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Abstract: Artisanal and small-scale gold mining (ASGM) and large-scale mining in the Ecuadorian
Amazon region is potentially harmful to nature, and its impacts are associated with environmental
degradation and deterioration of people’s health. So far, limited efforts have been directed at ex-
ploring the current situation and challenges facing the implementation of environmental policies in
the country. The objective of this study focused on analyzing the historical and current situation
and challenges of ASGM in the Amazon region of Ecuador in relation to a political perspective
(laws), socioeconomic impacts (population displacement, loss of livelihoods, migration of people,
cost of living, water scarcity, and health impacts), and environmental impacts (biotic and abiotic).
The methodology used was based on a literature review and interviews, and information that was
discussed through an expert judgment allowed for establishing challenges to improve ASGM man-
agement. The main results indicate that lack of community participation in decision-making, insuf-
ficient coordination between government institutions, communities, and miners, and lack of control
of mining activities are factors that contribute to ineffective compliance with environmental policies
in the gold mining sector in the Amazon. Finally, the study concludes by considering the socioeco-
nomic and environmental scopes within its findings for implementing effective environmental and
social policies in the Amazon region of Ecuador.

Keywords: mercury; gold; socio-environmental impacts; environmental management; political
management; environmental management

1. Introduction

Mining is the most important primary source of metals and minerals in the world
[1,2]. Millions of people in developing countries depend on artisanal and small-scale gold
mining (ASGM) for their livelihoods. However, this activity comes at a price [3,4]. These
activities are quite diverse, sometimes illegal or informal, often virtually tolerated by the
authorities, and can be seasonal or year-round, long-term, or follow a boom-and-bust cy-
cle. Gold mining has a significant impact on the local climate, the natural environment,
and the socioeconomic conditions of local residents. Mining activities and their methods
of disposal of toxic by-products are considered one of the main reasons for the deteriora-
tion of environmental health [5-7]. ASGM is associated with many occupational and
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environmental health problems, especially when practiced informally or with limited ma-
terial and technical resources. Gold mining extraction and processing activities release
toxic substances such as mercury (Hg), chromium (Cr), cadmium (Cd), and copper (Cu)
into the environment [8]. The health and well-being of miners, their families, as well as
nearby communities are often adversely affected.

ASGM involves a complex interplay of social, economic, technological, environmen-
tal, and health factors that can vary considerably depending on the local and national con-
text [9,10]. Such complexity makes it difficult to establish uniform definitions. ASGM is
defined in the Minamata Convention on Mercury as “gold mining carried out by individ-
ual miners or small companies with limited production and capital investment” [11]. Most
definitions of artisanal and small-scale mining share the following characteristics: an in-
formal work sector, limited use of mechanical tools, labor-intensive work, low capital and
productivity, exploitation of deposits, and limited access to land and markets. Artisanal
and small-scale gold mining is carried out in more than 70 countries by approximately 10
to 15 million miners, including 4 to 5 million women and children. Although ASGM ac-
tivities occur worldwide, they are most prevalent in South America, Africa, and Asia
[12,13].

In Ecuador, gold mining activities originated before the conquest (activities carried
out by the Incas). The arrival of the Spaniards, at the beginning of the 16th century,
brought with it a frantic search for the metal and the opening of many gold mines, the
main ones being those of Zaruma and Santa Barbara in the Southern Highlands and Nam-
bija on the Amazonian slope. Gold and silver mining constituted the axis of the economy
of the Audiencia of Quito until the middle of the 17th century, when, due to lack of polit-
ical support, it declined in favor of the textile industry, cattle raising, and agriculture [14].
Over time, mining has come to play an important role in the economic growth and sus-
tainable development of the country. History shows that there have been constant social
struggles between indigenous movements and representatives of transnational corpora-
tions and government authorities in claiming their legitimate rights, such as free and in-
formed citizen participation, guaranteed land tenure, and their self-definition as indige-
nous peoples and nationalities, which, according to Convention 169 of the International
Labor Organization (ILO), guarantees collective human rights in the presence of mining
projects carried out within the area they inhabit [15,16].

The increase of mining activities in the Ecuadorian gold sector has placed natural
resources under analysis in both academic and social spaces [17]. Exploration and exploi-
tation activities are generally carried out against the will of the neighboring communities,
which has caused social problems such as eviction of inhabitants from their properties
and community discontent due to continuous environmental contamination, among oth-
ers [18]. Artisanal and large-scale gold mining can negatively affect the environment
(health risks, change land use, and livelihood options) and cause serious impacts for min-
ers and surrounding communities, causing conflicts over land ownership and use [19,20].
Despite all this, the miner takes the risks and works with the well-being and daily needs
of his family in mind [21-23].

The Ecuadorian Amazon has historically been known for its oil exploitation, but in
recent decades mining activities have increased mainly in the northern zone in the prov-
inces of Sucumbios, Orellana, and Napo and in the southern zone in the provinces of Mo-
rona Santiago and Zamora Chinchipe. Thus, oil and gold mining activities are currently
the major sources of contamination by metallic residues or by-products [24,25]. The large
deposits of metamorphic gold in the Amazon are found in the southwest of Zamora
Chinchipe, in the border area with Peru [17,26,27]. The mining areas of Nambija and
Chinapintza are located in this area and are one of the most important mining areas for
their production in Ecuador [28-30].

Currently, ASGM activities in developing countries are taking on greater interest in
poor communities and areas [31-33]. This is no different in Ecuador, but it is important to
highlight that these activities, such as all anthropic activities, generate an impact, with the
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difference being that the extraction of this precious material uses highly polluting ele-
ments such as Mercury (HG) and Cyanide (CN) that affect the atmosphere, water bodies,
and soil. In addition, few studies have been developed to understand the history and sit-
uation of ASGM and its socioeconomic and environmental impact in the Amazonian area
of Ecuador, limiting the proposal of alternative solutions to the problems of this economic
activity. Given this, the objective of this study was to analyze the historical and current
situation and challenges of artisanal small-scale and large gold mining (ASLGM) in the
Amazon region of Ecuador from different perspectives, including policy (laws), socioeco-
nomic impact (population displacement, loss of livelihoods, changes in population dy-
namics, cost of living, water scarcity, and health effects), and environment (biotic and abi-
otic) with a focus on Hg. The methodology used was based on a literature review, inter-
views, field observation, and a very simple and practical technique called “expert judg-
ment” carried out by people experienced in mining issues together with the researchers
of this study with the purpose of establishing the final recommendations aimed at
strengthening the management of gold mining in Ecuador.

