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Abstract

Artisanal and small-scale mining (ASM) has become a significant contributor
to global minerals production and improvements in rural livelihoods. Despite
its economic significance, ASM activities have resulted in widespread environ-
mental degradation, raising concerns about the effectiveness of land reclama-
tion practices. Whereas this remains a challenge, there remains a gap in litera-
ture regarding challenges faced by ASM operations during reclamation. This
information is critical as it will help governments, miners, regulatory institu-
tions, stakeholders and non-governmental agencies to plan the best strategies
to be used in order to execute sustainable reclamation activities. This study con-
tributes to scientific knowledge by examining the challenges associated with
reclamation in ASM operations and proposing sustainable strategies to improve
reclamation in the sector. The research adopted a mixed-method approach, in-
tegrating field studies and socio-economic surveys. Primary data was collected
through structured questionnaires administered to stakeholders, such as, chiefs,
regulatory agencies and local governments as well as inhabitants across 13 se-
lected communities within the Wassa Amentfi Districts of Ghana between Au-
gust 5 and August 30, 2024. Field studies were conducted in ten ASM sites us-
ing purposive and random sampling techniques. Statistical and graphical anal-
yses were conducted using Microsoft Excel and Chi-Square tests. Key challenges
identified include luck of sustainable reclamation plan, insufficient funding,
weak enforcement of environmental regulations, lack of technical expertise, en-
croachments of illegal miners, inappropriate mining and processing techniques
and no chemical analysis of the soils and water. The study recommended the
adoption of a multi-stakeholder approach involving government agencies, lo-
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cal communities and mining operators in addressing reclamation challenges in
ASM. Strengthening regulatory enforcement, ensuring compliance with recla-
mation policies, setting up of reclamation funds as part of the operational costs,
promoting community participation, and providing technical training and ex-
pertise were identified to be critical to improving reclamation outcomes.

Keywords

Artisanal and Small-Scale Mining, Reclamation, Land Degradation,
Sustainable Mining, Revegetation

1. Introduction

Reclamation is a critical component in mining operations as it ensures the envi-
ronmental sustainability of the operations through the repair and preservation of
the mined out lands. Mine reclamation is defined as the process of returning
mined land to its natural or commercially viable state (Asiamah, 2025). Adjei
(2010) also defined reclamation as the process of restoring a land into a useful
state after it has suffered from environmental deterioration brought by either nat-
ural or human-caused factors. Reclamation is also defined as the process by which
derelict or highly degraded lands are returned to productivity, and by which some
measures of biotic function and productivity are restored (Jinger et al., 2023; Mishra
et al.,, 2024; Rana et al., 2024). The importance of reclamation in mining opera-
tions include the restoration of fruitful ecosystems, creation of industrial resources,
and the improvement of the land terrain. In addition, reclamation helps in reduc-
ing or mitigating the environmental impacts associated with mining operations.
Bansah et al. (2016) highlighted that reclamation transforms mined-out pits into
valuable economic resources for the local communities. Failure to reclaim land
after mining poses serious safety, health, and environmental hazards, while also
leading to economic losses (Salati et al., 2016; Yalley, 2024; Yalley et al., 2025a).
Reclamation objectives may be conceptualised from both theoretical and prac-
tical perspectives. Fundamentally, an effective reclamation programme should be
designed to establish ecologically stable and self-sustaining conditions that facili-
tate the reintegration of disturbed landscapes into the surrounding ecosystem (Jinger
et al., 2023; Mishra et al., 2024). Importantly, mine reclamation planning should
be undertaken prior to the commencement of mining operations, even though the
implementation occurs mostly during and after mine closure (Amankwah & Anim-
Sackey, 2003; Aryee et al., 2003; Appiah & Osman, 2014; Basommi et al., 2015;
Botchwey & Crawford, 2018; Yalley et al., 2025b). Given the heterogeneity of dis-
turbance regimes, reclamation interventions must be site-specific and based on
appropriate technical and ecological assessments. Consequently, a comprehensive
reclamation plan should incorporate landform recontouring and stabilisation,

topsoil replacement or the use of suitable growth media, revegetation using ap-
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propriate species assemblages, and long-term monitoring and adaptive manage-
ment to ensure ecosystem recovery and functionality (Jinger et al., 2023; Mishra
et al., 2024; Rana et al., 2024).

Various reclamation techniques have emerged over the years which have been
classified as: Physical and Engineering technologies, Soil Amendment and Physi-
cochemical technologies, Biological and Ecological technologies, Phytoremedia-
tion and Phytotechnologies, Geomorphic and Landscape Design approaches, In-
tegrated and Emerging technologies, and Monitoring and Adaptive Management
technologies (Castafio-Diaz et al., 2018; Xie & Zyl, 2020; Basu et al., 2025; Darko
etal.,, 2026). The Physical and Engineering technologies involve the works of land
recontouring, backfilling, topsoil layering and drainage and hydrological control.
Soil amendments and physicochemical technologies involve soil stabilisation
through chemical balances either through biochar application or nanoremedia-
tion. The biological and ecological technologies involve the works of revegetation
through either the forestry reclamation approach, agricultural approach or the
microbial remediation approach. Phytoremediation and phytotechnologies hap-
pen to be the amongst the most recent technologies which could be achieved through
phytoextraction, phytostabilisation, phytovolatilisation, rhizodegradation or phy-
tohydraulics. The Geomorphic and landscape design approaches involve the model-
ling and geotechnical engineering to create stable landforms with natural land-
scapes and resist long-term erosion.

