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Abstract: Workers in the stone carving sector are subject to risks from airborne particle
inhalation. The research investigated ventilatory functions and analyzed the occurrence of
respiratory symptoms among stone carving employees in Rajasthan, India. A total of 121 stone
carving workers (83 exposed group and 38 controls) were interviewed with the help of a structured
questionnaire. A Contec (SP-10) spirometer was used to assess FVC, FEVI, and the ratio of
FEV1/FVC. Respiratory issues appeared more prevalent among stone dust-exposed workers, and
smoking habits and resistance to wearing masks were the prime reason for developing respiratory

problems among stone carvers.
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1. Introduction

Occupational pulmonary health issues are a prime
health concern in developing nations like India. Specific
occupations like mining, quarrying, stone carving, stone
sculpting, etc., are at risk of occupational pulmonary
health problems”. Continuous exposure to a dusty
working environment leads to pneumoconiosis?.
Common materials such as silica, asbestos, and coal
generate inhalable dust particles within the range of 0.5
microns to 5 microns®. Sustained exposure to such dusty
particles may result in the deposition of fine dust in the
workers' lungs, which may also cause the occurrence of
pulmonary issues among the concerned population®.

Stone carving is an eternal commercial exercise in the
areas affiliated with raw materials such as limestone,
sandstone, and marble®. Stone carving involves three
significant operations (i.e., rough cutting, fine cutting,
and polishing®, as stone processing is a kind of
handicraft work involving various activities such as
cutting the stone and grinding and carving it into a
presumed shape. Handicraft occupations like stone
carving, wood turning, etc., are prone to various health
issues concerning respiratory” or musculoskeletal
disorders®. Industries where everyday operations are
carried out manually in a dusty work environment are
more likely to experience respiratory illnesses and

job-related musculoskeletal problems®. Stones have a
substantial amount of free silica, and the stone working
processes make discharge a significant amount of silica
dust in the workplace environment'”. The highest
amount of dust is released during the grinding process'?,
and uncontrolled dust production may lead to numerous
environmental implications'?. The national
environmental policy is liable to control environmental
pollution'®. Stone workers are susceptible to varying
risks, such as airborne dust, and such exposure affects a
considerable threat to their health and safety'?.

India has poor preventive measures against inhaling
dust because of lacking resources and attention at
stone-working sites. Exposure to airborne dust may lead
to probable health problems among stone workers,
including pulmonary, cutaneous, and visual inflammation
and damage'®. The air quality of the workstations is also
affected by the design and availability of the ventilation
system'®. Hence, extended exposure to silica dust may
evolve extensive respiratory function disorders among
the workers'? that would not be reversed'®. Silica dust
accumulation in the lung region is a prime measure
engaged in occupational lung diseases!”. Multiple
factors like the type of dust, duration of exposure, density,
and the amount of dust particles within the working area
affect the deposition of silica dust in airways?.

- 1581 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 03, pp1581-1587, September 2023

The Indian carving crafts are often renowned for their
uniqueness and quality?). Stone carving workshops
belong to the unorganized small-scale industrial sector.
These workshops are home-based industrial units that
involve 10-20 carving workers at a single working site.
Such workers are often migrant-type, needing more
employment records or health and social security
benefits??. The usual respiratory issues among stone
carving workers were not noticeable in recent literature.
Further, there needs to be more literature regarding the
work environment and the workplace safety and health
of the informal sector of developing nations®®. Hence,
there is a necessity to take on the respiratory problems of
stone carvers to investigate the occurrence of respiratory
disorders during stone carving. The present study
hypothesized that constant exposure to stone dust is
directly related to pulmonary symptoms and unusual
respiratory functions. Hence, the current research
represented  pulmonary symptoms and unusual
respiratory functions resulting from extended exposure to
stone dust among the stone carvers of Jaipur, India.

2. Materials and Methods

2.1 Participant selection

This study was conducted in the rural region of Jaipur,
Rajasthan. The study population consisted of
eighty-three stone carvers and thirty-eight administrative
workers. A random sampling approach was employed to
select 121 participants from 19 stone carving units since
the size of the individual samples was modest. The study
population was divided into two groups depending on the
nature of their work. Stone carvers are manufacturing
workers involved in various fabrication activities such as
rough cutting, fine cutting, finishing, and polishing.
Hence, these stone carvers were considered an "exposure
group." Simultaneously, workers concerned with office
work were considered a "control group." Adults (above
eighteen years) who had been involved in the stone
carving activities for at least a year were included in the
investigation. At least one year of work experience was
considered to ensure that the workers have enough
exposure to stone dust. Stone carving workers under the
age of 18 and those experiencing spirometry objections
(i.e., history of Covid-19, recent surgery, cardiovascular
diseases, pneumothorax issues, etc.) were not included in
the research. Stone carvers who satisfied the
consideration criteria and provided written consent were
selected sequentially from the carving units based on
their size to get involved in the study.