2. Materials and Methods
2.1. Study Area

Ecuador, with a territorial extension of 270,670 km?, is located in the tropical zone on
the northwestern coast of South America. It has 17.5 million inhabitants, of which
739,754,000 live in the Amazonian provinces [34]. This region is made up of six provinces:
Sucumbios, Napo, Orellana, Pastaza, Morona Santiago, and Zamora Chinchipe (Figure 1).
The present research focuses on the study of the ASLGM of the Ecuadorian Amazon. The
cantons (type of administrative division of a country) of each province that registered gold
as part of their mining activity were studied [35,36]. Mining concessions that are in the
process of being processed have been discarded.
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Figure 1. Study area: (A) Geographical location of Ecuador; (B) Amazon region of Ecuador; (C)
provinces belonging to the Amazon region.

Although it is expected that, at present, gold mining in Ecuador represents at most
4%, its socioeconomic and environmental analysis is relevant because of the impact on
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local communities in economic matters, as they see it as a source of subsistence and the
pollution problems caused by the use of hazardous chemicals in their extractive processes.
The provinces and cantons in which there is most legal and illegal gold mining activity
have been considered, and data were obtained from the Geoportal of the Mining Cadastre
in the Republic of Ecuador (Table 1) [37].

Table 1. Registered gold mining concessions in Ecuador’s Amazon region.

Type of Application or Regime

No Province! Canton 2 General Large Medium Small Artisanal
Regime Scale Mining  Mining Mining Total
Mining
Gonzalo Pizarro -- -- 1 4 6 11
1 Sucumbios Sucumbios -- 5 1 9 1 16
Cascales -- -- 1 3 18 22
Lago Agrio - - - 2 3 5
Subtotal -- 5 3 18 28 54
Tena -- -- -- 16 69 85
2 Napo El Chaco 2 - - 5 - 7
Carlos Julio Arosemena 3 -- -- 16 13 32
Subtotal 5 -- -- 37 82 124
Orellana -- -- -- 1 2 3
3 Orellana Loreto 1 — — 1 — >
Subtotal 1 -- -- 2 2 5
Arajuno -- -- -- -- 2 2
4 Pastaza Pastaza -- -- -- 1 -- 1
Subtotal -- -- -- 1 2 3
Gualaquiza 3 7 4 6 66 86
Limén Indanza -- 21 -- 3 16 40
Santiago -- 5 -- 5 69 79
5 Morona Tiwintza - 3 - 10 28 41
Santiago Logronio - 18 - - - 18
Morona 1 16 - 2 1 20
Palora -- -- -- 1 28 29
San Juan Bosco -- 3 -- 2 2 7
Subtotal 4 73 4 29 210 320
Zamora -- 7 -- 39 232 278
Yacuambi -- 10 -- 5 80 95
Paquisha 1 2 -- 25 42 70
El Pangui -- 5 -- 9 37 51
g Zamora Nangaritza 1 5 - 23 56 85
Chinchipe - -
Chinchipe -- 3 4 28 167 202
Palanda -- 7 -- 14 60 81
Yantzaza -- 11 1 12 36 60
Centinela del Condor -- 4 -- 9 21 34
Subtotal 2 54 5 164 731 956

General regime: mining permits with old laws, which are currently in the process of being updated
according to the new regulations; Small mining: in terms of production capacity, small mining is
allowed to exploit up to 300 tons per day in subway mining, up to 1000 tons per day in open pit
mining, and up to 1500 cubic meters per day in alluvial mining; Artisanal mining: activity carried
out in free zones for survival purposes, not exceeding 4 hectares in subway conditions and 6 hectares
in open pit conditions. Medium-scale mining: mining ranging from 301 to 1000 mt per day in
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subway conditions, 1001 to 2000 mt per day in open pit, and 1501 to 3000 m? in alluvial mining;
Large-scale mining: activity that exceeds all the maximum volumes described for medium-scale
mining. ! The political division of Ecuador begins with regions (4: Coast, Highlands, Amazon, and
Insular) and each region is made up of provinces. 2 The union of cantons make up a province.

2.2. Methods

For a better understanding, the methodological process was divided into three sub-
sections. In the first section, an exhaustive bibliographic review was applied to answer the
first objective of the study on the historical situation regarding gold mining in aspects
such as its policies, laws, and relevant socio-environmental impacts. In the second section,
a semi-structured interview was applied to social actors related to gold mining activities
in the Amazonian provinces to extract information concerning socioeconomic (population
displacement, loss of livelihoods, migration of people, cost of living, water scarcity, and
health effects) and environmental (biotic and abiotic) aspects, and as a last step, an expert
judgment technique was applied to establish challenges for the continuous improvement
of management in the field of gold mining focused on the aspects studied.

2.2.1. Historical Situation: Literature Review

In order to respond to the historical situation of ASGM, a systematic literature review
was carried out, in which the content of the documents selected for analysis was reviewed.
The methodological process in this first section was based on the search for information
from scientific publications, corresponding to the last twenty years (2002-2021) in high
impact databases such as Scopus and Web of Science; additionally, the search was com-
plemented in regional databases such as Scielo and Redalyc. In the search process, filters
were applied to establish the years of the publications; likewise, combinations of parame-
ters were established in the search (Table 2), with the use of keywords in both English and
Spanish by means of a parameterized advanced search.

Table 2. Search process and most relevant results of the literature review.

Web of Science, Scopus, and

Topic Search Parameters Regionals
Historical situation of “Gold” and “mining” and “Ecuador” and “Amazon” [13, 378 3]
gold mining in the Am- “Gold” and “mining” and “Hg” and “Ecuador” and “Ama- 4
azonian region of Ecua- zon” [44-47]
dor “Gold mining” +” Amazon” +”"mercury exposure” + “Ecua- 4
dorian Amazon” [48-51]

Once the search results were obtained with their respective filters, 46 documents
were obtained, which were subjected to an analysis of their titles, keywords, and abstracts
to carry out a selection process to select only the documents relevant to the objective under
study in the last 20 years and to discard the documents that were not considered relevant
or were repeated because they were indexed in the different search databases. Finally, ten
documents were selected after applying the filter. Likewise, the analysis of the biblio-
graphic resources of the database (Table 2) was complemented with a gray bibliography
(Table 3); this segment corresponds to a set of documents of various types, which have
not undergone revision or editing processes, and are available in non-conventional chan-
nels. The documents selected were laws, the constitution, and regulations.
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Table 3. Gray literature for the historical status of gold mining.

