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Abstract
Artisanal and small-scale mining (ASM) is one of the top off farm sources of livelihood, causing drastic
environmental and health problems, which, however, has overlooked. This synthesis was aimed to
assess the multidimensional crisis, particularly environmental consequences from the chemical based
ASMs in the aftermath of the devastating war in Tigray. An investigation of audio-visual content released
through media, systematic literature review, as well as field observations and discussions were used to
generate quantitative and qualitative data. Collected data were analyzed using descriptive statistics,
narrative, and content analysis methods. The findings revealed a dramatic increase in illegal, informal
and indirect participation in ASMs. These have evolved into aggressive, land-destructive, and toxigenic
operations involving the widespread use of internationally banned chemicals, particularly mercury (Hg)
and cyanide (CN). This escalation is attributed to the collapse of previously functional systems for
legalizing, formalizing, regulating, and monitoring ASMs. The use of these toxic substances poses
significant environmental threats by disrupting hydrological processes, altering soil dynamics, and
undermining agricultural productivity. Their infiltrations into human and animal bodies are potential to
cause severe health risks. Addressing this complex and multifaceted challenge requires a research-
informed, coordinated, and multi-sectoral approach that carefully balances economic and livelihood
needs with the imperative to protect environmental integrity and public health.

1. Background and Justification
Artisanal and small-scale mineral mining (ASM) can be defined as mineral extraction conducted by
individuals or small enterprises with minimal capital investment, rude tools, and limited technological
inputs, typically resulting in low production. It is one of the non-agricultural livelihoods for an estimated
130–270 million people globally and contributes significantly to foreign exchange earnings, particularly
in Africa, Latin America, and Asia [1, 2]. However, based on the factors, including poor governance, lack
of alternative livelihoods and economic opportunities, limited infrastructures and knowledge, conflict
and instability, and insecure land and resource tenure, the ASM types vary from formal to informal, legal
to illegal, from chemical-based to non-chemical, traditional to modern and other class types. In
particular, armed conflicts and geopolitical unrest at different levels can lead to unsustainable practices,
fostering environmental violations and illegal mining operations [3, 4, 5].

Illegal ASMs cause complex, irreversible, and long-lasting environmental problems, often more severe
than those resulting from other human-induced stressors, with insignificant economic revenues.
Numerous biophysical impacts from illegal ASMs have been reported in different countries, including
deforestation [6], hydrological disturbances [7, 8, 9], soil fertility loss and degradation [10, 11], and loss of
biodiversity [12]. The environmental impacts of chemical-based ASMs are potential to cause direct
physical alterations of land resources and ecosystem degradation; they also result from the harmful
chemicals used in mining processes. Many chemical-based illegal ASMs worldwide use various toxic
substances, including mercury (Hg), cyanides (CN), arsenic (As), sulfuric acid (H₂SO₄), and nitric acid
(HNO₃), to facilitate the extraction of minerals from ores. Different studies [13, 14] have indicated that
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ASM is the leading source of mercury and cyanide contamination. Artisanal and small-scale gold mining
(ASGM) alone releases approximately 410 to 1,400 tons of mercury annually, accounting for 37% of
global emissions [15]. The study by [16] has also reported that the mercury release from mineral mining
exceeded 50%. Other commonly used chemicals, such as cyanides, arsenic, sulfuric acid, and nitric acid,
also pose severe and long-lasting environmental and climate risks [11, 17]. Moreover, illegal ASMs,
particularly those relying on hazardous chemicals, contribute to significant public health and social
problems [18, 19].

Tigray, in northern Ethiopia, is among the world’s regions with a long history of traditional mineral mining.
This practice dates back to the ancient civilizations of the Axumite kingdom (100–940 AD) and the
earlier Yeha Kingdom (10th − 5th century BC [20]. These ancient civilizations were known for their
advanced mining techniques, which laid the foundation for the current mining technologies and shaped
the region’s socioeconomic and cultural structures. Over time, however, traditional mining practices in
Tigray have been significantly influenced, and at times disrupted by the political systems of successive
regimes in Ethiopia. The formal and informal participation of private individuals and entities in ASMs
began widely following the suspension of Ethiopia’s prohibition on private mining in 1991. Since then,
reports indicate that thousands of people, particularly in gold mining, have been involved in ASMs [21,
22]. As a result, ASM has played a crucial role in providing livelihoods for many unemployed citizens and
contributing to Ethiopia’s foreign currency earnings. At the same time, however, ASM has the potential of
degrading environment and affect water sources, soil quality, land stability, and vegetation [22, 21]. It has
also had adverse effects on the underground layers of river systems [23]. Regardless of ASM’s potential
to cause serious environmental, social, and health problems in Tigray, various regulatory, formalization,
and reclamation efforts have been consistently implemented to mitigate its environmental
consequences, with notable progress reported.

