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Abstract
Silica is a major pollutant which releases into the workplace air of many industries, and it causes silicosis and pulmonary diseases. Control of silica in high-
risk factories such as silica-crushing, sandblasting, glass manufacturing, glassware, and silica-granulation is considered one of the main objectives of the 
Environmental and Occupational Health Center (EOHC) in Iran. During the past 20 years, various studies have focused on the exposure of inhaled silica in 
workplace air, controlling silica, and examining the incidence rate of related pulmonary diseases. The present work reviews all the studies concerning assessing 
silica in the workplace, installing industrial ventilation, and case-finding. Also, the existing problems in Iranian industries in which silica is produced or consumed 
are specified; further, several methods have been proposed to improve workers' health, control silica in the workplace, and prevent its dispersion in the outside air.

The present study result that the highest risk of silicosis in Iran is associated with workers in the silica powder industries who have suffered silicosis for even one 
year of work experience. This study represents that the workers of silica granulation, glass manufacturing, glassware, and silica-crushing industries are at high 
risk of developing silicosis. The duration of silicosis among workers depends on the type of job, and exposure to free silica is usually 1 to 15 years, and in the silica 
powder industries is 1 to 3 years.
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Introduction
Silica (SiO2) is a mineral consisting of one silicon atom and two 

oxygen atoms, which melts at 1600°C. It is a colorless, odorless, 
and noncombustible solid. The crystals are generated when their 
molecules are placed linearly [1-3]. The mineral is found in crystalline 
and amorphous forms; the first types include quartz, tridymite, and 
cristobalite, depending on the formation temperature. However, 
different molecules have different spatial relationships in the 
amorphous form. The types of crystalline silica are transformed into 
each other under a specific temperature and pressure. Thus, quartz, 
tridymite, and cristobalite can be observed in various processes by 
considering temperature and pressure [1,2,4].

Iran is one of the significant silica manufacturers, with around 
85 silica mines and 80 silica production/granulation and glass 
manufacturing factories; most are located in the west of Iran. Local 
Exhaust Ventilation (LEV) systems have been utilized in 60 high-risk 
granulation and glass manufacturing factories in Iran since 2007. 

However, 20 factories have not had LEV systems or have used them 
incompletely. The systems for dust control are based on baghouse and 
cyclone-spray scrubber. The silica powder is mainly applied in glass 
manufacturing, glassware, foundry factories, sandblasting, preparing 
laundry powders and detergents, and producing glaze and paint 
chemical compounds. Due to the operations such as crushing, milling, 
grinding, cutting, screening and abrasion in all the factories, silica 
particles are dispersed in the air, leading to workers' exposure to an 
extended range of free silica. Occupational exposure to the inhalation 
of crystalline silica cause diseases, including immune system damage, 
chronic bronchitis, emphysema, silicosis, and lung cancer [4,5].

The most important disease caused by exposure to free crystalline 
silica is silicosis, the progression of which increases a person's 
vulnerability and the risk of tuberculosis [2,5].

The International Agency for Research on Cancer (IARC) 
has classified crystalline silica as a human carcinogen (group I), 
necessitating the examination of the pollutants of silica particles 
in workplaces [6]. According to the Iranian Environmental and 
Occupational Health Center (EOHC), the Occupational Exposure 
Limit (OEL) to respirable free silica is equal to 0.025 mg/m [7]. Based 
on several studies in the various industries of Iran, many workers have 
encountered silica, and silicosis has been detected among workers in 
most sectors [8-11]. Over the last 15 years, different by-laws and laws 
have been approved and announced by the EOHC of Iran's Ministry 
of Health and Medical Education. In this regard, the silica in ambient 
air should be thoroughly evaluated at high-risk factories to maintain 
its concentration less than the OEL. Considering the objectives 
of the Ministry of Health and Medical Education of Iran, the 
dispersion of free silica particles should be controlled entirely in all 
relevant industries and the environment by 2020. Thus, studies have 
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highlighted silica measurement, control, and silicosis patients in high-
risk sectors [12-15]. In this respect, the studies on silica measurement 
have been conducted by assessing the individual exposure of workers 
in factories. The Local Exhaust Ventilation (LEV) system has been 
examined in various workshops. In addition, different dust collectors, 
such as cyclone-baghouse and cyclone-scrubber, have been utilized 
to clean exhaust air. Also, some studies have focused on individuals 
with an occupational disease using spirometry and chest radiography.