Gray Literature Date of Creation
. Official Gazette Supplement 517 of
Mining Law 29 January 2009
. . Official Gazette Supplement 67 of
General Regulations to the Mining Law 16 November 2009

Constitution of the Republic of Ecuador

2008 Official Gazette No. 449 of 20 October 2008

2.2.2. Current Situation: Field Interviews

To describe the current situation, semi-structured interviews were conducted with
the participation of key actors in the mining sector of the Ecuadorian Amazon. Face-to-
face interviews were preferred with a duration of 30 to 60 min, which facilitated the un-
derstanding of the reality of gold mining in the Amazon region of Ecuador. The strength
of the tool used was its ability to uncover a wide variety of political, socioeconomic, and
environmental factors potentially related to this economic activity that may not be known
beforehand. The majority of interviewees were people affected by mining, with a variety
of pro, anti, and neutral voices from each area. Interviews were conducted with a total of
154 people, including local miners, local authorities, national government representatives
in the provinces studied, and residents of mining towns (Table 4). In addition, field obser-
vations were made in the areas visited by the research team. This important information
collected helped to identify the current situation of gold mining in the Amazonian area of
Ecuador, focusing on aspects such as the displacement of people, loss of livelihoods, mi-
gration of people, cost of living, water scarcity, and health impacts.

Table 4. Participants and key questions to understand the current situation of gold mining in the
Amazon region.

Participant

Questions

What type of mining is developed?
Do you have a permit to carry out mining activities?

Local miner/Association repre- What type of technique is used for gold extraction, amalgamation or cyanidation?

sentative

Is wastewater in the extraction process subjected to some treatment process prior to its environ-

(48 interviewees, mining conces- mental discharge?

sion owner)

Do you as a miner use any procedures to mitigate the impacts of gold mining?
State three elements/components of the environment that are most affected by pollution.
Over the years, do you think there has been a shortage of water?

Local authority

(48 interviewees, political leaders

in the mining area)

In your jurisdiction, have ordinances been created to control and monitor mining activities?
Do you know if there is illegal gold mining in your canton and/or parishes?

Do you know if the inhabitants of your canton and/or parishes have had health problems asso-
ciated with gold mining?

MAAE (Acronym in Spanish): Min-
istry of Environment, Water, and
Ecological Transition
(10 interviewees, government rep-
resentatives per province)

Do you know if gold mining is developed in your province?

Do you know if illegal gold mining is taking place in your province?

Have there been reports of contamination from gold mining?

How has the Environmental Authority developed audits of gold mining concessions (rights)?
How has the Environmental Authority developed water monitoring in the water bodies in the
mining influence zone?

During the visits and/or audits, has the accumulation of mining waste been evidenced?

Do you consider that leaching occurs in the residual accumulations?
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Mining town residents

(48 interviewees, community rep-

resentatives per canton)

Do you consider that gold mining has improved the quality of life in the area?

Does your monthly income cover all monthly expenses?

Has gold mining caused population displacement for any reason?

Has gold mining resulted in the loss of livelihoods?

Has the cost of living changed since the advent of gold mining?

Do you consider that, with gold mining activity, there is a shortage of water for daily activities?
Have any family members or acquaintances experienced health problems or death due to gold
mining contamination?

Finally, the information obtained from the literature review, interviews, and field ob-
servations was used to establish ASLGM challenges to improve strategic aspects of socio-
economic, political, and environmental management, through a process called expert
judgment. This process made it possible to verify the reliability of the information ob-
tained in the systematic review process and interviews. The experts who participated
were specialists in mining issues, management, and environmental authorities. These pro-
fessionals discussed the main challenges facing the ASLGM in the Ecuadorian Amazon.

3. Results

Once the objectives had been established regarding the environmental impacts, hu-
man health problems and socioeconomic conflicts caused by ASGLM activities and
emerging large-scale mining in the Amazon region of Ecuador were addressed. Likewise,
once the methodological process in the previous section has been clearly and precisely
established, it allowed for a response to the proposed objectives, giving rise to a set of
results that are presented below. Thus, for a better understanding, the political-legal as-
pects, socioeconomic impacts (population displacement, loss of livelihoods, migration of
people, cost of living, water scarcity, and health effects), and environmental aspects (biotic
and abiotic) are described, with a historical and current approach. Finally, the present
challenges in gold mining in the Amazon region on mining policy, the socioeconomic sec-
tor, and the environmental aspect are presented.

3.1. A Review of the Political-Legal Evolution of Gold Mining in the Amazon Region

Mining in Ecuador dates back to pre-Columbian times, has developed since colonial
times, and has become very important in recent years [46]. The first mining regulations in
Ecuador date back to colonial times when the Mining Ordinance of New Spain was en-
acted in 1753, which established that the Spanish Crown had the exclusive right to exploit
mines. In 1829, Bolivar’s Decree (Bolivar: Venezuelan politician, founder of the republics
of Gran Colombia and Bolivia) determined that “mines of any kind correspond to the Re-
public, whose government grants them in property and possession to the citizens who
request them”, opening the possibility for mines to be concessioned [47]. Subsequently,
the Mining Code of Ecuador of 1869 and its reform of 1892 ratified the state domain over
the subsoil, the payment of an annual patent, reintroduced royalties as a precondition to
keep the mining concession, and established surface easements to facilitate mining activ-
ities and the exemption of all taxes for 25 years. These regulations granted free prospecting
to private individuals, as long as they paid the legal fees, which attracted foreign investors
interested in exploring gold deposits [43,47].

Metal mining in Ecuador has historically been small-scale and artisanal, mostly con-
centrated in the south of the country. Ecuador’s mining legislation was correspondingly
rudimentary and was defined starting in 1937, when a law was sought to designate subsoil
metals as state property. In the 1970s, a large mineral deposit was discovered in the south
of the Ecuadorian Amazon, the Nambija mine in Zamora Chinchipe. Subsequently, in
1974, the Mining Development Law was enacted, which established that the mines be-
longed to the State and were inalienable and imprescriptible. In the same year, the Mining
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Development Law was enacted, which ratified state ownership of the subsoil and metals
and established the necessary characteristics to be considered as entrepreneurial mining,
small mining, and alluvial mining, but in 11 years of application of this law, there was no
adequate development of the sector [52].

In 1985, the Mining Development Law was repealed and the Mining Law was passed,
which ratified the inalienable and imprescriptible domain of mining deposits; the Ecua-
dorian Mining Institute (INEMIN) was created to be in charge of mining policy in the
country, and royalties ranging from 1% to 3% were established for the State, the conces-
sion system and mining rights were regulated, a series of tax incentives were created, and
the definition of small mining was eliminated, among other changes [46].

Mining-specific environmental legislation was absent in Ecuador until new laws
came into effect in 1991. This legislation limited the granting of concessions on protected
lands and required environmental impact assessments for all mining activities. In 1994,
the World Bank funded the Mining Development and Environmental Control Project with
the objective of developing the Ecuadorian mining sector [53]. The project collected min-
eralogical information from 3.6 million hectares of most of western Ecuador, including
seven protected regions. The project’s regulatory recommendations were codified into
law in 2000, identifying mining as a national priority, and significantly deregulated the
sector [45]. However, under the renewed regulations, mining development remained pro-
hibited in government protected areas [43].