2.2 Data collection

A modified questionnaire and a portable Spirometer
(Model: Contec SP-10) were used to gather data. The
systematic use of quantitative and trustworthy health and
research data gathering in a respiratory study reflects the

growth of research in diverse settings®”. A modified
American Thoracic Society Division of Lung Disease
questionnaire® was utilized to gather data on the
research participants' sociodemographic traits and
respiratory complaints. The questionnaire was translated
into the local language (i.e., Hindi) and laid out by the
researchers to the study subjects. Cough, phlegm,
wheezing, breathlessness, chest illness, sputum, and
stuffy nose were pulmonary symptoms of interest. The
environmental conditions were assessed while preparing
for Spirometry, and the environmental factors were
within acceptable levels. The spirometer was calibrated
daily prior to the first subject blowing into it and again
after the eighth subject or upon completion of four hours
of regular use. A legitimate, verified, accurate 3L
calibration syringe was used throughout the whole
calibration process. According to ATS/ERS (2005)
guidelines, the research participant was required to
perform at least three satisfactory forced expiratory
motions during the spirometry test. The best value of
forced vital capacity (FVC) and the forced expiratory
volume in one second (FEV1) were used for further
investigation.

2.2 Data analysis

Statistical analysis of collected information is done
with IBM SPSS version 25. Initially, univariate analysis
was performed on each variable to analyze their
distributions and determine if they lie within acceptable
limits. Further, in order to summarize categorical data
(i.e., gender, marital status, education level, work
experience, wearing mask during work, smoking habit),
proportions were utilized, whereas mean values and
standard deviations were employed for analyzing
continuous variables (i.e., worker’s age, weight, stature).
The key outcome variables of spirometry test were FEV1,
FVC, the ratio of FEV1/FVC, and pulmonary symptoms.
The ratio of FEV1/FVC <70% was used to determine
airflow obstruction. Hence, the concern ratio includes the
results of both assessments and is expressed
in percentages or decimals. This value indicates how
proficiently the airways are functioning. The FEV1/FVC
ratio of most healthy adults falls in the 70 to 80 percent
range. The independent variables were
socio-demographic parameters and period of stone dust
exposure, whereas smoking habits and wearing a mask
during work were the dependent attributes. The
independent-samples t-test was utilized for comparing
the means of the spirometry outcomes (i.e., FVC, FEVI,
the ratio of FEV1/FVC), whereas the chi-square test was
applied to determine the occurrence of pulmonary
symptoms along with the association of factors with
pulmonary symptoms of stone carvers. The significance
criterion was determined at a p < 0.05.
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3. Results

3.1 Personal and socio-demographic attributes of
workers

One hundred twenty-one stone carving workers,
including 83 site workers and 38 administrative
personnel, were investigated. Table 1 represents the
personal and  socio-demographic  attributes  of
participating workers. The exposed groups' mean age of
334 + 7.9 years was substantially younger than the
controls' mean age of 41.1 + 8.8 years at a significance
level of p < 0.01, and a more significant percentage of
the control group was married (p < 0.05). Other
demographic factors were almost identical between the
two groups. A majority of male workers were observed
among both categories. A more significant percentage of
the exposure and control groups, 43 (51.8%) and 16
(42.1%), had worked in the stone carving occupation for
one to five years. Mask-wearing was observed among 38

3.2 Occurrence of respiratory symptoms among the
stone carvers

Table 2 shows the occurrence of respiratory symptoms
among the stone carvers. The exposed group had
substantially more cough symptoms (63.8%) than the
controls (18.4%) at a significance level of p < 0.01.
Likewise, the prevalence of phlegm was higher among
the exposed group (57.8%) as contrasted to the controls
(15.7%) at p < 0.01. Furthermore, chest illness was
found to be more in the exposed group (48.2%) as
compared to the controls (26.3%) at a significance level
of p < 0.05. The prevalence of wheezing was higher
among the exposure group, while the occurrence of
breathlessness, sputum, and stuffy nose was higher
among the controls. However, these variations lacked
statistical significance.