In order to ensure sustainability in mining operations, many countries enforce
reclamation in their mining laws and regulations. For instance, in Ghana the Reg-
ulation 9 of the L.I. 2182 which is the Minerals and Mining Regulations (Health,
Safety and Technical Regulations, 2012) require that the Mining Operating Plan
(MOP) must include an Environmental Management Plan (EMP). The EMP should
contain the reclamation schedule and strategies to be implemented after mining.
Moreover, Regulation 23 of the Environmental Assessment Regulations (EAR),
1999 (L.I 1652) mandates the Environmental Protection Agency (EPA) to ensure
that prospective mining companies in Ghana post reclamation bonds in the form
of cash into an escrow account based on approved reclamation plans before issued
permits to operate. Due to the huge capital investment in Large Scale Mining (LSM),
LSM operations ensure proper reclamation and strict adherence to regulations re-
garding reclamation in order to avoid any sanctions to their operations. Moreo-
ver, LSM operations employ technical professional who are able to provide effec-
tive and reclamation plan and strategies and efficient implementation. However,
observations of ASM operations reveal gaps in the reclamation process and gaps
in the adherence to the regulations regarding reclamation.

Although a substantial body of scientific literature exists on artisanal and small-
scale mining (ASM) operations, a significant knowledge gap remains regarding
the reclamation of ASM mined-out sites. Much of the existing research has pri-
marily focused on documenting the adverse environmental consequences of ASM

operations, with comparatively limited attention given to reclamation practices
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and technological advancements that could enhance environmental sustainability
within the sector (Amegbey & Eshun, 2003; Eshun, 2005; Tschakert & Singha
2007; Tom-Dery et al., 2012; Ontoyin & Agyemang, 2014; Hilson & Maconachie,
2020; Dossou Etui et al., 2024; Fonshiynwa et al., 2024; Opoku et al., 2024). While
ASM plays an important role in local livelihoods and broader economic develop-
ment, there is insufficient understanding of the challenges associated with the rec-
lamation of ASM sites and the sustainable strategies required to address them ef-
fectively. Addressing this gap is essential for mitigating the extensive land degra-
dation resulting from ASM operations and promoting the long-term sustainabil-
ity of the sector. Therefore, this study aims to contribute to the existing body of
scientific knowledge by critically evaluating the challenges associated with ASM
sites reclamation in the Wassa Amentfi Districts of Ghana and proposing sustain-

able solutions to improve reclamation outcomes.

2. Materials and Methods Used

This study employed a mixed-methods research approach that utilised primary
data sources to comprehensively investigate the challenges associated with the rec-
lamation of artisanal and small-scale mining (ASM) sites. Primary data were col-
lected through field studies undertaken at 10 ASM sites, which included field ob-
servations and interviews of the 10 Mine Managers from the 10 sites. Also, there
was administration of structured questionnaires to stakeholders of ASM and in-
habitants of 13 selected communities within the Wassa Amenfi Districts. Amongst
the stakeholders included Chiefs, Minerals Commission Officers, Environmental
Protection Agency Officers and Officers of the District and Municipal Assemblies.
Out of the 171 total number of respondents, 141 were inhabitants (landowners
and tenants) and 30 of the respondents were the stakeholders. The data collection
period spanned from 5" August 2024 to 30" August 2024. The collected primary
data were analysed using graphical and descriptive statistical methods (Percen-
tiles) to facilitate the identification of key trends and patterns. Furthermore, Mi-
crosoft Excel and Chi-Square Test were utilised for data management, interpreta-
tion, and the presentation of the primary data. The integration of these methodo-
logical approaches provided a robust framework for assessing reclamation chal-
lenges in ASM operations and for generating evidence-based recommendations

for sustainable land restoration and environmental management.

2.1. Study Areas

The study was conducted in 3 Municipal and District Assemblies (MDAs) in the
Wassa Amenfi area in the Western Region of Ghana. These include the Wassa
Amenfi West Municipal Assembly, the Wassa Amenfi East Municipal Assembly
and the Wassa Amenfi Central District Assembly. Figure 1 shows the location of
the study areas on the map of Ghana. These study areas were selected due to the
high concentration and long-standing prevalence of ASM operations within the

region. Furthermore, the selected locations encompass the principal forms of ASM
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operations, including both underground and surface mining methods, as well as
the various types of mineral deposits exploited by ASM operators, namely alluvial,
colluvial and hard-rock deposits. The diversity of mining techniques and geolog-
ical settings represented within the study areas provide a comprehensive basis for
examining reclamation challenges across different ASM contexts. Consequently,
these characteristics render the study area particularly suitable for investigating
ASM-related environmental and reclamation issues. Additionally, given the re-
gion’s extensive history of ASM activities and their anticipated continuation in
the foreseeable future, the findings of this research are expected to contribute val-
uable insights for the development of sustainable reclamation strategies and envi-

ronmental management interventions.

MAP OF WASSA AMENFI WEST, EAST AND CENTRAL
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Figure 1. Map of Ghana showing the location of the study areas.

2.2. Research Methods for Field Work

The purposive sampling technique was employed to select the ten (10) ASM sites
used for the field investigation. Site selection was undertaken in consultation with
and based on recommendations from the District Office of the Minerals Commis-
sion in Asankragwa within the Wassa Amenfi West Municipal Assembly. The
Minerals Commission is the statutory regulatory authority responsible for the li-
censing and regularization of mining activities, including ASM operations in

Ghana. Consequently, it is the primary repository of information on registered
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ASM operations and is well positioned to identify sites that are appropriate for
research purposes.

Furthermore, consultations with the Minerals Commission facilitated the
identification of active and operational ASM sites, as a considerable proportion
of registered mining sites were found to be inactive at the time of the study.
Engaging the Commission in the site selection process also enhanced access to
the selected sites, as miners generally regard researchers introduced through the
Commission as credible and duly authorized to conduct research activities. In
total, 10 active ASM sites distributed across the 3 Metropolitan, Municipal, and
District Assemblies (MMDAs) within the Wassa Amenfi area were selected for
this study.

