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Abstract Mining continues to be a dangerous
activity, whether large-scale industrial mining or
small-scale artisanal mining. Not only are there
accidents, but exposure to dust and toxins, along with
stress from the working environment or managerial
pressures, give rise to a range of diseases that affect
miners. I look at mining and health from various
personal perspectives: that of the ordinary man (much
of life depends on mined elements in the house, car
and phone); as a member of the Society for Environ-
mental Geochemistry and Health (environmental
contamination and degradation leads to ill health in
nearby communities); as a public health doctor
(mining health is affected by many factors, usually
acting in a mix, ranging from individual inheritance—
genetic makeup, sex, age; personal choices—diet,
lifestyle; living conditions—employment, war; social
support—family, local community; environmental
conditions—education, work; to national and interna-
tional constraints—trade, economy, natural world); as
a volunteer (mining health costs are not restricted to
miners or industry but borne by everyone who
partakes of mining benefits—all of us); and as a lay
preacher (the current global economy concentrates on
profit at the expense of the health of miners).
Partnership working by academics with communities,
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government and industry should develop evidence-
based solutions. Employment, health, economic sta-
bility and environmental protection need not be
mutually exclusive. We all need to act.
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Introduction

I have spent many years working at the interface
between the environment, both natural and built, and
health, in both general medical (family) practice and in
community-focussed public health practice (e.g. Ste-
wart 1990; Stewart et al. 2003; Herm et al. 2005;
Stewart et al. 2010; Mahoney et al. 2015; Stewart and
Hursthouse 2018). However, it was not until a
colleague challenged me to contribute to a debate on
mining and health that I seriously looked at the specific
issues that link mining and health. The following is
less of a regular review than a personal assessment of
the ways mining affects health. I recount some of the
considerations that made me pause for thought during
and after the debate. I arrange them by various aspects
of my life.
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Insight 1—as an ordinary man

First of all, I discovered that it is not possible to ignore
the impact of mining on daily living. I own a house, a
car and a mobile phone, and all are dependent on
mining. In my house, various components arise from
mining: the bricks come from clay while the attractive
chimney breast is made from local slate. Nails and
screws are either iron or zinc, while water pipes are
made from copper, zinc, nickel and chrome. The
window glass needs silica, feldspar and soda ash for its
genesis, while the concrete base supporting the house
consists of limestone, clay, shale and gypsum. Locks
and hinges are also made from copper, zinc or iron,
and the insulation is glass wool (silica, feldspar, soda
ash) or expanded vermiculite.

Without the following mined essentials, the car
would not function properly: glass (as above), battery
(lead, zinc), paint (cadmium), steel (an alloy of iron
and other metals) or aluminium, while under the
bonnet there is a whole mix of elements, including
nickel, copper, molybdenum, beryllium, vanadium, as
well as a mineral (mica).

And my mobile phone contains gold coating the
wires on the circuit boards (possibly the only gold I
own), copper acting as a transistor in the circuit
boards, tantalum to store electricity in the circuit
boards, rare earth elements to provide colours and
tungsten to help the phone vibrate.

To take only one example, tantalum is used by
many industries and manufacturers in capacitors. It
takes about one tonne of rock to produce 30 grams of
tantalum. Most tantalum comes from Central Africa,
much of it being panned from ore in the Democratic
Republic of Congo by small-scale miners. The trade is
under the control of militia groups who rule by
murder, rape and brutality. Smuggling of the element
is undertaken to avoid sanctions and tax, leading to
exploitation and corruption (Bell 2014a, b). Not a
healthy lifestyle.

And I learnt that small-scale artisanal mining has
particular challenges that are not seen in large-scale
mines, including the association of gold mining with
health problems from psychosocial, cardiovascular,
respiratory and sexual risks, nutritional, water and
sanitation issues, and resulting in malaria, upper
respiratory tract diseases, especially pulmonary tuber-
culosis and silicosis, and skin diseases, as well as the
injuries and accidents more commonly associated with
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mining (Basu et al. 2015). Not a healthy occupation.
Since artisanal mining may be the only source of
income for these miners and families, it is important to
find ways to improve their lot and make artisanal
mining safer.

Insight 2—a member of SEGH

As amedical doctor, I have found fellow members and
the many meetings of the Society of Environmental
Geochemistry and Health (http://www.segh.net/)
which I have attended, along with this journal, very
helpful over may years in exploring the links between
the environment and health. My initial exploration on
mining within the Society of Environmental Geo-
chemistry and Health fold focussed on the environ-
ment, but soon led back to health.

Although mining provides resources that are essen-
tial to the basic needs of civilisation and the require-
ments of the high technology world that most of us live
in, nevertheless, it can result in substantial environ-
mental and human health problems. Across the world,
mining contributes to erosion, sinkholes, deforesta-
tion, loss of biodiversity, significant use of water
resources, dammed rivers and ponded waters, wastew-
ater disposal issues, acid mine drainage and contam-
ination of soil, ground and surface water, all of which
can lead to health issues in local populations (Rajaee
et al. 2015; CSIR 2013; Liao et al. 2016). Not a good
reputation.

Underground coal mining is far more dangerous
than surface mining, including the loathsome removal
of whole mountaintops to access coal seams. One
tonne of rock removal can produce a half tonne of coal.
A much better return than mining for tantalum.
However, between 10 and 21% of coal miners develop
coal miners’ pneumoconiosis (black lung disease)
from components in the dust (Blackley et al. 2018),
while in China a prevalence of over 30% has been
reported (Cui et al. 2015). An earlier systematic
analysis of Chinese studies reported an overall preva-
lence of 6%, almost doubling to 11% in those with
tuberculosis (Mo et al. 2013). Whatever the true rate of
coal miners’ pneumoconiosis (the discrepancies might
be due to different levels of exposure, different
diagnostic criteria, different recording systems, dif-
ferent genetic susceptibilities or the like), it is too high
as the disease is preventable. Classical silica-induced
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pneumoconiosis is found in older miners, both open-
cast and underground, with a lengthy exposure (Leung
et al. 2012) (see also below).

Globally, mining is a major source of particulate
matter. Mining activities play an important but
underappreciated role in the generation of contami-
nated atmospheric dust and aerosol and the transport
of metal and metalloid contaminants (Csavina et al.
2012a; Meyer et al. 2015). Coarse particles form a
large proportion of resulting dust particles and are
usually too heavy to travel far, although they may still
contribute to exposure of workers and nearby residents
(Barbieri et al. 2014; Zota et al. 2016). The combina-
tion of mining activities and mechanical dispersion via
water and wind has moved heavy metals around 4 km
from a mine site in Iran (Mokhtari et al. 2018), while in
Hunan Province, China, metal aerial contamination
peaked around the 1 km mark. However, topography
was more important than wind in the distribution of
metals (Ding et al. 2017).

Fine particles (PM;q or smaller), such as those
resulting from smelting operations or found in slag
dumps or arising from the erosion of contaminated
soil, disperse readily into the environment, often in
association with aerosols, and may travel quite a lot
further than anticipated (Reynolds et al. 2010; Meyer
et al. 2015; Yu et al. 2019). Fine particles also
penetrate more deeply throughout the respiratory
system and are more likely to result in adverse health
effects (https://www.esrl.noaa.gov/gmd/about/
airquality.html; Csavina et al. 2012a, b; Entwistle
et al. 2019 and references therein). In some situations,
ingestion is the main pathway (Ishtiaq et al. 2018).
Mining operations are understood to have some of the
highest concentrations of potential harmful contami-
nants derived through anthropogenic activities, along
with the highest particulate emissions and the highest
risk to both human and environmental health (Csavina
et al. 2012b; Meyer et al. 2015).

Overall, erosion, flooding, deforestation and the
contamination and consumption of ground and surface
waters all act as stressors on health of local commu-
nities, depleting food supplies and delivering harmful
elements into the food chain (Rajaee et al. 2015). Not
good news.

Insight 3—a public health doctor

The World Health Organisation has described health
as a state of complete physical, mental and social well-
being and not merely the absence of disease or
infirmity (WHO 1946). Although this misses the
spiritual elements of health, it remains the most quoted
description. More enigmatic but more thought-pro-
voking is health as “the strength to be human”
(Fergusson 1993).

Moving from clinical medicine as a general prac-
titioner, to become a public health physician, meant
moving my focus from the patient before me, and the
disease processes within them, to the community, and
the processes that affect health at a population, rather
than individual, level.

The determinants of health are very important
within public health (Dahlgren and Whitehead 1991);
they are a diverse range of personal, social, occupa-
tional, environmental and economic factors which
influence people’s mental and physical health; they
may operate at the individual, community or interna-
tional level and be environmental, employment-
related or social (Fig. 1). Sometimes the term “wider
determinants” is used to summarise the non-personal
influences that mould health and illness. I noted that
mining determinants are active in many different
situations (Lewis et al. 2017) (Fig. 1). Not a simple
issue.