However, in early November 2020, war was declared in Tigray, involving the Ethiopian National Defense
Force (ENDF), formal and informal military factions from the Amhara region, the Eritrean Defense Force
(EDF), and other groups [24, 25]. Numerous reports have confirmed that the war has led to breaking long-
standing social institutions and the destruction, burning, and looting of livelihood sources [24, 26, 25].
Moreover, the war has caused extensive environmental destruction, abruptly halting decades of
ecosystem restoration efforts and progress [26]. In the face of this crisis, priorities have shifted from
environmental sustainability to survival-based economic activities [24, 27, 25]. In this volatile context,
since the start of the war in Tigray, ASMs in the region have become increasingly complex and
unregulated (20). The practice has expanded significantly, accompanied by a surge in the use of toxic
chemicals, posing serious threats to public health and the environment.

However, there are some studies fragmented across time, space, and content, limiting their utility for
comprehensive policy and intervention development. The studies on African ASMs have primarily
concentrated on regulatory frameworks and economic dimensions [28, 29, and 30]. There are also some
studies that examined the traditional inputs and tools used, environmental threats, and socio-economic
affairs related to ASMs in Tigray before the war [21, 22]. These studies primarily concentrated on the



Page 4/22

physical impacts and economic roles of the traditional ASGMs. However, most of times how armed
conflicts compromise the environment and public health from uncontrolled mining operations and
heightened usage of dangerous chemicals have been overlooked. The studies failed to capture the
compounded risks from ASMs faced by vulnerable populations in post-conflict areas where
compromised healthcare systems and food insecurity prevail. The purpose of this synthesis is therefore
to investigate the conditions of ASMs, the use of toxic chemicals, and their implications for the
environment and public health, possible reclamation strategies, and policy pathways in Tigray.
Investigations of audio-visual content shared on public and social media platforms, systematic literature
review, observations, and discussions were conducted to address the following research questions:

1. How has the war affected the ASM?
2. What toxic chemicals are being used in ASM?
3. What emerging challenges are posed by chemical-based ASMs?
4. What measures can be taken to promote environmentally safe and sustainable ASMs?

The findings of this study provide valuable evidence to inform sustainable and environmentally safe
mining practices. The outcomes are relevant for practitioners, researchers, and policymakers working to
enhance the economic contributions of ASMs while safeguarding ecological and human health.
Furthermore, this synthesis contributes to the global body of ASM literature and aligns with the
objectives of the United Nations Sustainable Development Goals (SDGs), particularly those related to
environmental protection, public health, and responsible resource management in conflict-affected
regions.

2. Materials and methods

2.1 Study area description
Tigray, a regional state located in northern Ethiopia, spans latitudes 12° to 15° North and longitudes
36°30' to 41°30' East (Fig. 1). The region covers an approximate area of 80,000 square kilometers and is
known for its rugged topography and mountainous terrain. These physical features significantly
influence the region’s geomorphology, water quality, ecological zones, soil types, and biodiversity.
Elevation in Tigray varies drastically, ranging from about 500 meters above sea level (m.a.s.l.) in the
northeast to nearly 4,000 m.a.s.l. in the southwest. In terms of agro-ecological classification, about 53%
of the land falls under lowland (Kolla – below 1,500 m.a.s.l.), 39% is categorized as mid-highland (Weina-
Dega – 1,500 to 2,300 m.a.s.l.), and 8% as upper highland (Dega – 2,300 to 3,000 m.a.s.l.). This variation
in altitude and climate supports diverse ecosystems and influences land use and livelihood strategies
across the region.

