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The Artisanal and Smaliscale Gold Mining
(ASGM) sector typically consists of small groups
or individuals extracting gold with semi-

mechanized and low-tech methods. Millions of

people in over 70 low- and middle-income
countries depend on artisanal gold mining for

their livelihoods, producing around 20% of the

global gold production. Depending on the

degree of organization and formalization,

mining sites tend to have poor occupational

safety standards and practices exposing miners
to various occupational health hazards.

Chemical riskscan include the exposure to toxic
substances such as mercuryand cyanide which
are used to extract gold from the ore, and silica
dust as well as other naturally occurring heavy
metals or toxic gasesduring ore extraction and
grinding. Biomechanical hazardsare caused by
physically straining manual work (e.g., painful
disorders of muscles and the skeleton from
heavy lifting or repetitive movements) and
physical trauma (e.g., from slipping, falling,
landslides) (WHO, 2016)

Poor hygienic conditions at the mining site and
inadequate living conditions in artisanal mining
communities can increase the susceptibility to
communicable diseases such as malaria,
tuberculosis or gastrointestinal diseases,as well
as psychosocialhazards (e.g, substance abusg.
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Overview

Understanding occupational health risks in the
artisanal gold mining sector is an important
prerequisite for miners to protect themselves
and their communities, and to transition to
environmentally sound and safe practices.

This brochure provides a brief overview on the
health and environmental impacts of mercury,
cyanide and silica dust in the sector. Chemical
risks do not only affect miners, but also their
communities. Mercury and cyanide are both
highly toxic to human health. However, only
mercury persists in the environment and can
travel long distances. Exposure to very fine silica
dust is a common hazard in hard rock mining,
but one that can easily be prevented.

Based in Victoria, Canada, the Artisanal Gold
Council (AGC) is a notfor-profit organization
dedicated to improving the working conditions,
opportunities, environment and health of the
millions of people involved in ASGM in the
developing world.

A G C integrated approach seeks to build an

environmentally sound, socially responsible, and
formalized ASGM sector effectiveat transferring

wealth from rich to poor.

The AGC provides training on Occupational
Health and Safety for artisanal miners,
government officials, health professionals and
other interested stakeholders along the artisanal
gold supply chain.

This brochure has been prepared by Mareike
Kroll, PhD, Director of Health and Researchat
the AGC.Version 2.0has been updated in March
2022.
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Mercury

Mercury

Elemental mercury, a silver liquid (Hg. 1), is a
highly toxic heavy metal that cannot be
degraded and persists in the environment. The
Minamata Convention on Mercury, a global
treaty, therefore aims to protect human health
and the environment from the adverse effects of
mercury (UNE, 201%).

The artisanal gdd mining sector is currently the
largest anthropogenic source for mercury
releasesas it is a deficient but simple and cheap
method to extract gold from the ore. It is
therefore a priority focus under the Minamata
Convention.

Exposure in artisanal gold
mining
Miners in artisanal gold mining are exposed to
elemental mercury during amalgamation
(mixing ore with mercury), squeeze (separating
solid amalgam from excess mercury),
vaporization (heating of amalgam), smelting

(melting sponge gold with residual mercury),
and refining of raw gold doré .

even at room temperature. The vapour is
odorless and colorless, but extremely toxic and
very adhesive. Therefore, inhaling elemental
mercury vapours during ore processing, and
most intensively when burning amalgam, is the
most dangerous form of exposure. Lungs retain
around 80% of the inhaled vapours, from where
the mercury enters the bloodstream (ATSDR,
2014) (Fig. 2) Furthermore, mercury vapour can
adsorb to clothes, skin, furniture, work tools and
walls. These materials can continue to emit
mercury vapours for extended periods of time.
Hence, the whole household gets exposed to
mercury vapours when the gold mercury
amalgam is burnt within the home or if work

clothes and processing equipment are stored at
home.

