraising, and elections 

of executives. In San Agustín, the JAC consists of only the executive members because San 

Agustín is a much smaller community than Santa Rita. 

The purpose of a JAC is to gather community input and funds for projects and implement 

said projects using local labor and resources, making this type of community organization an 

excellent opportunity for incorporating citizen science projects. During our research, a common 

concern among JACs in Andes was the conditions of roads. Landslides are common and rain can 

wash out portions of the road. Because roads are essential to transporting goods such as coffee 

and gold, JACs often gather funds and workers to lay cement slabs in highly traveled areas. This 

prevents major washouts during heavy rainfall, ensuring people can travel to and from work and 

their homes as well as transport goods. Different JACs, however, have different priorities based 

on community desires. In Santa Rita, the JAC redeveloped the town square (Figure 5). They laid 

cement, installed benches and lighting, and planted shrubs so it could continue to be a gathering 

place for community members. They also constructed a roof over a basketball court for children 

to play even when it rains. In Andes, at the seat of the Alcaldía, the JAC focused on creating a 
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safe and regulated environment for children to participate in motorsports, such as using dirt 

bikes. 

 

 
Figure 2.4: The town square in Santa Rita, which was constructed by a JAC.  

 

Some JACs also focus on environmental concerns. In the JAC of Santa Rita, 

Corantioquia, the primary national environmental agency, has set up a committee for the 

environment. While it is still awaiting direction, its existence is promising for collaborations on 

citizen science projects. A connection with Corantioquia provides Santa Rita access to additional 

resources and expertise that they would not have otherwise. 

Second, miners expressed a desire to be more involved in civic processes. They have a 

strong desire to partake in civic involvement and the betterment of their communities. They 

recognize that the success of the community as a whole is intertwined within the successes of 

other community groups. Miners also participate in JACs when possible, which shows their 

dedication to their communities. As discussed below, however, their participation is limited to 

helping with projects in their implementation phase. Due to attendance policies, if miners want to 

be more involved in JACs, they have to choose between their jobs or civic participation. 

We spoke with a farmer who was very engaged in their JAC and seen as a community 

leader. When asked about the participation of miners within JACs, they commented that, while 

miners were not directly involved, “…de algunos entables tenemos colaboración…con la 



 

18 

 

carretera…la escuela” meaning “there is collaboration from some entables…with the roads…the  

school.” Their attitude towards the miners appeared mostly neutral. Another miner who lives and 

works in Santa Rita and has family involved in agriculture mentioned that they knew of five or 

six miners who participated in the JAC, but only because they were more temporary miners. 

Those who mine full-time as their single source of income do not have the same ability to 

participate in the JAC. However, their eagerness to participate would make them good 

candidates for a citizen science project, as it would allow them to take part in an initiative that 

impacts their community, as long as attendance policies were adapted to the temporal rhythms of 

mining. 

Third, miners are very independent and hardworking. These characteristics are essential 

to the success of any community-based monitoring project. Miners take initiative in solving 

problems and recognize their broader impacts, which makes these corregimientos ideal locations 

for implementing citizen science projects. Miners also enjoy capacity-building trainings that are 

provided by organizations such as Corantioquia and often brought them up unprompted during 

interviews. One miner from Santa Rita who seemed eager to be included in our research stated, 

“Te sienten bien. Hemos ido como tratando de copiarlos y acatar las reglas que nos pone” 

meaning, “They [miners] feel good [about the trainings]. We have been trying to copy them and 

abide by the rules they set for us.” Miners and their peers are receptive to the idea of other 

capacity-building activities, which is ideal for the implementation of citizen science projects.  

Fourth, there is concern for the environment among the miners. Farmers and miners alike 

are very connected to the land and recognize its value and importance. However, there is a 

difference in perception of environmental concerns between farmers and miners. While both 

groups want to preserve the environment to maintain their livelihoods and that of their children, 

farmers in Andes see miners as a cause of more contamination. In regard to eliminating mercury 

use, 61% of miners in Andes believed they had eliminated mercury usage in ASGM, while only 

44% of farmers believed the same [15].  

