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Abstract

Galamsey, the unregulated artisanal small-scale gold mining in Ghana, is emerging as a significant global concern. Galamsey operations
typically involve numerous unlicensed and untrained people at a multiplicity of sites who engage in the uncontrolled excavation of soil and/or
water bodies using rudimentary tools. Aside from haphazard destruction of land and vegetation, galamsey operations often release hazardous
substances such as mercury and cyanide, recognised as mining pollutants. This review examines the far-reaching implications of galamsey-
related pollutants, drawing particular attention to the context of Ghana and focusing on the toxicological impacts of pollutants such as
hydrocarbons, cyanide, mercury, lead, arsenic, soot, silt, and nitrate, often released during galamsey activities. These contaminants have been
linked to various adverse health effects, including neurological disorders, respiratory diseases, cardiovascular issues, and congenital defects.
Special attention is given to the mechanism of action of these pollutants, emphasising how they disrupt biological systems and lead to chronic
health conditions and birth defects. Finally, the review proposes comprehensive recommendations for mitigating the health and environmental
consequences of galamsey.
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INTRODUCTION

Galamsey, is an informal term used in Ghana for
unregulated artesinal small-scale gold mining.
This illicit activity involves untrained individuals
excavating the earth and filtering soil and water with
rudimentary tools to extract gold. This is usually done using
inappropriate techniques, materials, and machines such as
tractors, excavators, and grinding mills (known locally as
Chamfi) to clear off the forest and vegetation, dig deep into
the soil, and damage the soil structure. Other galamsey
operators excavate riverbeds for alluvium. The obtained
soil is washed to reveal nuggets of crude gold in a process
that turns streams and rivers into muddy and high-turbidity
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water bodies unfit for aquatic life. Galamsey-mined gold is
processed in the open by untrained and ill-equipped
labourers using toxic substances like mercury and cyanide,
regarded as mining pollutants. The consequences of these
actions include wanton destruction of vegetation, which
contributes to the factors leading to changes in the climate.
Galamsey activities also lead to land degradation, soil
erosion, conflicts between humans and wildlife, water
pollution, improper disposal of waste and various types of
harm [1]. Ghana is one of the few sub-Saharan countries
with abundant deposits of gold. During pre-colonial
periods, Ghana was rich in gold, allowing ordinary
individuals to gather gold dust and nuggets by excavating a
few meters below the surface with simple implements such
as pickaxes, shovels, and pans. In some instances, they
could even stumble upon gold lying freely on the ground.
During Ghana’s pre-colonial days, gold was used as a
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currency in barter transactions for goods and services. The
arrival of Western explorers, astounded by the region’s
abundant gold, led to naming the area as the “Gold Coast.”
They subsequently established a colonial presence,
building forts and castles and developing industries focused
on gold and the slave trade. However, the post-colonial
period saw a shift from manual extraction to using
chemicals in mining. These substances, even in small
quantities, pose serious health risks, including
hypertension, birth defects, brain disorders, kidney issues,
and anaemia [2-7]. In Ghana, galamsey is prevalent in areas
such as Tarkwa Nsuaem, Amenfi East, Prestea Huni-valley
district, and Aboabo in the Western and Ashanti regions of
Ghana, respectively [2]. According to the Ghana Statistical
Service, about 2.4% of the labour force has been employed
in the mining industry for the past two decades [8].
However, the substantial rise in the country’s
unemployment rate often leads many young people to
engage galamsey, as a swift and effective method to support
themselves financially [9,10].