In the historical context, the legal framework of the Ecuadorian State sought to de-
velop technologies to improve gold extraction and mining development through the Min-
ing Law and other public policies with social and environmental responsibility [44]. In
2008, the Ecuadorian Constitution created a new legal framework with the objective of
regulating mining activities [54]. It established that those who explore mineral resources
must recover and conserve a healthy environment that guarantees the quality of water,
air, and soil for people. It also established mechanisms for the prevention and control of
environmental pollution and sustainable management of natural resources [55]. In this
sense, illegal mining activities that affect biodiversity will be sanctioned in accordance
with these laws [56,57].

The Mining Regulation and Control Agency established that it must audit, supervise,
intervene, control, and sanction in all phases of mining activities, in accordance with the
provisions of the Mining Law and the General Regulations to the Mining Law [54,56].
Although, in all phases of the mining activity, the obligation of environmental remedia-
tion and remediation is implicit in accordance with the Constitution of the Republic of
Ecuador, the law and its regulations [54-56]. In the case of the Ecuadorian Amazon, it was
established that the Municipal and Metropolitan Governments must regularize, author-
ize, and control mining exploitation in aquatic ecosystems [55,56]. They must observe and
comply with the principles, rights, and obligations contemplated in the municipal ordi-
nances and not allow conditions and obligations different from those established in the
Mining Law and its regulations [57].

When talking about mining, the first legal institution to refer to is the 2008 Constitu-
tion of the Republic of Ecuador; however, this activity is regulated by specific legal insti-
tutions: the Mining Laws of 1991 and 2009; general norms related to the law: General Min-
ing Law of October 1991, General Regulations of the Mining Law of 2001, Mining Rights
of April 2008, and General Regulations of the Mining Law of November 2009. These po-
litical (legal) changes allowed institutions such as the Ministry of Mines and Energy and
affiliates to work together to design and agree on an industry strategic plan to eliminate
the use of Hg in mining [58]. The Mining Law establishes procedures, standards, and
guidelines for the management of this department to minimize the adverse impact of min-
ing exploration on the environment. In addition, it has also formulated norms for the
transformation of mineral resources, which generate environmental, economic, and social
benefit and protect the rights of miners, the country, and society [59]. Despite the mining
law, they are to ensure the sustainable development of the activities, but due to the lack
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of a complete legislation and the imperfect applicability of the law, there are shortcom-
ings.

The Ecuadorian Constitution establishes norms and general guidelines for the activ-
ities [55]. In addition, there is the Mining Law [59] and its updates, which are special laws
that control the sector. Important changes occurred with the adoption of Ecuador’s new
constitution in 2008, which included the Mining Mandate that reverted most mining con-
cessions to state ownership. The new law also allows mining in protected areas upon spe-
cial request by the president and approval by the National Assembly. In 2009, the govern-
ment of Rafael Correa drafted a new mining law that increased oversight of mining com-
panies. Although the law has raised some environmental standards, indigenous and so-
cial movements have held widespread protests, hoping for greater environmental and so-
cial protection. In 2015 and 2016, the Correa government made deregulatory changes to
the mining law to encourage foreign investment. These changes included lower corporate
tax rates and special income taxes for mining companies. This greatly facilitated the ac-
quisition of mining concessions, which led to the bidding and auctioning of state mining
concessions that year and to an increase in the number of concessions granted recently
[51].

The Ecuadorian Constitution establishes that, although all non-renewable natural re-
sources are a strategic sector whose management and regulation is the responsibility of
the government (art. 313), communities must be consulted prior to the establishment of
extractive projects (art. 400) and must be granted the right to oppose (art. 98). However,
the Ecuadorian Mining Law stipulates that communities living within mining concessions
must only be consulted after the exploration license is granted, and the agreement of land-
owners and communities is not required to move forward with the development of min-
eral resources. Generally, there is no contract between the landowner and the miner, so
the landowner is forced to illegally exploit his own land or enter into an informal agree-
ment with the concessionaire. The Mining Law and the Special Regulations for Artisanal
and Small-Scale Mining state that in situations where land is considered to be of “public
utility,” the government has the authority to allow mineral exploration and development,
even if mining may interfere with communal access to quality food and water (Special
Regulations art. 14; Mining Law art. 15; 28). In addition, the Mining Law also provides
that sanctions may be imposed on individuals or groups that seek to disrupt or impede
the development of mining activities (art. 100).

The lack of agreement between landowners and communities living within mining
concessions represents a challenge for mining law in regulating the accessibility of mineral
resources, community planning, the rights of individuals and communities, and economic
development. Lack of monitoring and oversight by regulatory institutions (Table 5) gen-
erate environmental contamination [60]. Effective monitoring and regulatory mechanisms
should be implemented to prevent illegal dumping of toxic substances. The implementa-
tion of corrective measures for environmental impacts should also be required in a timely
manner. The legislation does not make an exception for illegal miners in terms of remedi-
ation. However, the authorities have not enforced it.

Table 5. Responsibilities of regulatory institutions in Ecuador.

Institution

Responsibilities

Promote the development of artisanal mining, small-scale mining, medium-scale mining and large-scale

Government/Constitution mining, and promote their legalization so as to ensure technically adequate, socially just, and environ-

mentally responsible conditions.

Ministry of Energy and
Non-Renewable Natural
Resources

Responsible for the management of public policy on mining matters and the issuance of associated ad-
ministrative agreements and resolutions, including the management of public policy for MAAPE.

National Strategic Plan for the Sustainable Development of Small and Artisanal Mining.

National Training and Education Plan in technical, economic, social and environmental areas.)

Technical assistance on production control, available reserves, ore quality, mining techniques, mining
methods, ventilation, drainage, maintenance and industrial safety in the subsoil and on the surface, etc.
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There is no special department in charge of the MAAPE.

Technical and administrative entity in charge of exercising the State’s power to monitor, audit, inter-
vene, and control the different phases of mining activity.

Mining Regulation and Establish a system for managing socio-environmental conflicts that may arise in the MAAPE sector,
Control Agency adopting clearly defined processes and procedures for their implementation.
Not having a special department to deal with ASGM.

Technically, economically, and financially independent from the Ministry.

Coordinate the technical assistance program.

Promote integrated management of sustainable mining development, mineral processing, exploitation
and maintenance of tailings, storage systems, closure of mining activities, and development of clean
technologies.

Institutional, organizational, and technological strengthening of the institutions responsible for the man-
agement and control of the artisanal mining sector, small-scale mining, medium-scale mining, and
large-scale mining.

Implement financing plans to promote and provide training in the artisanal, small-scale, medium-scale,
and large-scale mining sectors.

Geological and Energy Re-
search Institute

Central Bank of Ecuador

Ministry of the Environ-
ment, Water, and Ecologi-
cal Transition

Define, create, and control the implementation of the country’s public environmental management sys-
tem, including the artisanal, small-scale, medium-scale and large-scale mining sectors.