We asked several miners if they thought their peers were concerned with the quality of 

the environment. Two responded saying the concern was about “50/50” and “30/70” concerned 

miners versus miners who thought the contamination was normal. We also asked about the main 

environmental concerns according to the miners. Common answers were pollution from trash, 

related to both solid waste pollution and trash burning, and water quality. One farmer and 
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community leader commented, “No tenemos recolección de basura…La verdad la quemamos,” 

meaning “We don’t have trash collection…the truth is we burn it.” Another miner who lives in 

Santa Rita stated, “…el cambio ambiental….si ha cambiado, pero a mal…porque de tal manera 

sí que se puede contaminar más las aguas…” meaning “…the environmental change…it has 

changed, but for the worse…because it’s changed in such a way that the waters can become 

more polluted…” They also expressed frustration with the lack of trash collection and apparent 

refusal of the Alcaldía de Andes to fix this issue. While soil was not mentioned as an 

environmental concern, their clear preoccupation with environmental quality proves promising 

for the implementation of a citizen science project. 

Fifth, there is already existing knowledge and initiatives for community-based monitoring 

in soil and water quality in Colombia. In Medellín, the Corantioquia archives showed that these 

initiatives have existed since the 1990s. At the library in Andes, there are books and reports 

available about soil and water monitoring projects conducted in collaboration with Manos al 

Agua and Cenicafé. These initiatives could provide a framework for future monitoring projects, 

as well as continued collaborations between these organizations and the corregimientos of 

Andes, similar to those described in Section 1.4: Existing Citizen Science Methods.  

 

2.3.2 Barriers for Miners to Participate in Citizen Science in Andes 

Barriers also exist for miners in Andes to participate in a potential citizen science project. 

First, there is a poor relationship between the Alcaldía de Andes and miners. These municipal 

government representatives believe that miners do not feel a responsibility towards the 

environment and only mine to earn money. They also see miners as separate from the rest of 

society, which is very different from how the corregimientos view miners. When asked why the 

miners are not active within JACs, a government official with the office at the Alcaldía de Andes 

stated, 

 

“La verdad es que esa gente, estas personas por no discriminarlos, tienen como 

otro, como otra forma de ser. Ellos casi no les gusta como socializar como estado 

incluidos, en con otra gente que no sea de su gremio.” 
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“The truth is that these people, these people for not discriminating against them, 

have as another, as another way of being. They almost do not like to socialize 

with other people who are not from their trade.” 

 

It is worth noting that this interviewee had very negative opinions of miners in Andes 

overall. The same interviewee also stated, “…a ellos no les importa cuán haya creado la  tierra y 

cuanto se va a demorar todo esto que yo hice aquí para empezar a repoblar en la historia de 

vegetación” meaning “…to them [miners], it is not important how long the earth has been 

growing and how long it will take to repopulate the vegetation.”  

While miners do need the income from ASGM, they view it as a way to better their lives 

rather than just earn money. As discussed above, they also have a strong connection with the 

land and value the environment they work with every day. This disconnect in perceived values 

could lead to difficulties in collaboration between the Alcaldía and miners. 

Second, miners are isolated from existing civic involvement structures. While they have a 

desire to participate in their communities, miners’ schedules keep them from attending meetings 

of the JACs.  Attendance policies also further prohibit miners’ participation. Miners simply do 

not have the time to attend the amount of meetings required by the JACs. Other members of the 

JACs, as well as members of the Alcaldía de Andes, also agreed that time was a prohibiting 

factor in miners’ civic involvement. One miner from Santa Rita who very much enjoys working 

with the land said, “Pero la verdad, como a las tres, a las tres faltas. O sea, como que lo borran a 

uno del libro y ya” meaning, “But the truth is, at three, at three absences. They erase you from 

the book and that’s it.” The miners that were interviewed have expressed a desire to participate 

in community projects but when asked why they were not involved, they simply stated “Será 

falta de tiempo,” meaning “There is a lack of time.” When possible, they still help with projects 

that impact the entire community, but they are limited in their involvement in suggesting and 

planning ideas. 

Third, mining communities are isolated from Andes and larger cities like Medellín. Not 

everyone has a car or motorcycle, and in places like San Agustín, buses only run a few days a 

week. Weather conditions can also severely impact travel, as the roads to the corregimientos are 

mostly dirt and rock. Landslides happen often and can block the roads. As a result, travel and the 

transport of goods in and out of communities is difficult. When considering the needs of a citizen 
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science project, these conditions could limit the implementation. It would be difficult to transport 

the necessary materials for a monitoring project and have experts travel to lead capacity-building 

programs. 

Fourth, there is skepticism of partnerships with universities, which feature prominently in 

many citizen science projects. Mesa Minero Ambiental, the Environmental Mining Board, was 

developed as part of a collaboration with local universities and is comprised of local miners [15]. 