For the purposes of this study, the sites were labelled based on the located
towns. The sites were chosen to represent both underground and surface ASM
operations. Out of the 10 selected sites, 8 sites were located in the Wassa Amenfi
East Municipal Assembly, 1 site was located in the Wassa Amenfi West Municipal
Assembly and 1 site was located at Wassa Amenfi Central District Assembly. The
selected sites within the Wassa Amenfi East Municipal Assembly include the sites
at Botwekrom, Adamanso, Gyapa, Dompoase, Nanakaw, Dadieso, Adiembra and
Nkyiase. The selected sites in the Wassa Amenfi Central District Assembly and
the Wassa Amenfi West Municipal Assembly were in Hiawa and Asankragwa re-
spectively. Figure 2(a)-(d) show the surface ASM operations and Figure 3(a),
Figure 3(b) show the underground ASM operations.

At the various sites observations were made regarding the mining methods and
processing methods used, the operational challenges and the reclamation chal-
lenges. In addition, the mine managers were asked to also outline their operational
challenges and reclamation challenges. The information was gathered to show

their general challenges and the likelihoods of them affecting reclamation.

Figure 2. Selected surface ASM sites at (a) Asankragwa (b) Adamanso (c) Gyapa (d) Hiawa.

DOI: 10.4236/gep.2026.147015

254 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2026.147015

A. B. Yalley, C. K. Asiamah

Figure 3. Underground ASM sites at Dompoase showing (a) Underground Mine Set-up (b) A
Typical Inclined Tunnel.

2.3. Sampling of Respondents for the Interviews and
Questionnaire Administration

For this study, a total of 3 sets of respondents were used for the interviews and
questionnaire administration. These include the interviewees for the field studies,
questionnaire administration to the stakeholders including the chiefs, Minerals
Commission officials, the Environmental Protection Agency (EPA) officials and
the District Assembly officials. The third category of respondents were the inhab-

itants of the communities for the questionnaire administration.

2.3.1. Sampling of Interviewees

The purposive sampling techniques was employed in selecting the interviewees at
the various mine site. This technique was employed because the questions relating
to the reclamation challenges being faced by the mine could only be answered by
top management who understood the obligations of the mine in terms of recla-
mation. As such, the mine managers were specifically chosen as they had that
knowledge. Besides, they were the ones responsible for reporting the activities of
the operations to the regulatory bodies including their environmental manage-
ment practices. At best, the Environmental engineers should have also been inter-
viewed but all the operations did not have such engineers on site. As such, the
interviews were limited to only the 10 mine managers from the 10 selected mine

sites.

2.3.2. Sampling of Households and Stakeholders for the Questionnaire
Administration

Sampling of the respondents for the questionnaire administration was done us-
ing both purposive and simple random sampling techniques. Clustering the
Wassa Amenfi corridor according to the administrative division of Municipal
and District Assemblies (MDAs) was the first step in the sampling process. The
3 MDAs are the Wassa Amenfi East, Wassa Amenfi Central and Wassa Amenfi
West districts with stakeholders and household surveys conducted across the
three districts. These districts are known for their significant ASM operations,
making them ideal for investigating the challenges regarding reclamation in the

area.
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A combination of purposive and simple random sampling techniques was em-
ployed in the selection of the communities. First, purposive sampling was used to
select 13 communities from the three districts; Nine communities—Nanankaw,
Abreshia, Dadieso, Gyapa, Adiembra, Domapoase, Nkyiase, Adamanso and Bot-
wekrom were encompassed in the Wassa Amenfi East Municipality. Three com-
munities—Hiawa, Wassa Bekwai and Ampongtengkrom were encompassed by
the Wassa Amenfi Central District. Furthermore, it was discovered that just one
settlement in the Wassa Amenfi West Muncipality; Asankrangwa hosted ASM
operations and were reported on. These communities were selected based on their
proximity to mining activities and their exposure to the effects of ASM operations.
The purposive approach ensured that the selected communities would provide
relevant data on the impact of mining.

Once the communities were selected, a simple random sampling technique was
applied to select households for the survey. The purposive sampling technique was
used in selecting the stakeholders for the survey. A total of 200 respondents (30
stakeholders and 170 inhabitants) were targeted for the questionnaire administra-
tion. The targeted stakeholders included 21 chiefs from the communities, 3 offi-
cials from the MDAs, 3 officials of the Minerals Commission and 3 EPA officials.
The officials from the EPA and the Minerals Commission were all based in
Asankragwa in Wassa Amenfi West Municipality. The other MDAs did not have
Minerals Commission and EPA there and were all being supervised by the offices
in Asankragwa. All 30 stakeholders responded but only 141 inhabitants responded.
Thus, bringing the total number of responses to be 171 representing 85.5% re-
sponse rate.

The data collection instrument used for the survey was a structured question-
naire administered to household heads. The questionnaire covered key areas in-
cluding demographic information, perceptions of mining activities, the socio-eco-
nomic impacts of ASM, environmental concerns, and the households’ awareness
of and involvement in reclamation efforts. In cases where the household head was
unavailable, the survey was conducted with the most knowledgeable adult present
in the household. To ensure the availability of household heads and increase re-
sponse rates, data collection was scheduled within days when most households
were likely to be at home. This approach helped to minimise non-responses and
improve the accuracy of the data. Ethical considerations were a crucial part of the
data collection process. All participants were fully informed about the purpose of
the study, and their consent was obtained before administering the questionnaire.
They were assured of the confidentiality of their responses, and participation in
the survey was entirely voluntary.

2.3.3. Analysis of Interviews and Questionnaire Data

The collected data was analysed using Microsoft excel and further represented on
graphs and tables to show the trends of the responses. The data from the field
studies were analysed using tabular representations to show the trends of opera-

tions and the reclamation challenges faced by the various operations. Descriptive
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statistics particularly percentiles were used to analyse the responses from the ques-
tionnaire. The questionnaire responses from the stakeholders and the inhabitants
were combined and analysed to provide an overview of their perceptions regard-
ing the effects of ASM activities and reclamation efforts across the three districts.
A Chi-square test of independence was performed to examine the relationship
between participation in reclamation efforts and perception of mining impact.
The test was conducted with Pearson’s Chi-squared test with Yates’ continuity

correction in R studio.

