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Abstract — This research aims to investigate the dust
produced at soapstone mines in Abbottabad, Pakistan, and its
potential impact on the health and safety of workers operating
in such environments. Dust samples were collected during
mining operation like drilling, loading and screening using
gravimetric dust sampler. The dust was quantitatively
analysed by measuring the weight of the collected samples
over a specific time period and subsequently comparing it
with the Threshold Limit Value (TLV) of the dust.
Qualitative analysis of the dust was carried out through
chemical analysis, elemental analysis (EDS) and particle size
and shape analysis (SEM). The findings indicated a
substantial excess in the quantity of dust generated during the
shift compared to the designated Threshold Limit Value
(TLV) for dust exposure in soapstone mines in Abbottabad.
The composition of dust includes silica, magnesium oxide
and minor amount of iron oxide, calcium oxide and aluminum
oxide. The particles of soapstone dust exhibit a platy shape
with irregular edges, ranging in size from 1.273 um to 2.909
pm. The study highlights the adverse effects of soapstone
dust on the respiratory system of workers employed in
soapstone mines in Abbottabad, Pakistan.
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I. INTRODUCTION

Mining is a hazardous task; endangering human lives with
fatal accidents and occupational diseases. Every year, about
12,000 workers die in mining industry due to accidents and
associated occupational diseases [1]. Though, in Pakistan,
there is a lack of proper documented data available on the
fatalities caused in the mining industry but the estimated data
reveals, hundreds of workers die every year in Pakistani
mining industry due to the occupational diseases and
accidents, out of which respiratory disease is the most
common occupational disease in mine workers. All the
mining operations such as drilling, blasting, loading,
transportation and screening are dust producing, and by
constant inhalation of dust produced in these operations can
lead to lung diseases such as coal worker pneumoconiosis
(CWP), silicosis, fibrosis, asbestosis and talcosis in mine
workers [2].

Dust is a generic term use to describe the fine solid
particle which becomes airborne without any changes in
chemical and physical properties except fracture [3]. Dust
particle from rock ranges in size from micrometre to more
than 100 um and are mostly irregular in shape [4]. However
dust in mining industry is considered not only the fraction of
particle which become airborne but also the fine particle
which are formed by processing and handling operation [5,
6]. In mineral industry dust has a wider definition, for
example in some branches of minerals industry it is defined
as the aggregate of solid particle up to 2 mm in size [7].

Composition of mines dust is quite different from
other dusts. Dust usually produced from transport, industry,

wood smoke and land cleaning has very complex
composition as compared to mine dust. Mine dust is mainly
composed of the exposed soil and rock [8]. Chemical
composition, concentration and particle size are critical
properties which describe the hazardous nature of dust on
human lives and environment. The chemical composition of
the dust shows the toxicity and particle concentration are
reflected in occupational exposure limit, air pollution
emission and ambient air quality standard [9]. There is a
strong relationship between respiratory diseases and dust
exposure in mine workers. Research revealed that about 11 %
of asthma and 13 % of chronic obstructive pulmonary
diseases (COPD) were found in mine workers, which were
caused by long exposure to mine dust [10].

Pulmonary diseases in mine workers in Pakistan are
very common due to long time exposure to mine dust without
any protective equipment, which results in a slowly painful
death. The purpose of this research is to analyse soapstone
dust quantitatively and qualitatively and find its toxic effect
on human lives.

Il. MATERIAL AND METHODS

The research methodology consists of two major parts i.e.
qualitative analysis and quantitative analysis.
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Fig. 1: Flow Chart of Research Methodology

Qualitative analysis includes chemical analysis,
elemental analysis and shape analysis. Chemical analysis was
done by x-ray diffraction (XRD) test, elemental analysis was
done through energy dispersive spectroscopy (EDS) test and
particle size and shape analysis was done through scan
electron microscopy (SEM) test.

