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Abstract

Introduction: This study reviewed the negative impacts of artisanal small-scale
gold mining (ASGM). This paper presents an examination of ASGM's impact on
health, with the scope of discussion covering human diseases and disorders, toxic
substances, public and miners’ safety, environmental damage, socioeconomic
conditions. This study contributes mitigation recommendations for ASGM in
Indonesia. This research subject is important because there has not been an
ASGM study that has reviewed these aspects in Indonesia. Discussion: Chronic
diseases, acute diseases, infectious diseases, and disabilities can threaten local
communities’ health and survival. Toxic heavy metals such as mercury, cadmium,
arsenic, and lead are difficult to avoid in ASGM, since they have a high level
of use. Other pollutants generated by ASGM are noise and silicia dust. ASGM
has caused accidents with a total of 36 minor injuries, an estimated 57 serious
injuries, and 11 deaths. ASGM also causes water; soil, and air pollution, it is a
threat to the geology of world heritage sites. ASGM has been proven to improve
the community's economy in several parts of Indonesia. Conclusion: ASGM has
proven to have a significant impact on public health, environmental sustainability,
and the socioeconomic state of Indonesian society. In general, the lack of ASGM
legitimization in Indonesia is an enabling factor for these impacts.

INTRODUCTION

communities (4-5). In general, ASGM miners operate

Artisanal Small-Scale Gold Mining (ASGM) has
experienced growth and development globally. This is in
line with the increasing price and scarcity of minerals,
as well as an increase in miners. In 2017, there were
40.5 million ASGM miners, compared to only 30 million
in 2014 (1). Indonesia is a country with large amounts of
metal content. It is a recognized gold producer with total
production reaching 130 tons in December 2020 (2-3).
ASGM does have a big role in supporting a country’s
economy. ASGM is defined as gold mining activities
that are owned or carried out by individuals or local

Cite this as :

without having a license or certificate that supports
environmental health sustainability. For example,
mining activities are carried out in protected forest
areas, conservation areas, and even some areas near
settlements. As a result, these activities can have an
impact on the environment and local communities (5).
The gold mining and extraction process requires
at least four steps. The first step is the process of
extracting gold ore at a predetermined location, which can
be in the form of soil, rock, and surrounding tributaries.
The excavation process can be carried out directly or on
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former industrial mine excavations (6). In the second
step, gold ore is processed and concentrated using the
gravity method. Then, mercury compounds are added
to form a gold-mercury amalgamation. In the third step,
the amalgam is burned to remove mercury through the
evaporation process. In the last step, the combustion
result is a gold alloy with a high purity level, which will
continue to the refinement process (7). The mining
process produces waste from burning gold ore with the
addition of heavy metal (mercury) and liquid (in the form
of leachate from the sale of the amalgam). In addition to
the mercury used in ASGM, cyanide is also still found
and used in gold mining activities. Cyanide is used in
the cyanidation process. The gold extraction method is
also very dangerous for public and environmental health.
In addition to these, chemicals such as thiocyanate,
thiourea, and thiosulfate are also used (7). The type of
chemical used inASGM is the mine owner’s responsibility.
Usually, the mine owner will choose cheap chemicals that
can still provide the effectiveness and efficiency of gold
extraction. This is intended to minimize production costs
and get the maximum possible profit. The mine owner’s
ignorance of the dangers posed by these chemicals is
another driving factor for the emergence of public health
problems and environmental damage. The Indonesian
government has not identified the limitations of safe
chemical alternatives in ASGM. The use of mercury
and other toxic substances has indeed been banned by
the Indonesian government through the Regulation of
the President of the Republic of Indonesia number 21
of 2019 and Regulation of the Indonesian Ministry of
Environment and Forestry number 81 of 2019.

Such gold refining processes harm public health
and the environment. In addition to mercury, other
heavy metals such as lead, cyanide, arsenic, cadmium,
and cobalt are also commonly used. The amalgam’s
evaporation process is a contamination source for
toxic materials that are harmful to public health. These
materials can cause damage to the nerves, kidneys,
digestion, and immunology (8). In addition, miners
often neglect the use of personal protective equipment
during the mining process. As a result, miners can have
work accidents, such as falling from a height, resulting
in serious injuries, lacerations, and amputations (6). It
is estimated that there are 10-18 million ASGM miners
worldwide, a third to half of whom are women and children
(specifically 5 million child miners) (5,9). This can happen
because children have a smaller body size than adults,
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making it possible for them to enter small gold mining
pits. These conditions can allow for hazards that threaten
these children’s safety and health. In 2020, 592 deaths
due to ASGM were reported (10). This study focused
on reviewing the negative impacts of ASGM. This paper
presents an examination of ASGM’s impact on health,
with the scope of discussion covering human diseases
and disorders, toxic substances, publicand miners’ safety,
environmental damage, and socioeconomic conditions.
This study contributes mitigation recommendations for
ASGM in Indonesia. This research subject is important
because there has not been an ASGM study that has
reviewed these aspects in Indonesia.

DISCUSSION

This study is a review with a narrative approach.
A narrative review was used to identify the dangers
posed by ASGM to human diseases and disorders, toxic
substances, public and miners’ safety, environmental
damage, and socioeconomic conditions. In this study,
there were no research questions or hypotheses; this
study’s output of results will serve as a reference for
further research. The data used were sourced from
articles published in the SCOPUS and Google Scholar.
The selected articles contained the keywords artisanal
small-scale gold mining, environment, health, and safety
of miners. The inclusion criteria for the articles were
those published between 2018 and 2022; those that
had themes related to ASGM; those that mentioned
hazards to public health and environmental damage;
those that could be downloaded in full; and those that
did not use the review method. Narrative reviews do not
have specific requirements or protocols for the article
screening process (11); therefore, Figure 1 below shows
this study’s article screening process,

From the article screening process, a total of 36
articles were obtained to be used as review material.
The articles met the specified inclusion criteria. A total
of 17 articles were used to review the human diseases
and disorders aspect. A total of four articles were used
to review the toxic substances aspect. A total of four
articles were used to review the public and miners’ safety
aspect. A total of eight articles were used to review the
environmental damage aspect. A total of five articles
were used to review the economic and social aspects.
The findings from the article review are presented in
Table 1 below.
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SCOPUS Google Scholar
(n=430) (n=134)

