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Abstract
Misisi compound in Lusaka is characterized by artisanal small scale quarrying 
activities which are often dusty in nature and prone to hazards. This study 
reports respirable dust concentration and the mineralogical composition 
of rocks in the workplace. Dust sampling was carried out with the help 
of gravimetric samplers at five quarries. Respirable dust samples were 
collected during digging, chiselling, crushing, and loading sites. The results 
of the sampled dust indicated high levels of respirable dust at all five quarry 
crushing sites.  For example, based on Time Weighted Average (TWA), the 
respirable dust concentration at the crushing site was recorded as 12.75 mg/
m3 at quarry#1 compared to the Maximum Allowable Concentration (MAC) 
of 5 mg/m3 of Occupational Safety and Health Administration (OSHA).  
The results of mineralogical testing and analyses revealed that marble was 
the common rock type that was being mined by most of the ASMs in the 
studied area. Based on the point count data analysis, marble contained 
98% CaCO3 and 2% SiO2.
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Introduction 
Dust in quarry mining operations mainly comes 
from the mechanical breakdown of the parent 
rock during drilling, blasting, chiseling, chipping, 
crushing and grinding. Other sources of dust at 
quarry mine sites include: polishing, screening, 
weighing, mixing, loading and hauling operations. 
Larger particles of dust usually settle down while 

very fine dust remains suspended  in air. This type  
of dust is referred to as primary airborne dust. In most 
cases, the composition of mineral dust is different 
from the parent rock depending on the type of dust 
generating activity and the rate of  dust emission.1 
The concentration of dust and exposure can range 
between 10 to 100 mg/m3 depending on the type 
of mining operation. The Time Weighted Average 
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(TWA) refers to the average airborne exposure  
of a worker in an 8-hour work shift. This criterion is 
commonly used for determining exposure levels.

To date, there are several cases of occupational dust 
exposures that have been recorded at quarry mining 
operations in Brazil,2 Britain,3 China,4 India5 and the 
United States.6 In a study conducted at a quarry 
mining site in Mahendragarh, Haryana in India,  
it was established that  drilling, blasting, crushing, 
and transport of mined material were  responsible 
for the generation of a substantial quantity of  dust.7  
In the UK, quarrying activities contribute less than 5% 
of PM10 emissions and just 1% of PM2.5 emissions.8 
The main activities contributing to dust emission in 
the UK at the quarries are: overburden handling, 
drilling and blasting; crushing and screening, storage 
of minerals at the sites; transportation and loading 
and storage of overburden and soil.8 In the USA, 
many stone quarrying sites produce dust from 

drilling or blasting operations. The particulate matter 
produced range from relatively large particle size to 
smaller particles9. Quarries in Turkey are commonly 
associated with negative impacts associated with 
dust emission and deposition on the settlements 
in the surrounding areas and visual obstruction.10 
The mineralogical and chemical composition  
of dust particles have direct impacts on the health 
of an individual.11 Mining and quarrying activities 
by nature have the potential to emit dust in varying 
concentrations that ultimately result in health 
effects.12

In most cases, workers are unaware of the extent 
and degree of dust exposure at quarries until they 
develop fatal respirable related diseases. However, 
putting in place adequate control measures can lead 
to a reduction of  exposure levels.13,9 Respirable dust 
particles, because of their small size, may reach the 
alveoli when inhaled.

