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Abstract: All over the world, increasing anthropogenic activities, industrialization, and urbanization
have intensified the emissions of various pollutants that cause air pollution. Marble quarries in
Pakistan are abundant and there is a plethora of small- and large-scale industries, including min-
ing and marble-based industries. The air pollution caused by the dust generated in the process of
crushing and extracting marble can cause serious problems to the general physiological functions of
plants and it affects human life as well. Therefore, the objectives of this study were to assess the air
quality of areas with marble factories and areas without marble factories, where the concentration
of particulate matter in terms of total suspended particles (TSP) was determined. For this purpose,
EPAM-5000 equipment was used to measure the particulate levels. Besides this, a spectrophotome-
ter was used to analyze the presence of PM2.5 and PM10 in the chemical composition of marble
dust. It was observed that the TSP concentrations in Darmangi and Malagori areas of Peshawar,
Pakistan—having marble factories—were 626 µg/m3 and 5321 µg/m3 respectively. The (PM2.5,
PM10) concentration in Darmangi was (189 µg/m3, 520 µg/m3) and in Malagori, it was recorded
as (195 µg/m3, 631 µg/m3), which was significantly higher than the non-marble dust areas and
also exceeded WHO recommended standards. It was concluded that the areas with the marble
factories were more susceptible to air pollution as the concentration of TSP was significantly higher
than the recommended TSP levels. It is recommended that marble factories should be shifted away
from residential areas along with strict enforcement. People should be instructed to use protective
equipment and waste management should be ensured along with control mechanisms to monitor
particulate levels.

Keywords: marble dust; air pollution; health hazards; environmental pollution

1. Introduction

Due to extensive urbanization, more than 90% of the world’s population is at risk
of being affected by air pollution [1,2]. Air pollution occurs when gas, dust particles,
and smoke mix with the atmosphere in a harmful way that is toxic to every living or-
ganism [3]. The combination of suspended organic and inorganic particles emit various
precursors—such as nitrogen oxides (NOx), sulphur dioxide (SO2), ozone (O3), carbon
monoxide (CO), lead, and volatile organic chemical compounds—which is a serious prob-
lem faced by developing as well as developed countries [2,4]. According to the World
Health Organization (WHO), it is estimated that the presence of the most dangerous par-
ticulate matter (PM)—that is particles having a 2.5-micrometre diameter (PM)2.5—in the
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air causes approximately 800,000 premature deaths each year and ranks it as the 13th
leading cause of death in the world [5]. In the absence of strict controlling measures for air
pollution, the number of deaths due to air pollution is expected to rise to 6–9 million deaths
per year by 2060 [6]. The number of deaths from air pollution along with a comparison to
other reasons for deaths is shown in Table 1.

Table 1. Number of deaths due to various reasons in 2015.

S. No Reason of Deaths Number of Deaths (Million) Source

1 Polluted air 6.4

[7,8]2 Household air pollution 2.8

3 Ambient air pollution 4.2

4 Tobacco 7.0

[9]5 Acute immunity deficiency
syndrome (AIDS) 1.2

6 Tuberculosis 1.1

7 Malaria 0.7

The unwanted gift of the industrial revolution, population explosion, and the rapid
expansion of metropolitan areas is air pollution, which is a problem being faced glob-
ally, especially in developing countries [10]. Air pollution produces smog and acid rain,
which depletes the ozone layer of the atmosphere causes global warming [11]. Polluted
air is a perpetual threat and its mitigation is a colossal challenge in terms of achieving
sustainability [12]. Moreover, air pollutants have harmful effects on plant life—such as
stomata movement, foliar geometry, photosynthesis, membrane permeability, and nutrient
transport—which leads to plant growth retardation, low yield, and premature senescence
in highly susceptible plants [13]. In a study to evaluate the effect of marble dust on plants,
the chlorophyll content of different species of trees was measured. It was found that chloro-
phyll content was reduced significantly in trees near marble industries [14]. Similarly, poor
air quality harms human health [15]. Evidence suggests that these suspended particles are
generated by the burning of biomass for energy conversion and fossil fuel combustion,
which enter the human body and affect the alveoli of the lungs [16]. Other epidemiological
studies revealed that poor air quality is a leading factor in the increase in mortality and
causes various cardiovascular and respiratory diseases [17]. The assessment of the diseases
caused by air pollution illustrates that more than 2 million premature deaths occur each
year that could be attributed to the effects of urban outdoor and indoor air pollution [18].
Medical expenditures are increased significantly due to air-pollution related-diseases, as in
2015, the global economy suffered a loss of USD 21 billion due to air-borne diseases [19].