Environmental

Personal characteristics, such as age and sex, are
important determinants, particularly in small-scale
artisanal mining where children and women are more
commonly involved than in large-scale industrial
mining operations. Women and girls carry eggs of
all their children so that any exposure to potentially
harmful elements may affect the next generation as
well as themselves (Sen et al. 2015; Appleton et al.
2017). Neurotoxic metals including arsenic, lead and
mercury, as well as under- or over-exposure to
essential trace elements such as zinc and manganese,
are associated with perturbed foetal growth, adverse
birth outcomes and cognitive and behavioural prob-
lems in later childhood (Sanders et al. 2015; Zheng
et al. 2016). There is evidence that, although sperm is
generated daily after puberty, there is transmission
through sperm to the next generation of some early life
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Decreasing
no. visible to
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Fig. 1 Mining-related determinants of disease, associated
diseases and dimension (scale) of the disease burden [from
Entwistle et al. (2019). Used freely under the Creative

exposures through epigenetic mechanisms; currently
the evidence is limited to obesity, stress, risk of
diabetic death, cardiovascular diseases and the like
(Pembrey et al. 2014; Fernandez-Twinn et al. 2015),
but it is possible that further work will add environ-
mental metals to known epigenetic toxins such as
endocrine disruptors (Marsit 2015).

@ Springer

DETERMINANTS

DISEASES

DIMENSION

professionals Hospitalised
Visits doctor
Symptomatic
Non-Symptomatic; ill effects
Biomarker detectable, no-ill effects
Exposed to causative agents

At risk of exposure

Increasing

No. of
individuals
affected

Commons Attribution 4.0 International License (http:/
creativecommons.org/licenses/by/4.0/); the ‘disease pyra-
mid’© is after Stewart and Hursthouse (2018)]

Diet can be an important route of exposure to
harmful contaminants, particularly when sourced from
near the mines or from land affected by mining
operations (Zhu et al. 2008). Nigeria has seen an
outbreak of acute lead poisoning killing 400-500
children, mainly < 5 years of age, with thousands
more affected, arising from the household processing


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Environ Geochem Health

of gold from artisanal mines contaminating food
(Dooyema et al. 2012; Tirima et al. 2018).

The poor may not have a lot of choice in housing,
often living close to mines or on top of mine waste
(Demetriades 2011). House dust can be the main route
of exposure of families, including children and
pregnant women, who are usually the most vulnerable
(Martin et al. 2014; Zota et al. 2016; Lewis et al.
2017).

The unrestricted use of metals leads to high levels
of exposure. In particular, the use of elemental
mercury in small-scale artisanal gold mining leads to
methyl-mercury pollution of the local environment
and ingestion through the locally grown diet. Inhala-
tion of elemental Hg by the children and other
workers, often working in kitchens away from the
actual mine, is an issue (Basu et al. 2015). Mercury is
toxic to the brain (mad hatter’s disease) and growing
nervous system (Minamata disease).

Occupational

Employment issues are important, different occupa-
tions having different risks and exposures. For exam-
ple, in Turkish open-cast mines, surface installations,
workshops and the mining area itself have the highest
probability of serious, non-fatal accidents, which
occur mainly in transport and manual handling (Onder
and Mutlu 2016). Ergonomic hazards are usually
minimised in large-scale mining, due to the highly
mechanised state, but are constantly present in small-
scale mining. Back pain, upper limb pain, lower limb
pain are common (Jiménez-Forero et al. 2015).
Fractures and contusions are the most frequently
occurring injuries in small-scale mining, with collapse
of the mine pits, drowning, crushing and falls the most
frequently reported cause of accidents (Kyeremateng-
Amoah and Clarke 2015; Basu et al. 2015). Overall,
the rates of small-scale mining injuries in Ghana far
outstrip the rates in the large-scale mines of South
Africa or the USA. Safety knowledge is very limited
(Calys-Tagoe et al. 2015; Long et al. 2015).

Safety aspects in work (notably role conflict, role
ambiguity, quantitative job insecurity, or managerial
issues) and of coping (namely avoidance style or
changes in the work situation) contribute to compli-
ance (or not) with safety procedures (Wysokinski et al.
2015; Zhang et al. 2016; Jacobs and Pienaar 2017) and
the potential for injury from accidents. Migrant miners

returning home to Botswana from South Africa have
missed surveillance, resulting in not being diagnosed
or compensated for occupational disease (Steen et al.
1997). Unfortunately, the situation affects South
African miners as well as migrants and has only
slowly improved in the intervening years (Kistnasamy
et al. 2018).

Recycling of Waste Electrical and Electronic
Equipment (WEEE) is increasing, but exposes the
recycling workers to complex contaminant mixtures
of metalliferous dusts associated with precious metals
and rare earth elements, mixed with the organics and
plastics found in such equipment that can adversely
affect health (Lau et al. 2014; Annamalai 2015; Cesaro
et al. 2018), so needs the same considerations as
mining in terms of surveillance and control.

Human and social

Migration to find work in mines often results in poor
infrastructure and crowded living conditions which,
allied with lack of social cohesion and support
increases the risk of pathogen exposure (e.g. HIV,
tuberculosis) and stress (Basu et al. 2015). South
African miners have the highest incidence of tuber-
culosis (2500-3000 cases per 100,000 people) of any
working population in the world (World Bank 2014).
Across southern Africa, the triple disease burden of
silicosis, HIV infection and tuberculosis among the
very large population of miners and ex-miners consti-
tutes a public health disaster: the overall mortality rate
in ex-miners is 20% higher than that of the general
population; white ex-miners had a 62% excess mor-
tality relative to the white general population; ex-
miners aged 20-24.9 years had a 79% higher mortality
rate than the general population of the same age. There
was also a hint of significant administrative underes-
timation of deaths, while miners working in exclu-
sively gold mines had a greater mortality rate than
those working in exclusively platinum mines; both
groups had a far greater mortality rate than miners in
exclusive coal mines. (Bloch et al. 2018). Mining is
unhealthy, whether you come from a healthy popula-
tion (white or younger than 25 years) or one with
underlying higher rates of ill health (black commu-
nity). The combination of silicosis and HIV infection
is known to be a potent risk factor for incident
tuberculosis among gold miners (Corbett et al. 2000),
while miners with silicosis have been shown to have
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higher mortality rates while on tuberculosis treatment
than miners without silicosis (Churchyard et al. 2000).

Psychological distress levels arising from poor
social networks have been noted to contribute to raised
levels of mental stress and mental health issues in
miners (Considine et al. 2017). Chronic stress is a
factor in a number of diseases, including anxiety,
depression, sleep loss, all leading to poor memory and
decision making; it impairs the immune system,
increasing susceptibility to infections; it increases
blood pressure, heart rate, cholesterol and triglyc-
erides, contributing to heart disease, atherosclerosis,
stroke, obesity and diabetes mellitus. On the contrary,
good social support is protective (Mariotti 2015).

Living conditions have major influences on health.
Poverty leads many into small-scale mining and holds
them there, in a vicious cycle of limited investment
funding leading to dependence on foreign equipment,
low productivity and sponsor dependence, which in
turn lead to low earnings, exacerbating poverty and
unemployment with resulting limited investment
funding. And so the cycle continues (Wilson et al.
2015).

War also has significant effects on health. As
already noted, in the Democratic Republic of Congo
militia groups control tantalum mining and trade by
brutality, murder and rape (Bell 2014a, b). Diamonds
have fuelled conflict in Angola, the Democratic
Republic of Congo, Ivory Coast, Liberia and Sierra
Leone. Countries rich in natural resources such as
cobalt, coltan, cassiterite, copper and gold are often
marred by corruption, authoritarian repression, mili-
tarisation and civil war. Rebel groups, governments
and mining companies exploit mineral resources,
fuelling civil and interstate conflict over control over
riches. The local population suffers deprivation,
control of food supplies and transport, physical and
emotional abuse, as well as social destruction and
displacement, with increases in a wide range of
diseases, all exacerbated by reduced health care (see
Global Policy Forum 2005-2019 and reports therein;
Sidel and Levy 2008).

Perhaps the greatest pressure on mining is the
current economic model that demands profit, seem-
ingly at all costs, from any and every business, large or
small. This distorts the three pillars of sustainable
development, namely the environment, social equity
and economic development (Jarvis et al. 2016). The
perceived need to enhance shareholders’ return on
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their investment distorts these equal pillars, with
profitability being the “bottom line”, the goal, almost
at all costs. Miners, like many other employees in the
vast majority of commercial enterprises, suffer as a
result.

For example, fatigue is an increasingly relevant
concern owing to extended shifts and overtime, driven
by this distorted economic model. The implementation
of fatigue risk management programs is growing
within the mining industry (Wesdock and Arnold
2014), a positive result but one that treats the
symptoms, not the cause. The International Agency
for Research on Cancer has raised concerns about
disruption of circadian rhythms through shift work
(IARC 2010), again, an issue of the symptoms of the
distorted economics that put profit above people.

Just over 1 billion people (~ 15% of the world’s
population) live in extreme poverty. Most of them are
in low- and middle-income countries; economic
growth is seen as the clearest path to improving their
lot. The size of the necessary growth to achieve this
has significant consequences, one of which is an
exponential increase in mineral consumption (Rogich
and Matos 2008). And the need for rare elements for
the ubiquitous electronic gadgets of the modern world
means that we are all involved in the pressures to
increase and improve mining, pressures that continue
to disadvantage miners and the poor. Not an encour-
aging insight.