3. Results and Discussions

The results from the study have been classified into 2 sections comprising of the
results from the field studies, results from the interviews of the mine managers

and the results from the questionnaire administration.

3.1. Results from the Field Studies

The results from the field studies include the information gathered through the
observations at the 10 mining sites and the information gathered from interviews
with the Mine Managers of the various sites. Ideally information should have been
sort from both the Environmental engineers and the Geotechnical engineers as
well since proper reclamation process requires the input of these engineers.
However, all the operations did not have such technical personnel working for
them, as such the study had to limit the information gathering to only the re-
spective mine managers. Table 1 summarises the observations on mining oper-
ations and challenges regarding reclamation at the various sites. Figure 4 shows
a failed reclamation site due to the encroachments of illegal miners at Bot-
wekrom. Figure 5 shows a failed reclamation exercise at due to the poor recla-

mation technique used.

Figure 4. Post-reclamation encroachment by illegal miners at the Botwekrom mine site.
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Figure 5. Failed Reclamation at the Nanakaw site.

Table 1. Mining operations and reclamation challenges at the various ASM site.

ASM Mine

Mining Methods and Processing

Site Techniques Operational Challenges Reclamation Challenges
Hard ?ock deposits being exploited with no alluvial Evidence of land degradation Concur.rent l.)a.ckﬁlling was being
deposits. . done with mining but the

e . .. on site. . ]
Open pit mining method employed in mining. . excavation of the topsoil together
. . . Open burning of mercury ] :
Mercury amalgamation technique used in the . with the overburden materials made
Wassa Gyapa . amalgam highly hazardous. | .

site mineral processing. Dust and notse pollution it difficult for revegetation to take
A total of 27 Hammer mills (Changfa), 4 Hydraulic .p place in the backfilled areas.

: from the crushing and . .
backhoe excavators, 2 water pumps, 27 Sluice milling area Insufficient funds for the operations
boards, hand-held pickaxes and shovels were used J T . lead to insufficient funds for
. ] Poor housekeeping at the site. ] .
in the operations. carrying out proper reclamation.
Hard rock deposits being exploited with no
indications of alluvial deposits mining.

Mini thod not clearly defined with crushi
mm,g I.ne © n.o crearly celine Wl cr?s. g . . Concurrent backfilling was being
and milling ongoing nearer to the active mining  Evidence of land degradation . ..
. done with mining but the
area. on site. excavation of the topsoil together
Wassa Ball mill was being loaded directly with a Hydraulic Open burning of mercury . P .g
K . with the overburden materials made
Dadieso  backhoe excavator. amalgam highly hazardous. | )
K . . . ) . it difficult for revegetation to take
site Mercury amalgamation technique used in the Dust and noise pollution .
) ) ] place in the backfilled areas.
mineral processing. from the crushing and No brover reclamation blan
A total of 40 Hammer mills (Changfa), 1 Ball mill, milling area. e parerc)i P
6 Hydraulic backhoe excavators, 5 water pumps, 40 preparec.
Sluice boards, hand-held pickaxes and shovels were
used in the operations.
Hard rock deposits with it mini thod
ér rock ceposits with open pit mining metho . . Concurrent backfilling was being
being employed. Evidence of land degradation ) o
. . . . done with mining but the
Excavators excavating the materials from the pit on site. . ]
. ) . ] . excavation of the topsoil together
and loading materials directly into the crusher. Open burning of mercury . ;
Wassa ) . ) ) with the overburden materials made
Mercury amalgamation technique used in the amalgam highly hazardous. | .
Nanankaw . ) > . it difficult for revegetation to take
ite mineral processing. Dust and noise pollution lace in the backfilled areas
s A total of 5 Hammer mills (Changfa), 1 Hydraulic from the crushing and b . o
) . Insufficient funds for the operations
backhoe excavators, 2 water pumps, 5 Sluice milling area. ] .
. . . lead to insufficient funds for
boards, hand-held pickaxes and shovels were Poor housekeeping at the site

used in the operations.

carrying out proper reclamation.
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Continued
Both alluvial and hard rock deposits being
exploited.
Open pit mining method employed in mining the Evid fland degradati
pett pit ot g cruployed in mining i .ence o1 Tanc aegracdation peclamation already done in some
hard rock deposits. on site. fthe it
of the pits.
Dig and wash method used in exploiting the alluvial Tailings and waste water was p .
. Topsoil lumped with overburden
deposits. management was a challenge . .
. . . materials made revegetation
Asankrangwa Hard rock materials were fed into the hammer at the site. difficult
ifficult.
site mills using the excavators. Open burning of mercury
. . . . Poor waste water management
Mercury amalgamation technique used in the amalgam highly hazardous. . .
. ) ’ . leading to accumulation of water
mineral processing. Dust and noise pollution .
. . ) everywhere on the mine.
A total of 15 Hammer mills (Changfa), 1 Hydraulic from the crushing and . .
: o Insufficient funds for revegetation.
backhoe excavators, 2 water pumps, 17 Sluice milling area.
boards, hand-held pickaxes and shovels were
used in the operations.
Hard rock deposits being exploited with no alluvial
deposits.
Open pit mining method employed in mining.
Excavators loaded materials into dump trucks Concurrent backfilling was being
which hauled it over 50 m distance to the done with mining but the
Adiembr ing site. tion of the topsoil togeth
e' a proc.essmg si e. . . _ Poor housekeepingat the site. ex.cava ion of the topso: o.ge er
site Semi-mechanised mineral processing system using with the overburden materials made
crushing and milling equipment. it difficult for revegetation to take
Hammer mills (Changfa), Hydraulic backhoe place in the backfilled areas.
excavators, Dump trucks, water pumps, Sluice
boards, hand-held pickaxes and shovels were used
in the operations but the total numbers not given.
Hard rock deposits being exploited with no
lluvial deposits mining.
atuviat depostts Tn?mng . . Negative effects of open Backfilling concurrently done with
Underground mining using a tunnel as the main . .
ot burning of mercury gold mining in the underground
entry point.
oyp . . . . amalgam. excavations.
Dompoase Mechanised mineral processing using crushers and ) . ] )
; o ] Dust pollution at milling Topsoil was lumped with the
site milling equipment. . .
Mercury amalgamation process employed in points. overburden during the
. Y & . p oy Noise from washing plant/  development stage of the
mineral processing. . .
L Trommel machine. operations.
Trommel, Generator plant, lighting towers,
washing plant and water pumps used in operations.
Hard rock deposits being exploited with no alluvial
deposits.
Open pit mining method employed in mining.
Excavators loaded materials into dump trucks
Evid f land degradati
which hauled it over 100 m distance to the v .ence ot fand degradation
. on site.
processing site. Open burning of mercu
Adamanso Semi-mechanised mineral processing system using P . & R Pit actively being mined with no
K . o . amalgam highly hazardous. ]
site crushing and milling equipment. reclamation attempts made yet.