Dust is regarded as an omnipresent air pollutant [20]. Dust can exist in natural and
artificial forms. The natural sources of dust are food and chemical industries, animal debris,
the earth’s surface, and volcanic eruption, while anthropogenic sources are fossil fuel,
factories, mining and quarrying, and stone-working [21]. Besides PM2.5, PM10 is another
highly significant air-pollutant that is generated in the form of dust from road construction
activities, mining dust, and manufacturing plants [22]. Dust is produced as a result of a
variety of processes such as handling and manufacturing of materials, which consists of
transferring, dropping, weighing, and conveying [23].

The marble industry is also one form of construction activity, and it consists of pro-
cesses and operations—namely cutting, buffing, and polishing—which generate a consid-
erable amount of dust particles [24]. The particulate matter produced in the process of
crushing and cutting marble used to make statues is usually larger. Large-scale mining
processes also produce many particulate emissions [14]. During marble manufacturing,
40% of the marble waste is equal to consists of the manufactured volume, which is gener-
ated when the rock debris is dumped in nearby fields, agricultural lands, and river beds,
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which produces environmental hazards [25]. The resulting dust particles from marble
factories have high levels of toxic PM particles and its exposure is a root cause of many
fatal respiratory and carcinogenic diseases—such as nasal cancer, bronchitis, asthma, and
lung infection—in marble workers [14]. A similar study was conducted in the Hayatabad
residential area in Peshawar, Pakistan that performed the air pollution analysis and its
air quality assessment. Based on the results, it was found that the air near the residential
area had higher TSP, PM2.5, and PM10 levels than the WHO recommended guidelines [26].
Iran, a neighboring country of Pakistan, also faces mining and quarrying health hazards.
A methodology was developed to rank the mines according to safety and sustainable
production. A “Multi-Attribute Decision Making” could be used to rank the quarrying
and mining factories per safety and environmental standards [27]. Since Iran is one of
the main producers of marble all over the globe, the mining industry is in abundance
and faces health and occupational issues. To study the environmental and safety of the
mining industry, a risk breakdown structure was applied in Fars province due to the high
production of marble. Based on the methodology of the analytical hierarchical process, it
was found that the employer is at higher risk of health followed by the financial risk in the
quarrying sector [28].

Urbanization has increased the demand for construction, which has led to a manifold
increase in mineral extraction in many countries [29]. Urban air pollution is associated with
inflammation, oxidative stress, blood coagulation, and autonomic dysfunction simultane-
ously in healthy young humans, with sulfate and O3 as two major traffic-related pollutants
contributing to such effects [30]. According to Environmental Protection Agency (EPA),
particles can be carried over long distances by wind and then settle on ground or water [31].
The chemical composition of marble dust is shown in Table 2 [32].

Table 2. Chemical composition of marble dust by percentage.

S. No Chemical Compounds Percentage of Marble Dust

1 Calcium carbonate 94.30

2 Lime 50.10

3 Alumina 1.38

4 Silica 1.28

5 Magnesia 1.72

6 Iron oxide 0.54

7 Sulphur trioxide 0.21

8 Alkaline 0.29

9 Loss of ignition 0.39

The marble reserves in Pakistan are estimated to be above 297 billion tons [33]. There
are more than 100 different types of marbles available [34]. Marble deposits are present
in large quantities in the Khyber Pakhtunkhwa region, Baluchistan region, and Azad
Kashmir region [35]. Due to such an abundance of natural deposits of marbles, there is
an innumerable number of marble factories in Pakistan and currently, there is no law for
proper license and dumping of marble waste [36]. People living nearby marble factories
are suffering from polluted water [37], kidney stones [38], radioactive diseases [39], occupa-
tional health hazards [40,41], sediment deposition in rivers [42], and polluted landfills [36]
due to the marble dust. Besides this, the air quality has worsened due to anthropogenic
emissions from these factories [43]. All industrial processes ultimately lead to a decline in
air quality standards, which poses health risks in most developing countries such as Pak-
istan [44]. Table 3 shows the list of most polluted countries based on a dataset containing
over 80,000 data points [45].
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Table 3. World’s most polluted countries 2020 (PM2.5) [45].