A 4 v
Using keywords: artisanal small-scale gold mining, health, environment, safety miners,
economic and social (n = 564)

The final screening

of articles based on Inclusion criteria:
inclusion criteria 1. 2018-2022 publications
(n=36) 2. Having related themes such as artisanal small-scale gold
mining, hazards to public health, and environmental
damage

3. Downloading full articles
4. The article not using the review methods

Figure 1. Article Screening Flowchart 2018-2022 from Online Databases

Table 1. Results of Reviewed Aspects of Articles Published between 2018-2022

Aspects Reviewed Study Finding Reference

1. Malaria is most reported infectious disease in Venezuela, Brazil, French Guiana, and Sudan because of artisanal
small-scale gold mining. Brazil has also reported other diseases such as hantavirus and yellow fever. Meanwhile, (12-19)
French Guiana reported another disease, namely measles.

2. Noise pollution from the use of tools for artisanal small-scale gold mining that exceeds the threshold value can

. . R LS. 20-22
cause hypertension, hearing loss, social effects, and even disability. (20-22)

Disease and disorder in

human . Some artisanal small-scale gold mining in Indonesia harms public health. For example, the outbreak of chronic

and acute diseases. In Indonesia, illegal artisanal small-scale gold mining in the North Lebong Sub-district,
Lebong Regency, Bengkulu Province led to impaired lung function, coughing, and tuberculosis in the community.
Artisanal small-scale gold mining in Merangin, Sarolangun, Bungo, and Tebo, Jambi Province affected pregnant
women and children around the location, thereby suffering from impaired child development and permanent
disability.

(23-28)

—_

. Studies show 15% of artisanal small-scale gold mining worldwide produces 40% mercury pollution. Apart from
being a toxic material for humans, mercury is also a toxic material for ecology. As reported in a study, mercury
was identified with a concentration of 1.4 g/g in the leaves of plants growing around the mine. Plants around (28-29)
artisanal small-scale gold mining in Rarowatu and Rarowatu Utara Bombana Districts were contaminated with

Toxic substances mercury with a concentration of 9.9 + 14 g/g d.w.

2. Other toxic metals used in artisanal small-scale gold mining are cadmium, arsenic, and lead. Cadmium, arsenic,

and lead help in gold exploration geochemistry and produce gold with a good level of purity. (30)

3. Silica dust was discovered during the crushing process of artisanal small-scale gold mining for hard rock. 31)

—_

. The Indonesian Ministry of Energy and Mineral Resources reported a total of 36 minor injuries, an estimated
57 serious injuries, and 11 deaths in Indonesia in 2021. Work accident data on artisanal small-scale gold mining (2,32)
reported in 2021 showed 25 miners who suffered injuries and 25 work-related accidents.

. Psychosocial hazards also threaten the safety of the public and miners. Psychosocial threats such as prostitution,
criminalization, violence, substance abuse, and the displacement of indigenous peoples. These threats certainly (33-34)
affect the quality of life of the public and miners.

Public and mining safety

—_

. Water pollution is one of the environmental damages caused by artisanal small-scale gold mining. In Indonesia,
several rivers such as the Sekonyer river basin, Central Kalimantan; Kayeli Bay, Kayeli Bay Sub-district, Buru
Regency, Maluku Province; and the Batanghari River, Dharmasraya Regency, West Sumatra were contaminated (35-37)
with mercury. High concentrations of mercury in water, sediment and aquatic life are the impacts of artisanal
small-scale gold mining.

. Artisanal small-scale gold mining resulted in the loss of 3,900 hectares of land in Madre de Dios, Peru. This
incident happened because of the conversion of land use into mining. The world heritage sites along the Marupa (21,38-40)
and Kahayan rivers, Central Kalimantan, is also threatened by artisanal small-scale gold mining.

Environmental Damage 5

3. The emission of mercury in the air which is also the cause of air pollution is classified into three forms: gaseous

elements, reactive gases, and particulates. @1
1. Artisanal small-scale gold mining in West Nusa Tenggara (Sekotong Island, Lombok) and East Nusa Tenggara
(Taliwang-Sumbawa), was proven to contribute to improving the community’s economy. The mining in North (42-43)

Lebong Sub-district, Lebong Regency, Bengkulu Province did not have a socio-economic impact on the
community, and so did Sulawesi.

2. The existence of artisanal small-scale gold mining has two impacts in various locations, such as in North Lebong
District, Lebong Regency, and Bengkulu Province. The positive impact of the mining is to increase economic (22)
welfare for miners, while the negative impact is the threats to public health and environmental health.

3. Artisanal small-scale gold mining in Pongkor, West Java, did not yet have regulations regarding the labor
system.

Economic and social
aspects

(44)
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Human Diseases and Disorders

Based on the article review results, ASGM
locations were found to have poor access to basic
sanitation and health services such as vaccination
facilities and disease surveillance. Based on eight
articles, malaria was most commonly reported in
Venezuela, Brazil, French Guiana, and Sudan (12-19).
Studies in Guyana showed that 94% of malaria cases
occurred in major gold mining areas. These areas have
small, isolated populations, high malaria densities, and
minimal resources. These cases can be detected with
active surveillance efforts and diagnosis (12). Studies
in Brazil and French Guiana explain that 32.7% (6,390
cases) of malaria cases occurred in rural areas. One of
the rural areas was the gold miner area along the river.
The parasites detected in Brazil and French Guiana
were Plasmodium falciparum (67.8%) and Plasmodium
vivax (27.8%); Plasmodium malariae was also detected,
but the amount found was not significant (0.2%). Slow
diagnosis and treatment were contributing factors to the
spike in cases in Brazil and French Guiana (17). Other
diseases reported included hantavirus, yellow fever,
leishmaniasis, and measles (14-17). Residents who
live around ASGM sites typically do not get vaccinated,
especially the children who are a group susceptible to
infectious diseases. Even though children have received
basic immunizations, a study says that exposure to
mercury and malnourishment can cause a decrease in
the body’s immune system (18-19). Malaria, hantavirus,
yellow fever, leishmaniasis, and measles emergence
in several countries is a warning for Indonesia to be
prepared, especially for areas of Indonesia used for
ASGM. There is a need for regular active disease
surveillance and early diagnosis for gold mine workers
and communities living in mining areas as a form of
disease prevention and control.

