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OCCUPATIONAL HEALTH EFFECTS OF AIRBORNE
COAL DUST AND MINE GASES

by
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ABSTRACT

The last 40 years has seen a dramatic
reduction in the prevalence of pneumoconiosis
through improved mining engineering associated
with continuing medical surveillance of those
at risk. Presently the dust particle count
standard is being correlated with gravimetric
dust standards. Chronic Bronchitis and
Emphysema are also coal mining related diseases.

Methane is the commonest of a number of
coal mine gases. Oxygen deficiency symptoms may
result from high gas content of mine air. The
explosive nature of methane-air mixtures is well
known.

Mine gases will always present a potential
threat to safety.

COAL DUST: COAL MINERS PNEUMOCONIOSIS
It has been long recognised that the
occupation of coal mining has been associated
with the development of a chronic disabling
chest disease. "Miners Phthisis", "Black Lung",
"Anthrocosis” and "Colliers Asthma" were some
of the names given to this disease by the early

medical investigators who knew little about
the precise nature of the condition.
- The disease;?§iﬁow universally known as
"Coal Miners Pneumoconiosis".
It was not until the 1920's with the advent

1 Cessnock District Medical Officer,
Joint Coal Board,
Cessnock, N.S.W., Australia.

of the widespread use of chest x-rays, and some
preliminary post mortem studies, that some basic
knowledge was gained as to the nature of the
disease,

The British Medical Research Council began
more systematic research in 1936, and research
still continues today in many coal producing
countries, including Australia.

Coal Miners Pneumoconiosis results from
the retention of coal particles in the tissue of
the lungs where gas exchange takes place; the
alveoli. Not all the dust that is inhaled
reaches the alveoli; larger particles by virtue
of their inertia do not negotiate the tortuous,
branched, conducting airways and are deposited
in the upper airways from where they are sub-
sequently eliminated in the next 24-48 hours.
Only particles with aerodynamic diameter of 0.5
to 7.0 microns are likely to reach the alveoli,
and even then, many of these particles are likely
0f those
particles which are deposited in the alveoli, most

to be exhaled rather than deposited.

are removed over a period of weeks and months by
It is those
particles that are still retained that cause
pneumoconiosis. Special cells called macrophages
move this retained dust to spécial localised
areas to form aggregates of coal dust. If

a special clearance mechanism.

sufficient particles are retained over many years
they may form focal nodules.

These nodules are stellate shaped and can
be seen at post mortem and on chest x-ray.

Since 1948 the Joint Coal Board has been
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conducting periodic medical examinations on all
coal miners at 2-3 year intervals. The examinat-
ion includes a chest x-ray which is assessed

for any evidence of pneumoconiosis.

An International Classification of Pneu-
moconiosis, devised by the International Labour
Organisation is used to quantify the chest x-rays.
This code not only helps with the clinical
assessment of pneumoconiosis in individual
miners, it also assisted with the surveillance
of the effects of occupational exposure in
specific mines and areas and also forms a code
for epidemiological research.

The grading is based on four profusion
grades (0, 1, 2, 3) with three finer sub-
divisions in each, 12 grades in all. (0/-,
OFOSROAL SN0 LS N2 201, 212, 23, 32,

3/3, 3/-)
There are three size grades:-

Nodule less than 1.5 mm

Ilpll
"Q"  Nodule 1.5 mm - 3 mm
"R"  Nodule 3 mm - 10 mm

There needs to be considerable dust
accumulation (x-ray category 2 or worse) before
pneumoconiosis causes any disability, and
generally at least 20-30 years exposure is
This disability
is manifested as shortness of breath on exertion
and limitation of work capacity.

There is no medical or surgical treatment

necessary to reach such a state.

for pneumoconiosis, so the approach is based
preventive medicine, with compensation for
those who have already been affected. Fortunat-
ely there has been a dramatic decline ih the
prevalence of pneumoconiosis in the New South
Wales Coal Mining Industry (Table 1).

Since 1948, the overall prevalence
(category 1 or worse) has declined from 16 per
The prevalence of
category 2 or worse (i.e., the stage where
symptoms can occur) has declined from 4.5

on

cent to 1.6 per cent.
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JABLE 1
PREVALENCE OF PNEUMOCONIOSIS
(% Prevalence)

Toag |T957-[T960- | 1963-] 1970~ |1973- | 1976~
1960 |1963 1965 |1973 |1976 [1979
ALL 16 | 3.6 [ 3.5(3.0/a5%|29]20
Category 2) 4 5 1 0] 0.6 | 0.4 [0.13 | 0.08] 0.06
or worse

* Artifact due to changes to ILO classification

per cent to 0.06 per cent. These figures reflect
the advances made in mining engineering with
better dust control being achieved by improved
mine ventilation and water sprays on mining
machinery.