In Peru, increases in mining activity has been
accompanied by fear in local, largely poor, commu-
nities that mining projects will contaminate their
essential land and water resources. But mining is a
significant economic resource in Peru and, as a result,
the government has criminalised social protests. Also,
some mining and oil extraction companies have
exacerbated social stress and tensions by using private
security forces, some of which have been accused of
violating human rights (Slack 2009). Not a good
outcome.

Multiple determinants

Few diseases are unifactorial. Pneumoconioses (plu-
ral) are a group of dust-induced lung diseases and
include coal miner’s pneumoconiosis (black lung
disease), asbestosis and silicosis (Mandrioli et al.
2018). The incidence of black lung disease amongst
coal miners in the USA and Australia has been
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dropping for a number of years but has recently begun
to increase again (Graber et al. 2017; Laney et al.
2017).

The development of this severe, preventable, but
incurable lung disease among miners depends on the
type and grade (rank) of coal being mined, type or site
of coal mine, chemical composition of dust, fineness
of dust, concentration of dust in the air, length of
period of exposure and underlying health status of the
exposed worker, possibly including specific genes
(Gamble et al. 2012; Blackley et al. 2014; Han et al.
2015; Liu et al. 2017; Perret et al. 2017). Smoking
increases the risk of the disease (Altinsoy et al. 2016;
He et al. 2017), while tuberculosis is commoner in
miners with a pneumoconiosis (Leung et al. 2012; Mo
et al. 2013; Ngosa and Naidoo 2016).

However, the recent increase in the incidence of
coal miner’s pneumoconiosis is likely related to a lack
of regulation of engineering dust controls in mines,
even in high-income countries, despite this being the
primary preventative measure, along with good
surveillance of the miners (Perret et al. 2017). While
it is possible that surveillance has improved, thus
finding more cases, it is more likely that the dust
control is not as good as it should be due to economic
drivers for sustaining or increasing profit margins.
Certainly, exposure surveillance schemes that rely on
industry to police itself alone have often failed owing
to economic pressures (Cohen et al. 2016).

The current definition of silicosis was adopted
internationally in 1930. It gave a major improvement
in the recognition of occupational pneumoconioses,
but limited the pathogenic effect of silica to pneumo-
coniosis. This has led to the under-identification of
other adverse health outcomes of silica and was due to
economic pressures to reduce compensation payments
(Rosental 2015).

Interventions

Public health advocates prevention and remediation.
Work characteristics associated with psychological
distress (such as alcohol use, work role and satisfac-
tion, financial factors and job security), vibration,
specific occupational disorders (such as musculoskele-
tal, respiratory and auditory disorders), injury in
artisanal mining, as well as dust generation (as noted
above, the primary preventive measure), are modifi-
able (Long et al. 2015; Jiménez-Forero et al. 2015;

Burstrom et al. 2016; Considine et al. 2017; Perret
et al. 2017).

Calls for further action continue to be made
throughout the literature, for specific health risks,
with specific approaches, in specific countries (see, for
example, Hermanus 2007; Taylor et al. 2014; Singh
et al. 2014; Kyeremateng-Amoah and Clarke 2015;
Basu et al. 2015; Jiménez-Forero et al. 2015; Utembe
etal. 2015; Zhang et al. 2016; Haas and Mattson 2016;
Considine et al. 2017). The case for surveillance,
including biomonitoring, to support improved
enforcement of health and safety legislation in order
to protect both workers and the wider community
against the hazards posed by mining activities, is also
clear (Nemery et al. 2018).

Control measures for multi-factorial risks need to
be multi-disciplinary (Mahoney et al. 2015). In the
Nigerian lead outbreak, control measures included
environmental remediation, chelation therapy, public
health education and control of mining activities
(Dooyema et al. 2012). Involvement of miners in the
development and deployment of control measures is
vital.

Successes have been recorded. For example, noise
from earth-moving equipment, blasting, drilling and
crushing can have a number of physical effects on
health, including raised blood pressure, but noise
exposure has been reduced (US mines: Roberts et al.
2017). Perhaps the biggest success has been in the
reduction in the death rate from accidents in the US
coal mining industry, from thousands per year
100 years ago (> 300 deaths per 100,000 miners,
1901-1910) to under 20 per year 2011-2018 (14/
100,000) (derived from 1900 to 2018 data in MSHA
n.d.). It shows what can be achieved.

Innovative approaches to improve safety and health
are being considered. The development of end-of-shift
self-assessment tools has the potential to improve
engineering monitoring and give better evaluation of
control technologies (Cauda et al. 2016), at least in
high-income countries. Improvements in artisanal
miners’ health are more difficult. Quite a challenge.

Insight 4—a volunteer
But I am now retired, escaping from the “rat race” and

able to volunteer to support good causes or just do
something I enjoy at my own pace. I work on an
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occasional basis alongside employed sailors to offer a
boat service on the nearby lake. I work for free; they
work for a wage. It has given me time to consider who
pays for miners’ ill health, their exploitation in many
(but hopefully not all) situations.

I have recently visited the town of Elliot Lake in
Ontario for personal reasons. Elliot Lake was “the
uranium capital of the world” in the period from the
mid-1950s to the late 1970s (Elliot Lake 2018). While
the greatly increased mortality from radon-related
lung cancer, probably enhanced by arsenic exposure in
the gold mining areas, in uranium miners across
Ontario has been reported (Kusiak et al. 1993), there
has been no investigation reported of whether or not
there is a risk to the local human communities from
mine tailings and the use of mine waste in building
materials, although the risk from radon to the ruffed
grouse has been assessed around Elliot Lake (Clulow
et al. 1992). The drinking water content of radon
(**°Ra) in the town remains below the Canadian
maximum acceptable concentration (Chen et al.
2018), although the health risk from radon is gaseous,
and so soil and rock also need assessing, as does
ingress into houses. Indeed, although both the city
museum and the local monument to the miners
recognise industrial accidents and illness, that is all.
No detail, no specifics, no explanation, no delibera-
tion. A similar picture emerges of the many centuries
of mining for a wide variety of minerals and elements
in the English Lake District, where I now live (Lake
District National Park n.d.; Visit Cumbria n.d.). Not a
good reflection on health or government leadership.

However, mining brings employment, improves
some infrastructure and sometimes health care (Min-
ing Health Initiative 2013), possibly education.

But the employment does not always lift people out
of the poverty trap (Wilson et al. 2015); indeed,
employment, even self-employment, is insecure for
many (Ssekika 2017). Health services for miners and
their communities, run in partnerships by government
and mining companies, tend to produce mixed results
in terms of the health of the community (Stephens and
Ahern 2001) since they are not addressing the wider
causes of the ill health, including economics and the
poverty trap. And as for education? How can this
improve the lot of child labourers, whose day is spent
labouring, supporting both their parents and the mines
and therefore unable to attend school (Segawa 2016)?
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I conclude that we all pay for mining. As John
Donne (1572-1631) wrote (For Whom the Bell Tolls),
No man is an island/Entire of itself.

Insight 5—a lay preacher

The Wellcome Trust and Gates Foundation have been
chastised for, on the one hand, funding health services
while, on the other, investing in fossil fuel companies
whose mining operations may have a profound and
adverse effect on the local communities (Smith and
Carrington 2015). I am interested in practical issues
around ethics and the reason people make ethical
decisions. Our modern way of life cannot do without
mining, but—is ethical mining possible or do we
accept as inevitable the cost of miners’ poor health?
Can ethical mining improve miners’ health? Will it
lead to decreased profits?

Exploitation takes place outside the realms of
international agreements such as the Rio Declaration
on Environment and Development (http://www.un.
org/documents/ga/conf151/aconf15126-1annex1.htm).
Ultimately the polluter is the purchaser of goods and
services at a rate which does not include fair wages
and clean up (or prevention) of pollution. We all
need to act.

The reconciliation of the varied, and sometimes
competing, interests of the individual, society, busi-
ness and the state through individual choice, govern-
ment responsibility, business profit and corporate
social responsibility is fraught with difficulties (Krebs
2008; Benton 2018). There are many underlying
ethical theories: Aristotle’s virtue ethics focuses on
the moral character of the agent, Immanuel Kant’s on
doing right from a sense of duty, John Stuart Mill’s
considers the balance of harm and benefit to the
individual and society from actions (Ortmann et al.
2016), and there are several others. Ethical approaches
that are not underpinned by explicit theory can be
rightly criticised (Kar-Purkayastha 2009). As a Chris-
tian lay preacher my own ethics are based on the words
of Jesus, “Love God, love your neighbour as yourself”
(Bible, Matthew 22:39). Not an approach without
challenges. Or possibilities. This paper is one of my
responses.

But mining companies can improve health (Davey
2018). For example, corporate social responsibility
(Meier et al. 2014) in Zambian copper and nickel
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mining, encouraged by the financial backers, has
resulted in improved health in children and women
living near the mines, although, yet again, the poor
have disproportionally lost out (Knoblauch et al.
2017, 2018).