Noise pollution comes from the use of engines
and diesel. The use of machinery such as dredges and
excavators for gold mining generates a certain level of
noise. Noise due to the use of equipment that is not
operated properly in ASGM often exceeds the permissible
quality standards. As a result, miners and the surrounding
community will experience hearing problems, decreased
productivity, cognitive issues, chronic stress, and social
problems (20-21). In addition, high noise levels can
cause hypertension, sleep disturbances, and behavioral
changes (22).

In Indonesia, illegal ASGM in North Lebong,
Lebong Regency, Bengkulu has health effects on
the surrounding community in the form of impaired
lung function, coughing, and tuberculosis (23). These
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diseases can occur due to air pollutants, such as silica
dust and airborne particles caused by the gold-making
process. ASGM in Merangin, Sarolangun, Bungo, and
Tebo, Jambi affect surrounding pregnant women and
children’s health, causing impaired child development
and permanent disability (24). Heavy metal usage is a
contributing factor to impaired child development and
permanent disability. The threat of chronic and acute
disease also lurks in gold miners. Chronic diseases
that may occur as a result of ASGM include impaired
liver function, decreased leukocytes, partial or total limb
paralysis, numbness, impaired balance (Parkison’s
disease), depression, emotional fluctuations, memory
decline, and so on. Meanwhile, acute diseases that can
occurinclude acute poisoning, diarrhea, upper respiratory
tract infections, eye diseases, vertigo, and Multisystem
Inflammatory Syndrome in Children (MIS-C) (25-28).

Toxic Substances

Mercury is one of the toxic materials often used in
ASGM processes. Of the total 15% supply of global ASGM
in 2018, it produced 40% of mercury pollution (28). The
United Nations reported Indonesia as the third-largest
mercury producer in the world after China and India. The
use of mercury for mining processes has been restricted
and prohibited based on the Minamata Convention on
Mercury. The Indonesian Ministry of Environment and
Forestry has ratified the convention, which is contained in
the Republic of Indonesia Regulation number 21 of 2019
and Regulation of the Indonesian Ministry of Environment
and Forestry number 81 of 2019. Mercury is classified
as transition metal. The mercury exposure pathway is
through amalgam vapor and leachate, which is emptied
into rivers and contaminates fish (methylmercury). The
highest mercury toxicity can interfere with the nervous
system and the reproductive system. When pregnant
women are exposed to mercury, it can cause impaired
fetal growth and development, spontaneous abortion,
premature birth, low birth weight, and congenital
malformations anomalies (45-47).

Mercury concentrations in the form of gaseous
elements were identified around the gold mining area of
Central Sulawesi, Indonesia with an average of 9,172
ng/m® per 24 hours. This concentration exceeds the
threshold set by the World Health Organization (WHO),
which is 1,000 ng/m3. In Mangkahui Village, Palu City,
mercury is a pollutant that causes indoor and outdoor
air pollution. The mercury concentration in Palu City’s
indoor air has reached 450 ng/m?, while the mercury
concentration in the outdoor air has reached 2,250 ng/m3
(48). Meanwhile, at Site Ain the village of Mangkahui, the
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mercury concentration has reached 196 ng/m?® indoors
and 103 ng/m?® outdoors. At Site B, the indoor mercury
concentration was 238 ng/m® and in the outdoor air, it
reached 279 ng/m3. Apart from being a toxic material to
humans, mercury is also toxic to ecology. As reported in
a study, mercury was identified with a concentration of
1.4 g/g in the leaves of plants growing around the mine.
Plants around ASGM sites in Rarowatu and Rarowatu
Utara Bombana Districts were contaminated with mercury
with a concentration of 9.9 + 14 g/g d.w. (29). This value
is categorized as high-level ecotoxicology (i.e., the value
exceeds 3 g/g). These plants are also used as raw
materials for animal feed. Mercury-contaminated plants
will experience bioaccumulation and biomagnification of
their toxicity when fed to animals.

Other toxic metals used in ASGM are cadmium,
arsenic, and lead. Cadmium, arsenic, and lead help in
gold exploration geochemistry, later producing gold
with a good purity level (30). These metals have toxic
properties. Forexample, lead can cause anemia, stomach
pain, encephalopathy, and even death. Metal arsenic is
a carcinogenic substance which can cause respiratory,
skin, and cardiovascular diseases. Meanwhile, cadmium
exposure can impair kidney functions, the immune
system, the cardiovascular system, and bones (45, 49—
52).

Silica dust in ASGM has also been found in
values above the quality standard. Silica dust is present
due to the crushing process of hard rock during ASGM.
Silica dust in high concentrations will result in respiratory
disorders and cause diseases such as silicosis,
tuberculosis, and lung cancer (31).

Public and Miners’ Safety

In 2020, 592 deaths caused by ASGM were
reported globally. Meanwhile, in Indonesia, the Ministry
of Energy and Mineral Resources reported a total of
36 minor injuries, an estimated 57 serious injuries, and
11 deaths in 2021 (32). The number of cases is the
accumulation of legal and non-illegal gold mining. The
Indonesian Ministry of Energy and Mineral Resources
does not report specific minor injuries, serious injuries,
and deaths from ASGM. Work accident data in ASGM
were reported in 2021; a total of 25 miners suffered
injuries and another 25 had work-related accidents. The
data were obtained from a review article. The article did
not fit into the reviewed articles’ inclusion criteria and did
not include where the data were obtained from; it only
stated that the data were obtained from online news (2).

Psychosocial hazards also threaten public and
miners’ safety. Psychosocial threats include prostitution,
criminalization, violence, substance abuse, and the
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displacement of indigenous peoples (34). These threats
certainly affect the public and miners’ quality of life
(33). Psychosocial threats also contribute to increased
morbidity and mortality among the public and miners.
Lack of awareness and occupational safety and health
regulation enforcement in ASGM is a contributing factor
to psychosocial threats.