Miners who had been dust affected were
compensated out of the Industry. The Joint Coal
Board pre-employment medical examinations have
sought to screen out new entrants with pre-existing
pneumoconiosis that has developed as a result of
working in other countries.

MONITORING OF DUST HAZARD

Since 1943 a programme to monitor airborne

dust concentrations in New South Wales Coal Mines
has been in operation. This has been based on

a particle - counting technique, using the Owens
dust pump, to count the numbers of particles in

the 1 - 5 micron (respirable) range.

The current
particle count standard is 175 particles per cc.
Although this statutory limit has worked well,
(as evidenced by the declining prevalence figures)
the Owens instrument is now almost obsolete. It
is proposed to change to a system of gravimetric
sampling. This will follow British and United
States practice.

Extensive research in the United Kingdom
has shown that the mass of respirable dust is a
better index of the hazard to health than the
particle count. It was also shown that a time
average concentration rather than a short period

e
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maximum level is more significant in terms of
effects on the lungs.

The Standing Committee of Dust Research
and Control of the Joint Coal Board has been
evaluating a number of Gravimetric dust samplers
to determine the precise type of gravimetric
sampling to introduce and the initial standard
to set.

As pneumoconiosis has been successfully
controlled with the current particle count
standard of 175 particles per cc (1 - 5 micron
range) it would seem logical to attempt to
maintain the gravimetric equivalent.

The gravimetric equivalent has been
determined by a series of side-by side measure-
ments in 20 collieries throughout New South
Wales.
Counters, the SIMPEDS personal sampler, the
MSA model G personal sampler, the MRE 113A
Regression

The instruments used were the Owen Dust

gravimetric sampler and the SIMSLIN.
analysis over all mines enabled the calculation
of a figure of 3.14 + 0.11 mg/m> (95%
confidence 1imits) gravimetric Simslin optical
reading corresponding to a particle count of
175 particles/cc. This is the closest equival-
ent, other samplers are long term and 175

particles/cc over a shift was equivalent to:-

3.98 mg/m> MRE 113A
2.69 mg/m> MSA
3.97 mg/m> SIMPEDS

Personal sampling is recommended for all
mining, bord and pillar and longwall, as this
is the best estimate of exposure and the most
reliable index from which to calculate risk
of pneumoconios1§?§ " i

OTHER RESPIRATORY DISEASES
It is now generally recognised that coal

mining is also related to the development of
two other respiratory diseases: Chronic
Bronchitis and Emphysema. The relationship is

strongest for Emphysema, with a weaker, but
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definite association for Chronic Bronchitis.

The association of coal mining and these
two diseases has not always been accepted by
various research workers around the world.
Confusion and dissension have occurred because
various non-occupational factors = notably
smoking - are known to be associated with these
two diseases.

Chronic Bronchitis is a condition which is
associated with the proliferation of the mucus
producing cells in the air conduction vessels.
This leads to increased resistance to airflow on
exhalation. Miners with this condition have a
productive cough and they become short of breath
on exertion: "Rhonchi" (whistling sounds) can be
heard in the chest on physical examination.
Spirometry testing shows a characteristic
“obstructive" pattern. It cannot be seen on a
chest x-ray, but can be measured at post mortem
by measuring the ratio between the width of the
mucus gland layer and the total width of the
bronchial vessel wall - this is known as the
Gland/Wall Ratio.

Emphysema is a disease that results in the
enlargement and destruction of groups of alveoli.
This causes a reduction in the elastic recoil of
the lung on exhalation which produces premature
closure or collapse of airways. The main symptom
is shortness of breath on exertion. It can be
detected on chest x-ray when greater than 20% of
the lung is involved, and can be readily seen
at post mortem. Spirometry tests show an
obstructive pattern.

The Joint Coal Board's Medical division
has conducted extensive research into the
occupational related respiratory diseases of
coal miners. This research has been based ona
post mortem series of the lungs of several
hundred deceased miners. Post mortem pneumoconio-
sis, emphysema, and chronic bronchitic findings
have been correlated with the antemortem clinical
and x-ray findings that were obtained during the
periodical medical examinations. This series

is unique, and the work of The Joint Coal Board
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has demonstrated the occupational association
of coal mining with Chronic Brochitis and
Emphysema (Leigh et. al., 1982, Leigh et. al.,
1983).