Conclusions

As noted nearly 20 years ago, “Mining remains one of
the most hazardous occupations in the world...”
(Stephens and Ahern 2001). Donoghue wrote (2004),
“... although substantial progress has been made ...,
there remains room for further risk reduction...”,
words that are as true now as then. Continuing
increased reductions in risk and exposure that would
improve the health of miners in a sustainable way to
benefit the miners, their families and the rest of the
world are still urgently needed and are touched on in
many papers (e.g. Basu et al. 2015; Jiménez-Forero
et al. 2015; Kyeremateng-Amoah and Clarke 2015;
Long et al. 2015; Liao et al. 2016; Considine et al.
2017; Perret et al. 2017).

But academics need to work in partnership: with
communities, government and industry, to develop
multi-disciplinary, evidence-based solutions to the
issues around mining resources, health and sustainable
development (Maier et al. 2014). Employment, health,
economic stability and environmental protection need
not be mutually exclusive (Woodward and Hales 2014).

We all have a part to play in that.

Acknowledgements The author acknowledges the continuing
support of Khaliq O Malik.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Com-
mons license, and indicate if changes were made.

References

Altinsoy, B., Oz, Ii., Erboy, F., Tor, M., & Atalay, F. (2016).
Emphysema and airflow obstruction in non-smoking coal
miners with pneumoconiosis. Medical Science Monitor,
22, 4887-4893. https://doi.org/10.12659/MSM.901820.

Annamalai, J. (2015). Occupational health hazards related to
informal recycling of E-waste in India: An overview. In-
dian Journal of Occupational and Environmental Medi-
cine, 19(1), 61-65. https://doi.org/10.4103/0019-5278.
157013.

Appleton, A. A., Jackson, B. P., Karagas, M., & Marsit, C. J.
(2017). Prenatal exposure to neurotoxic metals is associ-
ated with increased placental glucocorticoid receptor DNA
methylation. Epigenetics, 12(8), 607-615. https://doi.org/
10.1080/15592294.2017.1320637.

Barbieri, E., Fonturbel, F. E., Herbas, C., Barbieri, F. L., &
Gardon, J. (2014). Indoor metallic pollution and children
exposure in a mining city. Science of the Total Environ-
ment, 487, 13—19. https://doi.org/10.1016/j.scitotenv.2014.
03.136.

Basu, N., Clarke, E., Green, A., et al. (2015). Integrated
assessment of artisanal and small-scale gold mining in
Ghana—Part 1: Human health review. International
Journal of Environmental Research and Public Health,
12(5), 5143-5176. https://doi.org/10.3390/ijerph120505
143.

Bell, E. (2014a). Greed, grievance, and the DRC. Resolution
possible: Better understanding: Better world. http://www.
resolutionpossible.co.uk/greed-grievance-and-the-drc.
Accessed January 2, 2019.

Bell, E. (2014b). Is conflict mineral trade regulation really what
the DRC needs? Resolution possible: Better understand-
ing: Better world. http://[www.resolutionpossible.co.uk/is-
conflict-mineral-trade-regulation-really-what-the-drc-needs.
Accessed January 2, 2019.

Benton, D. (2018). Ethics in mining: Challenging, but neces-
sary. Mining Global. https://www.miningglobal.com/ope
rations/ethics-mining-challenging-necessary. Accessed May
27, 2019.

Blackley, D. J., Halldin, C. N., & Laney, A. S. (2018). Con-
tinued increase in prevalence of coal workers’ pneumo-
coniosis in the United States, 1970-2017. American
Journal of Public Health, 8(9), 1220-1222. https://doi.org/
10.2105/AJPH.2018.304517.

Blackley, D. J., Halldin, C. N., Wang, M. L., & Laney, A. S.
(2014). Small mine size is associated with lung function
abnormality and pneumoconiosis among underground coal
miners in Kentucky, Virginia and West Virginia. Occu-
pational and Environmental Medicine, 71(10), 690—694.
https://doi.org/10.1136/0emed-2014-102224.

Bloch, K., Johnson, L. F., Nkosi, M., & Ehrlich, R. (2018).
Precarious transition: A mortality study of South African
ex-miners. BMC Public Health, 18(1), 862. https://doi.org/
10.1186/s12889-018-5749-2.

Burstrom, L., Hyvirinen, V., Johnsen, M., & Pettersson, H.
(2016). Exposure to whole-body vibration in open-cast
mines in the Barents region. International Journal of Cir-
cumpolar Health, 75, 29373. https://doi.org/10.3402/ijch.
v75.29373.

Calys-Tagoe, B. N. L., Ovadje, L., Clarke, E., Basu, N., &
Robins, T. (2015). Injury profiles associated with artisanal
and small-scale gold mining in Tarkwa, Ghana. Interna-
tional Journal of Environmental Research and Public
Health, 12(7), 7922-7937. https://doi.org/10.3390/ijerp
h120707922.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12659/MSM.901820
https://doi.org/10.4103/0019-5278.157013
https://doi.org/10.4103/0019-5278.157013
https://doi.org/10.1080/15592294.2017.1320637
https://doi.org/10.1080/15592294.2017.1320637
https://doi.org/10.1016/j.scitotenv.2014.03.136
https://doi.org/10.1016/j.scitotenv.2014.03.136
https://doi.org/10.3390/ijerph120505143
https://doi.org/10.3390/ijerph120505143
http://www.resolutionpossible.co.uk/greed-grievance-and-the-drc
http://www.resolutionpossible.co.uk/greed-grievance-and-the-drc
http://www.resolutionpossible.co.uk/is-conflict-mineral-trade-regulation-really-what-the-drc-needs
http://www.resolutionpossible.co.uk/is-conflict-mineral-trade-regulation-really-what-the-drc-needs
https://www.miningglobal.com/operations/ethics-mining-challenging-necessary
https://www.miningglobal.com/operations/ethics-mining-challenging-necessary
https://doi.org/10.2105/AJPH.2018.304517
https://doi.org/10.2105/AJPH.2018.304517
https://doi.org/10.1136/oemed-2014-102224
https://doi.org/10.1186/s12889-018-5749-2
https://doi.org/10.1186/s12889-018-5749-2
https://doi.org/10.3402/ijch.v75.29373
https://doi.org/10.3402/ijch.v75.29373
https://doi.org/10.3390/ijerph120707922
https://doi.org/10.3390/ijerph120707922

Environ Geochem Health

Cauda, E., Miller, A., & Drake, P. (2016). Promoting early
exposure monitoring for respirable crystalline silica: Tak-
ing the laboratory to the mine site. Journal of Occupational
and Environmental Hygiene, 13(3), D39-D45. https://doi.
org/10.1080/15459624.2015.1116691.

Cesaro, A., Marra, A., Kuchta, K., Begiorno, V., & Van
Hullebusch, E. D. (2018). WEEE management in a circular
economy perspective: An overview. Global NEST Journal,
20, 743-750. https://doi.org/10.30955/gnj.002623.

Chen, J., Cooke, M. W., & Mercier, J.-F. (2018). A review of
natural radionuclides in Canadian drinking water
(1975-16). Radiation Protection Dosimetry, 179(1),
26-36. https://doi.org/10.1093/rpd/ncx204.

Churchyard, G. J., Kleinschmidt, 1., Corbett, E. L., Murray, J.,
Smit, J., & De Cock, K. M. (2000). Factors associated with
an increased case-fatality rate in HIV-infected and non-
infected south African gold miners with pulmonary
tuberculosis. International Journal of Tuberculosis and
Lung Disease, 4(8), 705-712.

Clulow, F. V., Lim, T. P., Davé, N. K., & Aadhanula, R. (1992).
Radium-226 levels and concentration ratios between water,
vegetation, and tissues of ruffed grouse (Bonasa umbellus)
from a watsershed with uranium tailings near Elliot Lake.
Canada. Environmental Pollution, 77(1), 39-50. https://
doi.org/10.1016/0269-7491(92)90156-5.

Cohen, R. A., Rose, C., Petsonk, E. L., Abraham, J. L., Green, F.
H., & Churg, A. (2016). Reply: Coal mine dust lung disease
that persists below the surface of surveillance: Down
under. American Journal of Respiratory and Critical Care
Medicine, 194(6), 773-774. https://doi.org/10.1164/rccm.
201604-0779LE.

Considine, R., Tynan, R., James, C., et al. (2017). The contri-
bution of individual, social and work characteristics to
employee mental health in a coal mining industry popu-
lation. PLoS ONE, 12(1), e0168445. https://doi.org/10.
1371/journal.pone.0168445.

Corbett, E. L., Churchyard, G. J., Clayton, T. C., et al. (2000).
HIV infection and silicosis: The impact of two potent risk
factors on the incidence of mycobacterial disease in south
African miners. AIDS, 14(17), 2759-2768. https://doi.org/
10.1097/00002030-200012010-00016.

Csavina, J., Field, J., Taylor, M. P., et al. (2012a). A review on
the importance of metals and metalloids in atmospheric
dust and aerosol from mining operations. Science of the
Total Environment, 433, 58-73. https://doi.org/10.1016/].
scitotenv.2012.06.013.

Csavina, J., Landazuri, A., Wonaschiitz, A., et al. (2012b). Metal
and metalloid contaminants in atmospheric aerosols from
mining operations. Water, Air, and Soil pollution,
221(1-4), 145-177. https://doi.org/10.1007/s11270-011-
0777-x.