The psychosocial threats that occur cannot be
separated from the applicable regulations. Currently,
top-down regulations are enforced, which means that
lower-level gold mining activities are not monitored or
covered by the regulations. Top-down regulations lead
to a lack of availability, financing, health insurance, and
health services (promotive, preventive, and curative).
The absence of financial, social, and formal employment
contracts also threatens the welfare of small-scale gold
mining establishments’ owners or workers (53).

Environmental Damage

Apart from humans, the biotic (animals, plants,
and other organisms) and abiotic (soil, water, and air)
environments are also affected by ASGM. In Indonesia,
illegal ASGM causes damage to agricultural land. This
happens because of clogged irrigation channels in rice
fields, causing them to become breeding grounds for
mosquitoes, pollute rivers and aquatic biota, and change
soil structure. In the Sekonyer river basin, Central
Kalimantan, the mercury concentration in water and
sediment exceeds the quality standard. This is due to
illegal ASGM which has been operating since 1990 (35).
Besides being found in sediment and water, mercury
has also been found in some shrimp and fish in amounts
that exceed the Environmental Protection Agency (EPA)
requirements (35). In Kayeli Bay, Buru Regency, Maluku,
mercury concentrations in the bay were found to exceed
the quality standard. Due to the bioaccumulation process,
mercury was also found in the leaves and rhizomes of
the seagrass Enhalus acoroides (36). In the Batanghari
River, Dharmasraya Regency, West Sumatra, ASGM
along the river has caused ecosystem damage and
threatened the survival of aquatic biota; high turbidity
levels have caused the river water to no longer be
consumable (37). In the Cikaniki River, Bogor, West
Java, the mercury concentration in the water reached
0.4-9.4 g/L. The highest concentrations were found in
watersheds adjacent to ASGM sites. Hg(0) was found to
be the form of mercury with the highest concentration,
while Methyl Mercury (MeHg) was identified in lower
concentrations. This shows that ASGM does not produce
Methyl Mercury (MeHg) waste, but produces mercury
waste in the form of Hg(0) (54). ASGM has proven to
threaten the environment’s resilience and sustainability.
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Damage to the Indonesian aquatic environment in the
form of water pollution, irrigation dams, and land and
agriculture damage has occurred due to ASGM. Access
to clean water has also been disrupted; people living
around the mine have difficulty accessing clean water.
On the other hand, mining activities are the people’s
livelihood (55-56).

Soil pollution can also occur due to ASGM.
In Madre de Dios, Peru, ASGM resulted in the loss of
3,900 hectares of land (38). This happened because the
land was converted for mining activities. Deforestation
is a possible cause of the El Nifio Southern Oscillation
climate phenomenon (ENSO) in the Amazon; there are
fluctuations in rainfall due to these activities. ENSO is one
of the climate phenomena that can also cause climate
change. Fluctuations in the Amazon cause flooding. This
is because the Amazon is a rainforest. Besides having
an impact on residents around the Amazon, flooding
can also disrupt mining activities (21). In Indonesia, the
geology of world heritage sites along the Marupa and
Kahayan Rivers in Central Kalimantan is threatened by
ASGM. Indonesia’s unique biodiversity and geology are
threatened with damage to forests, watersheds, and
mountains (39). This is because ASGM owners and
miners often disturb protected places such as national
parks (40). It is projected that ASGM produces 57.5%
of mercury pollution in the air, 15.5% in water, and
14% in soil or sediment (57). In addition to the mercury
residue found in aquatic biota, pesticide residues have
also been found in plants and animals around the mine.
Mercury residue was identified in forests and paddy
fields in concentrations of 0.07-16.7 and 0.4-24.9 g/qg,
respectively. Meanwhile, MeHg was identified in lowland
soil in concentrations of 0.07-2 g/kg and 0.07-56.3 g/
kg. People who eat plants, animals, or fish contaminated
with  mercury will undergo bioaccumulation and
biomagnification, causing the highest mercury residue to
exist in humans and affecting their health.

Mercury emission in the air, which is also a cause
of air pollution, is classified into three forms: mercury in
the form of gaseous elements, mercury in the form of
reactive gases, and mercury in the form of particulates
(41). Gaseous mercury from ASGM is the highest source
of mercury pollution in the air. Gaseous mercury has
high kinetics, meaning it can travel very long distances
in the air and residue can be found in the treetops and
forest leaves (58). As reported by the United Nations
Environment Program (UNEP) in 2018, globally mercury
emissions released into the air reached 838 tons. East
and Southeast Asian countries contributed greatly to
the release of mercury emissions in the air (214 tons)
(28). Indonesia was included in this group of countries,
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specifically the Central Sulawesi region (48).

Economic and Social Impact

As reported by the United Nations Development
Program (UNDP), as many as 300,000 miners in
Indonesia depend on ASGM (59). ASGM owners can
produce up to 70% gold at prices above international
standards. Due to this, people in rural areas consider
ASGM a way out of poverty (60). ASGM miners mostly
consist of farmers and fishermen that work part-time to
supplement their income. Some communities rely on
ASGM as their main source of livelihood. ASGM in West
Nusa Tenggara (Sekotong Island, Lombok) and East
Nusa Tenggara (Taliwang-Sumbawa) has been proven
to contribute to improving the community’s economy
(42). This is isnversely proportional to ASGM in the North
Lebong Sub-district, Lebong Regency, Bengkulu, where
the mines do not have a socioeconomic impact on the
community (22). ASGM in Sulawesi does not have a long
or large economic impact on the community (43).