If liquid elemental mercury is accidentally
ingested, only a very small amount gets
absorbed by the body (less than 0.1%).
Absorption is also low during unprotected skin
contact (less than 3%), but the exposure can
cause skin and eye irritation (NRC, 2000).

bue to its high volaity, | @ Mercury - How it getsinto our body

elemental mercury can transform
from its liquid state to vapour
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Figure 1 (below). Elemental mercury
(photo: AGC)

Figure 2 (right). Elemental mercury
intake in artisanal gold mining

Inhaling mercury

vapours
(high: ~ 80%)

Eating
i contaminated food
(high: ~ 95%)




Health data for artisanal gold mining

communities are scarce. According to a global

study, around one third of active miners suffer
from moderate or severe chronic elemental
mercury vapour intoxication (Steckling et al.,
2017). Though the prevalence differs depending
on the local ASGM practices, the figures show
that mercury intoxication is a common problem

in the sector where mercury is being used and
requires immediate action. In addition, the

environmental and health impacts of mercury

use in the sector go beyond the local mining

community .

Figure 3 Elemental mercuryemitted to and released ir
artisanal mining does not only impact the health of
miners as mercury persists and travels in th
environment.
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Fish consumption:
Frequent consumption of
contaminated fish can cause
adverse health
impacts.

Food chain:
Methylmercury is
concentrated up the food . -
chain into fish and
mammals.

Methylation:
Bacteria transforms elemental
mercury into a more toxic, bioA
available form of methylmercury.

Mercury

The ASGMsector is responsible for around 38%
of the global mercury emissions to the
atmosphere originating from human activity.
Mercury in the atmosphere can travel over long
distances. For example, an estimated 95% of
anthropogenic mercury deposited in Canada
comes from sources outside Canada, mainly East
Asia(UNE, 201%). Elemental mercuryis not only
emitted to the atmosphere during ore
processing or from the tailings, it is often also
directly released into water streams and soils
(e.g., from poorly made tailings ponds) (Fig. 3,
step 1).

Most of the mercury released into the
environment will eventually enter aquatic
systems (streams, lakes, rivers and oceanyhere
bacteria can transform it into methylmercury,
the most toxic form of mercury (Hg. 3, step 2&3).
The transformation rate of elemental mercury

Mercury use in ASGM

exposes miners and
communities to toxic elemental
mercury vapours, causing adverse
health
impacts.

Transport.

Elemental mercury
emitted into the atmosphere and
released into soils, unsafe tailings

ponds and rivers
accumulates in aguatic
ecosystems.
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into methylmercury in water bodies and soils
depends on their physical, chemical, and
biological characteristics, such as presence of
specific bacteria, temperature or water flow.
Therefore, it isdifficult to p redict how much and
how fast elemental mercury will be transformed
into the more toxic and bioavailable form of

methylmercury.

Once methylated, the toxins are absorbed by
plankton and methylmercury is concentrated up

the food chain from plankton to shellfish (e.qg.,
mussel, shrimp, crab),to small fish, to larger

predatory fish (e.g., bass, tuna, shark) and

mammals (e.g., otters, whales) (Fig. 3, step 4)
Frequent consumption of contaminated fish can

have adverse impacts on our health (Fig. 3, step
5).

Figure 4. Health impacts of acute anc
chronic exposure to elemental mercury

Health effects of mercury
exposure

Mercury intoxication can appear in three forms:

as (1) acute or (2) chronic elemental mercury
vapour intoxication, esp.in artisanal gold mining

but also other occupational settings (ILO, 2022),
or (3) as chronic methylmercury intoxication

caused by the consumption of contaminated

food.

(1) Acute elemental mercury intoxication  in
artisanal gold mining

A miner or bystander can suffer from acute
elemental mercury intoxication, if the person
inhales very high concentrations of elemental
mercury vapours (>1000 mcg/m?) during the
burning of amalgam (one-time exposure),
causing damage primarily to the lungs and the
digestive system.