CSIR. (2013). Characterising the risk of human exposure and
health impacts from acid mine drainage in South Africa;
Deliverable for Output VII—Final project report. Pretoria,
South Africa: Council of Scientific and Industrial
Research, Natural Resources and the Environment. http://
www.mhsc.org.za/sites/default/files/SIM110901%20Report.
pdf. Accessed December 21, 2018.

Cui, K., Shen, F., Han, B., et al. (2015). Comparison of the
cumulative incidence rates of coal workers’ pneumoco-
niosis between 1970 and 2013 among four state-owned

@ Springer

colliery groups in China. International Journal of Envi-
ronmental Research and Public Health, 12(7), 7444-7456.
https://doi.org/10.3390/ijerph120707444.

Dahlgren, G., & Whitehead, M. (1991). Policies and strategies
to promote social equity in health. Stockholm: Institute for
Future Studies.

Davey, A. (2018). ‘It’s time for the mining industry to step up on
the environment and human rights.” Ethical Corporation.
http://www.ethicalcorp.com/content/its-time-mining-industry-
step-environment-and-human-rights. Accessed May 27, 2019.

Demetriades, A. (2011). The Lavrion urban geochemistry study.
In C. C. Johnson, A. Demetriades, J. Locutura, & R.
T. Ottesen (Eds.), Mapping the chemical environment of
urban areas (pp. 424-456). Hoboken, NJ: Wiley. https://
doi.org/10.1002/9780470670071.ch25.

Ding, Q., Cheng, G., Wang, Y., & Zhuang, D. (2017). Effects of
natural factors on the spatial distribution of heavy metals in
soils surrounding mining regions. Science of the Total
Environment, 578, 577-585. https://doi.org/10.1016/j.
scitotenv.2016.11.001.

Donoghue, A. M. (2004). Occupational health hazards in min-
ing: An overview. Occupational Medicine (London), 54(5),
283-289. https://doi.org/10.1093/occmed/kqh072.

Dooyema, C. A., Neri, A., Lo, Y.-C., et al. (2012). Outbreak of
fatal childhood lead poisoning related to artisanal gold
mining in Northwestern Nigeria. Environmental Health
Perspectives. https://doi.org/10.1289/ehp.1103965.

Elliot Lake. (2018). Elliot lake nuclear and mining museum.
http://www cityofelliotlake.com/en/recleisure/museum.asp.
Accessed January 3, 2019.

Entwistle, J. A., Hursthouse, A. S., Reis, P. A. M., & Stewart, A.
G. (2019). Metalliferous mine dust: Human health impacts
and the potential determinants of disease in mining com-
munities. Current Pollution Reports. https://doi.org/10.
1007/s40726-019-00108-5.

Fergusson, A. (1993). The strength to be human. Nottingham:
Inter Varsity Press.

Fernandez-Twinn, D. S., Constiancia, M., & Ozanne, S. E.
(2015). Intergenerational epigenetic inheritance in models
of developmental programming of adult disease. Seminars
in Cell & Developmental Biology, 43, 85-95. https://doi.
org/10.1016/j.semecdb.2015.06.006.

Gamble, J. F., Reger, R. B., & Glenn, R. E. (2012). A critical
review of coal workers pneumoconiosis (CWP) and coal
rank for evaluation of safe exposure levels in coal mining.
Journal of Clinical Toxicology, S1, 009. https://doi.org/10.
4172/2161-0495.S1-009.

Graber, J. M., Harris, G., Almberg, K. S., Rose, C. S., Petsonk,
E. L., & Cohen, R. A. (2017). Increasing severity of
pneumoconiosis among younger former US coal miners
working exclusively under modern dust-control regula-
tions. Journal of Occupational and Environmental Medicine,
59(6), el05-elll. https://doi.org/10.1097/JOM.0000000
000001048.

Global Policy Forum. (2005-2019). Minerals in conflict. https://
www.globalpolicy.org/security-council/dark-side-of-natur
al-resources/minerals-in-conflict.html. Accessed May 27,
2019.

Haas, E. J., & Mattson, M. (2016). A qualitative comparison of
susceptibility and behavior in recreational and occupa-
tional risk environments: Implications for promoting


https://doi.org/10.1080/15459624.2015.1116691
https://doi.org/10.1080/15459624.2015.1116691
https://doi.org/10.30955/gnj.002623
https://doi.org/10.1093/rpd/ncx204
https://doi.org/10.1016/0269-7491(92)90156-5
https://doi.org/10.1016/0269-7491(92)90156-5
https://doi.org/10.1164/rccm.201604-0779LE
https://doi.org/10.1164/rccm.201604-0779LE
https://doi.org/10.1371/journal.pone.0168445
https://doi.org/10.1371/journal.pone.0168445
https://doi.org/10.1097/00002030-200012010-00016
https://doi.org/10.1097/00002030-200012010-00016
https://doi.org/10.1016/j.scitotenv.2012.06.013
https://doi.org/10.1016/j.scitotenv.2012.06.013
https://doi.org/10.1007/s11270-011-0777-x
https://doi.org/10.1007/s11270-011-0777-x
http://www.mhsc.org.za/sites/default/files/SIM110901%20Report.pdf
http://www.mhsc.org.za/sites/default/files/SIM110901%20Report.pdf
http://www.mhsc.org.za/sites/default/files/SIM110901%20Report.pdf
https://doi.org/10.3390/ijerph120707444
http://www.ethicalcorp.com/content/its-time-mining-industry-step-environment-and-human-rights
http://www.ethicalcorp.com/content/its-time-mining-industry-step-environment-and-human-rights
https://doi.org/10.1002/9780470670071.ch25
https://doi.org/10.1002/9780470670071.ch25
https://doi.org/10.1016/j.scitotenv.2016.11.001
https://doi.org/10.1016/j.scitotenv.2016.11.001
https://doi.org/10.1093/occmed/kqh072
https://doi.org/10.1289/ehp.1103965
http://www.cityofelliotlake.com/en/recleisure/museum.asp
https://doi.org/10.1007/s40726-019-00108-5
https://doi.org/10.1007/s40726-019-00108-5
https://doi.org/10.1016/j.semcdb.2015.06.006
https://doi.org/10.1016/j.semcdb.2015.06.006
https://doi.org/10.4172/2161-0495.S1-009
https://doi.org/10.4172/2161-0495.S1-009
https://doi.org/10.1097/JOM.0000000000001048
https://doi.org/10.1097/JOM.0000000000001048
https://www.globalpolicy.org/security-council/dark-side-of-natural-resources/minerals-in-conflict.html
https://www.globalpolicy.org/security-council/dark-side-of-natural-resources/minerals-in-conflict.html
https://www.globalpolicy.org/security-council/dark-side-of-natural-resources/minerals-in-conflict.html

Environ Geochem Health

health and safety. Journal of Health and Community, 21(6),
705-713.  https://doi.org/10.1080/10810730.2016.1153
765.

Han, R, Ji, X., Wu, B, et al. (2015). Polymorphisms in inter-
leukin 17A gene and coal workers’ pneumoconiosis risk in
a Chinese population. BMC Pulmonary Medicine, 15, 79.
https://doi.org/10.1186/s12890-015-0076-1.

He, X., Shen, H., Chen, Z., et al. (2017). Element-based prog-
nostics of occupational pneumoconiosis using micro-pro-
ton-induced X-ray emission analysis. American Journal of
Physiology-Lung Cellular and Molecular Physiology,
313(6), L1154-L1163. https://doi.org/10.1152/ajplung.
00009.2017.

Herm, F. B., Killguss, H.-M., & Stewart, A. G. (2005). Osteo-
malacia in Hazara District, Pakistan. Tropical Doctor, 35,
8-10. https://doi.org/10.1258/0049475053001787.

Hermanus, M. A. (2007). Occupational health and safety in
mining—Status, new developments, and concerns. Journal
of the Southern African Institute of Mining and Metallurgy,
107(8), 531-538.

IARC. (2010). IARC monographs volume 100D internalized a-
particle emitting radionuclides. supplementary web tables,
section 2, cancer in humans. Lyon, France: International
Agency for Research on Cancer. https://monographs.iarc.
fr/iarc-monographs-volume-100d-internalized-a-particle-
emitting-radionuclides/. Accessed November 15, 2018.

Ishtiaq, M., Jehan, N., Khan, S. A, et al. (2018). Potential harmful
elements in coal dust and human health risk assessment near
the mining areas in Cherat, Pakistan. Environmental Science
and Pollution Research, 25(15), 14666—14673. https://doi.
org/10.1007/s11356-018-1655-5.

Jacobs, M., & Pienaar, J. (2017). Stress, coping and safety
compliance in a multinational gold mining company. In-
ternational Journal of Occupational Safety and Ergo-
nomics,  23(2), 152-161.  https://doi.org/10.1080/
10803548.2016.1263476.

Jarvis, R., Bone, A., & Stewart, A. G. (2016). Sustainability. In
S. Ghebrehewet, A. G. Stewart, D. Baxter, P. Shears, D.
Conrad, & M. Kliner (Eds.), Health protection; principles
and practice (pp. 294-300). Oxford: Oxford University
Press.