MINE GASES

OXYGEN

Oxygen is essential for the biochemical
reactions that the body requires to function.
Oxygen deficiency can occur in poorly vent-
ilated areas in mines when oxygen is consumed
by the oxidation of coal, the combustion of
coal (fire and heatings) and by humans trapped
in a confined space.
present in air in 20.93% concentration. The
clinical picture depends on the extent of the
oxygen deficiency:-

Oxygen is normally

16-14% 02 Breathing and pulse rate
increased. Exertion becomes more difficult.

The ability to think clearly and maintain
attention is diminished.

14-10% 02 Judgement becomes more
faulty. Emotions are aroused with

abnormal readiness. Muscular efforts lead

to rapid fatigue.
10-6% 02 Nausea and vomiting appear.
Inability to perform muscular movement.

Pulse increases rapidly. Loss of con-

sciousness may occur.

Less than 6% 02
of gasps and then fails.
followed by death.

- e

Respiration consists
Convulsions are

METHANE

Methane is a colourless, odourless gas
that occurs in all coal mines. It is not
poisonous in itself, but it can cause asphyxia
when its concentration is sufficient to dis-
place oxygen and cause an oxygen deficiency.
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This can occur dramatically in sudden methane
"outbursts".
when it forms an explosive mixture in air.
ignition can propagate to a much more violent

Its main danger however occurs
Any

coal dust explosion, and cause injury or death
by blast trauma, burns or carbon monoxide
poisoning.

CARBON MONOXIDE

Carbon monoxide forms in mines after fires,
explosions, heatings and in small amounts after
shotfiring. Of all deaths during colliery
explosions 80-90 per cent are cuased by carbon
monoxide poisoning.

Carbon monoxide toxicity is related to its
ability to disrupt oxygen transported by blood.
Oxygen is transported in the blood as a com-
bination with the haemoglobin molecule. However
carbon monoxide preferentially binds to the site
on the haemoglobin molecule where oxygen usually
binds and forms a complex known as carboxyhaemo-
globin.
carbon monoxide for haemoglobin is about 250 times
that of oxygen, therefore relatively small

concentrations of carbon monoxide can cause high

The affinity or “"combining power" of

concentrations of carboxyhaemoglobin.

The clinical effect depends on the percent-
age of blood saturation. Symptoms of throbbing
headaches, nausea, weakness and incoordination
occur with greater than 20% blood saturation.
Death occurs after 50% saturation. Treatment
involves moving the affected individual from
Ideally
oxygen should be administered at an elevated

exposure and administering oxygen.

atmospheric pressure in a hyperbaric oxygen
chamber if available.

CARBON DIOXIDE

Carbon dioxide is produced in mines as the
product of oxidation and combustion of coal, and
In some mines it is
given off from the strata in blowers and outbursts

as expired air from miners.

in a nearly pure condition.
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Carbon dioxide exerts toxic effects on the
Unconsciousness and death can occur
At lesser con-

human body.
when concentrations exceed 10%.
centrations, it causes headache and marked
increase in the depth and rate of respiration.
Concentrations above 5% in air are also usually
accompanied by appreciable lowering of oxygen
content, which increases the serious effects.

OXIDES OF NITROGEN

These occur in the exhausts from diesel
engines and also in the fumes from shotfiring
and other explosions.

The most dangerous of these is nitrogen
dioxide, which has a reddish brown colour and

an acrid smell. It is very poisonous and a
concentration of 200 parts per million can lead
to pulmonary oedema. Pulmonary oedema is a
flooding of lung tissue by body fluid in
response to chemical irritation of that tissue.
The onset of pulmonary oedema can be delayed

up to 24 hours after exposure, so that a person
may feel well when he/she finishes work and

later becomes i11.

HYDROGEN SULPHIDE

Hydrogen sulphide is produced in the
vicinity of heatings involving high sulphur
coal. It is at least as poisonous as cyanide,
and like cyanide acts by blocking the cellular
utilisation of oxygen by the inhibition of the

enzyme cytochrome oxidase.
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Exposures to low concentrations (20-50 p.p.m.)

irritation of the eyes, lungs and res-
piratory tract. In higher concentrations (greater
than 500 p.p.m.) it is rapidly fatal.

cause

CONCLUSIONS

The last 40 years has seen a dramatic
improvement in the prevalence of pneumoconiosis
through improved mining engineering associated
with continuing medical surveillance of those at
risk.

Mines gases will always present a potential
source of danger, but this can be minimised by
good mining practice, well designed self rescuing
equipment, and by a preventive educational approach
at the individual level.
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