Most symptoms usually develop within a few
hours after exposure, starting often with

High, acute
exposure

Respiratory system: A high, single
dose of elemental mercury vapours
entering the lungs can initially start within
a few hours after exposure with an
irritation or burning sensantion of mouth,
lips, gums and lungs. It can continue with
chest pain and shortness of breath. Very
high exposure can cause a chemical
pneumonitis, which can be fatal.

Stomach: Initial symptoms
also include nausea, diarrhoea
and vomiting.

Other symptoms can include: Excessive
salivation, fever, chills, headache, weakness,
high blood pressure, irritation of eyes and skin

Elemental mercury -
How does it affectour health?

Brain: Regular exposure to
elemental mercury, even in small
amounts, causes mercury to
accumulatein the brain. Effects
can be felt weeks to years after
exposure, and include for
example memory issues or
tremors.

Kidneys: Elemental mercury
leaves the body through the
urine, first passing the kidneys.
Damage to the kidneys can be
difficult to observe and
symptoms such as swollen feet
or hands often appear at a late
stage.




gastrointestinal symptoms (nausea, vomiting)
(Fig. 4) The vapours can irritate the lips and
mouth (stomatitis), the gums (gingivitis) as well
as the respiratory tract, causing a burning
sensation in the lungs (sore throat), a tightness
in the chest, shortness of breath (dyspned and
coughing. Mercury vapours can also cause a
inflammation of lung tissue (chemical
pneumonitis) or edema (swelling caused by
excess fluid) with a potentially fatal collapse of
the lungs.

Additional symptoms reported include excessive
salivation, fever, chills, headache, weaknessigh

protein levels in urine (proteinuria), high blood

pressure (ypertension), irritation of eyes
(uveitis) and skin. Damage to the kidneys that
can lead to fatal kidney failure has also been
reported.

In survivors, the acute mercury induced lung
damage usually resolves completely, but chronic
problems such as lung restrictions have been
reported. The absorbed mercury can cress the
blood -brain barrier which is a highly selective
semipermeable border of cells that prevents
many solutes in the blood from entering the
central nervous system. If mercury reaches the
brain, it can cause symptoms of chronic
intoxication (e.g. neurological effects) several
days after the initial exposure.

(2) Moderate & severe chronic elemental
mercury intoxication

This form is most prevalent in artisanal mining
communities and is caused if a miner or
bystander is regularly exposed to elemental
mercury vapours over an extended length of
time. Mercury accumulates in the body and can
cause moderate to severe symptoms of chronic
elemental mercury intoxication over time.
Chronic intoxication mainly affects the brain and
the kidneys (Fig. 4) Neurological symptoms
include tremors in several parts of the body, lack
of coordination and movement control, memory
impairment, shyness, sleep disorders, blurred
vision and sensory disturbances(Fig. 6).

Mercury

Damage to kidneys such as proteinuria is more
difficult to observe; in later stages, it can become
apparent in symptoms such as swollen hands or
feet and blood in the urine. In addition, irritation
of the mouth or the gums, loss of appetite and
salivation, fatigue and weakened immune
systems have also been reported.

People with moderate levels of intoxication
usually have moderate pain levels and can
perform regular activities. However, people with
severe intoxication are not able to perform
regular activities (e.g.,buttoning a shirt because
of tremors) and can have severe problems in
cognitive functions (e.g. paying attention or
memorizing things) (Fig. 5)

Level of problems None Some High
Mobility - Walking -
Usual activities

Self-care

Pain/Discomfort

Anxiety/depression

Cognition/understanding
Moderate symptoms M Severe symptoms

Figure 5: Impact of a moderate and severe chronic
mercury intoxication on daily activities (adapted from:
Stecklinget al., 2015)

Though some of the symptoms described can
occur immediately after the exposure or a few
days later, chronic elemental mercury
intoxication usually has a slow onset, with
symptoms presenting up to 5 to 10 years later.
Some organ damage can be fully or partially
reversible, if further exposure to mercury stops.