Jiménez-Forero, C. P., Zabala, I. ., & Idrovo, A. J. (2015). Work
conditions and morbidity among coal miners in Guacheta,
Colombia: The miners” perspective. Biomédica, 35, 77-89.
https://doi.org/10.7705/biomedica.v35i0.2439.

Kar-Purkayastha, 1. (2009). Public health: Ethical issues. In-
ternational Journal of Epidemiology, 38(4), 1166-1167.
https://doi.org/10.1093/ije/dyn150.

Kistnasamy, B., Yassi, A., Yu, J., et al. (2018). Tackling
injustices of occupational lung disease acquired in South
African mines: Recent developments and ongoing chal-
lenges. Globalization and Health, 14, 60. https://doi.org/
10.1186/s12992-018-0376-3.

Knoblauch, A. M., Divall, M. J., Owuor, M., et al. (2017).
Monitoring of selected health indicators in children living
in a copper mine development area in northwestern Zam-
bia. International Journal of Environmental Research and
Public Health, 14(3), 315. https://doi.org/10.3390/
ijerph14030315.

Knoblauch, A. M., Divall, M. J., Owuor, M., et al. (2018).
Selected indicators and determinants of women’s health in

the vicinity of a copper mine development in northwestern
Zambia. BMC Women’s Health, 18, 62. https://doi.org/10.
1186/s12905-018-0547-7.

Krebs, J. (2008). The importance of public-health ethics. Bul-
letin of the World Health Organization, 86(8), 577-656.
https://doi.org/10.2471/BLT.08.052431.

Kusiak, R. A., Ritchie, A. C., Muller, J., & Springer, J. (1993).
Mortality from lung cancer in Ontario uranium miners.
British Journal of Industrial Medicine, 50(10), 920-928.
https://doi.org/10.1136/0em.50.10.920.

Kyeremateng-Amoah, E., & Clarke, E. E. (2015). Injuries
among artisanal and small-scale gold miners in Ghana.
International Journal of Environmental Research and
Public Health, 12(9), 10886-10896. https://doi.org/10.
3390/ijerph120910886.

Lake District National Park. (n.d.). Coniston copper; miners and
the mining community. http://www.lakedistrict.gov.uk/
learning/archaeologyhistory/coniston-copper/history-of-
coniston-copper/miners-and-the-mining-community2.
Accessed January 3, 2019.

Laney, A. S., Blackley, D. J., & Halldin, C. N. (2017). Radio-
graphic disease progression in contemporary US coal
miners with progressive massive fibrosis. Occupational
and Environmental Medicine, 74(7), 517-520. https://doi.
org/10.1136/0oemed-2016-104249.

Lau, W. K. Y, Liang, P., Man, Y. B, Chung, S. S., & Wong, M.
H. (2014). Human health risk assessment based on trace
metals in suspended air particulates, surface dust, and floor
dust from e-waste recycling workshops in Hong Kong,
China. Environmental Science and Pollution Research,
21(5), 3813-3825. https://doi.org/10.1007/s11356-013-
2372-8.

Leung, C. C, Yu, I. T. S., & Chen, W. (2012). Silicosis. The
Lancet, 379(9830), 2008-2018. https://doi.org/10.1016/
S0140-6736(12)60235-9.

Lewis, J., Hoover, J., & MacKenzie, D. (2017). Mining and
environmental health disparities in Native American
communities. Current Environmental Health Reports, 4,
130-141. https://doi.org/10.1007/s40572-017-0140-5.

Liao, J., Wen, Z., Ru, X., Chen, J., Wu, H., & Wei, C. (2016).
Distribution and migration of heavy metals in soil and
crops affected by acid mine drainage: Public health
implications in Guangdong Province, China. Ecotoxicol-
ogy and Environmental Safety, 124, 460—469. https://doi.
org/10.1016/j.ecoenv.2015.11.023.

Liu, Y., Yang, J., Wu, Q., et al. (2017). LRBA gene polymor-
phisms and risk of coal workers’ pneumoconiosis: A case-
control study from China. International Journal of Envi-
ronmental Research and Public Health, 14(10), pii: E1138.
https://doi.org/10.3390/ijerph14101138.

Long, R. N., Sun, K., & Neitzel, R. L. (2015). Injury risk factors
in a small-scale gold mining community in Ghana’s Upper
East Region. International Journal of Environmental
Research and Public Health, 12(8), 8744-8761. https://doi.
org/10.3390/ijerph120808744.

Mabhoney, G., Stewart, A. G., Kennedy, N., Whitely, B., Turner,
L., & Wilkinson, E. (2015). Achieving attainable outcomes
from good science in an untidy world: Case studies in land
and air pollution. Environmental Geochemistry and
Health, 37, 689-706. https://doi.org/10.1007/s10653-015-
9717-9.

@ Springer


https://doi.org/10.1080/10810730.2016.1153765
https://doi.org/10.1080/10810730.2016.1153765
https://doi.org/10.1186/s12890-015-0076-1
https://doi.org/10.1152/ajplung.00009.2017
https://doi.org/10.1152/ajplung.00009.2017
https://doi.org/10.1258/0049475053001787
https://monographs.iarc.fr/iarc-monographs-volume-100d-internalized-a-particle-emitting-radionuclides/
https://monographs.iarc.fr/iarc-monographs-volume-100d-internalized-a-particle-emitting-radionuclides/
https://monographs.iarc.fr/iarc-monographs-volume-100d-internalized-a-particle-emitting-radionuclides/
https://doi.org/10.1007/s11356-018-1655-5
https://doi.org/10.1007/s11356-018-1655-5
https://doi.org/10.1080/10803548.2016.1263476
https://doi.org/10.1080/10803548.2016.1263476
https://doi.org/10.7705/biomedica.v35i0.2439
https://doi.org/10.1093/ije/dyn150
https://doi.org/10.1186/s12992-018-0376-3
https://doi.org/10.1186/s12992-018-0376-3
https://doi.org/10.3390/ijerph14030315
https://doi.org/10.3390/ijerph14030315
https://doi.org/10.1186/s12905-018-0547-7
https://doi.org/10.1186/s12905-018-0547-7
https://doi.org/10.2471/BLT.08.052431
https://doi.org/10.1136/oem.50.10.920
https://doi.org/10.3390/ijerph120910886
https://doi.org/10.3390/ijerph120910886
http://www.lakedistrict.gov.uk/learning/archaeologyhistory/coniston-copper/history-of-coniston-copper/miners-and-the-mining-community2
http://www.lakedistrict.gov.uk/learning/archaeologyhistory/coniston-copper/history-of-coniston-copper/miners-and-the-mining-community2
http://www.lakedistrict.gov.uk/learning/archaeologyhistory/coniston-copper/history-of-coniston-copper/miners-and-the-mining-community2
https://doi.org/10.1136/oemed-2016-104249
https://doi.org/10.1136/oemed-2016-104249
https://doi.org/10.1007/s11356-013-2372-8
https://doi.org/10.1007/s11356-013-2372-8
https://doi.org/10.1016/S0140-6736(12)60235-9
https://doi.org/10.1016/S0140-6736(12)60235-9
https://doi.org/10.1007/s40572-017-0140-5
https://doi.org/10.1016/j.ecoenv.2015.11.023
https://doi.org/10.1016/j.ecoenv.2015.11.023
https://doi.org/10.3390/ijerph14101138
https://doi.org/10.3390/ijerph120808744
https://doi.org/10.3390/ijerph120808744
https://doi.org/10.1007/s10653-015-9717-9
https://doi.org/10.1007/s10653-015-9717-9

Environ Geochem Health

Maier, R. M., Diaz-Barriga, F., Field, J. A., Hopkins, J., Klein,
B., & Poulton, M. M. (2014). Socially responsible mining:
The relationship between mining and poverty, human
health and the environment. Reviews on Environmental
Health, 29, 83-89. https://doi.org/10.1515/reveh-2014-
0022.

Mandrioli, D., Schliinssen, V., Adém, B., et al. (2018). WHO/
ILO work-related burden of disease and injury: Protocol
for systematic reviews of occupational exposure to dusts
and/or fibres and of the effect of occupational exposure to
dusts and/or fibres on pneumoconiosis. Environment
International, 119, 174-185. https://doi.org/10.1016/j.
envint.2018.06.005.

Mariotti, A. (2015). The effects of chronic stress on health: New
insights into the molecular mechanisms of brain—body
communication. Future Science OA, 1(3), FSO23. https://
doi.org/10.4155/fs0.15.21.

Marsit, C. J. (2015). Influence of environmental exposure on
human epigenetic regulation. Journal of Experimental
Biology, 218, 71-79. https://doi.org/10.1242/jeb.106971.

Martin, R., Dowling, K., Pearce, D., Sillitoe, J., & Florentine, S.
(2014). Health effects associated with inhalation of air-
borne arsenic arising from mining operations. Geosciences,
4(3), 128-175. https://doi.org/10.3390/geosciences4030
128.

Meyer, C., Diaz-de-Quijanoa, M., Monna, F., et al. (2015).
Characterisation and distribution of deposited trace ele-
ments transported over long and intermediate distances in
north-eastern France using Sphagnum peatlands as a sen-
tinel ecosystem. Atmospheric Environment, 101, 286-293.
https://doi.org/10.1016/j.atmosenv.2014.11.041.

