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Abstract 

The Asosa Zone in Ethiopia, which is part of the Neoproterozoic Arabian-Nubian Shield, is rich in metallogenic minerals, 

particularly gold. The Asosa Zone is the cornerstone of Ethiopia's rural economy, which employs thousands of households. Gold 

recovery methods have evolved over the centuries, with ancient methods being mechanical and based on density differences. 

The borax method is a safer and more environmentally friendly alternative technique for artisanal and small scale gold mining 

(ASGM) in gold recovery. The borax method is cost-effective and energy-efficient for artisanal and small-scale gold extraction. 

The implementation of the Borax method faces challenges such as lack of awareness, technical knowledge, policy enforcement, 

and limitations, and requires technical upgrades, education, investment, and cultural resistance. Sustainable practices can be 

achieved through technical innovation, community engagement, policy reform, and stakeholder engagement in the 

implementation of the borax method of gold extraction. The assessment study was conducted in Ura Woreda, Asosa Zone, 

western Ethiopia, with a focus on artisanal gold production. The Agusha Kebele site is known for its significant Au deposits. 

Gold mining and processing are widely practiced by local small-scale miners, with women and youth actively participating in 

the Ura Woreda, Asosa Zone, making mining a significant source of income. This fieldwork assessment utilized various resources 

and equipment for gold mining, including borax chemicals, detergents, magnets, sodium chloride (NaCl), oxy-acetylene torch, 

clay pots, charcoal, water, generators, fuel, hammers, shovels, iron bars, and traditional ventilation. These tools enhance the 

separation efficiency, remove impurities and ferromagnetic metals, and protect gold during melting. The borax method is a 

multistep process that involves crushing and grinding ore rock into fine particles to release valuable gold minerals, sluicing or 

panning, washing, and adding sodium chloride, detergent, and magnets. The concentrated gold-bearing material was mixed with 

borax powder and heated to high temperature for smelting and refining. A charcoal-fueled furnace, built with heat-resistant 

bricks, uses charcoal as the primary fuel and is a cost-effective, sustainable, and locally accessible gold smelting solution in 

small-scale mining operations in rural areas. Ethiopia has diverse mineral resources that support the production of borax and 

related compounds. A field study evaluated the technical feasibility, efficiency, and environmental suitability of the borax method. 
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1. Introduction 

1.1. Background 

The Asosa Zone is part of the Ethiopian Precambrian base-

ment complex and forms a significant part of the Neoprotero-

zoic Arabian-Nubian Shield (NANS), which endow metallo-

genic minerals, particularly gold [1-3]. The geology of the 

Asosa Zone encompasses high-grade metamorphic lithologies, 

including garnet-bearing gneisses, amphibolite schists, and 

migmatites and granulite facies that were invaded by syn-to 

post-tectonic periods of crustal stabilization [4-7]. This colli-

sion contributes to hydrothermal conduit formation, which is 

essential for gold mineralization [8-10, 13]. Gold-bearing 

quartz veins widespread in the region were formed during 

post-collisional extension (∼600–550 Ma), which occurred 

during a period of regional uplift and decompression melting 

according to geochronological studies dating the last mag-

matic activity to 636 Ma [7, 11-13]. 

Artisanal and Small-Scale Gold Mining (ASGM) is the cor-

nerstone of Ethiopia’s rural economy, employing thousands of 

households. The Asosa Zone of the Benishangul Gumuz re-

gion is known for its abundant gold deposits, and ASGM re-

mains critical to the local community to generate income [7, 

14]. Since ancient times, gold recovery methods have under-

gone numerous changes over centuries through technological 

advancements, considering environmental and economic 

cases [15, 16]. Gold recovery methods in ancient times were 

fundamentally mechanical processes, namely panning and 

sluicing, which depended on the density differences between 

gold and other gangue materials in the ore [18]. 

Artisanal and Small-Scale Gold Mining (ASGM) are the 

largest anthropogenic contributors to toxic and hazardous 

chemical pollution on Earth [19, 20]. Artisanal and small-

scale gold mining (ASGM) reliance on toxic and hazardous 

chemicals for gold extraction can pose severe environmental 

contamination, such as soil, water, and air, and health risks, 

including ecosystem contamination, neurological damage, 

and chronic diseases [13, 18-21]. However, the process of bo-

rax extraction has proved to extract up to twice as much gold 

without the need for toxic chemicals. The method has been 

successfully tested in the Philippines, Indonesia, Tanzania, 

Bolivia, and Zimbabwe [18]. 