ASGM has two impacts in North Lebong, Lebong
Regency, Bengkulu. The positive impact is increased
economic welfare for miners, while the negative impact
is the threat to public and environmental health (22).
Even though the mines in the area have a positive
impact, the residents living around the location do not
receive compensation or benefits. Instead, the residents
experience the negative impact of environmental
damage. ASGM'’s benefits are directly proportional to
environmental damage, social vulnerability, and injustice
(social security disruption and corruption) (44). ASGM
must have an operating license to anticipate its impacts,
including the provision of profit-sharing for residents
living around the mine (22). The community’s economy
in the Dharmasraya Regency, West Sumatra has proven
to have improved dramatically, especially for mining
owners. Mining facilities cause social inequality; the rich
will get richer by getting continuous profits, while the
poor will get poorer because of these activities’ various
impacts (37).

Human resource management in illegal ASGM
varies and has no (subjective) standards. For example,
ASGM in Pongkor, West Java, does not yet have
regulations regarding the labor system (44). Based on
ethnographic research conducted in Pongkor, West
Java, all artisanal small-scale gold mining operations
have been illegal over the past 25 years. Local gold
development occurs dynamically and is closely tied to
the surrounding communities’ lives. Gold production is
closely aligned with fluctuating socio-natural factors, local
geology, the global financial crisis, and technological
innovation demands. In addition, the ASGM wage
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system does not refer to the regulations that should be
set by the Indonesian Ministry of Manpower. In Pongkor
gold mining, labor in the extractive section is paid using
ore wages, while labor in the downstream section is
paid monetarily. The division of gold ore and money to
labor certainly fluctuates based on the mining results.
Miners have the possibility of not being paid if they do
not get anything from the mining process. However, if
they produce good results, they can get paid up to one
million rupiah per week or five million rupiah per day. The
absence of a labor system gives workers huge losses,
such as not getting health insurance, employment
insurance, and proportional workload.
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CONCLUSION

ASGM can impact miners or the surrounding
community’s health. Chronic, acute, and infectious
diseases and disabilities can threaten local communities’
survival and health. This can happen due to the absence
of health facilities, thus hindering optimal promotive,
preventive, curative, and rehabilitative efforts. The use of
toxic materials such as metals or heavy metals is difficult
to avoid in ASGM. This is especially true for mercury,
which has a high level of use. These toxic materials
can have an impact on public and environmental health
around the mine. Depending on the use of heavy metals
in the mining process, miners do not use personal
protective equipment, which is caused by the absence
of compensation or profit-sharing with the community.
ASGM has caused accidents with a total of 36 minor
injuries, an estimated 57 serious injuries, and 11 deaths.
This is because illegal mining does not require a health
safety license or supervision. ASGM also causes
environmental damage. Water, soil, and air pollution
threaten the geology of world heritage sites. This can
happen due to lack of environmental maintenance. For
example, there is no budget for repairs or maintenance
of environmental sustainability. ASGM has been proven
to improve the community’s economy in several parts
of Indonesia, but it is also directly proportional to health
risks, environmental damage, and social vulnerability.
This happens because there is no profit sharing between
the mine owner and the affected community.

The Indonesian government should supervise
ASGM, especially when it comes to the existence and

105

Vol. 15 No.2 April 2023 (99-108)

operation of occupational safety and health systems
or procedures. In addition to ensuring mine owners
compliance in providing access to healthcare for
their workers, the government needs to facilitate and
develop a management system, especially in sectoral
participation. The government must reduce the crime rate
atoraround the mine. They should establish multisectoral
collaboration in the equity of health facilities. In addition,
the government needs to ratify these mines legitimacy to
maintain public health and environmental sustainability
to protect vulnerable groups. The government must
enforce and discipline international conventions, such as
the Basel Convention, the Stockholm Convention, and
the Minamata Convention on Mercury. The government
must adopt the International Labour Organization (ILO)
regulations. The government must facilitate miners
and mine owners in integrating access to health.
The government should increase marketing to allow
local ASGM production to enter and compete in the
international market.

ASGM owners have a responsibility to create a
safe and secure working environment for their workers.
Miners must use personal protective equipment and
comply with work safety and environmental sustainability
procedures. Mine owners must carry out corporate social
responsibility.

REFERENCES

1. Fritz M, McQuilken J, Collins N, Weldegiorgis F.
Global Trends in Artisanal and Small-Scale Mining
(ASM): A Review of Key Numbers and Issues.
Winnipeg: International Institute for Environment
and Development; 2018. 1-91 p. htips://www.iied.
0rg/g04266?k=mining

2. Meutia AA, Lumowa R, Sakakibara M. Indonesian
Artisanal and Small-Scale Gold Mining-A
Narrative Literature Review. International
Journal of Environmental Research and Public
Health. 2022;19(7):1-28. https://doi.org/10.3390/

ijerph19073955

3. CEIC. Indonesia Gold Production. Jakarta: CEIC
Data; 2019. https://www.ceicdata.com/en/indicator/
indonesia/gold-production

4.  Ministry of Forestry and Environment of Republic of
Indonesia. Grand Design, Mercury Reduction and
Elimination in Small Scale Gold Mining. Jakarta:
Ministry of Forestry and Environment of Republic of
Indonesia; 2017. http://sib3pop.menlhk.go.id/index.
php/articles/view?slug=pertambangan-emas-
skala-kecil-pesk

5.  Mhlongo SE, Amponsah-Dacosta F, Muzerengi
C, Gitari WM, Momoh A. The Impact of Artisanal
Mining on Rehabilitation Efforts of Abandoned Mine
Shafts in Sutherland Goldfield, South Africa. Jamba:
Journal of Disaster Risk Studies. 2019;11(2):1-7.
https://doi.org/10.4102/jamba.v11i2.688




Jurnal Kesehatan Lingkungan/10.20473/jkl.v15i2.2023.99-108

10.

1.

12.

13.

14.

15.

16.