The literature review [61] and field research identified different reports and illegal
mining activities (Table 6). In particular, illegal gold mining has increased exponentially
in recent years. In 2016, it was estimated that around 77% of Ecuador’s gold production
was extracted illegally. Of course, these numbers are now increasing (Table 6). Illegal gold
mining has also been exponentially exposed in recent years [62]. Uncontrolled illegal gold
mining is one of the main threats to biodiversity areas, which have unique species and are
in danger of extinction. The Ecuadorian government has not prioritized the needs of its
residents. These activities turned forests into deserts and exposed biodiversity and com-
munities to Hg. In addition, occasionally, these activities cause enormous environmental
damage and land trafficking (sale or rental of surfaces without documents to carry out
mining activities) by these people. The case of illegal logging (forest harvesting without
MAAE authorization), water pollution, and illegal hunting of wild animals has been going
on for more than six years.

Table 6. Illegal ASLGM activities in the Amazon region of Ecuador.

Title Description Year

The Armed Forces, in support of the Ministry of Environment and the Mining Regula-
tion and Control Agency, carried out operations to control illegal mining in the sector 2018
of Santa Rosa de Sucumbios.

Machinery used for illegal mining
activities seized in Sucumbios

Machinery used in illegal mining ac-The Armed Forces apprehended an Ecuadorian and a Colombian involved in illegal

2021
tivities seized mining activity in the sector of San Carlos, parish Sevilla, canton Cascales.
. . . The Coordinadora de las Organizaciones Indigenas de la Cuenca Amazénica (COICA)
Indigenous communities continue to L . . ; , .
. e and the Confederacion de Nacionalidades Indigenas de la Amazonia Ecuatoriana
denounce mining activities in Ecua- . . . . .. e 2018
dor (Confenaie) expressed their concern and denounced the increasing mining activity in
Ecuador.
ti inst illegal mini
Opera 1on§ agams. 1 ega’ mining Operations against illegal mining in Pastaza and Napo. MAEA officials with the sup-
were carried out in Pastaza and . . . 2016
Napo port of soldiers from the Pastaza Jungle Brigade carried out the controls.
Intense mining control in Alto Nan- The control of illegal mining in the province of Zamora Chinchipe has resulted in the 2018
garitza seizure of machinery, equipment, and fuels that were used in the illegal activity.

The mayor of Yantzaza canton, Bladimir Armijos, indicated that his drinking water
source for more than 12,000 inhabitants is in danger of contamination due to work car- 2017
ried out by illegal miners.

Illegal mining endangers Yantzaza’s
drinking water catchment system

Mining activity without permits in The Nuevo Paraiso parish in the Alto Nangaritza area. The majority of the population

201
Alto Nangaritza, Zamora Chinchipe is Shuar and has no sources of employment. 018
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Alto Nangaritza, another virgin for-
est under siege from mining in Ec-

uador

Alto Nangaritza is one of the few remaining virgin native forests in Ecuador and

. . 2018
serves as a connection to Podocarpus National Park.

Provincial and environmental au- The communities denounce that the MAAE and ARCOM favor illegal miners, allow-
thorities harm villagers and favor ing free access, and violating the rights of the commune and its inhabitants. Thisisin = 2021

miners

Orellana-Mushuc Hullacta Commune, in the Punino sector.

In the last 10 years, the increase in the price of gold at the international level has
intensified the mining activity in the Ecuadorian Amazon territory, harming legal mining
activities in the application, exploration, and exploitation phases [63]. Amazonian indig-
enous territories are the most affected with 85.8%. Before granting mining rights, Ecua-
dor’s indigenous peoples have the right to negotiate with them, but the government rec-
ognizes that few indigenous people have rights to minerals on or under their lands. How-
ever, many indigenous peoples in the Amazon region do not want to exploit their lands
[63,64]. This constitutes a major socioeconomic and environmental problem for commu-
nities near gold mining activities and, at the same time, a challenge to try to promote reg-
ulatory policies and respect for nature and Amazonian communities.

Ecuador’s Mining Public Policy guarantees sector planning from 2019 to 2030. This
seeks to achieve investment and increase production in the sector within a framework of
environmental and social sustainability. It also seeks to improve the administration, reg-
ulation, auditing, and control of mining activities at the national level. Two of the most
important axes seek sustainability and the fight against illegal mining [61]. In Article 93
of the Mining Law, 60% of royalties will be for productive projects and local development
through municipal governments, parish councils, and, if the case merits, 50% of this per-
centage to the government of indigenous communities and/or territorial districts [56].

3.1.1. Socio-Economic Impacts
(a) Displacement of the Population and Loss of Livelihoods

In the late 1970s and early 1980s, the crisis in early mining companies and agriculture
led to an expansion of small-scale gold mining. Although tinged by political, social, and
environmental conflicts, in the last decade this sector has tended to consolidate itself as
the most dynamic in the country in the extraction and processing of metallic minerals. In
the early 1980s, two new mining districts emerged: Nambija in the Amazon region and
Ponce Enriquez in the southwestern flanks of the Andes. Both were driven by the increase
in international gold prices and by the agricultural crisis on the Ecuadorian coast, gener-
ated by the El Nifio phenomenon. The group of people (associations with economic pur-
poses) of informal miners had little technical-scientific knowledge in gold extraction.
However, the cooperatives played a very important role in the process of legalizing con-
cessions, which gave small-scale mining a greater margin of maneuver in its negotiations
with the State and mining companies. The strengthening of small-scale mining took place
in the 1990s through the consolidation of their productive processes, new forms of busi-
ness-type organization, and their legalization. This was reaffirmed in interviews with the
elderly residents of the nine cantons in the province of Zamora Chinchipe, who stated that
in the early 1980s, with the crisis that was occurring at the local level, they migrated to
these lands in the southern Amazon, tempted by rumors that these lands held large con-
centrations of gold.

The locals interviewed in connection with the Napo and Santiago rivers say that ar-
tisanal gold mining is considered traditional along the banks of these rivers and their trib-
utaries. It is true that, by 1984, after the notable importance of gold production in the
Nambija mines, in the Amazonian province of Zamora Chinchipe in southern Ecuador,
expeditions and new human settlements expanded northward, more precisely in the cen-
ter of the Amazon in the provinces of Morona Santiago, Pastaza, and Napo. Thus, one of
the first records of gold production in 1988, according to official estimates provided by
government authorities, was four metric tons of gold. However, these estimates
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corresponded to the declared part of the production, since a very important part was
traded irregularly.

The results of the interviews indicate that there are currently two types of move-
ments. The first is people who undertake expeditions that can last weeks or months to
reach the metal mining deposits located mainly in the eastern and western foothills of the
Andes and in the El Condor mountain range in the south-central Ecuadorian Amazon. In
the northern zone, in the provinces of Sucumbios, the cantons with the most mining ac-
tivity are Cascales and Sucumbios Alto. Gold mining expeditions take place in the moun-
tains bordering Colombia and in protected areas such as the Cofan Bermejo Ecological
Reserve. The main illegal and informal mining activities take place in the provinces of
Zamora Chinchipe, Morona Santiago, Napo, and Sucumbios.