Borax is an innovative gold extraction method as a safer and 

more environmentally friendly alternative for artisanal and 

small-scale gold mining (ASGM). Borax is a non-toxic, safe, 

and environmentally friendly chemical with cost-effective-

ness and better gold recovery yields [18]. This technique de-

pends on the chemical properties of borax Na2B3O3·10H2O 

(sodium tetraborate decahydrate), a naturally occurring min-

eral, to separate gold from ore effectively without the use of 

toxic chemicals [21]. The main objective of this fieldwork as-

sessment was to investigate borax as a gold recovery method 

and evaluates its technical and economic viability. The exper-

imental assessment took place in the Benishangul-Gumuz re-

gion, specifically in the Asosa Zone, Ura Woreda, with col-

laboration experts from Asosa University, the regional min-

eral resource development office, Ura Woreda, and Fethih 

Mining Group production site labor workers. 

1.2. Location and Accessibility of the Study 

Area 

The assessment study was conducted in the Ura Woreda of 

the Asosa Zone of the Benishangul-Gumuz region of western 

Ethiopia. The Benishangul-Gumuz National Regional State 

(BGNRS) is situated 667 km west of Addis Ababa. It can be 

reached from Addis Ababa via the Addis Ababa-Ambo-Gedo-

Nekemte-Gimbi-Nedjo-Mendi-Asosa asphalt road or by di-

rect flight from Addis Ababa International Airport to Asosa 

Hidase Airport. The artisanal mining operation site where the 

assessment study was conducted is located in Ura Woreda, 

Asosa Zone, approximately 50 km from Asosa town, and is 

accessible through a dry-weather gravel road to the northwest, 

behind Asoa University (Figure 1). The assessment site was 

chosen for this trial based on the willingness of the Benishan-

gul Gumuz Region Mineral Resource Development Office. 

Ura Woreda, a part of the Asosa Zone, is well known for its 

widespread artisanal method of gold production. From Ura 

Woreda of the Asosa Zone, the Agusha Kebele area site was 

selected because it has a significant gold deposits, particularly 

quartz-vein-hosted primary ores and alluvial placer gold de-

posits. Agusha Kebele (36P Zone, 0661770 E, 1119449 N; El-

evation: 1,228 meters) stands out because of its rough topog-

raphy and significant rock outcrops. It is a key location for 

ASGM activity operations because of its dominant gold oc-

currences associated with quartz veins and hydrothermal so-

lution formation environments. 

The inhabitants of Assosa Zone rely predominantly on gold 

mining in a small and artisanal manner for survival, and in 

many cases, it forms a significant source of livelihood for 

many family heads, most prominently in rural areas with poor 

agricultural potential [24]. Generally, the Asosa zone is char-

acterized by a tropical wet period extending between June and 

September and a period of dry weather extending between Oc-

tober and May. The climate characterizes mining operations, 

specifically placer mining, in its high dependency on water 

availability during wet times [12, 23]. 
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Figure 1. Location Map of Study Area. 

1.3. Global Successful Experimental Trial of 

Borax Method Gold Production 

Despite their widespread use for gold extraction, toxic 

chemicals have considerable consequences that accelerate en-

vironmental degradation, posing danger to both miners and 

surrounding communities [24, 39]. Under the United Nations 

(UN), the United Nations Industrial Development Organiza-

tion (UNIDO) and the United Nations Environment Program 

(UNEP) department/unit have formulated and developed pro-

grams that promote mercury-free gold mining through new 

technology promotion and training miners in safer working 

techniques [15, 21, 25-29]. 

As a case study, the borax method has been successfully 

implemented in various countries around the world, as a safer 

and more efficient alternative method in artisanal and small-

scale gold mining (ASGM), indicating possible mercury-free 

gold recovery and can be expanded to national contexts [25-

29]. The utilization of borax for artisanal and small-scale gold 

mining (ASGM) is responsible for the reduced melting points 

of gold-bearing minerals, thus increasing extraction from con-

taminants while substantially reducing associated health and 

environmental risks. Countries such as Mongolia Philippines, 

Tanzania and Zimbabwe have successfully utilized borax to 

record greater recovery efficiency levels [25-28, 30]  

https://www.pureearth.org/project/asgm-borax-training-and-

ngo-capacity-building/]. Notable successful case studies of 

experimental trials by country are described below. 