The body excretes demental mercury mainly
through the urine and it takes around 60 to 90
days for the mercury body burden to fall to half
(half-life). The risk of permanent damage
increases with the length and magnitude of
elemental mercury exposure. Therefore,
artisanal miners who are using elemental
mercury over many yearsduring ore processing
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Frequent Symptoms of
Chronic Elemental Mercury

Intoxication

Inflammation in the mouth
and gums, loss of appetite

Loss of kidney function

Figure 6. Frequent symptoms of
chronic elemental mercury
intoxication

are especially susceptible. But even a
contaminated retort stored at home can put
family members, especially children, at risk.

(3) Health impacts of chronic methylmercury
intoxication through fish consumption

Exposure through fish consumption

When a person consumes contaminated fish or
shellfish (> 0.5 mcg/g) on a regular basisover an

Loss of memory,

difficulty in concentrating,
shyness, sleep disorders,
anxiety

@ Blurred vision

Degeneration of nerves
(e.g. numbness, pricks and
needles)

‘ @

Tremors of fingers,
hands and limbs,
decreased fine motor skills

Difficulty walking,
staggering walk,
poor balance and
movement control

Other possible effects:

e Fatigue / weakness
e Decreased immunity
¢ Decreased fertility (women & men)

extended period, methylmercury accumulates in
the body. The uptake and effects of
methylmercury in the body are influenced by
several factors such as the exposure (frequency
and dose of contaminated fish consumption),
age (higher vulnerability of fetuses, infants and
children) or genetics (causing different
sensitivities to methylmercury). In addition,
nutritional deficiencies (e.g., iron or folate) or

frequent alcohol consumption can increase the
[



uptake, where some foods (e.g., omega3 fatty
acids, vitamin E, garlic) seem to attenuate the
impact.

It is unclear whether exposure to low doses of
methylmercury is toxic in adults. Though, the
negative impact on developing fetuses through
maternal exposure has been proven. Several
countries and International Organizations have
issued guidelines on fish consumption to advise
the general population, and especially pregnant
women, about safe fish-eating practices.

Swordfish, for example, has one of the highest
average concentrations of methylmercury
(average 1l mcg/g fish), whereas tilapiais usually
safe to consume (average 0.0 mcg/g fish).
According to the Provisional Tolerable Weekly
Intake (PTWI)of 1.6 mcg of mercury per kg of
body weight for all populations (WHO/UNEP,
2008), a person weighing 50 kg can safely
consume up to 80 grams of swordfish or 8 kg of
tilapia per week. This example shows how the
contamination of fish depends on the species.
Contamination levels of the same species,
however, also vary between geographic
catchment areas. The provision of public
information for specific geographic regions on
which fish to eat and how often is crucial.

Health implications

Frequent consumption of moderately to highly

contaminated fish or shellfish causes
methylmercury to accumulate in the brain,

causing similar neurological symptoms as
chronic elemental mercury exposure. These
include, for example, tremors, lack of muscle
coordination, behavioral, emotional and

memory effects (Fig. 7). Methylmercury also

affects the cardiovascular system and can cause
high blood pressure, heart attack or coronary

artery diseasesin persons with high intake of

methylmercury. Other symptoms include

headache, fatigue and reduced fertility in men

and women.

Mercury

Elemental and methylmercury have much higher
detrimental effects on fetuses, infants, and small
children than on adults because their central
organs are still developing. Mercury can cross
the ©placent al barrier
Because mercury accumulates in the body,
exposure of women even before the beginning

of the pregnancy can have negative impacts on
the child.

Negative health outcomes from prenatal
exposure to mercury depend on the level of
exposure and can range from development
delays, impaired movement and coordination
problems (cerebral palsy), convulsions Geizures,
hearing and vision impairments, heart
malformations, to the point of distortion of
limbs, severe retardation and death.

Figure 7. A child gets exposed to elemental mercut
vapours during vaporization (photo: AGC)




Mercury

Effects of prenatal exposure to mercury may also
appear later on during child development, for
example in the form of learning disabilities
during school age. Most of the damages caused
by mercury during prenatal exposure is
permanent.