During the tour of the gold mining areas (Table 1), it became evident that ASM gold
mining activities have been accompanied by the formation of precarious settlements built
by the miners, generally located in areas with irregular topography, distant from the basic
services network, some of them temporary, and with a primarily male population (camp-
style), which constitute areas with minimal sanitary conditions and high levels of natural
risk. In the past, there have been serious disasters that have caused the death of dozens of
people (Nambija) and have affected the surrounding river systems. Likewise, social con-
ditions are characterized by an increase in social disorder, with a significant absence of
social organization and public authorities. A similar phenomenon can be observed in
ASGM mining, particularly on the banks of the main Amazonian rivers, where tourism
development could be affected by mining if it is not framed within a context of sustainable
development.

Historically, local communities in the Amazon have depended on agriculture and
cattle ranching. On the other hand, tourism has taken on great importance in the last two
decades with the emergence of community-based tourism and traditional lodges on the
banks of Amazonian rivers. Seventy-three percent of the miners stated that they were pre-
viously involved in one of these activities, and 85% of the residents stated that some of
their family members who are currently involved in mining were previously involved in
agriculture, cattle ranching, or tourism. This change and loss of livelihoods has led to the
abandonment of potential agricultural and livestock lands, which is reflected in improved
production. These changes are produced by the temptation to obtain quick money and are
produced by the daily pressures of carrying sustenance to cover family needs.

(b) Migration of People, Economic Growth, and Cost of Living

The communities consider that ASLGM does not contribute to the development of
local communities; on the contrary, these activities bring with them health problems and
conflicts among the population. Currently, local communities claim that the pandemic has
increased artisanal mining activity throughout the Amazon region. This is due to the con-
finement, suspension of work, economic crisis, and lack of jobs. If we aim to solve the
problems of ASLGM, solutions require challenges where collaboration and integrated
work of gold mining stakeholders and local communities is paramount.

In relation to health, gold mining affects workers through high exposure to toxic sub-
stances such as Hg and cyanide. This occurs due to lack of hygiene and occupational
safety, health, and environmental issues. Likewise, towns located in the lower basin of
rivers with mining activity are affected by the high concentration of contaminants present
in the water tributaries. These contaminants are found in the ichthyofauna that the com-
munities take advantage of in all their fishing activities [50]. In addition, it was detected
that mining increases the presence of mosquitoes and black flies, which act as vectors of
viral diseases and generate illnesses in mine workers and families living near the gold
mining shafts. Finally, veteran artisanal miners and inhabitants in nearby communities
reported cognitive impairment. Clearly, long-term exposure to and ingestion of toxic sub-
stances from these mining activities may be the main cause.
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In an interview with local authorities, indigenous peoples throughout the Amazon
have announced their resistance to mining projects that allegedly threaten the future of
the communities that inhabit this region. Indigenous leaders do not want mining compa-
nies or the government to consult on large-scale mining projects. In the interviews, they
recalled that some of the mining projects were installed without consulting the local pop-
ulation, but rather that false processes of citizen participation were carried out (socializa-
tion of the project with local residents), as well as anomalies in the delivery of social com-
pensation (food and tools for daily activities). The maximum representative stated that
the indigenous struggle against mining projects in the country has caused more than 260
leaders to be persecuted by the State.

At the beginning of May, during a tour with the research team, new illegal artisanal
mining activities became evident in places that a decade ago were indigenous territories
or protected areas with little disturbance, specifically in Sucumbios (Cascales), Orellana
(Alto Punino), and Napo (Chontapunta). Families near the mining activity, lacking eco-
nomic income, are being affected by deforestation and water contamination. Locals say
that prior to mining, activities such as fishing and bathing in the rivers were very common,
but now for fear of contracting diseases they prefer not to use the services provided by
the rivers. This has affected their livelihoods and regular day-to-day activities. As a result,
the cost of living has increased; what they used to obtain from the ecosystem resources
must now be purchased from neighboring towns, and for the vital resource of water, they
now have to dig wells for fear of contracting diseases. Several residents interviewed said
that the gold rush attracted people from the provincial capitals and canton capitals, as
well as foreigners, Peruvians in the southern zone, and Colombians in the northern zone.

(c) Water Scarcity and Health Effects

At the social level throughout the Ecuadorian Amazon, indigenous peoples bear an
enormous burden of health and livelihood impacts related to industrial development, in-
cluding agriculture, mining, and extractive industries. Increased commitment to environ-
mental control among indigenous peoples is needed to control contamination [48]. How-
ever, in studies 15 years ago, Hg levels in humans and fish near the Napo River commu-
nities were due to significant deforestation and volcanic soils. These had high levels of
natural Hg, since gold mining was almost non-existent at that time [50]. The presence of
Hg suggests that deforestation and soil erosion (Hg leaching) contributed to Hg contami-
nation of fish in the Napo River basin (Figure 2) [49].
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Figure 2. Environmental impacts in the Ecuadorian Amazon. (a) Deforestation in Amazonian vil-
lages due to gold mining, a problem of the last 40 years. (b) Contamination by leachate from mining
areas. (c) Leaching of toxic contaminants due to lack of waste treatment from artisanal gold mining.

In the field interviews, 67% of the residents of mining towns stated that one of their
family members had presented a condition compatible with cancer. On the other hand,
87% of the local miners consider that in the last year they have presented health problems
or illnesses compatible with headaches, hives, and red and white spots on the body, es-
sentially on their extremities, and only 12% went for medical consultations at nearby
health centers. Another major problem reported by the authorities of the Ministry of En-
vironment and Local Governments is the fear of infiltration of contaminants into ground-
water bodies. They indicate that further research is needed to know the status of the
groundwater bodies, since most communities are considering using wells for water.

(d) Environmental Impacts

Historically, gold mining in the Ecuadorian Amazon has been the main source of Hg
contamination [24,25]. Regarding this activity is the literature on Hg contamination in the
northern part of the Amazonian region of Ecuador. However, legal and illegal mining has
been present for years in the south of the country [41]. Anthropogenic activities increase
metal concentrations in aquatic ecosystems [38]. The few studies in Sucumbios and Orel-
lana only evaluate impacts, in general, with respect to gold mining. In addition, studies
on Hg contamination in Napo province are still incipient [25]. However, there is ample
evidence of contamination by metals in legal mining areas of Tena, Puerto Napo, and Ar-
chidona [28,38]. The results indicate that the concentrations of these heavy metals have
exceeded their permissible limits by 200 to 700%.