Statistics from the Ghana Health Service (GHS) indicate a
continual rise in birth mortality rates, stillbirths, and other
birth-related complications in regions impacted by illegal
mining [8]. In China [11], heavy metal ingestion by
pregnant women, through direct or indirect exposure, led to
issues such as lower newborn birth weight, reduced length
at birth, and increased chances of preterm delivery.
Additionally, there have been reports of other acute and
chronic conditions, including gastrointestinal and Kidney
dysfunction, nervous system disorders, skin lesions,
vascular damage, and cancer [11,12]. The yearly increase
in birth defects linked to the consumption of water and food
contaminated with heavy metals like arsenic, mercury, and
lead parallels the surge in per-infant medical costs. This
includes higher government spending on drugs and medical
equipment for newborns. As a result, survivors of these
birth-related issues often grow up unhealthy and less
productive, becoming a liability rather than an asset to the
country [13].

The adverse environmental impacts of galamsey, are
widely recognised. However, this review paper aims to
shed light on a crucial but often overlooked aspect: the
health risks and birth defects resulting from exposure to
galamsey-related pollutants. Evidence from existing
literature has highlighted the alarming health problems
prevalent in communities residing near these mining sites.
A cross-sectional study by Cooper et al. established
associations between maternal proximity to mountain-top
removal (MTR) mining and increased birth defects [14].
This study highlighted the prevalence ratios of
gastrointestinal defects in infants with varying degrees of
MTR exposure. Another epidemiological study [15] found
that heavy metals, especially the interaction of mercury
with lead, had a significant correlation with the risk for
Congenital Heart Defects (CHDs) resulting from prenatal
exposure to these pollutantsin addition, findings from the
Pediatric Society of Ghana revealed that exposure to the

heavy metals generated by illegal mining operations leads
to a higher occurrence of congenital deformities, child
fatalities, and cognitive impairments that have a detrimental
impact on their academic performance [16]. These heavy
metals upon entering the human body, tend to disrupt
enzymatic processes, compromise the body’s antioxidant
defence mechanisms, and stimulate the generation of
reactive oxygen species (ROS) [17].

This study also addresses the magnitude of health risks
posed by galamsey-related pollutants to elucidate the
potential health effects and birth defects associated with
exposure to these pollutants. One of the repercussions of
galamsey activities is respiratory complications [18].
Airborne respiratory disease, known as pneumoconiosis
(black lung disease), is the major lung disease acquired by
miners and operators of galamsey through inhalation of
dust generated from the mining process [19]. According to
Ayaaba et al., 47.5%, 14.3%, 9.69%, and 5.1% of gold
miners (both regulated and unregulated) have been
diagnosed with asthma, pneumonia, bronchitis, and
emphysema, respectively, with coughing being the most
prevalent symptom [20].

Galamsey-related pollutants

Several studies have confirmed elevated levels of various
environmental pollutants in regions impacted by galamsey,
as summarised in Table 1. This table provides a
comparative analysis of the prevalence and distribution of
these contaminants, highlighting the significant presence of
toxic substances from illegal small-scale mining both in
Ghana and globally. Such pollutants, particularly heavy
metals such as lead, mercury, and arsenic, are often released
during the gold separation process using chemicals like
cyanide, sulfuric acid, and nitric acid. Acid mine drainage,
erosion of waste residues, and primarily mining tailings are
key sources of these pollutants. Tailings significantly
contaminate water bodies and ecosystems with high
concentrations of mercury, acid, arsenic, lead, and nickel.
These pollutants pose a direct threat to the health of local
residents in rural galamsey areas, who rely on rivers and
streams as their primary water source. In addition to heavy
metals, mining pollutants include hydrocarbons, cyanide,
and particulate matter such as soot and silt, all contributing
to potential health risks and birth defects associated with
prolonged exposure [21,22].

Illegal mining activities result in the release of toxic
petroleum hydrocarbons (fuel oils and grease) due to spills
and leaks. Hydrocarbons can also be found in tailings,
effluents, and waste materials generated by mining
operations. The most common hydrocarbons from illegal
mining activities include methane and volatile organic
carbons (VOCs) such as benzene, toluene, ethylbenzene,
and xylene. Nitrate, a prevalent pollutant in galamsey
operations, primarily enters the environment through the
use of blasting agents such as ammonium nitrate. During
these galamsey activities, nitrate compounds are released
and can swiftly infiltrate nearby water bodies. This
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contamination poses significant risks to ecosystems and
human health, as nitrates in water can lead to various
environmental and health concerns, including water quality
degradation and potential harm to aquatic life.