Its goal is to involve the local community in environmental protection and resource use to 

balance the power between the government and the people [51]. However, they no longer work 

with university students due to previous bad relationships. The University of Antioquia used the 

information they gained from this organization in a way that damaged their relationship, so now 

Mesa Minero turns away students who request interviews or collaborations. As a local 

organization, Mesa Minero has a position of trust and knowledge within the community, which 

could be invaluable in organizing a community-based monitoring project. However, their 

mistrust of outsiders could prevent this from happening. 

 

2.4 Conclusions 

By speaking to miners and other members of mining communities in Andes, we 

identified barriers and opportunities for citizen science in Andes. One of the biggest 

opportunities for citizen science is the existence of the JACs, which could provide a pathway for 

implementing projects within existing community organizations. Combined with miners’ strong 

desire to be more involved in civic processes, their concern for the environment, and their ability 

to work independently, there is great opportunity for citizen science projects in Andes. However, 

poor relationships with the government, isolation from civic involvement, mistrust of 

universities, and remote locations of mining communities pose challenges to the implementation 

of such projects. If these barriers can be overcome, the implementation of citizen science projects 

could be a valuable resource for mining communities in Andes. Miners would be able to expand 

their capacities and perform projects without relying on their strained relationships with the 

government. This increased autonomy would likely empower them and give them opportunities 

to become involved in community decision-making, ultimately helping end their civic isolation. 

It is also important to note that miners’ concern for the environment is secondary to their 

basic needs. This is the single largest barrier to implementing citizen science projects in Andes. 
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Concern for the environment is a privilege that can only be acknowledged when needs such as 

plumbing, trash pickup, and road maintenance are reliably met within communities. This cannot 

be achieved while remote communities feel forgotten by the government, and so it must be 

addressed either before the implementation of citizen science projects or in complement with 

citizen science projects. 

More broadly, this research underlines the potential usefulness of already existing local 

civic engagement structures for citizen science. Their connections to local resources make them 

ideal groups to collaborate with on citizen science projects, as they are already in a position of 

trust within the community and know the best methods of engaging members. This research also 

highlights the need to analyze the exclusion of marginalized stakeholder groups from existing 

civic engagement structures, as their everyday work demands make it difficult for them to 

participate in the very community initiatives that could benefit them. Viewing these communities 

as entirely homogenous and failing to recognize the differing stakeholder groups within them 

could prevent the success of future citizen science projects. 

Next steps in this research should include a more fine-grained analysis of community 

needs and desires as they relate to environmental monitoring and remediation. While the 

majority of existing environmental monitoring projects in Colombia focus on coffee farmers, 

attempts should also be made to incorporate miners into them. As our interviewees made clear, 

one sector cannot exist without the other, and so the success of the community as a whole 

depends on the incorporation of both mining and agricultural groups. 
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CHAPTER 3 

FUTURE DEVELOPMENT: CITIZEN SCIENCE IN THE CONTEXT OF THE 

GLOBAL SOUTH 

3.1 Introduction 

Future work stemming from this thesis will utilize interview data in order to provide a 

guide for developing citizen science projects in context of the Global South. Citizen science 

takes on special social justice significance in the Global South, as climate change and 

environmental pollution disproportionately impacts countries with fewer resources. Future work 

will utilize literature review of previous citizen science projects and interviews conducted with 

community members in rural Colombia to provide a guide for United States engineers to better 

understand and practice citizen science as an inherently sociotechnical strategy. Engineers in the 

United States tend to view citizen scientists as a means to an end, which undermines the ul timate 

success of a project. The success of a project ultimately depends on recognizing community 

members as holding their own funds of knowledge. Working with communities in more 

equitable ways, especially through incorporating their input in project design and 

implementation, can mitigate the extractive nature of traditional citizen science and lead to more 

community-centric projects. A baseline for this guide can be found in Section 3.2: Foundation 

for a Guide to Citizen Science within the Context of the Global South. 

This guide will be developed based on my own research in the field and experiences with 

adapting my own research questions as I learned more throughout the process of conducting 

fieldwork. I began this thesis wanting to explore citizen science methods of monitoring soil 

contamination, and possibly develop a procedure for use in Andes based on what I learned from 

the community. Upon arriving in Colombia, however, two things became apparent to me. The 

first was that Colombia was advanced in its knowledge and experience with soil and water 

monitoring citizen science projects. The second was that small mining communities like the 

corregimientos of Andes had basic needs that must be fulfilled before they could focus on any 

environmental monitoring project. I had already advanced through the processes of soil 

monitoring methods, especially as they pertained to citizen science, so these findings set me back 

as I had to change the course of my thesis. It was difficult to start over, so I am developing this 

guide in the hopes that it may help US engineers avoid this in the future. 
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3.2 Foundation for a Guide to Citizen Science within the Context of the Global South 

 Utilizing data from our fieldwork in Colombia as a case study, basic guidelines and 

considerations when developing citizen science projects in the Global South have been outlined 

below:   

I. Community desires will determine the success of a citizen science project . Disinterested 

communities will not take part in citizen science projects, so it is important to learn about 

their concerns, needs, and desires before beginning development. 