In the Northern and Southern Amazon (Napo River sub-basin, Aguarico River, and
Santiago River), in terms of metallic elements, sedimentation, and presence of Hg, it was
determined that there are no differences in these three sub-basins. Elements such as Co,
Ba, Cd, and Hg are the result of oil activity and specifically mark spills. In the northern
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Amazon, there are high levels of Hg in the food chain. There is a potential risk when con-
suming fish due to As and Hg concentrations, since they exceed the limits established by
the World Health Organization; the results indicate that the concentrations of these heavy
metals have exceeded their permissible limits by 100 to 400%. Intoxication is likely espe-
cially in children and pregnant and lactating women [45]. A study of several rivers in the
Nangaritza river basin on exposure in school children residing near gold mining areas
shows clear Hg contamination. Children living in high mountain areas have Hg concen-
trations outside the permissible limits. Thus, this activity causes environmental damage
and a risk to human health [39,40].

In some studies, such as [13,28,39,40], evidence of high Hg contamination is shown
in rivers of Zamora by gold mining [38], which exceeds the permissible limits, both for
drinking water and for the proper development of wildlife. All of the miners interviewed
affirmed that the use of mercury in gold extraction processes is still widespread. None of
them stated that they use the currently recommended method such as cyanidation [57].

Recently, artisanal and illegal gold mining has increased in the northern Amazon
region of Ecuador, specifically in Sucumbios (Cascales), Orellana (Alto Punino), and Napo
(Chontapunta) (Figure 3). Families close to the mining activity, lacking economic income,
are being affected by deforestation and water contamination with Hg. This disrupts their
livelihoods and fishing activities with procedures that affect biodiversity, causing health
impacts and water scarcity. The living costs of nearby communities are not affected. All
this is due to the fact that there are agreements between the communities to keep the costs
of goods and services at a balanced price for all. Economic activities in all the sites ex-
plored with gold mining activity benefit nearby communities in terms of security and road
maintenance; communities without mining do not receive support for forest restoration
or protection of protected areas, and agriculture is affected. The activities that benefit most
Amazonian communities are agriculture, cattle ranching, and fishing. In general, people
mentioned fishing and agriculture (palm, banana, cassava, cacao, and coffee) as their main
livelihood activities and cattle ranching as a secondary source of food and income. House-
holds near artisanal mining activities attribute it as their main source of income, while
most remote indigenous communities perceive it as harmful to their rivers and aquatic
life. This has had a significant impact on the lives of Amazonian communities.
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Figure 3. Illegal mining in the northern Amazon region of Ecuador. (a) Armed forces operations
against artisanal gold mining in Sucumbios (Céscales). (b) Operation and closure of illegal mining
in Orellana (Alto Punino). (c) Impacts of illegal gold mining in Napo (Chontapunta).

The harmful effects of Hg in the southern sector of the Amazon as a result of gold
mining have intensified since the 1980s, when artisanal gold mining began to develop [13].
Although in this region ASLGM generates important economic values, it also causes var-
ious types of contamination [41]. Zamora Chinchipe is the largest generator of gold min-
ing economy. Most of the gold extraction originates from artisanal and small-scale mining
[13,41]. The geology of the site, which is rich in polysulfide and metamorphic rocks, may
be the reason for the presence of Hg. However, Hg concentrations in the soils of the Yacu-
ambi River exceed normal concentrations. This is due to the constant use of Hg as amal-
gam in gold mining processes [41]. The environmental changes caused by artisanal gold
mining in the Nambija district because of Hg register high contamination by this metal,
while soil erosion increases Hg concentrations of sediments in the different aquatic eco-
systems of the Nambija stream and river [13,39]. This not only represents a serious risk to
the health of the organisms and plants that live in the water, but also represents a threat
to the people who use the ecosystem services of the water bodies.

Interviews and field observations identified that environmental impacts on soils and
water resources are caused by the recurrent inadequate discharge of sediments from gold
mining. In addition, mining activity affects water resources, natural landscapes, and
fauna, being the aspects that have suffered the greatest impact [65]. These forms of con-
tamination are: (1) infiltration of contaminants into the soil from mining extraction; (2)
illegal dumping of toxic substances (Hg) into bodies of water; (3) infiltration of toxic sub-
stances from mine tailings; (4) infiltration of toxic substances into the soil from mining
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tailings; (5) soil erosion from mining activities; (6) soil erosion from mining tailings; (7)
soil erosion due to land-use changes.

Parish authorities, miners, and residents say that gold mining activity has been grad-
ually damaging environmental problems. This is related to drastic changes in the land-
scape (land use modification, soil erosion, relief modification, river patterns, deforesta-
tion). The biotic and abiotic components are more affected as a consequence of using ru-
dimentary techniques in the extraction processes and the use of Hg as the main element
in gold mining processes [66]. Mining activities also affect the flora, fauna, and microbiota
present in soils and water bodies. This is due to the inability to adapt to toxic environ-
ments in mining areas.

3.1.2. Challenges of Gold Mining in the Ecuadorian Amazon Zone

ASLGM represents a great economic contribution to the country; however, it harms
the health of the communities and generates environmental problems [50,64]. After ana-
lyzing the history and current situation in the Ecuadorian Amazon, the environmental
and social damages were shown to be greater than the economic benefits; however, this
activity has increased internationally due to the increase in the price of gold, with greater
legal and illegal mining activity in the COVID-19 pandemic. The authorities responsible
for mining control should focus their efforts on enforcing mining regulations in a scenario
that reduces environmental and socioeconomic impacts and is beneficial to communities
near mining. The pandemic has modified the growth of illegal mining, and although the
activities are not properly controlled and sanctioned, it is possible to analyze and propose
essential measures that will improve artisanal and industrial mining activity in the future.
In the case of artisanal mining, communities are being affected by amalgams (Hg), i.e.,
affecting their health and livelihoods (tailings and river contamination, Hg contamination
of aquatic biodiversity), where indigenous peoples are the most dissatisfied. In addition,
the IWNMAs affect the amount of natural vegetation and runoff rates. While Ecuador is
theoretically more environmentally conscious than other countries, its political, economic,
and functional challenges limit the country from effectively implementing these measures
in practice.

Due to a lack of understanding of the impact of the ASLGM, lack of clarity in the
policy framework, and limited resources, Ecuador’s controls and compliance have failed.
This allows for rethinking new alternatives to reduce environmental and socioeconomic
impacts. When the usual methods of pollution and hazard control are difficult to imple-
ment, knowledge is a viable strategy [67]. It is a new opportunity that, by rebuilding it,
the sector will be better, more sustainable and inclusive, and the benefits of gold mining
will be shared more widely and fairly. It is important that the authorities in Ecuador’s
Amazon region are interested in strengthening dialogue and cooperation with communi-
ties.