Rank Country 2020 Emission (µg/m3) 2019 Emission (µg/m3) Population (2020)

1 Bangladesh 77.10 83.30 164,689,383

2 Pakistan 59.00 65.80 220,892,331

3 India 51.90 58.10 1,380,004,385

4 Mongolia 46.60 62.00 3,278,292

5 Afghanistan 46.50 58.80 38,928,341

Currently, Pakistan is one of the most air-polluted countries in the world [45].
The WHO standard of PM2.5 and PM10 concentrations are 25 µg/m3 and 50 µg/m3

respectively [46]. According to various studies, PM10 for Peshawar was calculated as
219 µg/m3 [47], 540 µg/m3 for PM10, and 160 µg/m3 for PM2.5. The high concentra-
tion of PM2.5 and PM10 in the Peshawar region is due to the dust particles that reach
from Afghanistan, which adds air pollution to the local region [48]. The prevalence
of air pollution levels surpassing the WHO guidelines beyond the acceptable levels
of PM concentration accounts for environmental degradation and health deterioration
of people.

In Pakistan, a large number of marble processing units dump their marble waste
directly into streams, rivers, and fertile lowlands, which cover the soil pores because
there is an absence of awareness and no law about the disposal of waste material [49].
Consequently, soil permeability is reduced, which increases the alkalinity of the soil. Since
Pakistan is an agricultural country and most people are dependent on agriculture for
their livelihood, losing fertile soil would be disastrous for the people and the national
economy. The objectives of the study were to environmentally evaluate the air quality
and to investigate the concentration of marble dust in the air of the Peshawar area in the
Khyber Pakhtunkhwa region of Pakistan. The outcomes of the study would enable the
local communities and the government to know the current levels of harmful particulate
matter in the air. This study also proposes mitigation strategies for local decision-makers
that could improve the air quality to ensure clean air for living organisms.

2. Methodology

Based on the objectives, various areas of Marble Dust (MD) and Non-Marble Dust
(NMD) were selected to measure the air quality using PM concentrations. The air quality
was investigated in the Peshawar area of Mattani and Jalozai for marble factories for NMD
areas and Warsak road, and Alazizi road for MD having marble factories. For this study,
the data were collected for 6 months, from March 2021 to September 2021. The reason
for selecting this time for analysis was because the wind speed is dominant at this time;
hence, adding the wind factor was considered, which is a crucial parameter for counting
the particulate matter. During this time, a fresh supply of marble raw material got supplied
to the respective factories; thus, most of the marble factories were operational. By selecting
this time for analysis, the highest possible concentration of air particles was captured.
The weather condition during this time ranged from a sunny day to broken clouds, wind
speed from 10 km/h to 30 km/h, and temperature ranging from 29 ◦C to 42 ◦C. The black
arrow in Figure 1 indicates the analysis location.
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Figure 1. Marble factories in the Darmangi region (Google Earth).

At normal capacity, the marble factories operate from 9 a.m. to 7 p.m. with 40–50 workers.
However, due to COVID-19, the operation was being performed below the normal capacity
with the restriction of 15 workers with variable shifts. Secondly, the power outages in this
study area were also the main factor that was taken into consideration. The power outage
was scheduled for three times a day by the electric supply company. Considering this factor,
the analysis was stopped when the factories cease to operate.