Mercury amalgamation technique employed in the
mineral processing.

Dust and noise pollution
from the crushing and

milling area.
A total of 3 Hydraulic backhoe excavators, 1 &
Crusher, Dump trucks, 2 water pumps, 2 Sluice
boards, hand-held pickaxes and shovels were used
in the operations.
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Continued
Hard rock deposits being exploited with no alluvial
deposits.
Open pit mining method employed in mining.
penp 8 . .p Y & . . Concurrent backfilling was being
Excavators loaded materials into dump trucks Evidence of land degradation . o
] ] . . done with mining but the
which hauled it over 100 m distance to the on site. ] ]
. . . excavation of the topsoil together
processing site. Open burning of mercury . A
. . . . . . with the overburden materials made
. . Semi-mechanised mineral processing system using amalgam highly hazardous. .
Hiawa site ) o ) > ) it difficult for revegetation to take
crushing and milling equipment. Dust and noise pollution .
> ] . . place in the backfilled areas.
Mercury amalgamation technique employed in the from the crushing and . .
) ) o Insufficient funds for the operations
mineral processing. milling area. . .
. . . lead to insufficient funds for
Hydraulic backhoe excavators, Crusher, Dump Poor housekeeping at the site. . .
. carrying out proper reclamation.
trucks, water pumps, Sluice boards, hand-held
pickaxes and shovels were used in the operations
but the total number was not given.
Colluvial deposits being exploited with no alluvial
deposits.
Open pit mining method employed in mining.
penp J ) .p Y & ) . Concurrent backfilling was being
Excavators loaded materials into dump trucks Evidence of land degradation . o
] . . . done with mining but the
which hauled it over 100 m distance to the on site. . .
) ) . excavation of the topsoil together
processing site. Open burning of mercury . A
. . . . . . with the overburden materials made
. .. Semi-mechanised mineral processing system using amalgam highly hazardous. .
Nkyiase site . . . ) . it difficult for revegetation to take
crushing and milling equipment. Dust and noise pollution .
> ] . ] place in the backfilled areas.
Mercury amalgamation technique employed in the from the crushing and . .
) ) - Insufficient funds for the operations
mineral processing. milling area. . .
. . _ lead to insufficient funds for
Hydraulic backhoe excavators, Crusher, Dump Poor housekeeping at the site. . ‘ Jamati
carrying out proper reclamation.
trucks, water pumps, Sluice boards, hand-held ying prop
pickaxes and shovels were used in the operations
but the total number was not given.
Evidence of land degradation . .
] Reclamation already done in some
on site. X
Taili dwaste wat of the pits.
ailings and waste water was
Both alluvial and colluvial deposits being exploited. & Topsoil lumped with overburden
] ] o management was a challenge ] )
Dig and wash method used in exploiting the . materials made revegetation
Botwekrom . at the site. .
. deposits. . difficult.
site Open burning of mercury

Mercury amalgamation technique used in the . Poor waste water management
. ) amalgam highly hazardous. . .

mineral processing. leading to accumulation of water

everywhere on the mine.

Insufficient funds for revegetation.

Dust and noise pollution
from the crushing and
milling area.

Reclamation Challenges from the Field Studies

Results from the field studies reveal that the major challenges faced by ASM op-
erations in reclamation include: the luck of a sustainable reclamation plan; insuf-
ficient funding for reclamation; inappropriate excavation procedure and mineral
processing techniques; luck of expertise or professionals; No chemical testing of
the soils and water after mining; and encroachments from illegal miners. Firstly,
any proper and sustainable reclamation should be well planned and executed.
However, throughout all the 10 mining sites visited, it was seen that the operations
did not have any reclamation plan. It appeared that the miners considered recla-

mation as a spontaneous and transient activity that did not require much atten-
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tion. However, contrary to that reclamation actually forms an integral and im-
portant part of mining sustainability, which consumes time and is also capital in-
tensive. Therefore, a detailed reclamation plan should be outlined at the feasibility
stage of the operations, with the cost included in the operations cost before the
economic viability of the operations are determined. Moreover, insufficient fund-
ing for reclamation was hindering the execution of a sustainable reclamation. The
managers of the ASM sites visited indicated that there was not enough funding
for reclamation. This is because the process was not envisaged to be as expensive
only until they begun the process. As such, even though its reclamation was being
undertaken, it was not properly done.