The following goals can be achieved by studying silica emission 
in the workplace air and evaluating workers suffering from silicosis:

•	 The effects of Ministry of Health regulations on silica control 
in the workplace in high-risk industries are identified.

•	 The concentrations of silica emission in high-risk factories are 
determined according to the type of process, industries, and 
apparatuses.

•	 The silica control methods in industries are reviewed, and the 
disadvantages of silica dust collectors are identified.

•	 The disease control process and silicosis patients are specified.

In the present investigation, the inhaled silica concentration in 
workplaces and the silicosis patients were assessed in several studies 
in high-risk industries in Iran during the last 20 years (2001-2021). 
Furthermore, the best methods to control the silica dust in enterprises 
were suggested. Finally, the success of the Ministry of Health and 
Medical Education in controlling silica and reducing the incidence 
rate of silicosis was assessed.

Materials and Methods
In the present study, the data were collected from the studies 

concerning the emission of inhaled silica particles and silicosis 
patients in high-risk workplaces in Iran. Furthermore, the studies 
on the efficiency of LEV systems and dust collectors were reviewed. 
Additionally, this study focused on all research determining silica 
concentration by considering the average 8h exposure to respirable 
particles. Reviewing studies conducted since 2005 in Iran, it was 
found that sampling and analyzing inhaled silica in the workplace, 
evaluating air pollution collectors, and determining patients with 
silicosis have been performed by the following methods.

Sampling and analyzing of respirable free silica
Researchers have assessed silica by applying the following 

methods.

National Institute for Occupational Safety and Health (NIOSH) 
7500 technique: In this method, a personal sampling pump, a 10 mm 
nylon cyclone, and 27 mm Polyvinyl Chloride (PVC) filters are used 
for sampling in ambient air. The sampling pump is calibrated with 
a rotameter at a flow rate of 1.7 l/min, and dust is sampled using a 
nylon cyclone in the workers' respiratory zone. Further, silica particles 
are washed with tetrahydrofuran solution and passed through silver 
membrane filters using a filtration device and Büchner funnel. After 
preparation, the diffraction intensity of standard and original samples 
is recorded by the X-ray Diffraction (XRD), followed by calculating 
the level of samples in the air [16].

NIOSH 7601: In this technique, respirable silica particles 
are sampled similar to the NIOSH 7500 one. However, free silica 
concentration in standard and original samples is obtained through 
visible spectroscopy at 820 nm. Furthermore, quartz level in unknown 

samples is computed by comparing the absorbance of samples with 
the standard curve [16].

The collection efficiency in dust collectors
The efficiency of collectors was calculated based on the total 

collected mass shown in the following equation [17]:

EF=[C1-C2]/C1 × 100

Where:

EF=overall collection efficiency

C2=total outlet concentration (mg/m3)

C1=total inlet loading concentration (mg/m3) 

Assessment of patients with occupation-caused diseases
The workers of factories with high-risk workplaces were evaluated 

using spirometry and radiograph and examined the silicosis patients 
detected in the workplace by occupational medicine specialists and 
pulmonologists [18-24].

Results
Table 1 provides the results of silica measurement in the individual 

exposure to silica dust in different industries. The highest exposure of 
workers to silica is related to silica-crushing, glass manufacturing, and 
foundry workshops, while the least occurs in the cement industry. In 
the silica-crushing workshops, silica stones (>99% of silica) are used 
in the glass manufacturing industry after producing silica powder. 
However, the rocks have silica below 90% applied in sandblasting, 
furnace linings, ceramics, refractories, and porcelain articles.