Case studies of galamsey activities in Ghana

Table 2 indicates the concentration of various pollutants
found in different study areas in Ghana and other global
regions, specifically focusing on the impact of galamsey
activities. Based on the findings from Ghana: Studies
conducted in River Tano [52], Tarkwa Nsuaem, Amenfi
East, and Prestea Huni Valley [53] in Ghana revealed
mercury concentrations in fish species and galamsey waste.
Also, in the River Pra estuaries of Ghana, high
concentrations of lead were reported in the water [58].
These significantly exceed the recommended health limits,
indicating a serious health threat to both aquatic life and the
local population. This could potentially lead to mercury and
lead poisoning with associated neurological disorders and
carcinogenicity [84]. In Kenyase in the Asante region of
Ghana, the levels of cyanide found in yams were alarmingly
high (43.47 mg/L), far exceeding the recommended limit of
(10 mg/kg). This is particularly concerning as cyanide is
highly toxic, leading to metabolic acidosis, cellular
dysfunction, and organ failure at high exposures [85].

The Western region of Ghana, encompassing 22% of the
country’s drainage system, notably the Pra and Ankobra
rivers [86,87], has faced the detrimental consequences of
galamsey activities. The environmental impact is starkly
evident through the presence of heavy metals like lead (Pb),
arsenic (As), cadmium (Cd), and mercury (Hg) detected in
fish samples collected from these rivers, as analysed by the
Environmental Protection Agency (EPA) [88]. Levels of
heavy metal contaminants (mg/L) detected in River Pra in
the Ashante region of Ghana ranged from 0.12 - 0.26 for
Cd, 8.65 - 8.48 for Pb, and 0.50 - 0.08 for Hg [119].
Consuming fish contaminated with these heavy metals has
been linked to damage to the nervous system and the
occurrence of birth-related disorders [58,89]. Additionally,
a study conducted in areas such as Sanso, Anyinam,
Anyimadokrom, Abombe, and Tutuka within the Obuasi
municipality has reported a significant increase in cases of
skin diseases, colds, catarrh, and respiratory illnesses,
accounting for 27% [90,91].

These findings underscore the dire environmental and
public health consequences of galamsey activities in the
region. Among the reported sites, Anyimadokrom emerges
as the most significantly affected by galamsey-related
pollutants, owing to its close proximity to galamsey
operations [92]. Instances of galamsey-related health
issues, such as skin diseases, are particularly prevalent in
Anyimadokrom, with 26.6% of respondents reporting these
problems, as opposed to other areas like Sanso, where
24.3% of responses were recorded [91]. This data indicates
the heightened impact of galamsey activities on the healthof
the local population in Anyimadokrom compared to
neighbouring areas.

Recommendations and future perspectives

This study unveils a pressing need for proactive measures

to address the multifaceted challenges posed by galamsey

activities in affected communities. The following
recommendations and future perspectives are proposed to
chart a path toward sustainable solutions.

a. Mitigating Political Influence on Galamsey: The
persistent issue of political influence on galamsey
must be tackled at its root. Authorities should institute
stringent regulations and enforce them without
compromise, irrespective of political interests.
Government agencies, in collaboration with relevant
stakeholders, should implement policies to prevent
illegal mining operations and penalise those who
facilitate or engage in these activities.

b. Advanced Research on Bioavailability: While
extensive quantitative and analytical research has been
conducted on galamsey-related pollutants, a deeper
understanding of their bioavailability is essential.
Comprehensive bioavailability assessments should be
carried out to precisely determine the levels of these
pollutants in the affected population. This information
is critical for designing targeted intervention strategies
and assessing the health risks accurately.