Environmental and socio-economic problems, such as deforestation, river contami-
nation, health, loss of livelihoods among others, coupled with a history of Hg impacts and
the current situation in the Amazonian area of Ecuador, is perhaps one of the biggest chal-
lenges for the sector and governments. To address this challenge, the strategies based on
this study on the history, current situation, and expert judgment could be used in combi-
nation with existing regulations to strengthen fundamental aspects (Table 7). If commu-
nities near gold mining are aware of the unavoidable risks, they are more likely to advo-
cate for improvements in legislation, regulation, toxic waste management, and remedia-
tion.
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Table 7. Suggested measures to improve the ASLGM in the Ecuadorian Amazon.

(@) Improve enforcement of existing regulations by strengthening the central authority
responsible for oversight of mining activities.

(b) Promote local government and public participation in environmental management.

(c) Facilitate the reorganization of small companies into large companies that are
strong enough to maintain reasonable environmental and exploration obligations.

Authorities should focus efforts on creating new policies to take advantage of the
potential of mineral resources in the Amazon region between Ecuador in a sustainable
and balanced manner. The legal classification of gold mining in Ecuador allows for the
possibility of an organization of miners. This could facilitate efficient communication be-
tween mining representatives, miners, regulators, and the community to promote greater
awareness of the impacts of ASLGM. However, increasing gold prices and impacts are
leading to changes in policies and the way mining activities work. Artisanal and industrial
gold miners around the world are increasingly trying to improve and easily apply new
technologies and techniques that regulate excessive pollution to the environment [68].
Therefore, training the mining sector to use more efficient technologies will likely result
in more efficient plants, less pollution, reduced socio-economic impacts, and the comfort
of communities that depend on agricultural and fishing activities for their livelihoods and
economy.

4. Discussion

In this study, the literature review and field work have shown evidence of possible
future implications on environmental and socio-economic impacts as a result of gold min-
ing activities [20,69]. The Peruvian, Colombian, Ecuadorian, and Brazilian Amazon share
similar impacts from Hg emissions in ASLGM activities. The extraction processes and the
large extension of detected gold mining areas generate contaminants such as Hg for fresh
water, concern for its environmental impacts, and socioeconomic problems in local com-
munities in the Ecuadorian Amazon [70-72]. Studies show that the Ecuadorian Amazon
is more prone to serious irreversible damage to the environment, which has serious effects
on aquatic ecosystems and biodiversity. New mining technologies and techniques should
be the priority to reduce these impacts in the Ecuadorian Amazon region.

The recent impacts of ASLGM and the large extension of gold mining areas are dam-
aging Amazonian ecosystems [71] and are of concern to local communities [72]. It is nec-
essary to know the expansion of ASLGM over time to take measures that benefit stake-
holders. On the other hand, ASLGM must improve the coexistence, agreements of the
communities close to this activity, as a key policy to change in the future. This will allow
ASLGM to prosper at the level of environmental, economic, and social care, linked to the
development of the country. It is necessary to expand knowledge about gold mining in
terms of the impacts caused by this activity in order to improve political and environmen-
tal management.

The results show the lack of control and enforcement of the law against illegal arti-
sanal gold mining activities, and this highlights the little evidence that exists in the litera-
ture on good practices of the law or affected by corruption. If mining activity is illegal,
local authorities should enforce the law and close the mines. However, illegal gold mining
activity still persists. Action should be taken to avoid river pollution and health risks when
consuming fish [73]. It is important to take advantage of information to help communities
being affected by illegal activities. In addition, future decisions should be made on the
effectiveness and proper enforcement of the law to reduce illegal environmental activities
and address issues of voluntary compliance with stricter regulations or policies. Finally,
it is important to highlight that the conditions and perception of artisanal, small-scale, and
industrial mining by communities in the area of influence is similar to what is reflected in
studies carried out in other countries such as Brazil [33], Colombia [74,75], Peru [32],
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Ghana [31], and Zambia [76], where it has caused are health problems, conflicts, and en-
vironmental impacts.

5. Conclusions

The results show that mining activity in the Ecuadorian Amazon region has increased
over the last four decades. At first, it was an artisanal and subsistence mining activity,
which was complementary to other activities, but between 1980 and 2000, a greater num-
ber of family groups came to this region tempted by the stories of the large quantities of
gold available. Since then, illegal ASGM activities have increased, with a higher percent-
age in the south (Zamora Chinchipe and Morona Santiago) and north (Sucumbios and
Napo). On the other hand, it is important to note that during the government of Rafael
Correa (2007-2017), that is, in the last decade, large-scale mining was normalized and
strengthened. Thus, at present, the total number of legalized concessions in all its forms
amounts to 1462 in the Amazon region. Faced with this increase in ASGM and large-scale
gold mining activity, the government has promoted the creation of new institutions, pol-
icies, and laws with the objective of controlling mining activity and reducing socio-envi-
ronmental impacts. However, when it comes to evaluating and in reality, it is evident that
the number of provincial and local government personnel for the control and monitoring
of these activities, including managers and technicians, does not exceed 10 people per
province in the Amazon region. In other words, there is evidence of a serious problem:
the state is incapable of properly controlling and monitoring ASGM and large-scale min-
ing activities. From the community and sectoral leaders’ perspective, they believe that the
state is not capable of ensuring the conservation and good living of the people linked to
mining activities.

Historically, socio-environmental problems due to ASGM and large-scale gold min-
ing activities have been increasing, and this is reflected in the evidence of heavy metal
contamination of water bodies, atmosphere and soil. Additionally, from the perspective
of 100% of the stakeholders interviewed, they are aware of the impact on the natural en-
vironment, and they do not have evidence or documentation, but the changes in the phys-
ical conditions of water due to erosion on riverbanks and deforestation have affected their
livelihoods and cost of living, as well as a shortage of water affecting their daily lives.

Given the socio-environmental problems in gold mining due to the indiscriminate
use of Hg, an element that is prohibited in the country, it is necessary to establish measures
to help reduce the environmental and social impact of this activity. One of the measures
that should be applied by the state and its institutions is education and counseling on
ASM gold mining, focusing on the implications for health and possible diseases. In addi-
tion, there should be socializing that teaches that the use of other processes and technolo-
gies would allow for a greater use of gold compared to Hg. With respect to large-scale
gold mining, it is considered necessary to strengthen the control institutions and carry out
proper follow-up control in order to enforce compliance with their environmental man-
agement plans.

The results of this research provide interesting data from the perspective of the stake-
holders in the gold mining activity in the Ecuadorian Amazon, for managers and as a basis
for further research. The main limitations in the research process were the difficulty to
mobilize and enter the communities due to the pandemic situation of COVID-19 and the
conflictive nature of having contact with miners and local residents to access interviews.
Finally, further research is encouraged to evaluate the concentration of heavy metals in
surface and subway water bodies, as well as an analysis of the conflicts caused by ASM
and large-scale mining.
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