Tigray has an estimated population of 5.7 million, including about 2.1 million children and adolescents
aged 5 to 17, and 1.8 million youth and young adults between 15 and 34 years old [31]. The region is
endowed with a wide range of mineral resources, including gold, copper, silver, iron, zinc, lead, nickel, oil



Page 5/22

shale, asbestos, silica sand, kaolin, graphite, gypsum, gemstones, marble, granite, slate, limestone, and
dolomite [32]. Artisanal and small-scale mining (ASM) is a significant economic activity in Tigray,
particularly concentrated in the northwestern, central, and eastern zones. These mining activities have
historically supported local livelihoods but also pose environmental and health challenges that are
increasingly important in the context of post-conflict recovery.

2.2. Methodology
Investigating issues related to active artisanal and small-scale mining (ASM) in Tigray, being at the
mining sites is challenging due to security concerns. Therefore, this study employed a mixed-source
synthesis approach, combining a structured review of scientific literature with qualitative analysis of
publicly available media, social media content, and informal stakeholder discussions.

(a) Literature review approach

A systematic literature review was conducted to examine the environmental and public health
implications of chemical-based artisanal and small-scale mining (ASMs), with a particular focus on
hazardous substances such as mercury and cyanide. The search strategy involved the use of targeted
search phrases, including "chemical-based ASMs," "mercury and cyanide in ASMs," "environmental and
health implications of illegal chemical-based ASMs" "coping strategies of chemical-based ASMs," and
"lessons and experiences of countries in managing chemical-based/illegal ASMs. These phrases were
applied across three major scientific databases, Google Scholar, Web of Science, and ScienceDirect, to
identify relevant studies. The review covered publications available up to September, 2025. A total of 48
peer-reviewed articles, technical reports, and international conference proceedings were considered
based on their relevance, credibility, and contribution to the study's research objectives. Key inclusion
criteria required the studies to focus on how the causes affect ASM, the use of chemicals in ASMs,
associated environmental and health impacts, and the management or policy responses to these
challenges.

(b) Public and/Social media message content analysis

To complement the scientific literature and capture real-time developments and public perceptions, a
content analysis was conducted on a diverse range of publicly accessible audio-visual and textual
materials. These sources included news, reports, and feature stories from media outlets such as Tigray
Television, Addis Standard, and Reporter, as well as photos, videos, and user-generated commentaries
shared on social media platforms like Facebook and YouTube. Additionally, artistic representations, such
as songs, poems, and short films, depicting artisanal and small-scale mining (ASM) practices and their
associated impacts in Tigray were also analyzed.

In general, eighty (80) contents released through the platforms were selected for this purpose. These
contents were screened and selected based on the predefined criteria, including their relevance to the
research themes, clarity of the information presented, and the credibility of the sources. The selected
contents were then thematically categorized using an inductive coding approach. Thematic categories
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identified during the analysis included the nature and rate of ASM participation, driving factors behind
the growth of ASM, the use and handling of toxic chemicals, environmental degradation and related
public health concerns, and the socio-economic conditions prevailing in mining-affected communities.

(c) Informal stakeholder discussion

To ground the findings in local perspectives, the research included informal discussions with ten
individuals who had direct or indirect involvement in artisanal and small-scale mining (ASMs). These
participants included former miners, local community members, and environmental officers. Insights
gathered from these conversations were documented through detailed notes and thematically integrated
into the broader analysis. This approach enriched the study by capturing lived experiences, local
interpretations, and nuanced understandings that may not be fully reflected in formal sources.

2.3. Data analysis and synthesis
The data collected from multiple sources were analyzed using a combination of qualitative and
quantitative techniques to ensure a comprehensive interpretation. Thematic content analysis was
applied to both textual and visual materials through an iterative coding process, allowing for the
identification of recurring patterns and key themes. Descriptive statistics were used where appropriate,
particularly to summarize quantitative elements such as the frequency of chemical mentions, the
number of media reports, and spatial references to artisanal and small-scale mining (ASM) sites.

By integrating insights from scientific literature, media narratives, social media content, and local
stakeholder perspectives, the analysis offered a multidimensional understanding of the environmental
and public health implications of chemical-based ASMs in Tigray. This mixed-methods approach enabled
the study to capture both empirical evidence and contextual nuances surrounding ASM practices in the
region, particularly in the post-war contexts.

3. Results and Discussion

3.1. ASM after the war in Tigray
Results from the current investigation have indicated that the complexity and participants in ASMs have
increased significantly following the devastating war that occurred from November 2020 to November
2022. The results from the content analysis (Fig. 2) showed a diversified community sections are being
involved intensively in ASMs.