Quantitative analysis was done through soapstone
dust sample collection using gravimetric dust sampler. The
dust sampler was installed on the body of worker and the
worker was allowed to work for 30 minutes. The quantity of
dust produced in 30 mins is determined by the difference in
the weight of dust cassette before and after the work.
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Fig. 2: Dust Sampling during Screening Operation at
Soapstone mines Abbottabad.
The dust samples were collected for drilling,

screening and
Abbottabad.

loading operations at soapstone mines

I11. RESULTS AND DISCUSSION

A. Qualitative Analysis of Soapstone Dust

To find the toxic effect of soapstone dust the knowledge of
composition and particle size of the soapstone is required. For
compositional analysis XRD and EDS and for particle size
and shape analysis SEM tests were conducted

1) X-ray Diffraction (XRD)

According to XRD result soapstone dust is composed of
Silica 57.53 %, Magnesium Oxide 29.35 %, Aluminium
Oxide 3.37 %, Calcium Oxide 2.90%, Iron Oxide 1.74% and
moisture 5.11%. The results indicate that silica constitutes the
highest proportion in the composition of soapstone dust,
while oxides of aluminium, calcium, and iron are present in
trace amounts.

(Coupled TwaTheta Thets)

R P

TThba (Connbmr Tom Mt Thate: M=) 50000

Fig. 3: X-Ray Diffraction (XRD) Analysis of Soapstone
Dust Composition

2) Energy Dispersive X-Ray (EDX)

Energy dispersive x-ray (EDX) test was conducted to find the
elements present in soapstone dust. According to EDX test
result soapstone dust is composed of elements like Carbon
8.52 %, Oxygen 51.8 %, Magnesium 16.07 %, Aluminium
0.52 %, Silicon 23.23 %, Calcium 0.17 % and Iron 0.41 %.
The results indicate that silicon and oxygen are the
predominant elements in the composition of soapstone,

forming silica (SiO2), which is a hazardous mineral known to
cause silicosis in mine workers.
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Fig. 4: Graph showing EDX Results for Soapstone Dust.

3) Scan Electron Microscopy (SEM)

Four images were taken at different resolution of the
soapstone dust particles collected at soapstone mines
Abbottabad through scanning electron microscope. The
morphological study of soapstone dust indicates that the
particle size of soapstone dust ranges from 1.273 um to 2.909
pm while having platy shape with irregular edges.

The presence of small-sized soapstone dust particles
suggests that workers may inhale them deeply into their
lungs, and the sharp edges increase the likelihood of these
particles penetrating lung tissues rapidly, leading to
potentially severe respiratory infections in workers.
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Fig. 5: Scanning Electron Microscope image of Soapstone
Dust Particle.

B. Quantitative Analysis of Soapstone Dust

To assess the quantity of dust produced in soapstone mines in
Abbottabad, quantitative analysis was conducted. Dust
samples were collected using gravimetric dust sampler for a
specific time.

1) Dust Sample Collection

Three dust samples were collected during loading, screening
and drilling operations which were marked as A, B and C
respectively. Each sample was collected for 30 minutes. Dust
collected during loading was 8 mg, screening 30 mg and
drilling 75 mg. The details are shown in the table | below;
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Sample . Casgette Cass.ette Difference
Name Operation | Weight | Weight in Weight
Before After
A Loading | 836 mg | 844 mg 8 mg
B Screening | 842mg | 872mg 30 mg
Cc Drilling 830mg | 905 mg 75 mg
Table I: Dust Samples Collected At Soapstone Mines
Abbottabad.

Dust production reaches its peak during drilling
operations, as the process of rock fragmentation generates
significant amounts of dust. Additionally, the use of
pneumatic drill machines contributes to the dispersion of
small particles due to air pressure. On the other hand, dust
production is minimized during loading activities, as this
operation involves less vigorous handling of materials.

2) Concentration of Dust
Weight of dust produced was determined by the difference in
the weight of cassette before after sampling. The
concentration of dust is determined from the weight of dust
collected by the given formula;

Concentration of Dust=W/V.......... Eq. 1
Where W is the weight of dust in mg and V is the volume of
air in m® and concentration of dust is calculated in mg/m?.
The volume of air is determined from the sample flow rate
times the sampling time;

V=QairxT . oooeenienen., Eq.2

Where V is volume of air in m® Qg is volumetric
flow rate of sample in m3/min and T is time in minutes.