Furthermore, in all cases, there was no chemical assessment of the soils and
water before and after mining. It is important for the chemical composition of
soils to be tested before and after mining so that the chemical compositions be-
yond the acceptable limits could be remedied. This forms the basics of the exact
vegetation to be used for the reclamation. But since none of these were not done,
it clearly shows as the supposed reclaimed sites where not thriving as it could be
a case of the vegetation may not be the best for those types of soils. In addition,
inappropriate excavation techniques or procedure and the poor mineral pro-
cessing techniques also resulted in difficulty in reclamation. In the excavation, the
correct procedure should have been that the topsoils are stripped and stockpiled
before the overburden materials are also removed. That way after mining, the
overburden will be used to backfill the area and the topsoil spread on it to support
the vegetation growth. However, the lumping of the overburden together with the
soils using the hydraulic excavators makes it difficult for revegetation after back-
filling since there will be the absence of topsoil to support vegetation growth. Also,
the use of the mercury amalgamation technique and the open burning of the mer-
cury during smelting could lead to the accumulation of the liquid mercury in the
atmosphere which could eventually be released into the soil when it rains.

In addition, the encroachments from the illegal miners also challenged the rec-
lamation process. In many cases, the illegal miners encroach the already reclaimed
areas, excavating and abandoning those areas. Others, also encroached the already
mined out pits which were being prepared for reclamation. These completely de-
grade the already reclaimed lands and also frustrate the registered ASM sites if
they want to reclaim their lands. Lastly, the luck of the expertise in terms of envi-
ronmental engineers and geotechnical engineers makes reclamation quite difficult
for the miners. As there will be the need to have those engineers on the sites to

guide the reclamation procedure and ensure compliance to standards.

3.2. Results from Questionnaire Administration

Out of the 200 targeted number of respondents for the questionnaire administra-
tion, 171 responses were received, thus representing an 85.5% response rate. The
targeted respondents included chiefs, houseowners, inhabitants, officers from the

Minerals Commission, officers from the Environmental Protection Agency (EPA)
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and officers from the MDAs. The questionnaire focused mainly on 4 key areas to
analyse the respondents’ views on reclamation in ASM operations. The questions
were centered on whether ASM operations have positive or negative impacts;
whether they are aware that ASM operations undertake reclamation; whether they
had been involved in any ASM mine site reclamation activities and: whether ASM
operations were contributing to environmental degradation. The designation of the
respondents and the total number of individuals across the 3 MDAs is shown in

Table 2. The results from the questionnaire administration is shown in Table 3.

Table 2. Designation of respondents and their total number.

Districts Designations Respondents No of Respondents Total
Chiefs 10
Stakeholders
Wassa Amentfi District Assembly 1 0
East Community Landlords 27
Members Inhabitants 45
Chiefs 7
Stakeholders
Wassa Amentfi Municipal Assembly 1 48
Central Community Landlords 15
Members Inhabitants 25
Chiefs 4
Municipal Assembly 1
Stakeholders
Wassa Amenfi Minerals Commission 3 20
West Environmental Protection Agency 3
Landlords 10
Stakeholders
Inhabitants 19
Total 171 171

Table 3. Results from the questionnaire administration.

Variable Wassa Amenfi East Wassa Amenfi Central Wassa Amenfi West Total
Total Households Surveyed 83 48 40 171
Perception of ASM Impact on Livelihood
- Positive Impact (%) 45% 40% 35% 40%
- Negative Impact (%) 55% 60% 65% 60%
Awareness of Reclamation Activities in ASM
- Yes (%) 25% 20% 15% 20%
- No (%) 75% 80% 85% 80%
Participation in Reclamation Efforts
- Yes (%) 10% 8% 5% 8%
- No (%) 90% 92% 95% 92%
Perception of Environmental Degradation
- Severe Degradation (%) 70% 75% 80% 75%
- Moderate Degradation (%) 25% 20% 15% 20%
- No Degradation (%) 5% 5% 5% 5%
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3.2.1. Impacts of ASM Operations on Livelihoods

In the Wassa Amenfi East Municipality, 45% of the respondents indicated that
ASM operations had positive impacts on their livelihoods whereas 55% indicated
that it impacts negatively on their livelihoods. In the Wassa Amenfi Central, 40%
of the respondents indicated that ASM operations impact positively on their live-
lihoods whereas 60% indicated that the operations impact negatively on their live-
lihoods. In the Wassa Amenfi West, 35% of the respondents indicated that ASM
operations impact positively on their livelihoods whereas 65% indicated that ASM
operations impact negatively on their livelihoods. In effect an average of 40% of
the respondents indicated positive impacts of ASM and 60% of the respondents
indicated that ASM impacts negatively on their livelihoods. This clearly shows
that majority of the respondents did not actually the significance of ASM to them.
This could be as a result of the consequences that they were facing from land deg-
radation resulting from the failed reclamation efforts by the miners. Figure 6 is a
graph showing the responses regarding ASM operations impacts on their liveli-
hoods.

Impacts of ASM Operations on Livelihoods

80% 65%
$ 60% 45%
o0
(1]
< 40%
o
(]
a 20%
0%
Wassa Amenfi East Wassa Amenfi Wassa Amenfi
Central West

Municipal and District Assemblies
M - Positive Impact (%)  m - Negative Impact (%)

Figure 6. Graph showing responses regarding ASM operations impacts on livelihoods.

3.2.2. Awareness of Reclamation in ASM

The respondents were asked to indicate their awareness about reclamation in
ASM as a way of curbing environmental degradation. In the Wassa Amenfi East
Municipality, 25% of the respondents indicated that they are aware that ASM op-
erations undertake reclamation ASM whereas 75% of the respondents indicated
that they were not aware that ASM operations undertake reclamation. In the
Wassa Amenfi Central, 20% of the respondents indicated that were aware of rec-
lamation in ASM operations whereas 80% of the respondents indicated that they
were not aware of reclamation in ASM operations. In the Wassa Amenfi West,
15% of the respondents indicated that their awareness of reclamation in ASM
whereas 85% indicated that they were not aware that ASM operations undertake

reclamation. Figure 7 is a graph showing the responses regarding the awareness
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of reclamation in ASM operations.