As can been seen from Fig. 2, all of the contents considered in this research (100%), discussions and
observations have indicated sharp increase in the number and diversity of communities participating in
ASMs after the devastative war in Tigray. Various sections of the Tigray society, including children,
elderly men, and women, politicians at different levels, members of the armed forces (including military
commanders), and non-citizens, are participating in ASMs. According to the results of the discussions,
the increase of participating communities and intensities is attributed to the devastative war. The
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increased and diversified ASMs communities, especially under the involvement of military and civil
officials is challenging for regulation and monitoring. Consequently, the number of individuals involved in
ASM illegally and indirectly has risen sharply (Fig. 3).

Due to the fall of efforts to regulate, formalize, and act of checking environmental soundness which had
been relatively well-maintained previously, the war has made the ASMs to deteriorate into illegal and
informal, aggressive, and destructive types of mining activities (Table 1). The chain of participating in
ASMs, starting from the licensing through mining operation to marketing, has also become significantly
complicated. According to the reflections of the contents analyzed (100%) in Fig. 3, the communities
who use ASMs as primary and secondary source of livelihood and wealth as well as the individuals who
are involving illegally and indirectly in ASMs have increase significantly.

Table 1
socioeconomic causes and consequences of ASMs in Tigray after war
Socioeconomic causes and consequences of the ASMs Reflection

Decreasing the act of legalization and formalization 80

Decreasing the act of regulating and monitoring 80

Increasing conflict b/n residents and ASMs 80

Complicated and illegal marketing 80

Risks of crop productivity failure 80

Using illegal ASMs for political consumption 80

Reduction of hard currency earnings for the country 50

To evaluate the socioeconomic causes and consequences of ASMs in Tigray, the act of legalization and
formalization, act of regulating and monitoring, conflicts b/n residents and ASMs communities, illegal
marketing, the risks of crop productivity failure, act of consuming illegal ASMs for political consumption
and the hard currency earnings for the country were used as indicators. Accordingly, the contents
analyzed have reflected (Table 1) a decreasing in act of legalization and formalization, regulating and
monitoring, increasing conflict b/n residents and ASMs, complicated and illegal marketing, sever risks of
crop productivity failure, high consumption illegal ASMs for political consumption, and failed to earn
expected hard currency for the country. Likewise, although Ethiopia continues to earn substantial hard
currency from the ASMs in Tigray, a considerable portion of it has lost to smugglers and brokers,
ultimately harming the public and the ecology badly.

The power vacuum and the government’s inability to regulate, monitor, and formalize the ASMs (Table 1)
have caused not only an increase in the number and diversity of the ASM’s communities but also made
miners in Tigray use highly toxic and internationally banned chemicals. The results (Fig. 4) indicated that
the current ASMs in Tigray are using many toxic chemicals, including Mercury (Hg) and Cyanides (CN).
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Chemicals, including Arsenic (As) and Sulfuric acid (H2SO4), are also in use. There are also arguments
claiming there is no chemical potential in amalgamating minerals, which is not used in Tigray’s ASMs.
The reports by [33] and [34] agreed that extensive use of Mercury and Cyanides in Tigray’s mining
operation. According to these reports, some of the areas where illegal mining with the application of
these toxic chemicals takes place include Asgede, Tsimbla, La’ilay Adiyabo, Medebay, Zana, Sheraro,
Tahtay Adiyabo, Tahtay Koraro, and Tselemti in the North Western Zone, as well as Abergele, Kola
Tembien, Abiy Addi, La’ilay Maychew, Adet, Tahtay Maychew, Tanqua, and Maikinetal in the Central Zone.
The aforementioned chemicals are the most toxic chemicals commonly used for amalgamating the
minerals from ores elsewhere [11, 17, 13, 2, 14].