c. Enhancing Healthcare Infrastructure: Many health
centres in galamsey-affected areas and Ghana as a
whole lack the necessary technologies to detect and
monitor  chemical contaminants in  affected
individuals. To bridge this gap, toxicological divisions
should be established within healthcare facilities.
These divisions would be equipped with state-of-the-
art equipment for diagnosing and monitoring the
health effects ofgalamsey-related pollutants, ensuring
timely and accurate healthcare provision.

d. Investment in toxicological assays and the availability
of readily accessible assays for detecting galamsey-
related pollutants is paramount. Investment in the
development and widespread deployment of assays for
quantifying pollutants, including but not limited to
cyanide, is essential. Such assays should be made
accessible to healthcare professionals, allowing for
rapid, on-site testing of affected individuals.

e. Community Education and Awareness: Education and
awareness campaigns should be intensified to inform
individuals about the dire consequences of galamsey.
These campaigns should encompass not only the
health risks but also the environmental and
socioeconomic impacts of illegal mining. Community
engagement and awareness programs can deter
participation in galamsey and encourage responsible
practices.

f.  Robust Water Treatment Systems: Galamsey-affected
communities should have access to robust water
treatment systems that can help remove contaminants
from drinking water sources. Investing in these
systems is vital for ensuring the availability of safe,
clean water, which is a fundamental requirement for
public health
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Table 1 Overview of Galamsey-Related Pollutants, Adverse Health Effects, and Mechanisms of Action

Pollutant

Hydrocarbons
(PAHSs,VOCs,
methane, fuel
oil and
grease)
Cyanide

Mercury

Lead

Arsenic

Soot

Silt

Iron

Vanadium (V)

Carbon
monoxide
(CO).

Nitrate (from
blasting agent,
ammonium
nitrate)

SO, (Sulfur
Dioxide)

Adverse Health Effects

Central nervous system damage and Increased
risk of leukemia, impairment of fetal growth
[23,24]. Congenital health defects on
offsprings (conotruncal heart defect) [25]

Metabolic acidosis, Cellular disfunction,
organ failure and induce central nervous
system dysfunction [26]

Organ dysfunction (brain, renal, endocrine
glands), stillbirths and neurological disorders
(tremors,  impaired  cognition, muscle
weakness) and causes neural tube defects [30]

Reduced erythrocyte resilience, anemia,
Impaired heme  synthesis, disrupted
hemoglobin production, shortened red blood
cell lifespan, [34]. Damages the central
nervous system, cognitive impairments, and
an increased risk of hypertension and
cardiovascular disease in adults [35].

Skin lesions, respiratory tract infections and
increased risk of cancer

Respiratory problems (asthma, bronchitis),
coronary heart diseases and Premature birth,
low birth weight [37,38].

Reduced water quality resulting in water
borne diseases [40].

Neurotoxicity

Nausea, vomiting, abdominal pain and tongue
discolouration

Otitis media, asthma, autism spectrum
disorder (ASD), small for gestational age.
Reduced oxygen delivery impairs fetal
growth and development

Prenatal exposure to nitrates mostly through
drinking water causes childhood cancer,
preterm delivery and lower birth weight,
Infant mortality, congenital cataract, neural
tube defects including Spina Bifida and
affects the heart of offsprings [46,47].

Congenital limb defects and neural tube
defects in offsprings [49, 50], respiratory

Mechanism of Action

Hydrocarbons  metabolize into  toxic intermediates that damage
(Deoxyribonucleic Acid) DNA and proteins, increase mutation risk, and induce
oxidative stress, generating reactive oxygen species that cause cellular damage.

Cyanide's inhibits cytochrome c oxidase, a crucial enzyme in the electron
transport chain of mitochondria, responsible for aerobic respiration.