Table 2. Occurrence of pulmonary symptoms among the stone

carvers
(45.7%) site employees and 23 (60.5%) office workers. Respiratory Exposed Controls n
In both categories, more than 60% of responders were symptoms group n (%) (%) P-value
nonsmokers. Cough
. o Yes 53 (63.8) 7(18.4) <001
Table 1. Personal and socio-demographic attributes of workers. No 30 (36.2) 31 81.6) .
Control Phl
E d roup n cem
Characteristi Xpose % fo/)p Pl Yes 48 (57.8) 6 (15.7) ool
aracteristics group n () (] -value No 35 (422) 32 (843) .
Mean age of Wheezin
workers; year (SD) | 33.4 (7.9) 41.1 (8.8) <0.01 £
: Yes 9 (10.8) 4(10.5)
Mean weight of N 4 (392 34 (89.5 0.95
workers; kg (SD) | 61.06(5.2) | 62.76 (6.5) 0.12 ° (89.2) (89.3)
Breathlessness
Mean stature of > 1048 (5.2
workers; m (SD) 1.69 (0.1) 1.70 (0.1) 0.62 es (4.8) (.2) 0.91
Gend No 79 (95.2) 36 (94.8)
encer Chest illness
Female 19 (22.9) 5(13.2) No 43 (51.8) 28 (73.7) '
Marital status Sputum
Married 60 (72.2) 34 (89.4) 0.03 Yes 14 (16.83) 8(2L.1) 0.58
Un-married 23 (27.8) 4(10.6) ' No 69 (83.2) 30 (78.9)
Education level Stuffy nose
, Yes 22 (26.5) 11 (28.9) 078
Primary 24 (28.9) 7 (18.4) No 61 (73.5) 27 (71.1) .
Secondary 46 (55.4) 20 (52.7) 0.17
Graduation 13057 11 (28.9) 3.3 Lung functions measures of study population
Working experience (years
EAP (years) Table 3 displays the spirometry outcomes of
L5 43 (51.8) 16 (42.1) participating workers. When the exposure group was
6to 10 22 (26.5) 12 (31.6) 0.61 compared to the control group, the mean (SD) values of
> 10 18 (21.7) 10 (26.3) FEV1 and FVC were considerably lower in the exposure
Wearing mask during work group: 2.72L (0.61) v/s 3.20L (0.72) at p < 0.01 and
3.36L (0.83) versus 3.72L (0.75) at significance level p <
Y 38 (45.7 23 (60.5 . . ..
= 4s5.7) (60.5) 0.13 0.05. Likewise, the two groups had a statistically
No 45 (34.3) 15 (39.5) significant difference in respiratory measurements (at p <
Smoking habit 0.05), regardless of whether they wore masks at work or
Yes 31(37.3) 12 (31.5) 0.53 not. Moreover, compared to non-smokers, the mean (SD)
No 52(62.7) 26 (68.5) ’ values of FEV1 and FVC were lower in smokers (p <
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0.01).
Table 3. Mean (SD) values of spirometry outcomes of the stone carvers.
Wearing mask during . .
Smoking habit
Variables Exposed Control P-value work P-value moking habt P-value
group group
Yes No Yes No
2.72 3.20 3.22 2.96 2.73 3.27
FEV1 (L <0.01 0.01 <0.01
L) (0.61) (0.72) (0.54) (0.61) (0.65) (0.71)
3.36 3.72 3.58 3.27 3.23 3.98
F L 0.02 0.04 <0.01
vew (0.83) (0.75) (0.81) (0.84) (0.63) (0.56)
0.81 0.86 0.89 0.91 0.84 0.82
FEV1/F 0.62 0.53 0.48
VIEVC (0.08) (0.07) (0.06) (0.09) (0.08) (0.06)

3.4 Association of factors with pulmonary symptoms
of stone carvers

Table 4 shows the factors related to respiratory issues
among participants. Respiratory symptoms such as cough,
phlegm, and chest illness were higher among participants
with more than ten years of working experience. In
contrast, the respiratory symptoms of wheezing,
breathlessness, and sputum were more in the work
experience category of (6-10) years. Further, the signs of

a stuffy nose were higher among workers with working
experience between one to five years. Symptoms of
cough were significantly associated with wearing a mask
during work at a significance level of p < 0.01. A higher
occurrence of cough and sputum was found among the
carvers who were not habitual in wearing masks during
work. Cough and chest illness were significantly
associated with the smoking habit (at p < 0.01), while the
rest were higher among the non-smokers.