3.2. Environmental implications of the chemical-based
ASMs

3.2.1. Physical effects of ASMs on land resources
The problems with the chemical-based ASMs in Tigray during this war-traumatized period are not limited
to the pattern of participation and marketing, but also cause devastating and long-lasting damage to the
environment. Almost all of the opinions and views of respondents in the discussions and observations
revealed that the ASMs in Tigray are causing drastic damage to the basic land resources (water, soil,
forest, and wildlife). The techniques and equipment they used are still (if not more rude) very traditional
and arbitrary approaches, which failed to follow the multi-step process involving geological, geophysical,
geochemical, and remote sensing techniques. Although any mining operation has to be preceded by
exploration studies, including surveys, field studies, and drilling test boreholes and other exploratory
excavations are important to identify potential locations and overall feasibility of the mineral ores
deposit of a particular area [35, 36, 37], most mining activities in Tigray are extremely traditional. The
knowledge of miners on nature and formations of types of geological material, associated structures,
and forces responsible for the targeted mineral deposition is extremely limited. They simply use arbitrary
approaches, rude and labor-intensive instruments, including shovels, picks, hammers, and plastic pans
locally called Dola [22]. So, the mining operation in Tigray is mainly conducted by individual miners or
small enterprises with limited capital investment and low production.

The environmental impacts from such mining activities are multidimensional. Before the war in Tigray
erupted, there had been some studies that had identified the impacts of traditional gold mining on the
land resources matrices of water, soil, land, and vegetation [10, 21, 22, 23]. These studies have shown
that gold mining has been causing reasonable environmental impacts, including water availability and
quality degradation, soil erosion and degradation, vegetation and tree dismantling, and agricultural land
disturbance. The study by [22] on the numbers and patterns of participants in traditional gold mining in
northwestern Tigray had shown severe damage to all land resource matrices. The study by [10] on the
impacts of artisanal gold mining on soil and woody vegetation in Tigray has also evidenced severity.
According to these studies, the sector had been causing severe soil erosion (sheet, rill, and gully)
affecting the geomorphology of land forms and threatening the sustainable livelihoods of local
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communities. The study has also presented drastic effects on the status, structure, and composition of
massive areas of vegetation and woody species, discouraging sustainable land management in Tigray.
The study by [23] has also evidenced the effects of traditional gold mining not only on the surface
processes but also affects the hydrology, geophysics, chemistry, and their interacting processes in the
subsurface, ground, and interface zones of these layers. Consequently, the accesses to water, energy
supply, and other uses from rivers are continuously declining. The impact of ASM on ecosystem services
extends from field to river basin scales through excessive sediment transportation, flooding,
deterioration of water flows are some the downstream impacts from the sector [38, 39].

In Tigray, the ASMs communities are currently relying on harmful chemicals to extract gold from ore. Due
to the breakdown of regulatory institutions during the recent armed conflicts [18], the artisanal and
small-scale gold mining (ASGM) in Tigray has triggered severe ecological disruption. They use Mercury
(Hg) and cyanide (CN) and other different types of chemicals to facilitate the mining activities. These
chemicals, though effective and efficient in extracting gold [40, 41], they have severe ecosystem and
health consequences. The negative effects from these chemicals on the environmental resources
especially to the water in the river systems (hydrology, biodiversity and chemical contents), soils, and air
quality are expected to be worst and complicated.

Mercury and Cyanide are potential in contaminating the hydrologic, ecologic and geochemical processes
in the surface, subsurface and ground layers of the river systems. They undergo numerous
biogeochemical reactions in water bodies, affecting the water quality, aquatic ecosystem, hydrologic
processes, and sediment transport. They can be dissolved in water, precipitated as minerals, adsorbed to
various solid materials, volatilized to the atmosphere, present as liquid elemental, or can be converted
from inorganic to biologically available organic forms (methyl mercury) through microbial,
photochemical, and dark abiotic reduction and oxidation reactions [42, 23, 43, 17]. Excess concentration
of these different types of Mercury in fresh water could then constrain the survival of aquatic plants as
well as the vertebrate and invertebrate aquatic animals, which are potentially important in regulating the
hydrologic processes, water qualities, and sediment transportation.