Since 2005, the EOHC of the Ministry of Health and Medical 
Education of Iran has forced all industries to install pollutant 
purification and LEV systems in silica-crushing and glass 
manufacturing workshops. The results of the studies on silica 
evaluation in enterprises indicated a 99% decline in dust following the 
installation of an LEV (Table 2). In addition, baghouse and cyclone-
scrubber systems have been applied to control pollutants in factories, 
environmental standards being better in baghouse (efficiency: >99%) 
than cyclone-scrubber (efficiency: 95%) (Table 2). Moreover, the 
prevalence of silicosis in the industries related to glass manufacturing, 
mines, and silica-crushing is more than in other enterprises. The 
disease has been reported among those employed with below three 
years of experience in some silica-crushing industries. Further, 
suspected cases of silicosis are observed among individuals working 
in the pottery-related industries for above 30 years. All the workers 
are men in the silica-related sectors of Iran (Table 3).

Discussion
Based on the studies conducted in the factories with a high risk 

of silica exposure, the inhaled silica concentration over the 8-hour 
exposure is more than the OEL recommended by the EOHC [7], the 
Ministry of Health, and Medical Education of Iran. Additionally, the 
maximum silica release rate is observed in silica-crushing enterprises 
and the silica mill of glass manufacturing factories and foundries. Over 
the different processes of silica-crushing and glass factories, quartz 
stone is broken during the grinding operation and then transferred to 
a crushing machine through a conveyor belt to produce silica powder. 
The powder produced in the glass factories moves to the furnace, and 
in the silica smelters, it is used for various purposes such as foundries 
and sandblasting. During these processes, large amounts of silica dust 
are produced, so the risk of silicosis increases. The shortest silicosis 
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duration is among the silica powder industry workers (1 to 3 years). 
The concentrations of inhaled silica in these industries are between 5 
mg/m3to 100 mg/m3.

The workers performing high-risk activities in silica-screening 
factories, silica open-pit mines, and many foundries are among 
periodic and seasonal workers. Employers replace them with new 
workers for a maximum period of six months. Silicosis has been 
observed in some sandblasting and glass manufacturing industries 

where workers are employed permanently. The rate of silicosis has 
been reported in various studies over the past two decades. Despite 
the declaration of health regulations by the Ministry of Health, there 
are no signs of disease control in Iran. The rules relate to executing a 
comprehensive silica control plan in Iran [7]. All factories must apply 
LEV upon the program, and silica should be less than the OEL [7].

Despite implementing silica control programs in industries and 
applying LEV in some factories, the silica level dispersed in the sectors 

Table 1: Exposure to inhaled silica in different industries of Iran.
Industry Total number of samples Process and jobs Number of samples Exposure level (mg/m3) Ref

Stone Quarry

  Horizontal rock drill 12 0.02 ± 0.01

[25]  Vertical Rock drill 12 0.02 ± 0.01
60 Hammer drill 24 0.06 ± 0.02
  Bulldozer 6 0.01 ± 0.01

Stone Silica Crushing

  Process workers 12 0.21

[26]  hopper 8 0.45
40 Drivers 11 0.2
  Office Employees 9 0.04

Stone Quarry

  Crushing machine operators 6 0.4 ± 0.2

[27]

  Crusher loading terminal 6 0.85 ± 0.15
  Crusher loading machine 6 0.75 ± 0.16
  Separator machine controller 6 1.1 ± 0.2
  drilling No.1 6 1.5 ± 0.4
48 drilling No.2 6 0.9 ± 0.01
  Pneumatic hammer 6 0.01 ± 0.01
  Site loading 6 0.2 ± 0.15

East zone of Tehran

  Stone cutting & milling 20 0.28

[28]
  Foundry work 20 0.34
94 Glass manufacturing 20 0.13
  Sandblast operation 14 0.27
  Cement manufacturing 20 0.22

Cement factory

  Raw mill 11 0.05 ± 0.04

[29]44 Furnace 14 0.04 ± 0.02
  Cement mill 7 0.02 ± 0.01
  Loading 12 0.04 ± 0.02

Tehran subway tunnel

  Excavation 20 0.41 ± 0.07

[30]
  Reinforcement 20 0.11 ± 0.09
100 Cementing 20 0.26 ± 0.06
  Soil transportation 20 0.32 ± 0.10
  Evacuation and depot 20 0.37 ± 0.03