Dust concentration was determined on the basis of
weight of the dust collected using the above mentioned
formulas;

Sample Name Dtjr:f:::;) { F(Ilci)tv/vaizﬁ;te F(Ir?]g\//rﬁ?]t)e Quantity of Air (m®) D(uns]';?nc])%c
A 30 2.5 0.0025 0.075 106.67
B 30 2.5 0.0025 0.075 400
C 30 2.5 0.0025 0.075 1000

Table Il: Determination of Dust Concentration

Table Il above reveals that the highest dust
concentration occurs during drilling operations, especially in
confined spaces such as underground tunnels where air
movement is limited. Consequently, workers are at greater
risk of inhaling a significant amount of dust during drilling.
3) Average Shift Dust Exposure
Exposure is the concentration of dust for a specific time
during which a person is exposed to dust particles, while dose
is the total concentration of dust to which a person is exposed
during the shift.

Dose can be calculated as;
D=YFE@)Ticeeiiiiiiiiann Eq.3
Where D is dose, E is exposure of dust and T is time. Time
weighted average (TWA) exposure may be calculated as;
TWA Exposure =D/T................... Eq.5
The calculated values of Dose and TWA exposure are shown
in table 111 below;

TWA value was calculated 3 hours for loading, 3 hours for
screening and 1 hour for drilling.
4) Dust Concentration Vs Threshold Limit Value (TLV)
Threshold limit value for soapstone, silica and magnesium
oxide is given below in table IV;

Sample Dust Dose TWA Exposure
N Conc. h/m? m?
ame (mg/m? (mg.h/mq) (mg/m?3)
A 106.67 640.02 213.34
B 400 2400 800
C 1000 2000 2000

Table I11; Determination of Dose and TWA Values

Substance TLV (mg/m°) Comments
Respirable
Soapstone 3 Fraction
silica 0.05 Respirable
Fraction
Magnesium 10 Total, 5
Oxide Respirable
Table 1V: Threshold Limit Value For Dust. (Source: ACGIH
[11])

All major operations, including drilling, loading,
screening, and transportation in soapstone mines in
Abbottabad, result in dust generation. Workers are
consistently exposed to soapstone dust, which consists of
approximately 57% silica, 29% magnesium oxide, and
various other minerals.
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Dust .
Operation | Exposure/shift FS'I'(?a MgQ
3 raction Fraction
(mg/m°)
Drilling 2000 1280 580
Screening 4800 3072 1392
Loading 1280.02 819.3 371.2

Table V: Dust Production during Shift in Each Operation.

The comparison of table 1V and table V reveals that

the production of dust during each operation is much higher
that the threshold limit value (TLV), which indicate that the
workers are at the risk of chronic respiratory diseases.

IV. CONCLUSION

On the basis of the above study following conclusions were
made;

(1]

(2]

Dust produced in soapstone mines Abbottabad, is
composed of a high fraction of silica which is the most
hazardous substance causing silicosis and other
respiratory diseases in mine workers.

Mine workers in soapstone mines Abbottabad are
occupationally exposed to high concentration of dust
during various mining operations. The concentration of
silica, magnesium oxide and other oxides are much
higher that their Threshold Limit Value (TLV).
Soapstone dust particle has very small size and sharp
edges, which very dangerous causing severe infection in
human lungs when-inhaled by workers.

The elevated silica content in soapstone dust, combined
with its fine particle size and sharp edges, poses a
significant health risk to mine workers, making them
susceptible to silicosis and other respiratory diseases.
The findings highlight a critical occupational health
concern, as mine workers are consistently exposed to
high dust concentrations during various mining
operations, exceeding the Threshold Limit VValue (TLV)
for silica, magnesium oxide, and other oxides.

It is crucial for mining authorities and policymakers to
implement comprehensive safety measures and enforce
proper regulations to mitigate the health risks associated
with dust exposure in soapstone mines.

The research underscores the need for periodic
monitoring of dust levels in the workplace and the
implementation of appropriate respiratory protection
measures to safeguard the health and well-being of mine
workers.

Further research and collaboration between mining
companies, health authorities, and research institutions
are essential to develop and promote safer work practices
and technologies that reduce dust emissions and protect
the health of workers.
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