
Introduction

Sarcoidosis is a presumably auto-immune dis-
ease of unknown etiology that may lead to multi-
system involvement and granulomatous inflamma-
tion (1). Recent studies have focused on a multitude 
of triggering factors that may be associated with the 
development of sarcoidosis. In line with this argu-
ment, there is strong evidence suggesting that the 
granuloma formation results from the activation of 
the inflammatory cascade via the triggering effect of 

environmental and occupational exposure. Also, the 
association between genetic propensity and certain 
occupational agents has been a subject of research 
(2). 

Sarcoidosis’s prevalence reported varies consid-
erably across different countries and studies. Usually, 
it is estimated that 1-40 per 100,000 inhabitants are 
affected by sarcoidosis (3). There are no reliable data 
on the annual incidence of the disease. Different epi-
demiological studies have investigated environmen-
tal risk factors for the development of sarcoidosis. 
But there are no data on incidence and prevalence 
of this disease in the industry. A study reported that 
the mean annual incidence of sarcoidosis was 7 per 
100,000 in Switzerland. The regional workforce in 
the metal industry, water supply, air transport fac-
tories and the area of potato production, artificial 
meadows (grassland) and bread grains were positive-
ly associated with the frequency of sarcoidosis (4). 
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The role of inorganic particles and foreign an-
tigens in the development of granulomatous dis-
eases has been a focus of interest, particularly with 
respect to the individual response. The 86% increase 
in the incidence of sarcoidosis in New York City af-
ter the terrorist attacks to the World Trade Center 
has been connected with the triggering role of nano-
particles in initiating inflammation (3). Furthermore, 
although potential role of indoors pollution due to 
microbiological agents has also cited, more focus has 
been given to the role of inorganic particles, and par-
ticularly silica, in many recent publications.

Heat-treatment of silicone is known to result in 
the generation of trydimite and cristobalite forms. 
Also, the flame-synthesis method is used for the 
production of silica nano-particles (4). Iron-steel 
industry also involves processes that results in the 
conversion of alpha-quartz, the most common form 
of silicone found in the earth, into other crystalline 
forms of silicone.

The association between the development of 
pneumoconiosis and exposure to crystalline silicone 
in the form of alpha-quartz has been known for cen-
turies. 

In this report, we wanted to discuss the role of 
crystalline forms of silicon and silicates in the etiol-
ogy of sarcoidosis based on four cases of sarcoidosis 
who are workers in the iron-steel industry.  

Method

A total of 4 male patients, 2 employed in the 
same iron and steel factory, were referred to our oc-
cupational diseases clinic for further assessments at 
different time-points. 

Case 1

29-year old male patient working in mold con-
struction and basket sampling unit in an iron and 
steel factory for the past 8 years presented to occu-
pational physician at his workplace with complaints 
of back pain and sweating. A comparison between 
the most recent and previous radiological findings 
revealed abnormal findings, prompting a referral 
to our occupational medicine unit for further in-
vestigation and management. Physical examination 
was unremarkable. A high resolution computed to-

mography (HRCT) performed due to detection of 
bilaterally increased nodular densities in the chest 
x-ray showed enlarged mediastinal lymph nodes in 
the mediastinal window and sub-pleural nodular le-
sions, the greatest being 11 mm in diameter, in the 
parenchymal window. A mediastinoscopy was per-
formed, since a differential diagnosis between ma-
lignancy and interstitial lung disease could not be 
made. The histopathological examination of the bi-
opsy sample revealed granulomatous inflammation. 
Purified protein derivative (PPD) skin test was per-
formed for potential tuberculosis and the diameter of 
the induration was 14 mm. Induced sputum sample 
were stained with Erlich-Ziehl-Neelsen method to 
detect acid-resistant bacilli (ARB) in direct micros-
copy and ARB was negative and no growth occurred 
in tuberculosis culture. Blood level of angiotensin-
converting enzyme (ACE) was 50.4 U/L (50 U/L 
as the cut-off point). No calciuria was present in 
the urinalysis. Markers for collagen tissue disorders 
were negative. Fundoscopic examination of the eye 
did not reveal  findings suggestive of uveitis or other 
potential eye involvement of sarcoidosis. Since a de-
finitive association between sarcoidosis and the oc-
cupation could not be established, an “occupational 
disease report” could not be issued by the board of 
health. However, a report was issued notifying the 
requirement for work conditions involving no dust, 
smoke, metal-oxide, and silica exposure. 