Philippines (Benguet Province): In the Benguet area north 

of Manila, miners have used the borax method for over 30 

years. This technique has led to increased gold recovery rates 

and significantly reduced the use of mercury in the area, ben-

efiting both miners and the environment [25-28]. 

Tanzania: The Geological Survey of Denmark and Green-

land (GEUS) introduced the borax method to small-scale min-

ers in Tanzania. Field tests have demonstrated that borax 

could recover up to twice as much gold as traditional mercury 

amalgamation processes, leading to its adoption in certain 

mining communities [28, 29]. 

http://www.sciencepg.com/journal/ijmpem
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Zimbabwe: A field project in Kadoma, Zimbabwe tested 

the local conditions for introducing the borax method. The 

project confirmed that local conditions were appropriate for 

mercury-free gold mining, and the optimization and compre-

hensive introduction of the borax method in the Kadoma gold 

mining region were recommended to eliminate the use of mer-

cury [25, 27, 30]. These case studies highlight the potential of 

the borax method to improve gold recovery rates while miti-

gating the health and environmental risks associated with the 

use of toxic hazardous chemicals in Artisanal and Small-Scale 

Gold Mining (ASGM) [30]. 

1.4. Gold Mining and Processing Status in the 

Ura Woreda of Asosa Zone 

Gold mining and processing have been extensively prac-

ticed by local small-scale miners [31]. The participation and 

involvement of women and youth in this activity were active 

and verified evidence. Artisanal and Small-Scale Gold Miners 

(ASGMs) in Ura Woreda work on both primary and placer 

deposits. Primary deposits are found in quartz veins and hy-

drothermal structures, and the extraction of this deposit in-

volves mining, crushing, milling, sluicing, panning, and 

smelting. 

There are health and safety concerns, such as a lack of per-

sonnel protective equipment (PPE), which require improve-

ment for safety practices in the mining community. This re-

gion’s diverse geology and mineral wealth position make it a 

strategic area for sustainable resource development in Ethio-

pia. When roughly seen by the naked eye, it seems that gold 

often coexists with sulfides (e.g., copper and iron), requiring 

leaching for efficient recovery, which suggests that the miner-

alogy of the area is a hydrothermal deposit. Non-valuable 

(gangue) minerals complicate extraction and require tailored 

grinding to liberate fine gold particles. Thus, there is an op-

portunity for enhanced mineral exploration and discovery in 

this area. 

1.5. Availability of Raw Materials for Borax 

Production in Ethiopia 

Ethiopia is endowed with diverse mineral resources that can po-

tentially support the production of borax and related compounds 

[32]. The raw materials necessary for borax production include bo-

ron minerals as well as additional materials such as sodium car-

bonate, which are essential for processing. While Ethiopia does not 

have identified and proven large-scale boron deposits, some studies 

suggest potential occurrences of borate minerals in countries with 

geothermal activity or volcanic deposits, which help to pro-

duce boron in the country. The area of this deposit should be 

further explored for commercial boron extraction opportuni-

ties [33]. 

Sodium Carbonate (Soda Ash), a critical component in the 

borax production process, can be sourced from Ethiopia's soda 

plentiful lakes, such as ake Abijata and ake Shala, located in 

the Rift Valley. These lakes are known for their soda-rich wa-

ters that have been utilized for small-scale soda ash extraction. 

Expanding these operations could provide a reliable source of 

sodium carbonate for borax production [34, 37]. Additional 

supplementary materials required in the production process, 

such as lime and sulfuric acid, are available in Ethiopia. The 

country's limestone deposits can supply lime, while sulfuric 

acid can be sourced from existing Awash Melkasa sulfuric 

acid producing company [35, 37]. This assessment highlights 

the potential of Ethiopia to develop a localized supply chain 

for borax, focusing on leveraging available raw materials and 

addressing resource gaps. Geological surveys and feasibility 

studies are required to confirm the viability of domestic borax 

production. 

2. Materials and Methods 

2.1. Materials 

Resources utilized and equipment used for this fieldwork 

assessment was borax chemicals, detergent, magnet, sodium 

chloride (NaCl), oxy-acetylene torch, clay pots, charcoal, wa-

ter (diverted from a river 1 km away by Fetih gold mining 

group), generator, fuel, hammers, shovels, iron bars, handheld 

jackhammers, ropes, torches, sacks, buckets, traditional venti-

lation, hammermill, batea and furnace. Additionally, the ma-

terials enumerated and described below were used as inputs to 

simplify the washing process (Figure 2). The detailed purpose 

of adding these materials during the washing of milled ground 

ore through panning is described as follows. 