Table 4. Factors allied with pulmonary symptoms of stone carvers

Parameters Cough Phlegm Wheezing Breathlessness | Chest illness Sputum Stuffy nose
Working experience (years)
1to5 16 (26.7) 12 (22.2) 3(23.1) 1(16.7) 13 (26.0) 6 (27.3) 13 (39.4)
6to 10 20 (33.3) 18 (33.3) 6 (46.1) 3 (50.0) 16 (32.0) 9 (40.9) 11 (33.3)
>10 24 (40.0) 24 (44.5) 4 (30.8) 2(33.3) 21 (42.0) 7 (31.8) 9(27.3)
P value <0.01 <0.01 0.13 0.26 <0.01 0.08 0.45
Wearing mask during work
Yes 18 (30.0) 30 (55.6) 7(53.9) 4 (66.7) 27 (54.0) 9(40.9) 18 (54.5)
No 42 (70.0) 24 (44.4) 6 (46.1) 2(333) 23 (46.0) 13 (59.1) 15 (45.5)
P value <0.01 0.31 0.79 0.41 0.51 0.32 0.57
Smoking habit
Yes 39 (65.0) 23 (42.6) 3(23.1) 1(16.7) 29 (58.0) 6(27.3) 13 (39.4)
No 21 (35.0) 31(57.4) 10 (76.9) 5(83.3) 21 (42.0) 16 (72.7) 20 (60.6)
P value <0.01 0.14 0.32 0.32 <0.01 0.37 0.58

4. Discussions

This research showed that stone workers who worked
in the field were much more likely to have respiratory
issues than those who worked in the office. It is
reasonable to assume that stone carving employees are
exposed to more significant amounts of stone dust. Our
results indicated a higher occurrence of cough, phlegm,
and chest illness among the stone carving workers. In the
same way, an Indian study by Ahmad®® found that mine

workers in Rajasthan were more likely to have chest
infections and coughs. Yingratanasuk et al.”? stated a
higher occurrence of cough and phlegm among stone
carvers in Thailand. Similarly, Nwibo et al.?” noted that
Nigerian stone workers had a greater incidence of
respiratory problems such as cough and chest infections.
Additionally, a study in Zambia®® found that cough and
phlegm were more common, although research among
Brazilian stone workers?®” showed that cough was more
prevalent.
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The average FEV1 and FVC values of site employees
were substantially lower than those of administrative
workers. The Indian study of stone quarry workers*® also
reported lower values of FVC among the exposure group.
Likewise, the study of Gupta et al.3" mentioned the
declining ventilatory functions among stone quarry
workers. Since we have not gathered dust samples from
the working site and office environments for this
investigation, respirable dust will likely be more
significant at the stone carving site than at the office.
Further, our research also highlighted the lower values of
lung functions among the stone workers who usually did
not wear masks during manufacturing activities. Again,
these findings are aligned with the study of Thongtip et
al.3?, which stated that avoidance of masks at stone
workstations would result in declined spirometry volume
of concerned workers. The stone carvers who smoked
cigarettes had considerably lower mean values of FEV1
and FVC. These results are comparable with the results
of Nigerian?” and Indian study on stone workers®®),
which found that smokers' respiratory functions were
impaired compared to those of non-smokers. Somade et
al. mentioned that lung function measures of Indian stone
crushing workers were inversely linked with exposure
duration®. Thus, continuous exposure to stone dust
combined with the failure to utilize personal protected
equipment (PPE) will result in a decline in pulmonary
function parameters.

In this research, stone carvers who had worked in the
stone carving units for over ten years had a greater
frequency of respiratory symptoms such as cough,
phlegm, and chest illness. Although the relationship was
statistically significant, it contrasted with Indian research
that found that stone quarry employees exposed for more
than 15 years were likelier to develop silicosis and other
respiratory issues!. The occurrence of cough was higher
among the stone carvers who were not wearing masks
during their carving work, and this relationship was
significantly associated at a significance level of p < 0.01.
A cross-sectional study of stone carvers in Spain®¥ also
reports such an association. Cough and chest illness were
significantly associated with smokers at p < 0.01.
Similarly, a Brazilian study reported that respiratory
symptoms such as cough and chest illness were mainly
associated with smoking?. Likewise, an Indian study by
Arumugam et al. reported that smoking and longer work
years in the quarries were associated with airflow
blockage among quarry employees®. Hence, the present
study investigated that continuous exposure to stone dust,
smoking habit, and avoiding masks during work was
related to respiratory issues.

One of its limitations is that this research depended on
data collected from the study population to evaluate
respiratory symptoms. In addition, dust sampling would
have enabled quantification and comparison of the
accumulation of inhalable stone dust in both the stone
carving site and office domains.

5. Conclusion

The current research revealed that respiratory issues
appeared more prevalent among stone dust-exposed
workers. Moreover, the study also stated that smoking
habits and resistance to wearing masks were the prime
reason for developing respiratory problems. The findings
of this research will be used as an advocacy tool to
convince government officials of the need for legislation
mandating stone carving proprietors to provide their
employees with PPEs such as respirators and facemasks.
In future, a portable dust sampler can be used to
determine dust concentration level at respective stone
carving sites. It is also recommended to enforce the
usage of PPEs and to routinely assess the lung health of
stone carving employees.
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