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Miners are exposed to different pollution in mineral environments. This
study aimed to investigate the pulmonary function and respiratory disorders
in the workers of Nahbandan city caused by dust and dirt. The semi-
experimental study was conducted on 30 workers with occupational
exposure to dust (exposure group) and compared them with 30 workers
without it. Two rounds of spirometry were performed for them after they
completed a standard respiratory questionnaire. Data were analyzed using
paired t-test and one-way ANOVA at a confidence level of p<0.05 in SPSS-
22 software. The clinical symptoms of pulmonary in the exposure group
were significantly higher than those in the group without exposure (p<0.05).
Pulmonary function was significantly lower in the exposure group than in
the non-exposure group (p<0.05). The second Spirometry showed that the
average of all parameters at the end of the work shift was decreased
compared to the corresponding values before exposure. These values were
not considerable (p>0.05), but the average inhalable dust in mines was 1.75
times the allowable occupational contact in Iran. Stone mine dust is
associated with irreversible chronic changes in pulmonary function
parameters and respiratory symptoms. Consequently, all workers must wear
unique masks, and the daily work schedule should be reduced.
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1 .Introduction

On the one hand, mining provides the necessary materials for human life and advancement. Still, on the
other hand, it is responsible for causing significant pollution that negatively impacts the environment [1].
The mining process spreads a considerable number of materials that cover the stone dust. Depending on the
mineral type, it can leave pollution in water, air, and soil. As a result of the severe harm caused by
exploration, diseases, and fatalities that result from mining, mines are considered one of the most dangerous
places in many countries. The mineral environment contains various pollutants and toxic elements, such as
chromium, mercury, etc., to which mine workers are continuously exposed [2].

As dust causes certain diseases that bother humans, it occupies a significant position in professional
health care. Previously, researchers believed that dust caused pulmonary illness but did not realize there
was a real connection between these diseases. Furthermore, despite what is prevalent, dust alone does not
cause illness. Other factors are important to consider, including particle size, type, and combination of
particles, as well as individual sensitivity and time of exposure [3].

Whether the dust causes advanced disease or not, dust can be divided into ineffective and toxic dust.
There is no fibrosis effect associated with feeble dust. X-rays can detect the remaining dust in the lymphatic
tissues of the lungs. These types of weak dust include carbon, calcium carbonate, cement, and gypsum [3].

After prolonged exposure to toxic dust, disease symptoms may appear in the individual, depending on
the dust type. Time duration of contact leads to severe pulmonary side effects, the respiratory capacity is
reduced gradually, and certain clinical symptoms appear [3-6]. The disease does not cause death, but it can
cause severe suffering until the end of a person's life and ultimately cause disability [3].

Two types of toxic dust are caused by free silica and silicates [3, 4]. X-rays can be used to diagnose
fibrosis nodes or nodules that occur in the lungs following the inhalation of silica frequently. The disease
resulting from inhaling silica dust is a type of Pneumoconiosis, which is known as Silicosis. Inhaling silica
dust causes Pneumoconiosis, commonly referred to as Silicosis. It is necessary to deal with silica or silicon
dioxide in several vocations. Various industries generate silica dust, including glass manufacturing, road
construction, tunnel construction, and the extraction of zinc, tin, gold, decorative stones, and building stones
[3].

Dust pollution poses a particular threat to mine workers, regardless of whether they work in an open
space or a closed facility. Discharge and mineral loading regions, mineral deposits, tailing dams, screens,
rock crushers, and transportation roads are the main sources of dust generation. The impact of dust depends
on its density [7].

In this regard, increasing mineral moisture and using water and chemical spray or a dust catcher are
common in regions with dust. The infrastructure of the path, frequent water spraying, and using hooded
vehicles are practical but costly [7].

The nature of the work in mineral activities makes accidents, injuries, and occupational diseases
inevitable. One of these pathogens is harmful dust [8].