Esdaile L, Chalker J. The Mercury Problem in
Artisanaland Small-Scale Gold Mining. Chemistry—A
European Journal. 2018;24(7):6905-6916. https://
doi.org/10.1002/chem.201704840

Basu N, Horvat M, Evers DC, Zastenskaya I, Weihe
P, Tempowski J. A State-of-the-Science Review
of Mercury Biomarkers in Human Populations
Worldwide between 2000 and 2018. Environmental
Health Perspectives. 2018;126(10):1-14. https://
doi.org/10.1289/EHP3904

Cossa H, Scheidegger R, Leuenberger A, Ammann
P, Munguambe KR, Utzinger J, et al. Health
Studies in the Context of Artisanal and Small-
Scale Mining: A Scoping Review. International
Journal of Environmental Research and Public
Health. 2021;18(4):1-24. https://doi.org/10.3390/

ijerph18041555

Human Rights Watch. Precious Metal, Cheap
Labor: Child Labor and Corporate Responsibility
in Ghana’s Artisanal Gold Mines. New York:
Human Rights Watch; 2015. https://www.hrw.org/
report/2015/06/10/precious-metal-cheap-labor/
child-labor-and-corporate-responsibility-ghanas

Demiris G, Oliver DP, Washington KT. Behavioral
Intervention Research in Hospice and Palliative
Care, Building and Evidence Base: Chapter 3 -
Defining and Analyzing the Problem. Cambridge:
Academic Press; 2019. 27-39 p. https:/doi.
org/https://doi.org/10.1016/B978-0-12-814449-
7.00003-X

Grillet ME, Moreno JE, Hernandez-Villena J V,
Vincenti-Gonzalez MF, Noya O, Tami A, et al.
Malaria in Southern Venezuela: The Hottest
Hotspot in Latin America. PLoS Neglected Tropical
Disease. 2021;15(1):1-18. https://doi.org/10.1371/
journal.pntd.0008211

Arisco NJ, Peterka CRL, Castro MC. Cross-
Border Malaria in Northern Brazil. Malaria Journal.
2021;20(135):1-13. https://doi.org/10.1186/
$12936-021-03668-4

Souza Neto HF de, Pereira WV da S, Dias YN,
Souza ES de, Teixeira RA, Lima MW de, et al.
Environmental and Human Health Risks of Arsenic
in Gold Mining Areas in the Eastern Amazon.
Environment Pollution. 2020;265(Pt B-114969):1-
13. https://doi.org/10.1016/j.envpol.2020.114969

Ducharme O, Simon S, Ginouves M, Prévot G,
Couppie P, Demar M, et al. Leishmania Naiffi
and /ainsoniin French Guiana: Clinical Features and
Phylogenetic Variability. PLoS Neglected Tropical
Disease. 2020;14(8):1-17. https://doi.org/10.1371/
journal.pntd.0008380

Sulaiman AA, Elmadhoun WM, Noor SK,
Almobarak AO, Bushara SO, Osman MM, et al.
An Outbreak of Measles in Gold Miners in River
Nile State, Sudan, 2011. East Mediterranean
Health Journal. 2020;26(2):152-160. https://doi.
0rg/10.26719/2020.26.2.152

Tergas-Trettel ACP, Oliveira EC de, Fontes CJF,
Melo AVG de, Oliveira RC de, Guterres A, et al.
Malaria and Hantavirus Pulmonary Syndrome

106

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Vol. 15 No.2 April 2023 (99-108)

in Gold Mining in the Amazon Region, Brazil.
International Journal of Environmental Research
and Public Health. 2019;16(10):1-11. https://doi.
org/10.3390/ijerph16101852

da Cruz Franco V, Peiter PC, Carvajal-Cortés JJ,
dos Santos Pereira R, Mendonga Gomes M do S,
Suarez-Mutis MC. Complex Malaria Epidemiology
in an International Border Area between Brazil
and French Guiana: Challenges For Elimination.
Tropical Medicine and Health. 2019;47(24):1-12.
https://doi.org/10.1186/s41182-019-0150-0

Egmann G, Tattevin P, Palancade R, Nacher
M. Prehospital Emergencies in lllegal Gold
Mining Sites in French Guiana. Wilderness &
Environmental Medicine. 2018;29(1):72—77. https://
doi.org/10.1016/j.wem.2017.09.008

Clark C, Paunovic K. WHO Environmental Noise
Guidelines for the European Region: A Systematic
Review on Environmental Noise and Quality of
Life, Wellbeing and Mental Health. International
Journal of Environmental Research and Public
Health. 2018;15(11):1-27. https://doi.org/10.3390/

ijerph15112400

Eriksson C, Pershagen G. Biological Mechanisms
Related to Cardiovascular and Metabolic Effects by
Environmental Noise. Copenhagen: WHO Regional
Office for Europe; 2018. 1-18 p. https://apps.who.
int/iris/handle/10665/346548

Kahhat R, Parodi E, Larrea-Gallegos G, Mesta C,
Vazquez-Rowe |. Environmental Impacts of the Life
Cycle of Alluvial Gold Mining in the Peruvian Amazon
Rainforest. Science of the Total Environment.
2019;662(1):940-951. https://doi.org/10.1016/].
scitotenv.2019.01.246

Trimiska L, Wiryono W, Suhartoyo H. Kajian
Penambangan Emas tanpa lIzin (Peti) di Kecamatan
Lebong Utara Kabupaten Lebong. Naturalis:
Jurnal Penelitian Pengelolaan Sumber Daya
Alam dan Lingkungan. 2019;7(1):1-9. https://doi.
org/10.31186/naturalis.7.1.9259

Guswahyuni SM. Pertambangan Emas tanpa Izin
dan Masalah Public Health dari Anak-Anak yang
Tinggal Disekitar. Berita Kedokteran Masyarakat.
2018;34(5):1. http://dx.doi.org/10.22146/
bkm.37704

Afrifa J, Opoku YK, Gyamerah EO, Ashiagbor G,
Sorkpor RD. The Clinical Importance of the Mercury
Problem in Artisanal Small-Scale Gold Mining.
Frontiers in Public Health. 2019;7(131):1-9. https://
doi.org/10.3389%2Ffpubh.2019.00131

Indah MF, Agustina N, Ariyanto E. Analisis Kadar
Merkuri, Derajat Keasaman dan Faktor Risiko
Kesehatan pada Penambang Emas tanpa Izin di
Kecamatan Cempaka. Buletin Penelitian Kesehatan.
2020;48(4):281-290. https://doi.org/10.22435/bpk.
v48i4.3452