Fig. 1:  Location of the study area (Misisi compound, Lusaka)

In Misisi compound of Lusaka, Zambia, it is very 
common to see men, women, and children crushing 
dolomite and limestone on quarry mining sites.14  
Even though crushed stones are a geological 
commodity from which almost everything for 
construction is built, it generates a wide range of 

occupational health exposure and safety hazards.15 
This is due to the fact that workers working in 
quarries, most often extract rocks without following 
safety procedures and standards. Among the most 
notable is the lack of Personal Protective Equipment 
(PPE) such as face masks. The use of crude tools 
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such as chisels, iron hammers, crowbars, and 
shovels is very common.14 Non-compliant to safety 
standards coupled with strenuous and labour-
intensive work necessitates hazards due to slips 
and trips.16 Dust from the quarry mine sites can 
be a major source of air pollution despite the fact 
that the severity depends on factors such as local 
microclimate and dust particle size. Dust can cause 
a variety of respiratory diseases such as silicosis 
and pneumoconiosis amongst quarry workers.17,18,19  
The location of the study area is shown in  
Figure 1. The area is generally flat and dotted 
with many pits of which some have since been 
abandoned. Predominantly, there are f ive 
active quarry mining sites as shown in Figure 1.  
The major activities undertaken at these quarries 
are, rock digging, chiseling, loading/transportation 
and crushing/screening. Rock digging is carried 
out with the help of hammers after subjecting the 
rock to intense heating while chiseling is carried 
out with the help of chisels. Rock crushing and 
screening are carried out with the help of hammers 
and screens respectively.  The major sources of dust 
at the quarries are rock-crushing and screening.  
The number of people working at one quarry may 
range from 10 to 30. 

This study assessed the respirable dust and 
mineralogical composition of rock samples  
in selected artisanal quarries of the Misisi Compound.  
The significance of this study is that it will enable 
the government to develop specific guidelines on 
occupational health and safety programs at work 
places for artisanal small-scale quarry miners.

Hazardous Nature of Dust
The International Standardization Organisation, 
defines dust as small solid particles below a diameter 
of 75 μm which remain suspended in air for some 
time or settle down under their own weight.20

Accordingly, classification of dust can be based on 
the following categories.21 Inhalable dust fraction 
– This fraction of dust refers to dust particles that 
are trapped in the mouth or nose when a breath 
is taken in. Thoracic dust fraction - This fraction  
of dust can penetrate the air passage and enter the 
lungs. Respirable dust fraction- This is a fraction  
of airborne particles that are inhaled and passed to 
the small pockets of the lung called alveoli. According 
to Occupational Health Services Australia,22 dust 

particles of less than 5 microns can pass into the 
lungs. Health and Safety23 states that respirable 
particles are usually more hazardous than inhalable 
dust. Respiratory diseases such as silicosis and 
bronchitis have been reported at quarry sites with 
high concentration of respirable dust containing free 
crystalline silica.12 The severity of these diseases 
depends on the particle size of the dusts, their 
mineralogy, mass concentration inhaled, period of 
exposure and to some extent shape of the particles.

Dust Sampling Techniques
There are a number of methods used for sampling 
dust such as gravimetric, optical, electrical, and 
thermal sampling. According to jay,24 the notable 
methods of sampling dust in metallic and non-
metallic mines are gravimetric samplers, personal 
data ram (pDR), and personal dust monitors (PDM). 
Gravimetric samplers measure both respirable 
and inhalable dust concentration based on 
Time Weighted-Average. The samplers consist  
of a pump and the cyclone assembly that separates 
respirable and total dust. The cyclone is further 
attached to a cassette. According to Belle,25 the 
type of cyclone used flow rate and variations in flow 
rate affect the size fraction sampled. In evaluating 
various gravimetric samplers, he further noted that 
while increasing the flow leads to larger volumes 
drawn, the dust drawn is of smaller mean particle 
size. However, in terms of usability, the gravimetric-
based methods are not complicated provided other 
variables such as moisture, sample handling and 
temperature are taken into account.26

Gravimetric sampling procedures for measuring 
dust and other aerosols are fully described by 
the Occupational Safety and Health of America 
(OSHA).27 Personal Data RAM is based on light 
scattering as measurement technology. The device 
measures Instantaneous readings which are 
correlated with time and stored in internal memory. 
Personal Dust Monitor (PDM) applies a mass-based 
measurement method to quantify dust concentration 
levels. The measurements are in real-time and are 
displayed on screen for later analysis.