As occupational diseases rarely occur suddenly, it is difficult to determine the exact number of fatalities
and the amount of time wasted due to occupational diseases. Occupational diseases are believed to be
underreported in the mining industry. Studies have not proven this issue, however [8].

Dust is one of the chemical factors that enter the respiratory environment, residues in a part of the
respiratory system in relation to the particle size, and finally, causes illness. Zenker, 1866, was the first
person who named lung diseases Pneumoconiosis. It means "a lung containing dust." According to the ILO
definition, Pneumoconiosis is dust accumulation in the lungs and tissue reaction to its presence [9]. The
term pneumoconiosis describes a set of lung diseases caused by frequent inhalation of small particles, in
which long-term retention is the primary cause. The damage location inside the lung is a function of the
size and toxicity of inhalable dust, gas, or fiber [10].

Pulmonary function tests are a group of tests that measure breathing and how well the lungs are
functioning. Spirometry is a painless study of air volume and flow rate within the lungs. It is the most
frequently used measure in assessing the physiological lung function of a patient, and can help differentiate
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the etiology of the patient’s symptoms [11, 12]. Spirometry is a simple and quick procedure to perform:
patients are asked to take maximal inspiration and then to forcefully expel air for as long and as quickly as

possible (a forced vital capacity maneuver- Fig. 1). Measurements that are made include:

* Forced expiratory volume in one second (FEV1)

* Forced vital capacity (FVC)

* The ratio of the two volumes (FEV1/FVC) [12].
Spirometry and the calculation of FEV1/FVC allow the identification of obstructive or restrictive
ventilatory defects. An FEV1/FVC <70 % where FEV1 is reduced more than FVC, signifies an obstructive
defect (Fig. 2). Common examples of obstructive defects include chronic obstructive pulmonary disease
and
asthma [12].

A A
A
Volume i Volume
(litres) f i (litres)
+ v
Time (seconds) Time (seconds)
Fig. 1. Normal Spirometry [12]. Fig. 2. Spirometry in obstructive lung disease [12].

The pulmonary function of building workers exposed to dust in the workplace was studied, which
verified the assumption of the absence of respiratory symptoms in workers due to working with building
materials [13]. In other studies, a meaningful relationship between chronic respiratory symptoms and the
reduction of pulmonary function capacity and dust exposure was observed [14-16]. While in some studies,
this relationship was not found [17].

Alizadeh et al. studied the pulmonary capacities of coal miners and concluded that those exposed to coal
dust have lower pulmonary capacities than those not exposed. In addition, work experience has a significant
effect on the reduction value of pulmonary capacities in individuals exposed to dust [18].

An investigation of exposure to dust was conducted on workers in the cement industry in Shiraz. Eighty-
eight workers exposed to cement dust were randomly selected in the study, along with 80 administrative
staff without current or previous exposure to dust, and these individuals were considered the reference
group. The respiratory symptoms questionnaire was provided, and the study community underwent X-ray
tests of the chest and pulmonary function. There was a significant prevalence of symptoms such as chronic
cough, rhonchi, and shortness of breath among workers exposed to dust. Similarly, the thorax radiography
of these workers showed signs of a regular inflammatory process. However, the radiography of the
reference group did not change considerably. Furthermore, the pulmonary function parameters of these
workers were significantly lower than those of their reference matches. As a result, exposure to cement dust
was related to respiratory symptoms and functional disorders [19].

In another research, the relationship between the time of exposure to dust and respiratory disorders in
coal miners in West Bengal was studied. This study aimed to investigate the epidemic of pulmonary
function disorder and determine a relationship between the time of exposure to dust and pulmonary function
indices. A considerable difference was observed in pulmonary function between the group exposed to dust
and the group not exposed to dust, according to the results. A significant reduction in pulmonary capacity
was also observed in dust-exposed individuals. Also, a high negative correlation was found between the
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spirometry results and the time of exposure to dust compared to those not exposed to dust groups.
Consequently, this study showed a positive relationship between the time of exposure to dust and worsening
pulmonary function [20].