Detergents help reduce surface tension, and gold particles 

sink to the bottom instead of floating away with tailings. The 

detergent primarily acts as a surfactant to enhance the effi-

ciency of the separation process, contributing to more effec-

tive and environmentally friendly gold production when using 

the borax method. 

Sodium chloride (NaCl) was used as a collector and re-

mover of heavy metals and elements through ionization. So-

dium chloride (NaCl) is primarily used to enhance fluxing 

properties, remove impurities, and improve the efficiency of 

the smelting process, contributing to cleaner and more effi-

cient gold extraction in the borax method. 

Magnets were used to remove ferromagnetic metals. The 

magnet is primarily used to remove magnetic impurities from 

the gold concentrate, thereby improving the overall quality 

and efficiency of the borax method in gold production. It is a 

preparatory or auxiliary tool, rather than a direct part of the 

borax smelting process. 

Borax is a naturally occurring mineral and a compound of 

boron with the chemical formula Na2B4O7·10H2O (sodium 

tetraborate decahydrate). It is a white powdery substance that 

is soluble in water and has been used for centuries in various 

applications. Borax acts as a flux to improve the smelting ef-

ficiency, promote the separation of gold from impurities, and 

protect gold during the melting process, making it an effective 
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and eco-friendly tool in gold production. [25, 27, 28, 37]. 

Heaters are essential for achieving the high temperatures re-

quired to melt the ore, activate the flux, remove impurities, 

and concentrate gold, making it a vital component of the borax 

method. For this purpose, an oxy-acetylene torch (gas welder) 

was used in the smelting process. The oxy-acetylene torch, 

commonly referred to as a gas welder, is a versatile tool that 

is widely used in metalworking applications, including the 

smelting of concentrated materials. This torch utilizes a mix-

ture of oxygen and acetylene gases to produce a high-temper-

ature flame, capable of reaching temperatures of up to 

3,480°C (6,296 °F). The oxy-acetylene torch remains a crucial 

tool in metallurgy and small-scale smelting operations, owing 

to its efficiency and adaptability. When combined with borax 

as a flux, this offers a reliable method for recovering metals 

from concentrates. 

Clay pots are traditional and eco-friendly earthenware and 

handmade containers crafted from natural clay that are fired at 

high temperatures to harden. They have been used for centu-

ries for cooking, storage, and decoration Owing to their po-

rous nature, clay pots allow air and moisture to pass through, 

which makes them excellent for cooking and storing food. 

An electric blower is a device that uses an electric motor to 

generate airflow for various applications. It works by drawing 

in the air through an intake and expelling it at a high speed 

through an outlet. Electric blowers are of different types and 

sizes depending on their intended use. 

Charcoal is a lightweight black carbon residue produced by 

heating wood or other organic materials in the absence of ox-

ygen. Charcoal is widely used for cooking, heating, and indus-

trial applications. Here, coal helps generate heat energy in the 

furnace at the production site. 

 
Figure 2. All necessary inputs equipment for experiment. 

2.2. Methodology 

The experimental assessment involves various activities, 

such as mini-discussion oral interviews with gold mining site 

owners and stakeholders from Asosa University (AsU), Re-

gional Mineral Resource Development Office, and Woreda 

managers and experts, and conducting experimental trials at 

the mine operation sites. The focus of the assessment was to 

evaluate the efficiency of the borax method for gold extraction 

in Artisanal and Small-Scale Gold Mining (ASGM) opera-

tions. The trials were conducted at the Agusha site (Fethih 

Mining Group site). 

Additionally, the experimental study approach for this trial 

included several key stages, such as site selection, mining, 

sample collection; ore sample preparation, crushing, grinding, 

panning, concentration, and borax trials. The ore was mined 

by manual digging and collected in a sack. The collected sam-

ple in the sack was subjected to crushing and grinding for size 

reduction. Then, the crushed quartz vein ore was collected 

from the hammer mill using sacks and was ready for panning. 