Mining Health Initiative. (2013). Mining health partnerships: A
short analytic framework. www.gov.uk/government/
publications/mining-health-initiative. Accessed January
2,2018.

Mo, J., Wang, L., Au, W., & Su, M. (2013). Prevalence of coal
workers’ pneumoconiosis in China: A systematic analysis
of 2001-2011 studies. International Journal of Hygiene
and Environmental Health, 217(1), 46-51. https://doi.org/
10.1016/j.ijheh.2013.03.006.

Mokhtari, A. R., Feiznia, S., Jafari, M., et al. (2018). Investi-
gating the role of wind in the dispersion of heavy metals
around mines in arid regions (a case study from Kushk Pb—
Zn Mine, Bafgh, Iran). Bulletin of Environmental Con-
tamination and Toxicology, 101, 124. https://doi.org/10.
1007/s00128-018-2319-3.

MSHA. (n.d.) United States Department of Labor. Coal Fatal-
ities for 1900 Through 2018. https://arlweb.msha.gov/stats/
centurystats/coalstats.asp. Accessed May 27, 2019.

Nemery, B., Banza, C., & Nkulu, L. (2018). Assessing exposure
to metals using biomonitoring: Achievements and chal-
lenges experienced through surveys in low- and middle-
income countries. Toxicology Letters, 298, 13—18. https://
doi.org/10.1016/j.toxlet.2018.06.004.

Ngosa, K., & Naidoo, R. N. (2016). The risk of pulmonary
tuberculosis in underground copper miners in Zambia
exposed to respirable silica: A cross-sectional study. BMC
Public Health, 16(1), 855. https://doi.org/10.1186/s12889-
016-3547-2.

Onder, S., & Mutlu, M. (2016). Analyses of non-fatal accidents
in an opencast mine by logistic regression model—A case

@ Springer

study. International Journal of Injury Control and Safety
Promotion, 24(3), 328-337. https://doi.org/10.1080/
17457300.2016.1178299.

Ortmann, L. W., Barrett, D. H., & Saenz, C. (2016). Public
health ethics: Global cases, practice, and context. In D.
H. Barrett, L. H. Ortmann, A. Dawson, C. Saenz, A. Reis,
& G. Bolan (Eds.), Public health ethics: Cases spanning
the globe (pp. 3-36). Cham: Springer.

Pembrey, M., Saffery, R., Bygren, L. O., et al. (2014). Human
transgenerational responses to early-life experience:
Potential impact on development, health and biomedical
research. Journal of Medical Genetics, 51(9), 563-572.
https://doi.org/10.1136/jmedgenet-2014-102577.

Perret, J. L., Plush, B., Lachapelle, P., et al. (2017). Coal mine
dust lung disease in the modern era. Respirology, 22(4),
662-670. https://doi.org/10.1111/resp.13034.

Rajaee, M., Obiri, S., & Green, A. (2015). Integrated assessment
of artisanal and small-scale gold mining in Ghana—Part 2:
Natural sciences review. International Journal of Envi-
ronmental Research and Public Health, 12(8), 8971-9011.
https://doi.org/10.3390/ijerph120808971.

Reynolds, R. L., Mordecai, J. S., Rosenbaum, J. G., Ketterer, M.
E., Walsh, M. K., & Moser, K. A. (2010). Compositional
changes in sediments of subalpine lakes, Uinta Mountains
(Utah): Evidence for the effects of human activity on
atmospheric dust inputs. Journal of Paleolimnology, 44(1),
161-175. https://doi.org/10.1007/s10933-009-9394-8.

Roberts, B., Sun, K., & Neitzel, R. L. (2017). What can 35 years
and over 700,000 measurements tell us about noise expo-
sure in the mining industry? International Journal of
Audiology, 56(supl), 4-12. https://doi.org/10.1080/
14992027.2016.1255358.

Rogich, D. G., & Matos, G. R. (2008). The global flows of metals
and minerals: US Geological Survey Open-File Report
2008-1355. http://pubs.usgs.gov/of/2008/1355/. Accessed
January 2, 2019.

Rosental, P. A. (2015). Truncating a disease. The reduction of
silica hazards to silicosis at the 1930 international labor
office conference on silicosis in Johannesburg. American
Journal of Industrial Medicine, 58(1), 6-14. https://doi.
org/10.1002/ajim.22517.

Sanders, A. P., Claus Henn, B., & Wright, R. O. (2015). Peri-
natal and childhood exposure to cadmium, manganese, and
metal mixtures and effects on cognition and behavior: A
review of recent literature. Current Environmental Health
Reports, 2, 284-294. https://doi.org/10.1007/s40572-015-
0058-8.

Segawa, N. (2016). Mines and parents profit from child labor in
Uganda as laws, raids have little effect. Special report.
Global Press Journal. https://globalpressjournal.com/
africa/uganda/mines-parents-profit-child-labor-uganda-laws-
raids-little-effect/. Accessed December 21, 2018.

Sen, A., Heredia, N., Senut, M. C., et al. (2015). Multigenera-
tional epigenetic inheritance in humans: DNA methylation
changes associated with maternal exposure to lead can be
transmitted to the grandchildren. Scientific Reports, 5,
14466. https://doi.org/10.1038/srep14466.

Sidel, V. W., & Levy, B. S. (2008). The health impact of war.
International Journal of Injury Control and Safety Pro-
motion, 15(4), 189—-195. https://doi.org/10.1080/17457300
802404935.


https://doi.org/10.1515/reveh-2014-0022
https://doi.org/10.1515/reveh-2014-0022
https://doi.org/10.1016/j.envint.2018.06.005
https://doi.org/10.1016/j.envint.2018.06.005
https://doi.org/10.4155/fso.15.21
https://doi.org/10.4155/fso.15.21
https://doi.org/10.1242/jeb.106971
https://doi.org/10.3390/geosciences4030128
https://doi.org/10.3390/geosciences4030128
https://doi.org/10.1016/j.atmosenv.2014.11.041
http://www.gov.uk/government/publications/mining-health-initiative
http://www.gov.uk/government/publications/mining-health-initiative
https://doi.org/10.1016/j.ijheh.2013.03.006
https://doi.org/10.1016/j.ijheh.2013.03.006
https://doi.org/10.1007/s00128-018-2319-3
https://doi.org/10.1007/s00128-018-2319-3
https://arlweb.msha.gov/stats/centurystats/coalstats.asp
https://arlweb.msha.gov/stats/centurystats/coalstats.asp
https://doi.org/10.1016/j.toxlet.2018.06.004
https://doi.org/10.1016/j.toxlet.2018.06.004
https://doi.org/10.1186/s12889-016-3547-2
https://doi.org/10.1186/s12889-016-3547-2
https://doi.org/10.1080/17457300.2016.1178299
https://doi.org/10.1080/17457300.2016.1178299
https://doi.org/10.1136/jmedgenet-2014-102577
https://doi.org/10.1111/resp.13034
https://doi.org/10.3390/ijerph120808971
https://doi.org/10.1007/s10933-009-9394-8
https://doi.org/10.1080/14992027.2016.1255358
https://doi.org/10.1080/14992027.2016.1255358
http://pubs.usgs.gov/of/2008/1355/
https://doi.org/10.1002/ajim.22517
https://doi.org/10.1002/ajim.22517
https://doi.org/10.1007/s40572-015-0058-8
https://doi.org/10.1007/s40572-015-0058-8
https://globalpressjournal.com/africa/uganda/mines-parents-profit-child-labor-uganda-laws-raids-little-effect/
https://globalpressjournal.com/africa/uganda/mines-parents-profit-child-labor-uganda-laws-raids-little-effect/
https://globalpressjournal.com/africa/uganda/mines-parents-profit-child-labor-uganda-laws-raids-little-effect/
https://doi.org/10.1038/srep14466
https://doi.org/10.1080/17457300802404935
https://doi.org/10.1080/17457300802404935

Environ Geochem Health

Singh, K., Oates, C., Plant, J., & Voulvoulis, N. (2014).
Undisclosed chemicals—implications for risk assessment:
A case study from the mining industry. Environment
International, 68, 1-15. https://doi.org/10.1016/j.envint.
2014.02.012.

Slack, K. (2009). Mining conflicts in Peru: Condition critical.
Boston, USA: Oxfam America. http://www.oxfamamerica.
org/publications/mining-conflicts-in-peru-condition-critical.
Accessed January 3, 2019.

Smith, D., & Carrington, D. (2015). Dust, TB and HIV: The ugly
face of mining in South Africa. The Guardian, 26 May
2015.  https://www.theguardian.com/environment/2015/
may/26/dust-tb-hiv-ugly-face-mining-south-africa. Acces-
sed May 27, 2019.

Ssekika, E. (2017). Chinese ‘investor’ moves to evict 10,000
artisanal miners. The Observer. http://observer.ug/
business/56321-chinese-investor-moves-to-evict-10-000-
artisanal-miners.html. Accessed January 2, 2019.

Steen, T. W., Gyi, K. M., White, N. W, et al. (1997). Prevalence
of occupational lung disease among Botswana men for-
merly employed in the South African mining industry.
Occupational and Environmental Medicine, 54, 19-26.
https://doi.org/10.1136/0em.54.1.19.