Methods and Materials
Sampling Procedure and Design 
The in-built battery of the gravimetric sampling pump 
was charged for 16 hours using a master charger 
before being taken in the field for use. The pump 
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was calibrated using the BUK calibrator to a flow of 
1.5 - 2.5L/min. Filters together with the reference 
ones were weighed before use and their masses 
were recorded respectively.

Actual field sampling commenced after selecting 
employees from specified quarries and discussing 
with them the purpose of sampling. The importance 
of not removing or tampering with the sampling 
equipment was emphasised.  Each employee at the 
quarry was assigned with one dust sampler which 
was later hooked to his/her waist with the help of the 
belt. The sampling equipment was placed in such a 
way that it did not interfere with work performance 
of the employee. The pump was stopped and 
finally time was recorded with a stop watch after 
the sampling period. Measurements of dust were 

conducted in the down-wind direction. The sampling 
time was pegged at one hundred and twenty minutes 
(120 minutes).

The pump operations were observed for about 15 
minutes to ensure that the flow rate was stable and 
that neither the employee nor the dust sampler 
was interfering with the operations of the other.  
The collection devices such as the filter cassette 
were attached to the shirt collar close to  the nose 
and mouth of the employee in front of the shoulder’s 
hemisphere within a radius of 15.24 to 22.86 cm. 
Samples were collected from employees after 2 
hours.  In instances where the employee could not 
carry the sampler, it was placed at a height of more 
than one meter above the ground surface to avoid 
sampling dust from the ground as shown in Figure 2.

Fig. 2: Dust sampling at a crushing site, quarry No.4 in Misisi Compound

Before switching off the pump at the end of the 
sampling time, the flow rate was checked again 
for stability. In order to prevent non-respirable 
dust particles from grit pot of cyclone to the 
filter, the sampling head had to be kept upright.  
The collected filters from the cassettes were placed 
in small petri dishes and were left partially opened 
for 24 hours in order to drive out the moisture.  
At this time, the reference filter was also exposed 
to similar conditions before they were both weighed 
again. After 24 hours, both the dust-laden filter and 

the clean reference were weighed and the masses 
recorded. All the readings from the filters were 
tabulated and the dust masses computed.

The pump drew air through the sampling head 
at a flow rate of 2.5 l/min.  At this flow rate, the 
elutriator has a retention characteristic defined by 
the penetration curve for respirable aerosols.

Prior to the next sampling, all components of the 
cyclone including the grit pot were cleaned with 
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mild soapy water. The cyclone was then wiped 
with a clean dust-free tissue. Figure 3 shows the 
gravimetric pump and assembly used in the study.

Dust concentration, DC for each sampling time 
is given by dividing the volume, V into the weight  
of dust which accumulated, W.

Dust concentration, (mg/I) i.e. in milligrams per litre.

DC=W/V   ...(4)

For a number of sampling times, n conducted on 
one subject, an average value, DCavg was calculated.  
Average dust concentration, where n is the number 
of times a subject has been investigated, DCi is the 
individual dust concentration.

DC=(ΣDC1/n  ...(5)

For the whole shift, therefore, the time-weighted 
average, TWA can be considered and is determined 
as

TWA=DCavg)to/ Shift hours   ...(6)

Where, t0 = (Σti )/n  that is the average time of 
sampling for the individual subject.
But shift hours are 8, therefore,

TWA=[(DCavg x to ]/[8x60]  ...(7)

or 

TWA=[(DCavg x to ]/480,     ml/l

Mineralogical Examination
The solid rock samples from the quarry pits were 
analysed for silica and particulate matter content 
based on the petrographic microscopic thin 
section method. The concentration of silica and 
other particulate matter in the rock samples were 
determined by the point counting method which is 
based on identifying the mineral or grain present at 
a large number usually between 150 to 500 of points 
on a petrographic thin-section slide.