Small foundries of Pakdasht
  Molding 24 0.03 ± 0.03

[31]62 Core Making 23 0.06 ± 0.07
  Sandblasting 15 0.05 ± 0.06

Factories of Mazandaran province

  Glassmaking 12 0.13 ± 0.13

[32]  Ceramic 12 0.17 ± 0.06
48 Sandblasting 12 0.31 ± 0.18
  Stone cutting 12 0.32 ± 0.12

Construction workers 34 Stone worker 17 0.07 ± 0.02 [33]Building cleaner 17 0.10 ± 0.02

Small foundriesof Pakdasht

  Iron casting 46 0.03

[34]80 Brass casting 12 0.03
  Aluminum casting 3 0.01
  Alloys casting 19 0.04

Insulator
  Body preparation 12 0.33 ± 0.15

[35]60 Glaze line 12 0.30 ± 0.21
  Furnace 12 0.02 ± 0.01

Foundry

  Machine Operator 23 0.31 ± 0.10

[36]55 Color operator 9 0.17 ± 0.02
  Furnace 6 0.23 ± 0.07
  Cleaning and arrangement 17 0.20 ± 0.02

Cement factory

  Loading 6 0.05 ± 0.11

[37]
  Raw mill 6 0.03 ± 0.05
29 Preheater 5 0.08 ± 0.11
  Stone crushing 6 0.54 ± 0.60
  Soil transportation 6 0.04 ± 0.05

Silica Powder 8 dustmen 8 3.05 ± 0.8 [15]
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is 1.2-20 times more than the occupational exposure limit. In these 
enterprises, the equipment with old technology is utilized for milling, 
crushing, and granulating silica; thus, silica dust is dispersed in the 
numerous cracks and holes existing in apparatus, emitting in the air 
around the workplaces. Further, using some vehicles, such as loader 
and lorry, for carrying silica powder leads to the dispersion of the 
pollutants in the air of workshops. Different silicosis cases have been 
reported in factories where workers were employed permanently [18]. 
The comparison between the silica level dispersed in Iran and other 
Asian countries' factories indicates that it is less spread in high-risk 
factories of Iran than in India but is more compared to the USA.

The present study results show the utilization of the control 
systems of cyclone-scrubber, cyclone-baghouse, and baghouse in 
industries with a high risk of silica in Iran [12-15]. The minimum 
dispersed silica level is obtained in cyclone-baghouse and baghouse. 
Due to the regulations on the non-release of particles into the outside 
air by the Department of Environment, all new factories must use 
baghouse or cyclone-baghouse. The baghouse system exhibits an 
efficiency of >99% in removing particles below 5 μm. However, 
cyclone-scrubbers systems cannot effectively control the particles and 
are dispersed in the outside air.

Many industries in Iran still are devoid of LEV systems and dust 
collectors. Thus, the dispersal of the particles inside the factory affects 
workers' health. Furthermore, milling and granulation machines with 
old technology disperse particles in workplaces. The machines should 
be replaced with closed system machinery, and those with advanced 
technology should be applied in silica crushing, glass manufacturing, 
and foundry. The Ministry of Health and Medical Education of Iran 
should prevent the operation of factories without dust collectors and 
LEV systems. Periodic examinations should be performed for all of 
the occupancies. The workers suffering from primary silicosis should 
be identified, and their jobs should be changed so they do not expose 
to silica during their daily work. All workers should be trained to 
protect themselves, reducing their exposure to silica. Workers are 
provided with personal protective equipment, and workers are trained 
to use them. Other engineering methods, such as wetting methods 
during grinding, lead to dust reduction.

The limitations of the present study include the lack of silica 
measurement in construction projects. In addition, limited studies 
and silica measurements have been performed in the silica open-pit 
mines and other stone production mines of Iran. Finally, silica is used 

as an interstitial material in many heavy industries in Iran, which 
researchers have not highlighted.

Conclusion
The present study results represent that the workers of silica 

granulation, glass manufacturing, glassware, and silica-crushing 
industries are at high risk of developing silicosis. The results of studies 
on silicosis in Iran show that the duration of silicosis among workers 
depends on the type of job and exposure to free silica. It is usually 1 to 
15 years, and in the silica powder industries, it is 1 to 3 years.