Stephens, C., & Ahern, M. (2001). Worker and community
health impacts related to mining operations internation-
ally. A rapid review of the literature (p. 59). London:
International Institute for Environment and Development.

Stewart, A. G. (1990). Drifting continents and endemic goitre in
northern Pakistan. BMJ, 300, 1507-1512. https://doi.org/
10.1136/bm;j.300.6738.1507.

Stewart, A. G., Carter, J., Parker, A., & Alloway, B. J. (2003).
The illusion of environmental iodine deficiency. Environ-
mental Geochemistry and Health, 25(1), 165-170. https://
doi.org/10.1023/A:1021281822514.

Stewart, A. G., & Hursthouse, A. S. (2018). Environment and
human health. The challenge of uncertainty in risk
assessment. Geosciences, 8, 24. https://doi.org/10.3390/
geosciences8010024.

Stewart, A. G., Luria, P., Reid, R., Lyons, L., & Jarvis, R.
(2010). Real or illusory? Case studies on the public per-
ception of environmental health risks in the North West of
England. International Journal of Environmental Research
and Public Health, 7(3), 1153—-1173. https://doi.org/10.
3390/ijerph7031153fblac.

Taylor, M. P., Winder, C., & Lanphear, B. P. (2014). Australia’s
leading public health body delays action on the revision of
the public health goal for blood lead exposures. Environ-
ment International, 70, 113—117. https://doi.org/10.1016/j.
envint.2014.04.023.

Tirima, S., Bartrem, C., von Lindern, I., et al. (2018). Food
contamination as a pathway for lead exposure in children
during the 2010-2013 lead poisoning epidemic in Zamfara,
Nigeria. Journal of Environmental Sciences, 67, 26-272.
https://doi.org/10.1016/j.jes.2017.09.007.

Utembe, W., Faustman, E. M., Matatiele, P., & Gulumia, M.
(2015). Hazards identified and the need for health risk
assessment in the South African mining industry. Human
and Experimental Toxicology, 34(12), 1212-1221. https://
doi.org/10.1177/0960327115600370.

Visit Cumbria. (n.d.). Mining Museums & Heritage Centres of
Cumbria and the Lake District. https://www.visitcumbria.
com/mining/. Accessed January 3, 2019.

Wesdock, J. C., & Arnold, I. M. F. (2014). Occupational and
environmental health in the aluminium industry: Key
points for health practitioners. Journal of Occupational
and Environmental Medicine, 56(5 Suppl), S5-S11. https://
doi.org/10.1097/JOM.0000000000000071.

WHO. (1946). World health organization: Principles. https://
www.who.int/about/mission/en/ Full document available
at  http://apps.who.int/gb/bd/PDF/bd47/EN/constitution-
en.pdf?ua=1. Accessed January 2, 2019.

Wilson, M. L., Renne, E., Roncoli, C., Agyei-Baffour, P., &
Tenkorang, E. Y. (2015). Integrated assessment of artisanal
and small-scale gold mining in Ghana—Part 3: Social
sciences and economics. International Journal of Envi-
ronmental Research and Public Health, 12(7), 8133-8156.
https://doi.org/10.3390/ijerph120708133.

Woodward, A., & Hales, S. (2014). The past and future of coal.
Australian and New Zealand Journal of Public Health,
38(2), 103-104. https://doi.org/10.1111/1753-6405.12215.

World Bank. (2014). Benefits and costs of reducing tuberculosis
among Southern Africa’s mineworkers. Available at http://
documents.worldbank.org/curated/en/3334414681145461
36/Benefits-and-costs-of-reducing-tuberculosis-among-
Southern-Africas-mineworkers-overview. Accessed May 27,
2019.

Wysokinski, M., Fidecki, W., Bernat-Kotowska, S., & Slusarz,
R. (2015). Health behaviour of miners. Medycyna Pracy,
66(6), 753-761. https://doi.org/10.13075/mp.5893.00082.

Yu, G., Qin, X., Xu, J., et al. (2019). Characteristics of partic-
ulate-bound mercury at typical sites situated on dust
transport paths in China. Science of the Total Environment,
648, 1151-1160. https://doi.org/10.1016/j.scitotenv.2018.
08.137.

Zhang, Y., Shao, W., Zhang, M., Li, H., Yin, S., & Xu, Y.
(2016). Analysis 320 coal mine accidents using structural
equation modeling with unsafe conditions of the rules and
regulations as exogenous variables. Accident Analysis and
Prevention, 92, 189-201. https://doi.org/10.1016/j.aap.
2016.02.021.

Zheng, T., Zhang, J., Sommer, K., et al. (2016). Effects of
environmental exposures on fetal and childhood growth
trajectories. Annals of Global Health, 82, 41-99. https://
doi.org/10.1016/j.a0gh.2016.01.008.

Zhu, Y.-G., Sun, G.-X., Lei, M., et al. (2008). High percentage
inorganic arsenic content of mining impacted and nonim-
pacted Chinese rice. Environmental Science and Technol-
ogy, 42(13), 5008-5013. https://doi.org/10.1021/es8001
103.

Zota, A. R., Riederer, A. M., Ettinger, A. S., et al. (2016).
Associations between metals in residential environmental
media and exposure biomarkers over time in infants living
near a mining-impacted site. Journal of Exposure Science
& Environmental Epidemiology, 26, 510-519. https://doi.
org/10.1038/jes.2015.76.Associations.

Publisher’s Note Springer Nature remains neutral with
regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.1016/j.envint.2014.02.012
https://doi.org/10.1016/j.envint.2014.02.012
http://www.oxfamamerica.org/publications/mining-conflicts-in-peru-condition-critical
http://www.oxfamamerica.org/publications/mining-conflicts-in-peru-condition-critical
https://www.theguardian.com/environment/2015/may/26/dust-tb-hiv-ugly-face-mining-south-africa
https://www.theguardian.com/environment/2015/may/26/dust-tb-hiv-ugly-face-mining-south-africa
http://observer.ug/business/56321-chinese-investor-moves-to-evict-10-000-artisanal-miners.html
http://observer.ug/business/56321-chinese-investor-moves-to-evict-10-000-artisanal-miners.html
http://observer.ug/business/56321-chinese-investor-moves-to-evict-10-000-artisanal-miners.html
https://doi.org/10.1136/oem.54.1.19
https://doi.org/10.1136/bmj.300.6738.1507
https://doi.org/10.1136/bmj.300.6738.1507
https://doi.org/10.1023/A:1021281822514
https://doi.org/10.1023/A:1021281822514
https://doi.org/10.3390/geosciences8010024
https://doi.org/10.3390/geosciences8010024
https://doi.org/10.3390/ijerph7031153fblac
https://doi.org/10.3390/ijerph7031153fblac
https://doi.org/10.1016/j.envint.2014.04.023
https://doi.org/10.1016/j.envint.2014.04.023
https://doi.org/10.1016/j.jes.2017.09.007
https://doi.org/10.1177/0960327115600370
https://doi.org/10.1177/0960327115600370
https://www.visitcumbria.com/mining/
https://www.visitcumbria.com/mining/
https://doi.org/10.1097/JOM.0000000000000071
https://doi.org/10.1097/JOM.0000000000000071
https://www.who.int/about/mission/en/
https://www.who.int/about/mission/en/
http://apps.who.int/gb/bd/PDF/bd47/EN/constitution-en.pdf%3fua%3d1
http://apps.who.int/gb/bd/PDF/bd47/EN/constitution-en.pdf%3fua%3d1
https://doi.org/10.3390/ijerph120708133
https://doi.org/10.1111/1753-6405.12215
http://documents.worldbank.org/curated/en/333441468114546136/Benefits-and-costs-of-reducing-tuberculosis-among-Southern-Africas-mineworkers-overview
http://documents.worldbank.org/curated/en/333441468114546136/Benefits-and-costs-of-reducing-tuberculosis-among-Southern-Africas-mineworkers-overview
http://documents.worldbank.org/curated/en/333441468114546136/Benefits-and-costs-of-reducing-tuberculosis-among-Southern-Africas-mineworkers-overview
http://documents.worldbank.org/curated/en/333441468114546136/Benefits-and-costs-of-reducing-tuberculosis-among-Southern-Africas-mineworkers-overview
https://doi.org/10.13075/mp.5893.00082
https://doi.org/10.1016/j.scitotenv.2018.08.137
https://doi.org/10.1016/j.scitotenv.2018.08.137
https://doi.org/10.1016/j.aap.2016.02.021
https://doi.org/10.1016/j.aap.2016.02.021
https://doi.org/10.1016/j.aogh.2016.01.008
https://doi.org/10.1016/j.aogh.2016.01.008
https://doi.org/10.1021/es8001103
https://doi.org/10.1021/es8001103
https://doi.org/10.1038/jes.2015.76.Associations
https://doi.org/10.1038/jes.2015.76.Associations

	Mining is bad for health: a voyage of discovery
	Abstract
	Introduction
	Insight 1---as an ordinary man
	Insight 2---a member of SEGH
	Insight 3---a public health doctor
	Environmental
	Occupational
	Human and social
	Multiple determinants
	Interventions

	Insight 4---a volunteer
	Insight 5---a lay preacher
	Conclusions
	Acknowledgements
	References