The Mercury and Cyanide from the ASM’s tails can be distributed to the soil profiles by water flow and
then cause different soil quality problems, reducing land productivity. These chemicals affect directly
and/or indirectly the biological, chemical, and physical properties of the soil profile. They inhibit the
growth, activities, population, and structure of the soil microbial organisms [44, 45, 46]. According to the
studies by [47] and [48], only 20–30 gram of mercury in a one kg of soil types is enough for significantly
affecting the diversity, activities and genetic structure of the bacteria, fungi and actinomycetes which are
the main components of the micro flora in the soil ecosystem. They can also negatively affect soil
structure, leading to reduced water infiltration and aeration [49, 50]. Moreover, these chemicals affect the
acidic, ion exchange capacity, nutrient availability properties and other chemical properties of soil. Apart
from the above indirect effects, mercury and cyanide even at low concentration are potential to affect
the germination rates, root development, metabolism, photosynthesis and respiration rates, as well as
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nutrient uptake of plants [51] Thus, these all can significantly reduce crop yields and the overall
productivity of agricultural land and then affect the food security of the agrarian communities.

The ecological footprint of artisanal and small-scale gold mining (ASGM) in Tigray's post-conflict
environment reveals significant environmental health concerns. Mercury contamination from gold
processing has created widespread pollution gradients in both terrestrial and aquatic matrices, with
demonstrated trophic transfer in local ecosystems [1]. The environmental redox chemistry facilitates
mercury methylation, producing bioavailable neurotoxins that concentrate in higher trophic levels,
presenting dual threats to ecosystem integrity and public health [18]. Parallel concerns emerge from
cyanide utilization, where inadequate processing techniques have led to acute contamination events in
surface waters; with residual complexes demonstrating prolonged Eco-toxicological effects. The
collapse of regulatory oversight following regional conflicts has intensified these impacts, creating
permissive conditions for environmentally destructive mining practices [18].

The cascading ecological effects of ASGM in Tigray extend across multiple environmental
compartments. Mining-induced landscape modifications, including vegetation removal and substrate
disruption, have triggered measurable biodiversity loss and ecosystem service degradation [52].
Geomorphological alterations from unplanned mining operations have precipitated severe soil erosion
patterns and modified watershed hydrology, with documented cases of irreversible habitat modification
[53]. Ecological impacts extend beyond chemical contamination. Deforestation and soil erosion from
mining activities have degraded habitats, reducing biodiversity and disrupting hydrological systems [52,
53]. Poor tailings management has further exacerbated heavy metal dispersion, contaminating
groundwater and surface water [54, 55]. Spatially, mercury accumulates in alluvial sediments, creating
long-term pollution reservoirs) while cyanide contamination is more localized but extends downstream
[1]. Post-conflict assessments reveal pollutant levels exceeding safety thresholds, indicating irreversible
damage in some areas [18].

3.3. Environmental Health Implication of Chemical-based
ASMs
Apart from the above impairing effects to the ecosystem services, the chemical based illegal ASMs with
the pervasive absence of tailings management infrastructure results diffuse toxic chemicals pollution
which contaminates shallow and deep aquifers and surface water bodies, soil and air. It causes to
increase the concentration of the toxic chemicals available in the daily consumptions of water, food and
air into the level of causing severe health crisis. As stated in the above sections, mercury and cyanide are
highly toxic substances poisoning surface waters (rivers and streams) that are vital for drinking,
irrigation, and livestock water supply purposes [55, 56]. These chemicals are also easily leached into
groundwater, contaminating the wells and other water supply systems [57, 58, 55]. Moreover, they
contaminate soil, which is the medium through enter these toxic chemicals into crops and grasses and
are then enriched and transferred to animals and humans through various food chains [46]. Not only
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through these paths, mining using mercury also release harmful mercury into the air, which can be
inhaled by the miners and the residents.

The entrance of these toxic chemicals into the human bodies of the miners and nearby residents through
the paths discussed here and others can pose serious health risks. Mercury exposure can cause a range
of neurological problems, including tremors, cognitive impairment, and developmental delays in children
[59]. The mining communities and residents near mining sites suffer from respiratory problems, a range
of chronic illnesses, including kidney damage, neurological disorders, and various forms of cancer.
Prolonged exposures to these toxic chemicals weaken the immune system, making individuals more
susceptible to infectious diseases. Especially children and pregnant women are significantly hampered
by these chemicals. It can cause severe birth defects, developmental delays of the embryo, and
reproductive health problems. Likewise, cyanide also poses a significant threat to both human and
animal health. Cyanide exposure can lead to acute poisoning, causing symptoms like headaches,
nausea, dizziness, and, in severe cases, death [61, 60].