A similar result was observed that the respiratory symptoms and pulmonary function among iron miners
in Iran, who were exposed to occupational dust, were reduced. Sibilant rhonchi, short breathing, and cough
were epidemics among these workers. Occupational exposure to inhalable dust reduces workers'
vital capacity, quick expiratory volume, and the ratio of their forced expiratory volume in one second to
their forced vital capacity as they age. In addition, smoking reduces forced vital capacity and forced
expiratory volume in one second by approximately 5 to 9 units [21].

Other research on the pulmonary function capacities of workers in the steel industry. The results
indicated that workers with occupational exposure to dust and pollutants are at risk of developing advanced
respiratory symptoms and dropping spirometry indices [22]. A study on the workers of sanitary ware
factories exposed to dust concluded that there is a meaningful relationship between reducing pulmonary
function capacity, short breathing, respiratory complications, and the type of work [23].

Saha et al., in 2011, studied the miners' fitness in terms of determining the maximum aerobic capacity

using an indirect method after finding a protocol for standard-level tests before going to the mine by
considering heartbeat and oxygen consumption. It showed that the oldest miners (50-59 years) had the
minimum oxygen absorption compared to the youngest group (20-29 years). It was found that the VO2max
of Indian miners is lower than their mineral-matched counterparts outside India and other non-mineral jobs
in India [24].
Around 10% of workers in two coal mines of Damghan suffered from pulmonary diseases due to inhaling
pollutant air [25]. Considering the argument between researchers about the ability of dust to cause
pulmonary function disorders and stable chronic respiratory side effects, the authors focused on designing
a controlled study to obtain information that can be used to remove the above ambiguities and answer the
scientific question. Therefore, the present study was designed and implemented aiming to evaluate dangers
due to occupational contact with dust and determine the respiratory and functional disorders. There is a
significant amount of dust generated during the exploration of these mines due to the use of a wire saw.

2. Materials and methods

The research is semi-empirical, and the statistical community is all workers in the building stone mines
(Shah Kouh mining area located in Nahbandan city) in 2020. The main part of the granitoid mass of Shah
Koh consists of two units of monzogranite-granodiorite and syenogranite. Greisen granites are limitedly
outcropped in the eastern part of the mass, and a small number of dacite, andesite, and aplite dykes, as well
as mineralized quartz-tourmaline veins, have interrupted this granite mass. The presence of magnetite and
amphibole minerals and the absence of muscovite, aluminosilicates, and pegmatite veins indicate the
similarity of mineralogy and lithology of this intrusive mass with I-type granites.

Sixty individuals were selected using the categorized random sampling method. They were classified into
two groups (30 persons): exposed (workers of the exploration section (rock-excavation, coring, and wire
saw device) and loading section) and without exposure (administration and transportation drivers). There
was no history of respiratory disease, chest surgery, or respiratory injuries. Based on age, height, weight,
work experience, smoking addiction, economic and social status, education, and place of residence,
individuals were divided into two groups. No history of dust exposure has been reported in the group of
people without exposure.

Study participants signed the written consent for this research, and the standard Respiratory Questionnaire
of the Lung Institute of America [26] was completed. Each individual is asked about respiratory symptoms
(cough, rhonchi, short breathing, etc.), tobacco consumption, and medical and family history. Respiratory
chronic symptoms were defined as cough and phlegm at each time of day and night for at least three months
of the year for two successive years. The obtained information from the questionnaire was used for the
determination of the amount of respiratory disease symptoms epidemic among the exposed and non-
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exposed groups. Pulmonary Function Test (PFT) was conducted based on the standard guideline [27] by
using the spirometer, two rounds for the exposed group and once for the non-exposed group. The measured
parameters were Forced Vital Capacity (FVC), Forced Expiratory Volume in one second (FEV1), the ratio
of Forced Expiratory Volume in the first second to their Forced Vital Capacity (FEV1/FVC), and Peak
Expiratory Flow (PEF). Based on the standard protocol of the spirometer manufacturer, the device was
calibrated twice a day by using a one-liter syringe. The spirometer device is adjusted to predict an average
percent value for each pulmonary function based on age, weight, height while standing, gender, and race
of each person [28].