Awareness About Reclamation in ASM

100% 80% 85%
«» 80%
S
S 60%
@
o 40%
g 15%
20%
0%
Wassa Amenfi Wassa Amenfi Wassa Amenfi
East Central West

Municipal and District Assemblies
m-Yes (%) m-No (%)

Figure 7. Graph showing responses regarding awareness of reclamation in ASM.

3.2.3. Participation of Respondents in ASM Reclamation

In assessing the reclamation challenges encountered by ASM operations, respond-
ents were further asked whether they have been engaged or participated in any
reclamation in ASM operations before. In the Wassa Amenfi East Municipality,
10% of the respondents indicated that they have participated in reclamation be-
fore whereas 90% indicated that they have never participated in any reclamation
exercise before. In the Wassa Amenfi Central, 8% of the respondents indicated that
they have participated in reclamation exercise whereas 92% indicated that they have
never participated in reclamation. In the Wassa Amenfi West, 5% of the respondents
indicated that they have participated in reclamation before whereas 95% of the re-
spondents indicated that they have not participated in reclamation before. Figure 8

is a graph showing the responses regarding participation in reclamation.

Participation in Reclamation
100% S0% 22% i
80%
%]
S0
s 60%
=
[}
O 40%
&
20% L 8% 5%
0%
Wassa Amenfi Wassa Amenfi Wassa Amenfi
East Central West
Municipal and District Assemblies
m-Yes (%) m-No (%)

Figure 8. Graph showing the responses regarding participation in reclamation.

3.2.4. Perceptions of Environmental Degradation
The respondents were asked to rate the levels of environmental degradation from

ASM operations in their respective communities. Out of the 85 respondents from
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the Wassa Amenfi East Municipality, 70% indicated that ASM operations lead to
severe environmental damage, 25% indicated moderate environmental degrada-
tion whereas 5% indicated no degradation at all. In the In the Wassa Amenfi Cen-
tral, 75% of the respondents indicated that it contributes to severe environmental
degradation, 20% indicated that it leads to moderate degradation whereas 5% in-
dicated no environmental degradation. In the Wassa Amenfi West, 80% of the
respondents indicated that ASM operations within their communities lead to se-
vere environmental degradation, 15% indicated moderate degradation whereas
5% indicated no degradation at all. Figure 9 is a graph showing the responses

regarding perceptions of environmental degradation.

Perceptions of Environmental Degradation
80%
0,
80% 70% o
8 60%
oo
S
[ = 0 0,
g 40% 25% 20%
N 15%
a 20% % % %
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Wassa Amenfi East Wassa Amenfi Wassa Amenfi
Central West
Municipal and District Assemblies
- Severe Degradation (%) m - Moderate Degradation (%) ® - No Degradation (%)

Figure 9. Perceptions of environmental degradation from ASM operations.

3.3. Chi Square Test on Reclamation Challenges in the Wassa
Amenfi Area

Participation in Reclamation Efforts by Perception of Mining Impact

40
Participation
I No
h .Yes
0

Negative . . Positive
Perception of Mining Impact

Number of Households

3]
(=}

Figure 10. Chi-square test visualisation.
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A Chi-square test of independence (Figure 10) was performed to examine the re-
lationship between participation in reclamation efforts and perception of mining
impact. The test was conducted with Pearson's Chi-squared test with Yates’ con-
tinuity correction in R studio. Results indicated a Chi-squared value of 11.003 with
1 degree of freedom and a p-value of 0.0009098, indicating a statistically signifi-
cant association between these two variables. Specifically, respondents with nega-
tive perceptions of mining were significantly less likely to participate in reclama-
tion efforts compared to those with positive perceptions. This finding highlights
a major challenge: overcoming negative perceptions of mining, which could hin-

der community involvement in reclamation activities.

4. Strategies to Promote Sustainable Reclamation in ASM
Operations

In promoting sustainable Reclamation practices in ASM operation, it is important
that during the licensing and permitting stage of the operations, the miners are
made to produce a thorough reclamation plan. In order words, the operations can
only be issued licences if they provide a good reclamation plan to either the regu-
latory bodies or licencing institutions in the respective countries. Moreover, the
laws regarding environmental protection should be implemented efficiently by
the regulatory bodies. In Ghana, even though the EPA laws insist on the provision
of areclamation bond before the EPA permits are issued by the mining operations,
the 10 mining operations visited could not clearly indicate that they paid such
bonds even though they are registered operations. If the miners had paid the
bonds at the initial stage, they would have paid serious attention to reclamation
and would have made it an integral part of their operations.

Furthermore, there will be the need to employ technical expertise such as ge-
otechnical engineers, surveyors and environmental engineers in the reclamation
process. Such experts could be contracted during the reclamation phase of the
operations if a single operation cannot afford to permanently employ them. Better
still, a group of ASM operations may come together and employ such experts to
service their respective operations. Then the respective operations contribute to
pay them, in that way the financial commitment from the respective operations
will be affordable. Also, there should be chemical analysis of the soils and water
in the concessions before and after mining. This will guide the reclamation pro-
cess to know the chemicals or metals occurring in higher concentrations beyond
set standards. This will eventually guide the vegetation or remediation techniques
to use to ensure healthy soils and safe water.

Additionally, the mining excavation techniques and mineral processing tech-
niques employed in ASM should be given attention. It is important that topsoils
are removed and stockpiled separate from the overburden materials. Moreover,
miners should cease from the practice of processing the minerals within the pit in
which excavation is ongoing or just close to the pit. There should be a designated

area for mineral processing away from the pit and the water from the process plat
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should be contained and reused using the 3-pond purification system. In addition,
as much as possible, the mercury amalgamation technique should be stopped and
replaced with mercury-free processing techniques such as direct smelting, gold
kacha. Moreover, training and sensitisation of the miners and the communities
on reclamation will be required. As much as possible, the community should be
educated on the importance of reclamation and the need for them to insist on rec-
lamation from any single unit ASM operation. Illegal miners should be sensitised
to ward off from the registered sites. The recalcitrant illegal miners caught on reg-
istered sites should be arrested and prosecuted with hard terms in order to ensure

that others do not do that to degrade the already reclaimed mine sites.