Fieldwork Experimental Procedure 

The borax method requires the involvement of a multi-step 

process, such as crushing and grinding of ore rock into fine 

particles to unlock, liberate, or release valuable gold mineral 

particles from the gangue (waste minerals) (Figure 3). In the 

first step, after crushing and milling the quartz vein ore, the 

ground ore was poured into a gold pan batea (Figure 3). Then, 

the concentration of the ground material is achieved using tra-

ditional methods such as sluicing or panning to isolate gold-
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bearing particles. Washing was performed thoroughly to pro-

duce a sufficiently high percentage of gold concentrate. Addi-

tionally, during panning, sodium chloride (NaCl) and deter-

gent were added to the gold concentrate on the batea to sim-

plify the process of washing and concentration through pan-

ning by batea. In addition a magnet was used to remove ferro-

magnetic metals during ground ore washing (Figure 3), [25, 

26]. 

 
Figure 3. Borax method gold production process Experimental Procedure flowsheet. 

Furthermore, the concentrated gold-bearing material was 

mixed with borax powder and added to a clay pot for smelting 

and refining the gold concentrate by heating to high tempera-

tures using a blowtorch or furnace. Borax lowers the melting 

point of impurities, allowing gold to separate more efficiently 

during smelting [25, 26]. Finally, gold capture evaluation and 

analysis of gold recovery using the borax method were con-

ducted during the field study. The results demonstrate the 

technical feasibility of gold recovery, efficiency, and environ-

mental impact scale. The following flow sheet provides a de-

tailed breakdown of the main activities conducted during the 

experimental steps, which were aimed at assessing the viabil-

ity of borax technology. 

3. Result and Discussion 

3.1. Result 

This section provides detailed experimental fieldwork find-

ings and conclusions drawn from the experimental trial assess-

ment study (Table 1). The experimental results demonstrate 

that the borax method efficiently yields higher gold produc-

tion. 

Table 1. Gold produced by using borax conducted during the field study. 

Trial Sample Size Gold Concentrate (g) Recovered (g) – Borax Key Observations 

First Trial -1 2 sacks (30kg) 54.48g 0.1g 

The borax trial had a slightly higher recovery, 

but thermal heat problems and incomplete 

gold recovery affected the result. 
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Trial Sample Size Gold Concentrate (g) Recovered (g) – Borax Key Observations 

Second Trial-2 4 sacks (60kg) 29g 0.3g 
Borax methods showed outperforming results 

in gold recovery. 

Third Trial-3 (6 

sacks) 
6 sacks (90kg) 75 g 0.75g 

Field test results showed that the borax 

method yielded slightly better recovery 

General Obser-

vation 
- - - 

The borax method effectively reduced the 

melting point of gold, making it accessible 

for ASGM with limited technology. 

 

3.2. Discussion 

An experimental fieldwork assessment trial was conducted 

using different modalities. The first experiment was started by 

frying gold concentrate on the fire using a clay pot prepared 

for this purpose. However, the trial was unsuccessful. There-

fore, another attempt was made by digging a hole and place a 

clay pot in it, using oxy-acetylene as a heater. This is better 

than previous attempts and is successful; however, there is still 

heat loss and little heat control (Figures 4, 5). Therefore, on 

another day, another attempt was made by constructing a fur-

nace that was able to extract gold successfully without using 

oxy-acetylene as a heater. 

The borax method is safe for both the environment and hu-

man health. However, its adoption can be hindered by the de-

pendency on oxy-acetylene torches, which are expensive and 

inaccessible in remote areas. Therefore, this assessment 

should bring ideas as new innovative ways in fieldwork ex-

perimental trials by optimizing the smelting process to refine 

the gold concentrate by mixing it with borax powder. Thus we 

replaced oxy-acetylene with charcoal-fueled furnaces to en-

hance accessibility and sustainability. As improvement to our 

work, this improvement is attributed to 

1) Increased Combustion Efficiency: The electric blower 

enhances airflow, intensifies charcoal combustion, and 

generates higher temperatures more quickly. 

2) Heat Retention and Concentration: ensuring that the fur-

nace maintains optimal temperatures throughout the 

process and the underground brick structure minimizes 

heat loss. 

3) Optimized Fuel Usage: The Controlled air supply en-

sures efficient burning of charcoal, reducing fuel waste, 

and maximizing heat output. 