We recommend immediate actions must be taken to install LEV 
systems and dust collectors in enterprises. The seasonal workers 
should be examined periodically, and their life processes should be 
assessed. Further, an electronic system should be set up to record silica 
dust concentration in Iran's industries to identify those producing 
the silica dust level above the standard limit. Finally, clinical tests, 
radiography, and spirometry should be performed to detect the 
workers prone to silicosis and prevent their exposure to silica.

Highlights
•	 The silicosis has been observed in workers of silica powder 

and glass factories with work experience of one to three years.

•	 The workers in silica powder, glass manufacturing, glassware, 
and silica-crushing industries are at high risk of developing 
silicosis.

•	 Bag filter systems are the best way to control silica particles 
with the highest efficiency.

References
1. Rosental PA. Silicosis: A World History. US: Johns Hopkins University Press; 2017.

2. Rees D, Murray J. Silica, silicosis and tuberculosis. Occupational Health Southern 
Africa. 2020;26(5):266-76.

3. Deslauriers JR, Redlich CA. Silica exposure, silicosis, and the new occupational safety 
and health administration silica standard. What pulmonologists need to know. Ann 
Am Thorac Soc. 2018;15(12):1391-2.

4. Mlika M, Adigun R, Bhutta BS. Silicosis. StatPearls [Internet]: StatPearls Publishing; 
2022.

5. Ehrlich R, Akugizibwe P, Siegfried N, Rees D. The association between silica exposure, 
silicosis and tuberculosis: a systematic review and meta-analysis. BMC Public Health. 
2021;21(1):953.

6. Baan R, Grosse Y, Straif K, Secretan B, Ghussassi FE, Bouvard V, et al. Review of 

Table 2: Assessing the efficiency of dust collection systems in the industrial ventilation used in controlling silica.

Industry System type Measurement type The average sum of the particles 
before installing LEV (mg/m3)

The average sum of the particles 
after installing LEV (mg/m3)

Efficiency 
(%) Ref

Silica-crushing 
factory

Cyclone and 
scrubber

Before and after 
collectors in channels 700 18.18 94.2 [14]

Stone-crushing 
factory

Cyclone and 
scrubber

Before and after 
collectors in channels 5393 ± 986.2 131.0 ± 30.5 97.5 [12]

Mining Cyclone and 
scrubber

Before and after 
collectors in channels 1131.39 105.49 90.63 [13]

Mineral 
processing Bag filter Before and after 

collectors in channels 995.7 3.2 99.67 [38]

Table 3: The incidence of silicosis in workers in various industries of Iran.
Industry Test Number of workers Silicosis working experience (years) year Ref

Silica powder production Spirometry, Chest radiography 100 10 3 2006 [18]
Silica powder production Spirometry, Chest radiography 300 80 44621 2007 [39]
Turquoise mines Spirometry, Chest radiography 72 8 11.5 2009 [40]
Stone carving Spirometry, Chest radiography 70 7 43952 2013 [41]
Agate grinding Spirometry, Chest radiography 170 22 10 2014 [42]
Glass manufacturing Spirometry, Chest radiography 3121 218 16.1 ± 7.2 2015 [43]

https://www.sid.ir/en/journal/ViewPaper.aspx?ID=342172


© 2022 - Medtext Publications. All Rights Reserved. 0111

Journal of Medicine and Public Health

2022 | Volume 3 | Article 1043

Human Carcinogens-- Part F Chemical Agents and Related Occupations. Lancet 
Oncol. 2009;10(12):1143-4.

7. Centre of Environmental & Occupational Health. Occupational exposure limits. 
Ministry of Health and Medical Education of Iran (MHMEI); 2019.

8. Yarahmadi A, Zahmatkesh MM, Ghaffari M, Mohammadi S, Labbafinejad Y, 
Seyedmehdi SM, et al. Correlation between silica exposure and risk of tuberculosis in 
Lorestan Province of Iran. Tanaffos. 2013;12(2):34-40.

9. Jalali M, Sakhvid MJZ, Bahrami A, Berijani N, Mahjub H. Oxidative stress biomarkers 
in exhaled breath of workers exposed to crystalline silica dust by SPME-GC-MS. J Res 
Health Sci. 2016;16(3):153-61.