The dust concentration in the air was measured with HAZ-DUST EPAM-5000 as shown
in Figure 2. This apparatus has a size selectable impactor for particulate matter, PM1.0,
and total suspended particles (TSP). In this research, PM10, PM2.5, and TSP were used to
analyze the suspended marble particles in areas having marble factories and non-marble
factories. A detailed overview of this device is shown in Figure 2.
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This device works on the principle of light scattering of infrared radiation using
the near forward technique to detect the concentration in mg/m3. The infrared light is
measured in a photodetector at a 90◦ angle. The light is dispersed when the dust is entered
into an infrared beam. The amount of aerosol concentration depends on the amount of
light detected by the photodetector. As a result, the noise and drift of the light are removed
using signal processing, which allows for high stability and accuracy of the baseline results.
The schematic principle is shown in Figure 3.
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This device overcomes the limitation of other methods and combines the filter tech-
niques of traditional methods along with real-time monitoring. The advantages of using
this unit are that it provides immediate readings, 24 h continuous determination of con-
centration, and an alarm sound when approaching the hazardous range. Therefore, it is
a considerably cheaper and time-saving device as compared to the traditional method of
measuring dust particles [50]. EPAM-5000 is calibrated based on the standard protocols
of the National Institute for Occupational Safety and Health (NIOSH) for Arizona road
dust (ARD) that measures the quality of respiratory air (PM2.5) with ±10% accuracy [51].
The readings obtained from this unit are converted using DustComm Pro software that
could provide mathematical readings, create graphs, and correct statistical differences
between aerosol and calibrated models.

Spectrophotometer

As it uses the combination of concepts of spectrometry and photometry, it is therefore
called a spectrophotometer. This instrument measures the optical density of suspension
material. Where optical density is defined as the ratio of light-receiving by the material (Io)
to the light transmitted across the material (It). Mathematically, it is expressed as Io/It. If the
value of this ratio is high, it means that a higher concentration of particles is present in the
material and lower values indicate the weak concentration of the particles.

This instrument works on the principle of Beer-Lambert Law, which states that the
amount of light absorbed is directly proportional to the concentration and thickness of the
solution. The Beer-Lambert law can be expressed as

A = εbc (1)
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where “A” means absorbance, “ε” stands for molar absorptivity, which is the strength of a
compound that absorbs the light at a given wavelength, “b” shows the path length, and “c”
is the concentration of the sample. Hence, Equation (1) becomes

− log
It

Io
= εbc (2)

It = Ioe−εbc (3)

The advantage of this technique is that the rate of reaction could be measured directly
by measuring the light interacting with the components of the solution rather than stopping
the reaction and measuring its rate.

3. Results and Discussion

For investigating air quality, marble dust, and non-marble dust areas were visited and
measured the concentration of marble dust in the air by using EPAM-5000. The areas of non-
marble dust (NMD) and marble dust (MD) areas are mentioned in Figures 4 and 5 respectively.

Figure 4a,b shows that the area is in its natural soil color because of the absence of any
marble factory in the vicinity. However, Figure 5a,b clearly shows that a white residue is
left untreated near the marble factories. This means that the lighter marble dust particles
such as PM2.5 and PM10 were transported along with the wind, thereby polluting the air
and leaving behind the hardened marble sludge.

The details of the results of different areas with coordinates are mentioned in Table 4.
The result shows that areas having marble factories have greater marble dust (MD) levels in
the air as compared to non-marble dust (NMD) areas. As per the authors’ study, there are
26 marbles factories in the Malagori area, and it is the heart of marble production. While
Darmangi area is the neighboring area with adequate plantations and there are less than
10 factories in this area, due to which, the Darmangi area has less concentration than the
Malagori area.

Similarly, the PM2.5 concentration for marble dust areas (Darmangi and Malagori)
are 189 µg/m and 195 µg/m3, which exceeds the WHO standard limits of 25 µg/m3.
Additionally, the PM10 concentration values for the same marble dust areas were calculated
as 620 µg/m3 and 730 µg/m3 as compared to 50 µg/m3 recommended values of PM10.
While the NMD areas (Mattani and Jalozai) were not quite so affected. Hence, it is evident
that the residential areas located near marble factories are at higher risk of exposing people
to breathing polluted air. The results are shown in Table 5.

The marble industry is one of the most important industrial sectors that contributes
to the socio-economic development of Peshawar residents. This sector adds yields its fair
share to the national economy because of the diverse processes of marble factories. Despite
having such a crucial role, the dust generated from this sector has had adverse effects on
plants, humans, and the environment and poses a potential risk to the living organisms
because of polluted water quality and air quality.