Results                   
Measured Respirable Dust Concentrations from 
Five (5) Selected Quarries.
Table 2 shows the results of average measured 
respirable dust concentrations from five (5) quarry 
sites while Figure 3 shows the comparison of 
respirable dust-generating activities based on TWA. 

Fig. 3: Dust sampling kit

Governing Equations
The difference between the initial weight of the filter 
paper, W1, and the weight of the filter paper after 
sampling, W2 gave the weight of the dust which 
accumulated during the sampling period.

W2-W1= W ...(1)

Where
W1 - initial weight of filter paper before sampling
W2 - weight of filter paper after sampling
W  - weight of dust which accumulated.
Note: All weights are in milligrams (mg)

Sampling time was obtained by getting the difference 
between the starting time, t1 and the ending time,      
t2.
t2- t1= t ...(2)

Where,
t1 -  start time
t2 -   end time
t -  Sampling time
Note: All times are in minutes (min)

The flow rate was recorded as it appeared on the 
flow metre of the pump. Constant checks were done 
to make sure that it remained constant during the 
whole sampling period. Flow rate, Q was in litres per 
minute, (l/min). The volume of air, V, which flowed 
during the entire sampling time, t is given by the 
product of sampling time, t and flow rate, Q.

V=Qt ...(3)
In litres.
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The results of the measured dust in Table 2 indicated 
high levels of respirable dust concentration at all 
five (5) quarries. Quarry No.1 recorded the highest 

respirable dust concentration of 12.75 mg/m3  
(TWA) at the crushing site against the maximum 
allowable concentration of 5 mg/m3.

Table 2: Average measured dust concentrations from five (5) quarry sites

Site Activity Initial Final Respirable Dust On 8 hr TWA@ 
  mass of  mass of dust concen shift basis 8hrs
  filter paper  filter (mg) tration (min)
  (mg)   (mg/m3)
       
 Digging   44.45 47.01 2.56 8.51 480 2.13
 Chiselling  55.21 10.76 35.75  8.94
  Crushing  59.8 15.35 51  12.75
1   Loading  48 3.55 11.8  2.95
 Digging 45.6 47.12 1.52 5.05 480 1.26
 Chiselling  49.2 3.6 11.96  2.99
2   Crushing  53.22 7.62 25  6.25
 Loading  49.24 3.64 12  3
 Digging 44.3 46.8 2.5 8.31 480 2.08
3 Chiselling  51.64 7.34 24.39  6.1
 Crushing  55.5 11.2 37.21  9.25
 Loading  52.7 8.4 27.91  6.98
4 Digging  46.5 48.03 1.53 5.08 480 1.27
 Chiselling  53.55 7.05 23.45  5.86
 Crushing  56.5 10 33.22  8.31
 Loading   53.41 6.91 22  5.5
5 Digging  44.6 47.29 2.69 8.94 480 2.23
 Chiselling  53.24 8.64 28.71  7.18
 Crushing   56.7 12.1 40.2  10.05
 Loading  54.8 10.2 33.89  8.4

Fig. 3: Respirable dust generating activities from five quarries based on TWA.
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As can be seen in Figure 2, all crushing activities at 
all five quarries recorded high levels of respirable 
dust while all the digging activities had the  
lowest levels.

Mineralogical Examination
The results of mineralogical testing and analyses 
revealed that marble (Figure 4) was the common 
rock type that was being mined by most of the 
ASM in the studied area. Marble by definition is a 
metamorphic rock composed of calcium carbonate 
(CaCO3) with a minor amount of silica (SiO2) content. 
Based on the point count data analysis, marble from 
all the five (5) quarries contained an average of about 

98% CaCO3 and 2% SiO2 (Figure 4B).  Although dust 
from marble rocks showed lower concentrations of 
SiO2, these concentrations might vary from place 
to place depending on chemical processes existing 
during their rock formations.31 Regardless of the 
low SiO2 content in marble, the exposure due to the 
long working hours at quarry mine sites by the ASM 
can make them vulnerable to developing silicosis 
and cancer diseases. These results are consistent 
with similar research studies conducted by Pelucchi  
et al.32 which revealed that prolonged exposure to 
low SiO2 and high amounts of particulate matter 
concentration can lead to severe cancer diseases 
in humans. 