Cyanide (CN —) + Cytochrome c oxidase —

CyanideCytochrome c oxidase complex [27-29]

Galamsey activities release organic mercury, bonding with proteins, altering
structures, causing organ dysfunction. Methyl mercuric-cysteinyl complex
crosses placenta, leading to birth defects.

[MeHg]* + RSH —» MeHg — SR + H* [31-33] . Where= RHS = Alkyl thiol or
alkanethiol, MeHg—SR = methyl mercuric-cysteinyl complex

When introduced as lead phosphate, lead undergoes precipitation in the blood,
creating an acidic environment that weakens erythrocytes (red blood cells) and
reduces their oxygen-carrying capacity.

Pb3(P04,)Z(S) ar Hzol - H3P04,(aq) ar 3Pb2+(aq) [34]

Once ingested, inorganic arsenic undergoes methylation to form organic arsenic
compounds, but this does not mitigate its health risks.

Both inorganic arsenic and its organic metabolites disrupt cellular processes,
leading to severe health issues [36].

Combustion of fuels emits soot particles and droplets into the air which disperse
into the surrounding environment.

leading to significant health risks due to Inhalation of soot-laden air. [39].
Galamsey activities disrupt water bodies through soil erosion and alluvial mining,
leading to substantial accumulation of suspended sediments in the water, known
as siltation. [41].

A chemical interaction between iron and hydrogen peroxide (Fenton Reaction),
produces hydroxyl radicals (OH¢), which are extremely reactive and harmful to
living cells.

These OHe radicals interact with various biomolecules in the bloodstream,
compromising enzymatic activities and causing damage to proteins, lipids,
nucleic acids, and DNA strands. Fe + H, 0, —» OH" + Fe?* [42,43]

When in contact with blood plasma containing Nicotinamide adenine
dinucleotide phosphate (NADPH) and ascorbic acid, V transforms into a reduced
form.

This reduced V then reacts with oxygen in the bloodstream to generate an oxygen
radical. This radical further reacts with V, allowing its transportation to various
parts of the body [44].

CO binds with haemoglobin to form carboxyhemoglobin (COHb) in the blood,
reducing oxygen delivery to the foetus.

This contributes to neurological disorders by affecting the delivery of oxygen to
the brain during critical periods of foetal development and exacerbate respiratory
conditions by impairing oxygen transport and causing inflammation in the
respiratory system [45].

Nitrates, undergo conversion in the body to nitrites, which can then further react
to form N-nitroso compounds.

These compounds are of particular concern due to their potential carcinogenic
and teratogenic effects.

In the case of pregnant women, these N-nitroso compounds can cross the
placenta, potentially interfering with foetal development and leading to birth
defects, particularly affecting the central nervous system and possibly other organ
systems [48].

SO, generated from the combustion of oil in galamsey machines dissolve in water
vapour in the air to form sulfurous acid (H,SOs3), which is a respiratory irritant.

problems,  aggravation  of  existing \When inhaled, it reacts with the water lining of the respiratory tract, forming
cardiovascular diseases, irritation of the eyes, acidic compounds that irritate the respiratory system. This leads to
nose, and throat [51]. bronchoconstriction and increased asthma symptoms [51]
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Table 2. Reported Levels of Galamsey-Related Pollutants in Different Study Areas