The maneuvering process was taught to workers before spirometry, and they were asked not to smoke

and not to shower before the procedure. The weight and standing height of the persons were measured when
they wore their usual uniforms for work.
Participants rested for 4 minutes before the spirometry test began. The test was performed in a standing
position using a nose clamp. Each individual underwent at least three acceptable tests. If there was a
significant difference between the obtained results from different tests, the tests were repeated five times.
Then, the maximum values obtained from tests were selected for analysis. To calculate the predicted
percentage for pulmonary function parameters, the obtained values from tests were divided by the predicted
values (based on age, weight, height, work experience, body mass index, and smoke addiction) by the
spirometer device, multiplied by 100.

The Shapiro—Wilk test was conducted to investigate normality tests, paired t-test inferential statistics for
in-group comparison, and variance analysis test for one-way intergroup comparison. Data were analyzed
using SPSS-22 software with a confidence level of p<0.05.

Forty inhalable dust samples were collected using method number 7500 of the NISOH institute [29]. A
Fredi sampling pump model 224-PCXR3 from SKC of Germany, 10 mm sampling nylon silicon, and 25
mm diameter PVC filters were used for sampling in this study. Before and after sampling, filters were
placed in a desiccator for 24 hours. The sampling pump was calibrated using a rotameter in the discharge
of 1.8 lit/min, and sampling was conducted using nylon silicon at the respiratory height of the workers (1.5-
1.8 m). An X-ray diffusion method was used to decompose the sample. Initially, a stock solution was
provided, followed by practical standard solutions within 20 to 100 pg. Then, the calibration curve was
drawn between the pure quartz value and diffraction intensity.

The filtration device, consisting of a Biichner funnel with filter, special clamp, and aspirator pump, was
then utilized to pass the standard quartz solution from the silver membrane filters with a 37 mm diameter
and 0.8um porosity. In addition, for the preparation of principal samples, the PVC filters containing samples
were digested in tetrahydrofuran solution, and the transportation dust sample was collected on the silver
membrane filter. After preparation, the diffusion intensity of the standard and principal specimens was
recorded using an X-ray diffusion device. For sample decomposition, the X-ray Powder Diffraction model
D5000 of the Siemens company of Germany was used.

SPSS-22 software and linear regression t-tests were used to analyze information obtained from the
measurement statistically. To compare the density of the inhalable dust and the Occupational Exposure
Limits (OEL) in Iran, equation 1 was used to specify the Occupational Exposure Limits values [30]:

OEL = ——— (mg/m?) (1)

%S5i0,+2

3. Results and discussion
3.1. Results

Table 1 indicates the average and standard deviation of age, weight, height, and work experience for
exposed and non-exposed persons. There were no significant statistical differences in the properties of the
two groups.
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Table 2 shows the clinical pulmonary symptoms based on the studied groups. Compared to the non-
exposed group, the exposed group displayed more respiratory symptoms, such as cough, phlegm, and
rhonchi.

Table 3 shows the results of pulmonary function tests in the different studied groups. Compared to the
non-exposed group, some pulmonary function parameters, such as forced vital capacity, forced expiratory
volume in the first second, the ratio between forced expiratory volume in one second and forced vital
capacity, and peak expiratory flow, are lower in the exposed group. The susceptible persons were examined
by spirometry at the end of the 8-hour shift work to explore the intense variation of pulmonary functions.
As compared to the beginning of the shift, all pulmonary functions were reduced. There was no statistical
significance in these differences.

The results of the statistical test presented in Table 4 showed that the average dust particle density of
43.56 mg/m3 is related to the respiratory region of exposed workers, and 6.14 mg/m3 was associated with
the respiratory area of non-exposed workers. Table 5 compares the time-weighted average (TWA) of the
inhalable dust with the OEL of Iran in building stone mines of Nahbandan city. The results of the statistical
test showed that there is a considerable difference between the time-weighted average and the inhalable
dust in the respiratory region of exposed workers and the OEL of Iran (P-Value=0.004).