Fig. 4: (A) Hand specimen of marble rock containing calcite; (B) photomicrograph of marble 
showing the dominant minerals grain compositions. Abbreviations: Cal- calcite, Qz-quartz

Solutions to Control Dust from Quarry Mining 
Operations
Dust generation at quarries cannot be completely 
eliminated because mining and crushing activities 
are all associated with dust. However, there are 
several methods that can be used to control dust at 
quarry mine sites. These include water suppression 
method, engineering control, management control 
and use of personal protective equipment (PPE) in 
form of dust masks. Wet suppression involve the 
use of water for spraying and wetting fine particles 
suspended in air. In order to achieve wetting of these 
particles it is better to use fine atomized spray or mist 
sprays having droplets of about 60 μm diameter.33 
Engineering control of dust at the quarry can involve 
the substitution of hand held hammers with modern 
crushers that are enclosed. The use of such a 
crusher is a far-fetched dream for most artisanal 

and small scale miners in Misisi compound due to 
the high cost of crushers. The type of dust control 
that can easily be applied is management control. 
This  requires implementation of work schedules 
and rotations at a work place in order to  reduce the 
number of hours of exposure to dust  more especially 
on crushing sites. The use of dust respirators should 
be encouraged at all operational sites. 

Discussions
The results from Misisi compound quarry sites 
indicate very high concentrations of respirable dust 
which can be very hazardous to the health of workers 
depending on the chemical composition of the dust. 
Dust concentrations (TWA) at most sampling points 
were above 3 mg/m3. The American Conference 
of Governmental Industrial Hygienists (ACGIH) 
recommends guidelines of 3 mg/m3 respirable for 
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insoluble or poorly soluble particles for 8-h time-
weighted average (TWA) exposures.28 The highest 
respirable dust concentrations were recorded at 
crushing points in contrast to the study carried out 
in Tanzania, where blasting indicated the highest 
dust levels.29 The TWA respirable dust concentration 
associated with crushing at all sampling points 
exceeded the ACGIH OEL set standard of 3mg/m3 
and did not differ significantly from respirable dust 
samples recorded in Tanzania.29 However, there was 
a significant difference with a study conducted on 
mineral dust exposure among young Indian adults 
which recorded 37.9 mg/m3 of 8 hour TWA.30 Most 
of the participants found at the crushing points in 
Misisi compound were females consisting mainly 
of elderly people.

Conclusion
Artisanal small-scale quarry mining activities have 
continued to increase in Misisi Compound largely due 
to the growth of the construction sector in Lusaka. 
This study sought to assess the mineralogical  
dust composition and concentration of dust at 
artisanal quarries.

The following are the findings
i. ASM in Misisi is subjected to high respirable 

dust concentration. The highest values  
of respirable dust concentration (TWA) were 
recorded at quarries No. 1, 2, 3 and 5 from 
crushing activity (8.31-12.75mg/m3). Such 
concentration levels of respirable dust can 

endanger the health of the miners and lead 
to chronic respiratory diseases. 

ii. The TWA respirable dust concentration 
associated with crushing at all sampling 
points exceeded the ACGIH OEL set standard 
of 3mg/m3.This implies that the most exposed 
people in the quarry mines at Misisi compound 
are those engaged in crushing activities.  
The TWA respirable dust  at all digging sites 
were below the set standard according to  
ACGIH OEL.

iii. The XRD micro-structure analysis for PM 
2.5 and PM 10 showed that dust samples 
contained an average of 2% elements of 
silicon dioxide (SiO2) and 98 % calcium 
carbonate (CaCo3) at all 5 quarry mining 
sites. 
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