Pollutant Study Area Sample Type
Mercury River Tano, Ghana. [52] M. rume fish species
Tarkwa Nsuaem, Amenfi East L.niloticus fish species
and Prestea Huni Valley, galamsey waste
Ghana. [53] Blood of birds
Cispata Bay, Colombia. [54]
Lead Lake Badovci, Kosovo. [57] Water
River Pra estuaries, Ghana. [58]  Water
Dagua River estuary, Colombia.  Sediments and Tissues
[59] of A. tuberculosa
Arsenic Central Yinchuan basin, China. Groundwater
[61] Blood of children and
Mojana region, Colombia. [62] Adolescents
Caracoto, Peru. [63] Groundwater
Cadmium Fena River, Ghana. [65] Water
Pawara, Eastern Cameroon. [66]  Soil
La Oroya Antigua, Ecuador. Soil
[67]
Hydrocarbons  Suixi County, China. [70] Soil
Henan Province, China. [71] Groundwater
Harare, Zimbabwe. [72] Soil
Soot Bochnia, Poland. Air
(Particulate Kiruna, [75] Air
matter) Norrbotten County, Lapland, Air
Sweden. [76]
Kemi-Tornio region, Finland.
[77]
Silt Central Gold Belt, Malaysia[78]  Soil
Tapajos river basin, Brazil. [79] ~ Water
South-western Rivers system, water
Ghana. [80]
Cyanide Kenyase, Ghana. [81] Yam
Jilin, China. [82] Water
Kelantan, Malaysia. [83] urine

Concentration Recommended Limit

(1.01+0.03) mg/Kg
(1.1£0.14) mg/Kg
(0.0060 + 0.0004) mg/Kg
(0.23 +1.09) pg/L

< 0.5mg/Kg [55]

< 4mg/Kg [56]

0.01 mg/kg (0.01-0.015) mg/L
(8.65 % 8.48) pg/L [60]
(0.87 + 0.68) mg/Kg

(0.7-26) pg/L
1.96 £2.73) pg/L
(31.9-113.1) pg/L

<10 pg/L [64]

(0.14+0.19) mg/L
(12.2-25.0) mg/Kg
4,820ppm

< 0.005ppm [68]
< 0.6mg/Kg [69]

(218-1548) ng/g
(146.9-1220.6) ng/L

<100mg/Kg [73]
<300g/L [74]

21,415 mg/Kg < 100mg/Kg
(21-79) pug/m® < 35mg/m®
94 ug EC m2and

1200 ug NO, m=3

(22-1100) pg m®

78.23% sludge, 68.06%

waste dump, 63.98%

stockpile HG, 60.65%

stockpile SLG and 53.21%

sediment

~5.0 mgL?

382 mg/L

43.47 mg/L < 10mg/Kg
2.5 mg/Kg

0.56 mg/dL <0.2g/L

g. Sustainable Mining Practices: Promoting sustainable
mining practices and encouraging small-scale miners to
transition to legal and responsible mining activities
should be a long-term objective. Government
incentives and support can facilitate this transition,
creating alternative livelihoods for those currently
engaged in galamsey.

h. To safeguard pregnant women and mitigate the risk of
birth defects, it is essential to enhance environmental
monitoring and control in areas prone to pollution from

sulfur dioxide, cyanide, carbon monoxide, and
hydrocarbons. Healthcare providers should offer
regular screenings and advice on avoiding exposure.

Conclusion

This review has extensively explored general pollutants
generated and related to illegal gold mining operations and
delivered parallels to the specific pollutants generated from
galamsey operations in Ghana. The findings presented
highlight the dire health implications and congenital defects
associated with exposure to pollutants. Notably, mercury,

lead, arsenic, and other heavy metals have been linked to
severe neurological and developmental disorders,
respiratory diseases, and cardiovascular problems. Pregnant
women and their unborn children are especially vulnerable,
with exposure leading to birth defects such as neural tube
defects, congenital heart defects, and low birth weights.
Also, sulfur dioxide, cyanide, carbon monoxide, and
hydrocarbons have all been associated with significant birth
defects and developmental problems. Exposure to these
pollutants can lead to congenital heart defects, neurological
issues, and impaired foetal growth, highlighting the critical
need for protective measures for pregnant women.

The health risks and birth defects associated with exposure
to galamsey-related pollutants are a public health
emergency that requires immediate attention. This review
serves as a call to action for policymakers, healthcare
providers, and the community to work together to eradicate
the scourge of illegal mining and its devastating health
consequences. A united and comprehensive approach can
protect current and future generations from the harmful
effects of galamsey.
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