10. Naghadehi MZ, Sereshki F, Mohammadi F. Pathological study of the prevalence of 
silicosis among coal miners in Iran: A case history. Atmos Environ. 2014;83:1-5.

11. Nourmohammadi M, Asadi AF, Jarrahi AM, Yari S. Risk of Mortality Caused by 
Silicosis and Lung Cancer: a Study on Ceramic Tile Factory Workers. Asian Pacific J 
Environ Cancer. 2018;1(1):55-8.

12. Bahrami A, Ghorbani F, Mahjub H, Golbabei F, Aliabadi M. Application of traditional 
cyclone with spray scrubber to remove airborne silica particles emitted from stone-
crushing factories. Ind Health. 2009;47(4):436-42.

13. Babaei M, Bahrami A, Shahna F. Control of fugitive dust emitted by combination 
of water spray and industrial ventilation as an efficient and economical solution at a 
mining company. Iran Occup Health. 2017;14(2):135-46.

14. Sahana FG, Moradi M, Bahrami A. Design, Implementation & Assessment of Local 
Exhaust Ventilation System and dust collectors for crushing unit. J Occup Hyg Eng. 
2015;2(2):33-42.

15. Rahimi Z, Ghorbani F, Bahrami A. Design, Implementation, and Evaluation of 
Industrial Ventilation Systems and Filtration for Silica Dust Emissions from a Mineral 
Processing Company. Indian J Occup Environ Med. 2021;25(4):192-7.

16. Andrews R, O'Connor PF. NIOSH manual of analytical methods (NMAM). 2020.

17. Popendorf W. Industrial hygiene control of airborne chemical hazards. Florida: CRC 
Press; 2019.

18. Aghilinejad M, Jamamati M, Farshad AA. Prevalence of Silicosis among workers in 
stone-cutter and Silica Powder Production Factories. Tanaffos. 2006;5(3):31-6.

19. Prajapati SS, Mishra RA, Jhariya B, Dhatrak SV. Respirable dust and crystalline silica 
exposure among different mining sectors in India. Arch Environ Occup Health. 
2021;76(7):455-61.

20. Prajapati SS, Nandi SS, Deshmukh A, Dhatrak SV. Exposure profile of respirable 
crystalline silica in stone mines in India. J Occup Environ Hyg. 2020;17(11-12):531-7.

21. Deshmukh AA, Kulkarni NP, Dhatrak SV, Nandi SS. Assessment of occupational 
dust and silica exposure in indian stone mining and crushing unit-a case study. Curr 
World Environ. 2017;12(3):663-71.

22. Rose C, Heinzerling A, Patel K, Sack C, Wolff J, Zell-Baran L, et al. Severe silicosis in 
engineered stone fabrication workers-California, Colorado, Texas, and Washington, 
2017-2019. MMWR Morb Mortal Wkly Rep. 2019;68(38):813-8.

23. Leso V, Fontana L, Romano R, Gervetti P, Iavicoli I. Artificial stone associated silicosis: 
a systematic review. Int J Environ Res Public Health. 2019;16(4):568-85.

24. Reilly MJ, Timmer SJ, Rosenman KD. The burden of silicosis in Michigan: 1988–2016. 
Ann Am Thorac Soc. 2018;15(12):1404-10.

25. Golbabaei F, Barghi MA, Sakhaei M. Evaluation of workers' exposure to total, 
respirable and silica dust and the related health symptoms in Senjedak stone quarry, 
Iran. Ind Health. 2004;42(1):29-33.

26. Bahrami AR, Golbabai F, Mahjub H, Qorbani F, Aliabadi M, Barqi M. Determination 
of exposure to respirable quartz in the stone crushing units at Azendarian-West of 
Iran. Ind Health. 2008;46(4):404-8.

27. Naghizadeh A, Mahvi AH, Jabbari H, Derakhshani E, Amini H. Exposure assessment 
to dust and free silica for workers of Sangan iron ore mine in Khaf, Iran. Bull Environ 
contam Toxicol. 2011;87(5):531-8.