Susanti T, Utami W, Hidayat H. The Negative
Impact of lllegal Gold Mining on the Environmental
Sector in Batang Asai, Jambi. Sustinere Journal of
Environment & Sustainability. 2018;2(3):108-167.
https://doi.org/10.22515/sustinere.jes.v2i3.43




Jurnal Kesehatan Lingkungan/10.20473/jkl.v15i2.2023.99-108

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

Harianja AH, Saragih GS, Fauzi R, Hidayat MY,
Syofyan Y, Tapriziah ER, et al. Mercury Exposure
in Artisanal and Small-Scale Gold Mining
Communities in Sukabumi, Indonesia. Journal of
Health & Pollution. 2020;10(28):1-11. https://doi.
org/10.5696/2156-9614-10.28.201209

United Nations  Environment  Programme.
Global Mercury Assessment 2018. Geneva: UN
Environment Programme; 2018. https://www.
unep.org/resources/publication/global-mercury-
assessment-2018

Basri, Sakakibara M, Sera K. Mercury in Soil and
Forage Plants from Artisanal and Small-Scale
Gold Mining in the Bombana Area, Indonesia.
Toxics. 2020;8(1):1-10. https://doi.org/10.3390/
toxics8010015

Saunders JA, Hofstra AH, Goldfarb RJ, Reed MH.
Geochemistry of Hydrothermal Gold Deposits.
Treatise on Geochemistry (Second Edition).
2014;13(1):383—424. https://doi.org/10.1016/B978-
0-08-095975-7.01117-7

Mensah MK, Mensah-Darkwa K, Drebenstedt C,
Annam B V., Armah EK. Occupational Respirable
Mine Dust and Diesel Particulate Matter Hazard
Assessmentinan Underground Gold Mine in Ghana.
Journal of Health & Pollution. 2020;10(25):1-9.
https://doi.org/10.5696/2156-9614-10.25.200305

Rizaty MA. Jumlah Kecelakaan Kerja di Area
Pertambangan Turun 27,3% pada 2021. Jakarta:
databoks; 2022. https://databoks.katadata.co.id/
datapublish/2022/01/07/jumlah-kecelakaan-kerja-
di-area-pertambangan-turun-273-pada-2021

Becker J, Bose-O’Reilly S, Shoko D, Singo J,
Steckling-Muschack N. Comparing the Self-
Reported Health-Related Quality Of Life (HRQoL)
of Artisanal and Small-Scale Gold Miners and the
Urban Population in Zimbabwe using the EuroQol
(EQ-5D-3L+C) Questionnaire: a Cross-Sectional
Study. Health and Quality of Life Outcomes.
2020;18(253):1-13. https://doi.org/10.1186/
$12955-020-01475-0

Ayanore MA, Amuna N, Aviisah M, Awolu A, Kipo-
Sunyehzi DD, Mogre V, et al. Towards Resilient
Health Systemsin Sub-Saharan Africa: ASystematic
Review ofthe English Language Literature on Health
Workforce, Surveillance, and Health Governance
Issues for Health Systems Strengthening. Annals
of Global Health. 2019;85(1):1-15. https://doi.
org/10.5334/aogh.2514

Hidayanti K. Distribusi Logam Berat pada Air dan
Sedimen serta Potensi Bioakumulasi pada lkan
akibat Penambangan Emas tanpa lzin (Studi
Kasus : DAS Sekonyer, Kalimantan Tengah). Media
lImiah Teknik Lingkungan. 2019;4(1):24-33. https://
doi.org/10.33084/mitl.v4i1.651

Fakaubun FR, Male YT, Selanno DAJ.
Biokonsentrasi dan Bioakumulasi Mercury (Hg)
pada Lamun Enhalus Acoroides di Teluk Kayeli
Kabupaten Buru Provinsi Maluku. [Indonesian
Journal of Chemical Research. 2020;8(2):159—-166.
https://doi.org/10.30598//ijcr.2020.8-frf

Nuzul YA. Dampak Pertambangan Emas lllegal di
Aliran Sungai Batanghari Kabupaten Dharmasraya

107

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Vol. 15 No.2 April 2023 (99-108)

Sumatera  Barat.  Yogyakarta:  Universitas
Muhammadiyah  Yogyakarta; 2018. https:/

www.researchgate.net/publication/325310760

DAMPAK_PERTAMBANGAN_EMAS ILLEGAL

DI_ALIRAN_SUNGAI_BATANGHARI

KABUPATEN _DHARMASRAYA_SUMATERA

BARAT/link/5b04cf12aca2720ba099e3a2/
download

Aranoglu F, Flamand T, Duzgun S. Analysis of
Artisanal and Small-Scale Gold Mining in Peru
under Climate Impacts using System Dynamics
Modeling. Sustainability. 2022;14(12):1-21. https://
doi.org/10.3390/su14127390

Bruno DE, Ruban DA, Tiess G, Pirrone N, Perrotta
P, Mikhailenko A V., et al. Artisanal and Small-
Scale Gold Mining, Meandering Tropical Rivers,
and Geological Heritage: Evidence from Brazil
and Indonesia. Science of the Total Environment.
2020;715(136907):1-13. https://doi.org/10.1016/j.
scitotenv.2020.136907

Puluhulawa FU, Harun AA. Biodiversity Protection
from the Impact of lllegal Gold Mining for
Sustainability. /OP Conference Series: Earth and
Environment  Science. 2020;519(012031):1-7.
https://doi.org/10.1088/1755-1315/519/1/012031

Wongsasuluk P, Tun AZ, Chotpantarat S, Siriwong
W. Related Health Risk Assessment of Exposure to
Arsenic and Some Heavy Metals in Gold Mines in
Banmauk Township, Myanmar. Scientific Reports.
2021;11(22843):1-14. https://doi.org/10.1038/
s41598-021-02171-9

KrisnayantiBD.ASGM Statusin WestNusaTenggara
Province, Indonesia. Journal of Degraded and
Mining Lands Management. 2018;5(2):1077—1084.
https://doi.org/10.15243/jdmIim.2018.052.1077