The effects of mercury on infants and children
are less known. Since children have less body
mass and a proportionally higher lung volume,
exposure to elemental mercury vapours or
contaminated fish is leading to a higher body
burden compared to adults. If present during
amalgamation (Fig. 7), children can also be
exposed to higher levels of mercury since they
are closer to the ground and therefore often
closer to flames and vapours, compared to
adults. Children are also at a higher risk of
playing with mercury or mercury contaminated
items and can accidentally ingest or inhale it.
Lastly, mercury can also be transferred from the
mother to the child via breastfeeding. However,
breast milk is very i
development and mothers should not be
discouraged from breastfeeding.

The risk of permanent organ damage increases
the earlier infants and children are exposed to
mercury (with the highest risk in utero).

Furthermore, acrodyni a
reported among small children. Acrodynia is

characterized by body rash, swelling of

extremities (edema), irritation of palms and

soles, skin peeling (desquamation) of hands and
feet, abnormal dermal sensation such as
prickling (paresthesig, irritability, pain or

discomfort due to the exposure of eyes to

sunlight (photophobia), fever, insomnia and
profuse sweating.

The medical treatment options for the different
forms of mercury intoxication are very limited. In
chronic cases, he most important intervention
is to stop any further mercury exposure at the
mining site and/or through t he consumption of

high-risk fish. If required, supportive care can
alleviate symptoms, for example the provision of
supplemental oxygen for respiratory distress
(acute case)or physiotherapy for muscle control
problems (chronic case) In addition, clinical
tests might be necessary to assessany organ
damage (e.g. renal function test,
electrocardiography (ECG)) and necessary
treatments.

Chelation therapy is only advisedto treat severe
cases of acute elemental mercury intoxication
(Beaudhamp et al., 2019) Chelating agents bind
mercury in the bloodstream and remove it from

the body through the kidneys in the urine.

However, the use of chelation therapy is
controversial, and it is not advised for chronic
intoxication with elemental mercury or
methylmercury. Once mercury has accumulated
in the organs, especially the brain, it is usually
resistant to treatment with chelati ng agents.

ortant for t he chil dds

Several interventions at the work sites can
protect miners and surrounding communities
from mercury exposure or at least reduce the
risks for human health and environmental

( &centamikatiod {Fg.e8h Artesd@nal mimexssdo hot e n

always have access to different forms of capital
that are required in order to reduce and
eliminate the risk, for example knowledge on
mercury toxicity and OHS safety standards,
technical know-how, or financial means to buy
personal protective equipment or a retort.

While the elimination of mercury through
mercury-free processing is the desired outcome,
miners are often confronted by various barriers
to achieve this goal, from formalization to access
to finance and technology.

Therefore, the risk pyramid also siows measures
that can be implemented by miners without or

with limited access to technical equipment and
know-how.

The simplest level of intervention can prevent
the exposure of vulnerable groups (women at
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childbearing ages, infants and children) to
mercury by burning the mercury -gold amalgam
outside settlements, away from women and
children, and by storing mercury, work cloths
and equipment securelyaway from home.

The second level of interventions protect
workers by reducing their exposure to mercury,
for example by using personal protective
equipment (e.g., respirator with charcoal filter),
by using a retort or by burning the amalgam in

a properly ventilated place. Avoiding the

cyanidation of mercury contaminated tailings, a
worst practice identified under the Minamata
Convention (see Cyanide), prevents the
increased mobility and bioavailability of mercury

compounds in the environment. Safe waste

Mercury

management of contaminated tailings can also
reduce environmental contamination.

The third level of intervention aims at reducing
the amount of mercury being used during
processing, for example by using a retort and
reusing the captured mercury, or by adding the
mercury only to the concentrate, after grinding
and quality control of milling. The avoidance of
whole ore amalgamation can reduce the
amount of mercury being used considerably.

The transition towards mercury-free processing
is a challenging but necessary task for the
artisanal and smallscale gold mining sector,
which will require support from various
stakeholders along the gold supply chain and
the international community.

Figure 8. Risk pyramid of mercury use in artisanal gold mining