3.2. Discussion

The purpose of this study was to evaluate the acute and chronic pulmonary effects of dust exposure
among building stone miners in Nahbandan city. According to the comparison between exposed and non-
exposed individuals, there was no significant difference between the two groups. Respiratory symptoms
and reduction of pulmonary function parameters were considerably higher in the exposed group than in the
non-exposed one. Despite similar income and dwelling, none of them had medical records related to chronic
pulmonary diseases, injuries, or chest surgeries. Therefore, dust exposure is the primary difference between
them.

Findings of the test of the respiratory symptoms epidemic in the two groups indicate that symptoms such
as cough, phlegm, and rhonchi are higher in the exposed group.

The findings of the pulmonary function test in the present study show that the predicted percentage
average of parameters such as forced vital capacity, forced expiratory volume in the first second, the ratio
between forced expiratory volume in the first second and forced vital capacity, and peak expiratory flow in
the exposed group is considerably lower than the non-exposed group.

In this study, the respiratory disorder of the exposed worker is in a way that spirometry changes show
evidence of obstructive pulmonary disease. The FVC value is standard or ascending in obstructive
pulmonary disease, but the main symptom of this disorder is the reduction of the FEV1 value. Therefore,
the ratio of FEV1 to FVC is reduced significantly [31]. It can be concluded that exposure to dust can lead
to chronic obstructive pulmonary disease. These results are similar to the findings of other studies in this
field. For example, reduction of pulmonary function parameters, such as FEV1, FVC, rhonchi, and short
breathing in workers of the cement industry caused by exposure to dust has been reported [32, 33].

In some case studies, contact with dust has been accompanied by diffuse bronchiolitis and pulmonary
function disorder (obstructive pulmonary symptoms) [34, 35]. Another study specified the relationship
between chronic contact with overspending dust and pulmonary fibrosis, emphysema, obstruction of the
airway, and reduction of respiratory capacity [36]. It was found in a study on the gold miners of South
Africa that contact with siliceous dust, especially in smoke persons, increases fatality due to obstructive
pulmonary diseases [37].
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Table 1. Comparison of general characteristics of two groups of exposed and non-exposed workers.

Body Mass Work :
Height (cm) Age (year)  Weight (kg) [gdex experience Iii;t:gngf
Groups Average + Average + Average + (kg /) (year) (year)
standard standard standard m? Average + A N
deviation deviation deviation Average = standard Ver(aige d
standard deviation Stal.l ar
deviation deviation
Exposed
workers 175.40+£3.25 30.7+3.45 72.40+5.42 23.66+2.14 8.40+3.44 2.20+1.24
N=30
Non-exposed
workers 176.24+2 .45 32.4+4.33 70.40+4.25 22.784+2.25 7.55+4.15 3.55+2.13
N=30
Siguificance 0.11 0.24 0.38 0.11 0.13 0.10
level

*Significance level: p< 0.05

Table 2. The epidemic percentage of two groups of exposed and non-exposed workers.

Exposed workers Non exposed workers

Respiratory symptoms Significance level

N=30 N=30
ough 29 3 *p=0.000
Sputum or phlegm 33 5 *p=0.000
Wheezing 18 2 *p=0.02
Asthma 31 3 *p=0.000
Cough and sputum 15 1 *p=0.03

*Significance level: p< 0.05

Because pulmonary function can be related to individuals and spirometers, each participant underwent
a spirometry test before beginning the study. The pulmonary function parameters showed oscillations, but
these differences did not appear to be statistically significant. After the work shift, the spirometry test was
performed. During this period, lung parameters were lower than usual, but this difference was insignificant.
This implies that exposure to dust for the duration and density of the present study cannot cause severe
pulmonary effects.