Erb M, Mucek AE, Robinson K. Exploring a Social
Geology Approach in Eastern Indonesia: What
are Mining Territories? The Extractive Industries
and  Society. 2021;8(1):89-103. htitps://doi.
org/10.1016/j.exis.2020.09.005

Libassi M. Mining Heterogeneity: Diverse Labor
Arrangements in an Indonesian Informal Gold
Economy. The Extractive Industries and Society.
2020;7(3):1036—1045. https://doi.org/10.1016/j.
exis.2020.06.015

Nyanza EC, Dewey D, Manyama M, Martin JW,
Hatfield J, Bernier FP. Maternal Exposure to Arsenic
and Mercury and Associated Risk of Adverse Birth
Outcomes in Small-Scale Gold Mining Communities
in Northern Tanzania. Environment International.
2020;137(105450):1-12. https://doi.org/10.1016/j.
envint.2019.105450

Wyatt L, Permar S, Ortiz E, Berky A, Woods C,
Amouou G, et al. Mercury Exposure and Poor
Nutritional Status Reduce Responseto SixExpanded
Program on Immunization Vaccines in Children:
An Observational Cohort Study of Communities
Affected by Gold Mining in the Peruvian Amazon.
International Journal of Environmental Research
and Public Health. 2019;16(4):1-22. https://doi.
org/10.3390/ijerph16040638

Wang G, Tang W-Y, JiH, Wang X. Prenatal Exposure
to Mercury and Precocious Puberty: A Prospective




Jurnal Kesehatan Lingkungan/10.20473/jkl.v15i2.2023.99-108

48.

49.

50.

51.

52.

53.

Birth  Cohort  Study.
2021;36(3):712-720.
humrep/deaa315
Nakazawa K, Nagafuchi O, Kawakami T, Inoue
T, Yokota K, Serikawa Y, et al. Human Health
Risk Assessment of Mercury Vapor Around
Artisanal Small-Scale Gold Mining Area, Palu
City, Central Sulawesi, Indonesia. Ecotoxicology
and Environmental Safety. 2016;124(1):155-162.
https://doi.org/10.1016/j.ecoenv.2015.09.042

Etiang’ NA, Arvelo W, Galgalo T, Amwayi S, Gura
Z, Kioko J, et al. Environmental Assessment and
Blood Lead Levels of Children in Owino Uhuru
and Bangladesh Settlements in Kenya. Journal of
Health & Pollution. 2018;8(18):1-10. https://doi.
0rg/10.5696/2156-9614-8.18.180605

Zajac L, Kobrosly RW, Ericson B, Caravanos J,
Landrigan PJ, Riederer AM. Probabilistic Estimates
of Prenatal Lead Exposure at 195 Toxic Hotspots In
Low- and Middle-Income Countries. Environmental
Research. 2020;183(109251):1-13. https://doi.
org/10.1016/j.envres.2020.109251

Yabe J, Nakayama SMM, lkenaka Y, Yohannes
YB, Bortey-Sam N, Kabalo AN, et al. Lead
and Cadmium Excretion in Feces and Urine of
Children from Polluted Townships Near A Lead-
Zinc Mine in Kabwe, Zambia. Chemosphere.
2018;202(1):48-55. https://doi.org/10.1016/j.
chemosphere.2018.03.079

Bjorklund G, Tippairote T, Rahaman MS, Aaseth J.
Developmental Toxicity of Arsenic: A Drift from the
Classical Dose-Response Relationship. Archives
of Toxicology. 2020;94(1):67—75. https://doi.
0rg/10.1007/s00204-019-02628-x

Vogel C. Between Tags & Guns: Fragmentations of
Public Authority Around Eastern Congo’s Artisanal
3T Mines. Political Geography. 2018;63(1):94—
103. https://doi.org/https://doi.org/10.1016/j.
polgeo.2017.06.012

Human  Reproduction.
https://doi.org/10.1093/

108

54.

55.

56.

57.

58.

59.

60.

Vol. 15 No.2 April 2023 (99-108)

TomiyasuT,KodamataniH, Hamada YK, Matsuyama
A, Imura R, Taniguchi Y, et al. Distribution of Total
Mercury and Methylmercury around the Small-
Scale Gold Mining Area along the Cikaniki River,
Bogor, Indonesia. Environmental Science and
Pollution Research. 2017;24(3):2643-2652. https://
doi.org/10.1007/s11356-016-7998-x

Andriyanto R, Fitrisia A. Eksplorasi dan Eksploitasi
Penambangan Emas Lebong Donok (Bengkulu)
Tahun 1897-1942. Jurnal Kronologi. 2019;1(3):10—
21. https://doi.org/10.24036/jk.v1i3.13

Rosjadi D, Taufig M. Efektifitas Peranan Kepolisian
dalam Menertibkan Penambangan Emas Tanpa
Izin (Peti) yang dilakukan oleh Masyarakat di
Lahan Penambangan PT Antam Tbk dari Sisi
Pembangunan yang Berkelanjutan. De Rechtsstaat.
2019;5(2):119-128.  https://doi.org/10.30997/jhd.
v5i2.2049

S.D. Gundo I, J.V Polii B, M.L, Umboh J. Kandungan
Merkuri pada Penambang Emas Rakyat. Indonesian
Journal of Public Health Community Medicine
Universitas Sam Ratulangi. 2020;1(3):13-18.
https://doi.org/10.35801/ijphcm.1.3.2020.28867

Crespo-Lopez ME, Augusto-Oliveira M, Lopes-
Araujo A, Santos-Sacramento L, Yuki Takeda P,
Macchi B de M, et al. Mercury: What can we learn
from the Amazon? Environmental International.
2021;146(106223):1-11. https://doi.org/10.1016/j.
envint.2020.106223

Planet Gold Indoneia. Indonesia: Phasing
Out Mercury, Protecting Livelihoods. Jakarta:
planetGOLD; 2022. https://www.planetgold.org/
indonesia

Pratama A. Program Emas Rakyat Sejahtera.
Jakarta: Yayasan Emas Artisanal Indonesia; 2019.
https://pers.no-hg.org/wordpress/wp-content/
uploads/2019/12/e-Newsletter-PERS_Bahasa-
Version_Final_Final.pdf