The analysis of suspension material of marble dust particles indicates higher ab-
sorbance and less transmission of the light, which means that the solution has higher
optical density. The lower values of absorbance indicate that there was little concentration
of mentioned particles. The concentration of the dust sample is changing over time due to
a variety of particulate matters as shown in Table 6.
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Table 4. Results of marble dust (MD) in air.

S. No Location Concentration of TSP
(µg/m3) Coordinates MD/NMD WHO Guidelines

1 Mattani Kohat Road 2 N: 33.832953◦

E:71.565458◦ NMD

120 µg/m3
2 Jalozai 26 N: 33.914888◦

E: 71.815810◦ NMD

3 Darmangi Warsak Road 626 N: 34.0484206◦

E: 71.5205146◦
MD

4 Malagori 5321 N 34.135703◦

E71.403719◦ MD

Table 5. Results of PM2.5 and PM10 in the selected areas of Peshawar.

Description Mattani µg/m3

(NMD)
Jalozai µg/m3

(NMD)
Darmangi µg/m3

(MD)
Malagori µg/m3

(MD)
WHO

Guidelines µg/m3

Concentration of
PM2.5 (µg/m3) 33 42 189 195 25

Concentration of
PM10 (µg/m3) 109 214 620 730 50

Table 6. Spectrophotometry results.

PM2.5/PM10 Absorbance Transmittance Wavelength (nm)

NO 0.230 14.2 380

Cu 0.365 7.4 405

Zn 0.415 5.0 430

SO2 1.130 6.8 530

Mg 1.320 10.7 580

Al 1.590 5.4 630

Fe 1.800 2.7 655

Ca 2.130 19.6 680

The medical records from the last two-year period, indicating 1543 patients with
breathing problems, were analyzed. It was found that the highest cases originated from
the Malagori area and its neighboring areas. The recorded patient history showed that the
breathing problems were not genetic and only male members with ages from 18–57 years
of the family were suffering. These people were either worker in the marble factory or were
living in the vicinity of these factories. The wages of these factory workers were below
USD 100, and they could not afford to pursue other professions and were unable to pay
medical bills, which indicates that these people were doing jobs in these factories due to
the absence of other skills and were forced to pursue physical jobs.

The water polluted with toxic elements contaminates the pH of water, which in turn
affects the turbidity in the water [52]. The turbidity is changed by suspended matter
such as silts and organic chemical compounds from these factories. This turbid water
enters into the river which makes the water translucent; which consequently blocks the
sunlight penetration in bodies of water; hence, the survival of aquatic organisms and
algae is compromised [53]. Sodium is another waste generated by marble dust. The excess
addition of sodium affects plants and would disrupt the chemical balance in the water,
animals, and humans affecting plant life, animal survival, and heart disease among humans
respectively [54]. Magnesium is also an important constituent of seafood and vegeta-
bles. Magnesium intake is often blocked by the accumulation of marble dust in the soil,
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which reduced the required magnesium concentration; this lack of magnesium can cause
hypomagnesemia, leading to diabetes, low blood pressure, and cardiac arrests [55].

Similarly, the marble dust alters the air quality such as calcium carbonate upon heating
releases carbon dioxide from the marble powder, which is released into the atmosphere,
thus making the air unfit for the environment. This process is regarded as an important
factor in increasing carbon emissions each year [56]. Copper is also released in marble dust
and its high concentration in water is dangerous to both humans and crops, which can harm
kidneys and can cause cancer in people living and working in marble factories [57]. Zinc is
another necessary element, which prevents hearts diseases, acts as an anti-inflammatory
agent, and helps in connective tissue formation. Traces of a high amount of zinc were
found in marble workers’ blood, any amount higher than the necessary intake is harm-
ful [58]. Manganese is also released in dust emanating from steel, marble, and fossil fuel
combustion [59]. Higher exposure to manganese especially in marble workers generates
strong signals in the human body, triggering liver diseases. Arsenic is a major constituent of
dust particles [60]. The emission of CaCO3 produces white dust that reduces visibility and
produces asthma problems in people in the vicinity of marble dust [61]. Arsenic pollution
is a global dust problem—especially in South Asian countries such as Pakistan, India, and
Bangladesh—which can cause hyperkeratosis as well as kidney, liver, cardiovascular, and
neurological disorders [62]. Areas with increased concentration of PM2.5 also recorded
higher rates of casualties due to COVID-19 [63].