5. Conclusions

This study examined the reclamation challenges associated with artisanal and
small-scale mining (ASM) operations in the Wassa Amenfi area of Ghana using
field investigations, stakeholder surveys, and spatial assessment techniques. The
findings demonstrate that although ASM contributes to local livelihoods, recla-
mation practices within the sector remain inadequate and largely unsustainable.
Field investigations across ten ASM sites revealed that reclamation efforts are con-
strained by the absence of comprehensive reclamation plans, inadequate financial
resources, poor excavation and mineral processing practices, limited access to
technical expertise, lack of soil and water quality assessments, and the persistent
encroachment of illegal miners on disturbed and reclaimed lands. These chal-
lenges have resulted in ineffective land restoration and prolonged environmental
degradation. The household survey further revealed that 60% of respondents per-
ceived ASM activities as having a negative impact on their livelihoods, while 75%
considered ASM operations to be a major source of severe environmental degra-
dation. Public awareness of reclamation activities was low, with only 20% of re-
spondents aware of reclamation initiatives, and community participation in rec-
lamation activities remained extremely limited at 8%. The Chi-square analysis
confirmed a statistically significant relationship between perceptions of mining
impacts and participation in reclamation activities, suggesting that negative per-
ceptions of mining can hinder community involvement in land restoration efforts.
Overall, the study concludes that the sustainability of ASM operations in the Wassa
Amenfi area depends largely on the integration of reclamation into the mining life
cycle, stronger regulatory enforcement, improved technical capacity, and enhanced
stakeholder participation. Without addressing these challenges, ASM activities will
continue to contribute to land degradation, biodiversity loss, and declining ecosys-
tem services. Conversely, the adoption of sustainable reclamation practices can
transform degraded mining landscapes into productive ecosystems that support

both environmental restoration and community development.

6. Recommendations

The findings of this study highlight the need for a comprehensive and integrated
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approach to improving reclamation outcomes in artisanal and small-scale mining
(ASM) operations. Effective reclamation requires not only regulatory compliance
but also the adoption of sound technical practices, adequate financial provisions,
and active stakeholder participation throughout the mining lifecycle. A critical
priority is the institutionalization of mandatory reclamation planning and finan-
cial assurance mechanisms. Regulatory authorities should require all ASM opera-
tors to prepare detailed reclamation plans as a prerequisite for licensing. Such plans
should clearly outline land restoration objectives, implementation strategies, moni-
toring frameworks, and post-mining land-use goals. Furthermore, reclamation
costs should be incorporated into project feasibility assessments, and the enforce-
ment of reclamation bonds or dedicated reclamation funds should be strength-
ened to ensure the availability of financial resources for post-mining restoration
activities.

Strengthening regulatory oversight is equally important for promoting respon-
sible mining practices. The Minerals Commission, Environmental Protection
Agency (EPA), and relevant District Assemblies should intensify monitoring and
inspection activities at ASM sites to ensure compliance with environmental man-
agement and reclamation requirements. Regular audits, coupled with the con-
sistent application of penalties for non-compliance, would enhance accountability
and encourage adherence to environmental standards. The study also underscores
the importance of improving the technical capacity of ASM operators. Access to
qualified environmental engineers, geotechnical engineers, surveyors, and recla-
mation specialists would significantly enhance the planning and execution of rec-
lamation programmes. The establishment of shared technical support services
through ASM cooperatives or government-supported extension programmes could
provide cost-effective solutions for small-scale operators while improving the over-
all quality of reclamation outcomes. In addition, mining and mineral processing
practices should be improved to minimize environmental degradation and facili-
tate successful land restoration. Operators should adopt proper topsoil manage-
ment practices, including the stripping, storage, and preservation of topsoil before
excavation activities commence. Such measures would enhance soil fertility and
vegetation establishment during reclamation. Moreover, the continued reliance
on mercury-based gold processing methods should be progressively reduced and
replaced with environmentally sustainable alternatives, such as mercury-free gold
recovery technologies and direct smelting techniques.

The implementation of comprehensive soil and water quality assessment pro-
grammes is also essential. Baseline and periodic monitoring of soil, surface water,
and groundwater quality should be conducted before, during, and after mining
operations. These assessments would provide critical scientific data for evaluating
environmental impacts and informing the selection of appropriate remediation,
revegetation, and ecosystem restoration strategies.

Community engagement should be recognized as a fundamental component of

successful reclamation programmes. Local communities should be actively involved
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in the planning, implementation, and monitoring of reclamation activities. Increased
stakeholder participation can enhance transparency, improve local ownership of
restoration initiatives, and contribute to the long-term sustainability of reclaimed
landscapes. Environmental education and awareness campaigns should therefore
be intensified to improve public understanding of the environmental, social, and
economic benefits associated with effective mine reclamation.

The findings further indicate the need for stronger measures to address illegal
mining activities that undermine reclamation efforts. Government agencies should
strengthen surveillance systems and enforcement mechanisms to prevent illegal
miners from encroaching on active and reclaimed ASM concessions. Community-
based monitoring initiatives and reporting mechanisms could complement offi-
cial enforcement efforts and help safeguard restored lands from renewed disturb-
ance. Finally, further research is required to advance knowledge and improve rec-
lamation practices in ASM environments. Future studies should investigate the
effectiveness of emerging reclamation technologies, including phytoremediation,
ecological engineering approaches, and nature-based restoration solutions suita-
ble for tropical mining landscapes. Long-term monitoring studies are also neces-
sary to evaluate ecosystem recovery trajectories, assess reclamation success, and pro-
vide evidence-based guidance for policy development and environmental man-

agement within the ASM sector.
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