28. Azari MR, Rokni M, Salehpour S, Mehrabi YE, Jafari MJ, Naser MA, et al. Risk 
assessment of workers exposed to crystalline silica aerosols in the east zone of Tehran. 
Tanaffos. 2009;8(3):43-50.

29. Golbabaei F, Faghihi A, Ebrahimnezhad P, Banshi M, Mohseni H, Shokri A. 
Assessment of occupational exposure to the respirable fraction of cement dust and 
crystalline silica. J Health Saf Work. 2012;2(3):17-28.

30. Kakooe H, Mousavi S, Panahi D, Azari R, Hossaini M. Assessment of occupational 
exposure to total dust and crystalline silica in construction workers of metro, Tehran. 
J Health Saf Work. 2012;1(1):25-30.

31. Kakui H, Ghasemkhani M, Omidiani DA, Rezazadeh AM, Rahimi A. Assessment of 
Respirable Dust Exposure and Free Silica Percent in Small Foundries (Less than 10 
Workers) in Pakdasht, 2011. Hakim Res J. 2013;16(3):211-9.

32. Mohammadyan M, Rokni M, Yosefinejad R. Occupational exposure to respirable 
crystalline silica in the Iranian Mazandaran province industry workers. Arh Hig Rada 
Toksikol. 2013;64(1):139-42.

33. Tavakol E, Rezazadeh AM, Salehpour S, Khodakarim S. Determination of construction 
workers' exposure to respirable crystalline silica and respirable dust. J Saf Promot Inj 
Prev. 2016;3:263-70.

34. Omidianidost A, Ghasemkhani M, Kakooei H, Shahtaheri SJ, Ghanbari M. Risk 
Assessment of occupational exposure to crystalline silica in small foundries in 
Pakdasht, Iran. Iran J Public Health. 2016;45(1):70-5.

35. Mohammadi H, Golbabaei F, Farhang DS, Normohammadi M. Occupational 
exposure assessment to crystalline silica in an insulator industry: Determination the 
risk of mortality from silicosis and lung cancer. J Health Saf Work. 2017;7(1):45-52.

36. Zarei F, R Azari M, Salehpour S, Khodakarim S, Kalantary S, Tavakol E. Exposure 
assessment of core making workers to respirable crystalline silica dust. Saf Health 
Work. 2017;7(1):1-8.

37. Mohammadyan M, Ahmadi Asour A, Pouransari M, Akrami R, Soroosh D, Razavi 
SM. Workers occupational exposure to Free Crystal Silica of respirable particles in a 
cement factory in Khorasan Razavi province. J Sabzevar Univ Med Sci. 2020;27(1):65-
72.

38. Rahimi Z, Ghorbani-Shahna F, Bahrami A. Design, implementation, and evaluation 
of industrial ventilation systems and filtration for silica dust emissions from a mineral 
processing company. Indian J Occup Environ Med. 2021;25(4):192-7.

39. Mohebbi I, Rad IA. Secondary spontaneous pneumothorax in rapidly progressive 
forms of silicosis: characterization of pulmonary function measurements and clinical 
patterns. Toxicol Ind Health. 2007;23(3):125-32.

40. Majdi M, Rafeemanesh E, Ehteshamfa S, Fahool MJ, Masoodi S. Analyzing 
occupational lung disease among turquoise miners. Iran Occup Health. 2009;6(2):31-
7.

41. Ebrahimi S, Ghazanfari H, Taheri E, Zamani K, Babaeian M, Hassanzadeh A. 
Prevalence of Silicosis and Related Factors among Workers of Stone Carving 
Workshops in Khomeinishahr, Iran. Health Sys Res. 2013;9(4):362-9.

42. Rafeemanesh E, Majdi M, Ehteshamfar S, Fahoul M, Sadeghian Z. Respiratory 
diseases in agate grinding workers in Iran. Int J Occup Environ Med. 2014;5(3):130-6.

43. Farazi A, Jabbariasl M. Silico-tuberculosis and associated risk factors in central 
province of Iran. Pan Afr Med J. 2015;20:333.


	Title
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Highlights
	References
	Table 1
	Table 2
	Table 3