This study shows that the areas in the vicinity of the marble factories have reduced
air quality due to the presence of a high concentration of particulate matter. However, the
absence of marble factories has little to no effect on improving the air quality as the dust
from marble factories traveled to NMD areas. To elaborate, PM2.5 and PM10 concentration
levels are higher even in NMD areas due to the abundance of marble activities in the
MD areas.

The problem of polluted air is widespread. With industrialization, air pollution has
become a global issue. It is estimated that 1 m3 of marble, when cut into 2 cm thick slabs,
produces 25% marble dust [64]. In the United States of America, there was a 173% increase
in gross domestic product, 85% vehicle emissions, energy consumption soared by 19% from
1980 to 2020 along with the addition of 68 million tons of pollutants [65]. In India, marble
and mining dust have adverse effects on plants and vegetation near marble industries. Due
to the reduced amount of chlorophyll, the trees and plants suffered biochemical, physiolog-
ical, and morphological changes resulting in 20% reduced growth [66]. The extraction and
energy emissions of the marble industry in Italy produce large amounts of marble mining
dust during quarrying. The pollution is increased with the number of processes associated
with marble production [67]. Turkey’s marble production generates dust of 40–60% of the
overall manufacturing volume. The mining and quarrying processes involved in marble
processing in the Afyon region generate 340,000 tonnes of marble waste [68]. Egypt, being
the fifth largest producer of marble, generated 3.5 million tonnes of marble. The Shaq
El-Thouban region is suffering from soil alkalinity, airborne diseases, and reduced plant
productivity due to the presence of 400 marble factories [69]. The Skikda region in Algeria
has cement factories and aggregate manufacturing industries that utilized various processes
for marble stone production, which generates harmful particles in the atmosphere. The use
of marble in cement preparation is damaging to the air quality; therefore, marble dust
recycling is performed at low temperature and reduced humidity [70].

The problem of polluted air can be reduced globally when each country introduces
interventions to deal with the pollution of their respective countries. In this regard, sus-
tainable processes, waste treatment, and strict legislation for collective recycling could
be utilized. Moreover, awareness campaigns, relocation of marble factories, treatment of
wastewater, disposal of effluents away from residential areas, filtering dust and smoke
generated, pre-defined schedule of factory operation, using marble dust as admixtures,
controlled expansion of factories, action against illegal marble factories, limiting socio-
economic activities in a polluted area, and use of personal protective equipment are some of
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the preventive measures that could prove helpful to make the air, water, and environment
suitable for human existence concerning marble quarrying.

4. Conclusions

This study was conducted in the Peshawar region of Pakistan with marble dust
(MD) and non-marble dust (NMD) areas to analyze the air quality based on the readings
of PM2.5, PM10, and TSP. For the determination of air pollution, the areas near marble
factories and non-marble factories were compared and it was found that people living
near marble factories are more prone to diseases associated with dust inhalation. Based
on the results of the air pollution test, the Peshawar area air is unfit to breathe, and it
would worsen with time due to the unlicensed and haphazard location of factories because
of the absence of regulation. There is a strong need for legislation of establishment of
factories in the industrial zone only. Therefore, it is recommended that awareness must
be ensured for marble workers and owners about the hazardous results of marble dust.
Local communities and stakeholders should be educated about the presence of factories in
residential areas. Preventive measures such as using wet processes, dust collection, use of
safety gear, avoiding direct skin contact, ventilation systems, using of marble dust as an
admixture, and city planning should be implemented.

5. Limitations

The results are limited based on the tenure of the data collected. As monitoring points
are random—having diverse localities—it may be possible that the readings of one area
differ from the other area. Moreover, the readings can be affected by various factors in
settings, such as unpaved roads dust and residential dust, that can interfere with the actual
marble dust concentration.
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