The furnace is built using heat-resistant bricks and is strate-

gically positioned 0.5 meters underground to maximize heat 

retention and ensure structural stability. This underground de-

sign minimizes heat loss, enhances energy efficiency, and al-

lows furnaces to maintain the high temperatures required for 

efficient gold smelting. The charcoal-fueled furnace is a cru-

cial innovation in the modified borax gold recovery process 

designed to address the challenges associated with oxyacety-

lene dependence. This furnace provides a cost-effective, lo-

cally accessible, and sustainable alternative for smelting gold 

in artisanal and small-scale mining (ASGM) operations, par-

ticularly in rural areas where industrial fuel sources are scarce. 

Inside the furnace, charcoal serves as the primary fuel 

source owing to its widespread availability and affordability. 

To enhance the combustion efficiency, the system is equipped 

with an electric blower, which supplies a controlled stream of 

air to the burning charcoal. When powered by a genera-

tor/electric power, the blower significantly increases the inten-

sity of combustion, resulting in higher and more sustained 

temperatures that facilitate gold smelting. The concentrated 

heat generated by charcoal and enhanced by the blower en-

sures that gold particles are efficiently separated from impuri-

ties, making the smelting process highly effective without the 

need for oxyacetylene. The charcoal-fueled furnace signifi-

cantly improved the gold smelting process by reducing the 

melting time by 50% compared with the initial trial. Initially, 

the process takes a long time to reach the necessary tempera-

ture for melting concentrated gold. However, with the opti-

mized furnace design and the introduction of an electric 

blower, the production time was reduced to just less time. 

An electric blower is a device that uses an electric motor to 

generate airflow for various applications. It works by drawing 

in the air through an intake and expelling it at a high speed 

through an outlet. Electric blowers are of different types and 

sizes depending on their intended use. 

Charcoal is a lightweight black carbon residue produced by 

heating wood or other organic materials in the absence of ox-

ygen. Charcoal is widely used for cooking, heating, and indus-

trial applications. 

 
Figure 4. The first gold concentrate smelting process. 
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Figure 5. Gold concentrate produced by borax method. 

By reducing the smelting time by half, this technology not 

only boosts productivity but also makes gold extraction more 

energy-efficient and cost-effective for artisanal and small-

scale miners. This advancement plays a vital role in promoting 

sustainable gold production, particularly in rural areas, where 

alternative fuel sources are limited. 

The generator, charcoal, and electric blowers are additional 

inputs and equipment necessary to produce gold without oxy-

acetylene using the borax method. By integrating charcoal-

fueled furnace technology into borax-based gold extraction, 

artisanal miners can achieve higher efficiency, lower costs, 

and reduced environmental impacts, making sustainable gold 

production more practical and widespread. 

This charcoal-fueled furnace-based processing method has 

several advantages, including a simple access to charcoal in 

rural areas, unlike oxyacetylene. It is also cost-effective, sig-

nificantly reducing smelting costs compared with the use of 

gas-based fuels. Additionally, an electric blower increases ef-

ficiency ensuring consistent airflow and maintaining the high 

temperatures necessary for effective smelting. 

3.3. Analysis of Fieldwork Trial Procedure per 

Each Experiment 

3.3.1. Operational Cost Analysis 

This analysis is based on the economic implications of the 

borax method in gold processing based on the fieldwork as-

sessment experimental trials in terms of material and opera-

tional costs (Tables 2-5). 

Table 2. Trial 1 Cost Analysis. 

Cost Item Borax Trial 1,040 (ETB)/kg 

Material Cost 15.08 

Operational Cost 15 

Total Cost 30.08 

 

Table 3. Trial 2 Cost Analysis. 

Cost Item Borax Trial (ETB) 

Material Cost 28.08 

Operational Cost 20 

Total Cost 48.08 

Table 4. Trial 3 Cost Analysis. 

Cost Item Borax Trial (ETB) 

Material Cost 39 

Operational Cost 15 

Total Cost 54 

3.3.2. Environmental Impact Analysis 

Table 5. Environmental Impact analysis. 

Parameter Borax Trial (Impact level) 

Water Contamination Low 

Soil Contamination Low 

Air Emissions Low 

3.3.3. Health and Safety Impact Analysis 

Table 6. Health and Safety Impact analysis. 

Parameter Observation 

Borax Exposure Levels Very High 

Miners’ Physical Strain --- 

Across all trials, the borax method consistently proved cost-

efficient, with minimal waste management expenses despite 

occasional material cost increases. These lower costs make the 

borax method more economical and environmentally friendly. 