Cohort studies, such as the present study, cannot prove cause-and-effect relationships. Although it is
true, there is evidence that dust exposure causes these consequences. First, the exposed group before
employment did not experience any kind of respiratory disease. Second, workers did not experience
chemical exposure before occupation or during their duty. Third, even though the reference group was older
than the exposed group (on average, two years) and the reference group individuals had, on average, two
more years of smoke addiction compared to the susceptible group, respiratory disorders and respiratory
symptoms in them were significantly lower than in the susceptible group.

In addition, it is expected that the age impact will result in a reduction in the difference between the two
groups in terms of respiratory symptoms and respiratory disorders, given that, other than the age and
smoking addiction factors, the distribution of confounding variables is similar between the two groups. On
the other hand, IBM was standard for both exposed and non-exposed groups. Therefore, it is not an effective
parameter in respiratory disorders and respiratory symptoms (Table 1).

The average total density of dust in the vicinity of the pollution resources was 43.56 mg/m3, and the
average inhalable dust particle density was 1.75 times the OEL of Iran. It indicates the excessive amount
of inhalable dust in building stone mines due to the absence of proper control systems to reduce pollution.
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Therefore, it can be concluded that respiratory symptoms and pulmonary disorders in the exposed group
are due to their contact with dust.

Table 3. Comparison of pulmonary function in two groups of exposed and non-exposed workers.

Before After the Sigmificant Sigmficant
starting the dailv work of level before level after
daily work of LY MUY significant daily work of  daily work of
susceptible Non-
Parameter exposed workers level before exposed exposed exposed
workers (Average = and after workers workers workers
(Average = oy da%‘d_ daily work compared to compared to
standard dseviation) non-exposed  non-exposed
deviation) workers workers
Forced Vital
Capacity 01.74+8 42 91.33+9 42 p=033 94 (49 42 =017 011
(FVC)
Forced
Expiratory
Volume n 86.80+£7 32 82 4016 42 =044 91.31=7 42 *p=0.002 *p=0.000
one second
(FEV1)
FEVI/FVC 9313944 90.34+7 .42 p=0.13 97.03£8.42 *p=0.000 *p=0.001
Peak
Expiratory 86302845 82 40+842 p=010 92474942  *p=0.004 *p=0.001
Flow (PEF)

*Sigmificance level: p< 0.05

Table 4. Total dust distribution in the building stone of Nehbandan city.

The average Standard
Number of concentration -
deviation
samples of total dust ma/m>
mg ,-"'ma g
Breathing zone of workers without exposure to dust 20 6.14 0.44
Breathing zone of workers exposed to dust 20 43.56 0.7

Table 5. The time-weighted density of the inhalable dust based on the daily work hour (8 hours)

Time-weighted average of Occupational Exposure C/OEL
mhalable dust concentration (C) Limit (OEL) ' @
mg/m?> mg/m?> '
Breathing zone of workers
without exposure to dust 0116 0.1 116
Breathing zone of workers 0175 0.1 175
exposed to dust
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4. Conclusions

Occupational inhalation of low-density dust, over a long period, has been shown to be a significant risk
factor for chronic pulmonary disease. In this regard, the results indicate that health and engineering actions
(for example, respiratory protection programs) are required to reduce dust density and contact, prevent
possible side effects, and confirm the need to stop smoking among workers, particularly those exposed to
dust. In addition, individuals exposed to the side effects of dust should undergo active periodic examination,
rather than daily and routine examination.

As the inhalable dust of stone mines contains a high level of free silica, it is critical to implement
complementary management measures, improve work environments, and train mine employees continually
to prevent their exposure.

Water consumption during the extraction process, the use of wire saw devices, and loading are the most
effective ways of preventing the creation of dust in mines. A suitable method should be adopted for water
consumption to ensure that all dust created by different operations is thoroughly mixed with water and does
not enter the air.

A variety of dust control methods, including confining and personal protection tools such as masks and
Respirators, may be employed if this method is ineffective.
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