The chemical-based illegal ASMs in Tigray have the potential to cause a severe health crisis for local
communities, exacerbating existing vulnerabilities and undermining the region’s long-term health and
well-being. The damage of these toxic chemicals on the public will be devastating as the war has
changed the access to clean water from bad to worse. The water, hygiene, and sanitation (WASH)
services and infrastructures have already been deliberately destroyed and looted by the armed forces
[62, 63, 64]. The sources of water for domestic purposes of many people (rural and semi-urban) have
become unsafe sources, including the rivers, wells, ponds, and springs, etc. As a consequence, the
prevalence of the public to different waterborne diseases (diarrhea, cholera, and others) becomes higher.
Moreover, synergistic interactions between the toxic contaminants and malnutrition may heighten health
vulnerabilities [65, 18].

3.4. Reclamation strategies and policy pathways
Chemical-based artisanal and small-scale mining (ASM) has deeply damaging and long-lasting
consequences for both the environment and public health. The toxic chemicals released from these
mining operations primarily mercury and cyanide contaminate the water, soil, and air, threatening
ecosystems, food security, and the health of both humans and animals. While ASM plays a crucial
economic role, its long-term sustainability depends on transitioning to chemical-free methods by
strengthening environmental regulations and monitoring, implementing health surveillance in mining
communities, and enhancing community education and capacity building. Several countries have
successfully banned or regulated mercury and cyanide-based ASM through strong legal frameworks,
effective enforcement, and international cooperation. Examples include the Philippines, Indonesia,
Colombia, China, Ghana, and Tanzania, where the adoption of alternative, safer mining technologies has
allowed continued economic benefits without causing environmental harm often supported by global
agreements like the Mina Mata Convention [66, 67, 30]. On the other hand, countries such as Brazil, Peru,
the Democratic Republic of the Congo (DRC), and Zimbabwe have faced significant challenges in



Page 12/22

banning the chemical-based ASM due to weak enforcement mechanisms, economic dependence on
informal mining, and the prevalence of illegal mining networks [68].

To address Tigray’s mining crisis, there are multiple potential strategies. It is very important to note that
implementing real-time, portable, and cost-effective remediation strategy. The development and
deployment of low-cost, low-maintenance sensors for rapid detection of mercury and cyanide levels in
water, soil, and air is valuable for timely interventions and sustainable management of ASM impacts.
Phytoremediation using hyper accumulators (e.g., Brassica juncea), constructed wetlands for
contaminant degradation, and engineered tailings containment can mitigate further contaminant
dispersion [69, 70, 71, and 55]. Strengthening governance through participatory monitoring and policy
reforms is critically important [30]. Innovative financing (e.g., environmental trust funds) and
international partnerships are needed to support long-term rehabilitation [71, 72, and 73]. Therefore,
Tigray’s ASGM crisis requires coordinated environmental, health, and policy interventions. Evidence-
based remediation, robust governance, and community engagement are essential to mitigate ecological
and public health impacts.

4. Conclusion and recommendation
​ Artisanal and small-scale mining (ASM) in Tigray has intensified in the aftermath of the devastating war.
Various section of society including children, the elderly, men, women, politicians at different levels,
members of the armed forces (including military commanders), citizens and non-citizens are
participating in ASM, either directly or indirectly, legally or illegally, and in groups or individually. Analyses
show that the number of individuals involved illegally and indirectly in a chemical-based approach that
poses significant risks to both the environment and health of lives have risen sharply. The use of toxic
chemicals particularly Mercury and Cyanide poses severe environmental risks, disrupting hydrologic
processes, soil dynamics, and agricultural productivity. Their infiltration into human and animal bodies
leads to serious health issues, including neurological, respiratory, and reproductive problems, as well as
weakened immune systems. Although the ASM in Tigray plays a crucial role in sustaining livelihoods and
generating hard currency for Ethiopia, its sustainability and to minimize environmental and public health
risks demands serious monitoring, formalization, and regulatory efforts. Addressing these impacts
requires a comprehensive research based coordinated approach that balances economic and livelihood
development with the well-being of environment and public health.
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Figures

Figure 1

Location of Tigray region in the northern Ethiopia
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Figure 2

Community sections participating in the artisanal and small-scale mining (ASM) of Tigray

Figure 3

Dependency and participation pattern of ASMs communities in Tigray
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Figure 4

Chemical usages in the ASMs of Tigray

Figure 5

Environmental and health problems ASMs in Tigray
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