The borax method is safer, cleaner, and better with minimal 

environmental impact. The borax method has no impact on the 

environment and reduces waste management levels from high 

to low, aligning with sustainable and eco-friendly practices 

[38]. The borax method proved to be significantly more envi-

ronmentally friendly as it eliminated the hazardous effects as-

sociated with the use of toxic hazardous chemicals. Sustaina-

ble practices and advanced processing are critical for optimiz-
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ing gold recovery while mitigating the health and environmen-

tal impacts. While operational costs for the borax method re-

quire additional material expenses, the overall cost savings 

and environmental benefits make it a viable alternative 

method that can be scalable. This analysis underscores the po-

tential of the borax method for gold production in artisanal and 

small-scale mining, by promoting cost-effective and sustaina-

ble practices. 

4. Challenges and Limitations of Borax 

Method Adoption and Modification 

While the Borax method offers a safer environment and hu-

man health, its adoption can be hindered by different barriers 

and faces dual challenges. This challenge can be social and 

institutional barriers, such as lack of awareness, technical 

knowledge, and policy enforcement hindering borax adoption 

and technical limitations in which current borax smelting re-

quires oxy-acetylene torches, which are inaccessible in rural 

areas, making the process impractical for small-scale miners 

[25, 26]. Another challenge might be high heat demands in 

which smelting requires optimum refining heat, awareness 

gap of limited knowledge among miners to hinder the adop-

tion, time consumption in which complex ores with more im-

purities require more time to purify before smelting. Generally, 

Borax offers a safer and more efficient method but requires 

technical upgrades, education, and investment [26, 27]. Tran-

sitioning to borax aligns with global sustainability goals; how-

ever, success depends on addressing awareness, training, and 

resource access. 

Many miners remain reliant on the usual method because of 

a lack of awareness and unfamiliarity with the borax method 

as a viable alternative. To fill the technical gap, exist among 

miners it entails training and educating miners on the borax 

method, smelting techniques, temperature control, and equip-

ment handling. Miners’ cultural resistance to long-standing re-

liance on the usual method creates reluctance to adopt new 

methods, despite known risks. Weak enforcement of policy 

and regulatory frameworks on the borax method and limited 

institutional support for promoting borax can be another bar-

rier. 

In other ways, technical challenges such as clay pot dura-

bility, furnace design limitations, and dependence on oxy-

acetylene torches to save smelting time can consume the time 

required for borax method adaptation. 

5. Conclusion 

The overall analysis of the borax method in Ethiopian 

ASGM demonstrates the efficiency of borax in gold recovery, 

with higher yields, environmental safety, and operational cost-

effectiveness with waste management expenses. The borax 

method is effective even with limited technology, although 

improvements to the furnace and crucible are required. Ad-

dressing both technical challenges (equipment durability and 

heat management) and social barriers (awareness, training, 

and policy gaps) is critical for widespread adoption of the bo-

rax method in the ASGM sector. By integrating technical in-

novation, community engagement, and policy reform, Ethio-

pia can transition into sustainable ASGM practices. Prioritiz-

ing pilot projects and partnerships will ensure that the borax 

method aligns with global environmental goals, while improv-

ing the livelihoods of mining communities. 

6. Recommendations 

Addressing social and institutional challenges through 

awareness campaigns, capacity building, and policy interven-

tions could improve the adoption of new methods. Demon-

strating workshops for the community on borax’s economic 

and health benefits and training programs on borax smelting, 

furnace operation, and safety protocols. Strengthening en-

forcement of policy interventions to subsidize borax adoption 

instead of the usual method provides incentives for ASGM to 

start the borax method and integrate the borax method as a 

new technology into national ASGM strategies. By using crit-

ical modifications and scaling up of the method, such as im-

proving furnace design with better insulation and airflow reg-

ulation to maintain consistent temperatures, finding alterna-

tive heat-resistant crucibles to replace clay pots, partnering 

with local artisans to develop low-cost, durable crucibles, 

eliminating oxy-acetylene dependency by optimizing furnace 

efficiency to remove the need for torches, reducing opera-

tional costs, and implementing strategies with engagement of 

stakeholders (collaborate with NGOs, universities, and re-

gional offices) to implement pilot projects to test with modi-

fied facilities. Geological exploration surveys can be applied 

to identify domestic borax reserves to reduce import depend-

ency and begin feasibility studies to evaluate the adaptation of 

the new method. 
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