II. The social context of a community must be understood before project development can 

begin. This will help US engineers position their research in a knowledge gap within 

communities. In addition, goals and expectations are adjusted as more social context is 

understood, so it is imperative to have this understanding before proceeding too far with 

project development. In the case of our work in Colombia, soil and water monitoring 

citizen science projects, as well as research on methods of community engagement, were 

already well established within the country. This was information we could not find 

online beforehand and led to the reassessment and adjustment of our goals and interview 

questions. 

III. Similarly, visiting communities is essential to understanding the social context in which 

engineers are developing projects. In more rural communities, not all contextual, cultural, 

or scientific information will be available online. In addition, different communities will 

have different funds of knowledge, structures of power, and social structures that cannot 

be fully understood without experiencing them firsthand.   

IV. Local knowledge is invaluable. Different funds of knowledge from communities can 

inform research and community members often have expertise in areas outside our own. 

Understanding this knowledge helps US engineers position their research in terms of 

needs of the community, which is essential to the success of a citizen science project. 

V. Community resources and capabilities should be determined before designing a citizen 

science project. Limitations such as available technology, facilities to process data, and 

cost constraints will impact the design of such a project. 

VI. Capacity-building is essential to the viability and success of a citizen science project. If 

community members have the capability of performing tasks on their own, the likelihood 

of citizen science projects being sustainable long-term is increased. Providing instruction 
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through capacity-building exercises, such as training on how to gather and interpret data, 

also ensures that data will be accurate and is more credible to the scientific community. 

VII. Establishing trust with communities is essential. Communities are more receptive of new 

ideas if they trust the people proposing them. Building trust also enables researchers to 

learn more about communities and their way of life. Barriers to establishing t rust include 

not following through on promises, giving false expectations, or overpromising on 

outcomes. 

A. These barriers can stem from lack of time for fieldwork, lack of funding, and lack 

of contacts within the community. 

B. The US research system itself is also a contributor. Grant applications require 

specific goals to be established before community context can be understood, 

which can lead to lofty expectations that researchers may not be able to fulfill.  
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APPENDIX A 

SEMI-STRUCTURED INTERVIEW GUIDE 

 

Purpose: to gather information about what contamination data miners in Andes would find 

useful (will help determine strengths and weaknesses for citizen science methods) and what 

current capacities are for a potential community-based soil monitoring project 

 

Perceptions of soil contamination 

1. What environmental changes have you noticed in the area due to mining activity? 

a. Probe- How do these changes impact your life long term 

b. Probe- How do these changes impact your daily routine?  

2. How do you assess the quality of the soil?  

3. Have you noticed any changes in the soil near the mining or processing site? How would 

you describe them? How do these changes impact you or your neighbors? 

 

Community-based soil monitoring 

Will ask if they are familiar with environmental monitoring and provide a short description of 

what community-based environmental monitoring is (including pros/cons) 

 

1. Do you think community-based soil monitoring would be useful in Andes? Would it 

work? Why or why not? [depersonalize first and open up possibility that they think it's a 

govt responsibility] 

2. Do you think people here would be interested in taking part in environmental monitoring 

near/at the mining site to measure contamination levels in soil? Would you personally 

want to take part?  

a. If no: What concerns would others/you have about taking part in a monitoring 

activity? 

b. If yes: What would be their/your motivation for participating in monitoring 

activities? 

3. What do you think would be a useful or important environmental monitoring project?  
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a. Probe - what is a contaminant of concern for you that you would like to see 

addressed? 

b. Would you prefer an environmental monitoring activity to focus on multiple 

contaminants or focus on a single contaminant? 

4. Are there any local groups or clubs in the area? 

a. Probe: would they be interested in taking part in a community monitoring project? 

Why or why not? 

5. What type of communication are you most comfortable with when trying to coordinate 

with multiple people? 

6. Is there any person or group you would like to see involved in a soil monitoring project 

here? Is there anyone you wouldn’t want to see involved? 

7. How involved would you want to be in a soil monitoring project? Would you rather use a 

more complicated tool that would limit your involvement but provide more accurate 

results? Or would you rather use a less accurate tool that could serve multiple purposes 

and extend your involvement? 

 