Case 2

A 47-year old patient was referred to our unit 
for further investigation due to detection of in-
creased reticulo-nodular density in his periodic chest 
x-ray examination. He has been working in the steel 
plant unit of an iron and steel factory for the past 
22 years. The initial work involved mold and core 
model for 10 years, followed by 12 years of work in 
the melting unit. His main complaint was chronic 
cough. Physical examination was normal. However, 
the patient reported occasional occurrence of ery-
thema nodosum like lesions on anterior tibial skin 
that resolved spontaneously. HRCT showed medias-
tinal and hilar lymphadenopathy in the mediastinal 
window, and increased acinar nodular density in the 
parenchymal window. PPD was performed with an 
induration diameter of 17 mm. Sputum ARB was 
negative on 3 consecutive sputum samples. The mi-
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croscopic examination of the lavage obtained during 
bronchoscopy showed no bacterial or fungal growth. 
No findings suggestive of tuberculosis could be iden-
tified. An endobronchial ultrasound (EBUS) guided 
trans-bronchial nodal aspiration (TBNA) biopsy 
was performed. Histopathology showed granuloma-
tous inflammation, in addition to anthracotic lymph 
nodes as well as granulomas consisting of epitheloi-
dhistiocytes. Serum ACE level was 13.4 U/L. No 
hypercalciuria was detected. Markers for collagen 
tissue disorders were negative. No loss of respiratory 
functions were present. Since bronchoalveolar lav-
age (BAL) sampling could not be performed prior 
to EBUS TBNA, a flow-cytometric examination 
could not be performed. A diagnosis of sarcoidosis 
was made based on clinical, radiological, and path-
ological findings. A report was issued to notify the 
need for work-place environment devoid of dust and 
smoke. Currently, the patient is under our follow-up.  

Case 3

This 31-year old male patient presented to the 
occupational physician at the workplace due to com-
plaints of cough and shortness of breath. He was 
referred to our unit after detection of abnormali-
ties in his radiological examination. For the past 6 
years, he has been working in the rolling plant in the 
hot rolling mill and cold rolling mill units. He re-
ported that the symptoms had started nearly 1 year 
ago, with worsening of symptoms at the workplace. 
He had no co-existing medical conditions. Physical 
examination showed burn scars on hands, face, and 
neck and bilateral rhonchus on auscultation. Chest 
x-ray revealed bilateral diffusely increased nodular 
densities, patchy areas of consolidation, and a promi-
nent appearance of the hilar areas. Since HRCT 
findings were suggestive of interstitial lung disease, 
a diagnostic bronchoscopy was carried out. ARB 
was negative in BAL samples. No growth occurred 
in aerobic cultures. Blood calcium level was normal. 
No hypercalciuria was detected in the urine. The pa-
tient diagnosed with sarcoidosis. Because of sympto-
matic findings we initiated 1 mg/kg steroid to him. 
A marked improvement in clinical and radiological 
signs was obtained with steroid therapy. A health re-
port notifying the requirement to work in dust- and 
smoke-free workplace was issued. Currently, the pa-
tient is being followed-up in our unit. 

Case 4

This 44-year old male patient was referred to our 
outpatient unit due to the detection of bilateral re-
ticulo-nodular appearance and mediastinal widening 
in periodic x-ray examination. He has been work-
ing in an iron and steel factory for the past 17 years. 
After 3 years of work in the mold and core model 
construction, he spent 15 years as the master control 
officer of the billet and slab cutting unit of the same 
factory. Except for cough and shortness of breath, he 
had no other complaints. He reported worsening of 
symptoms in the work environment. Family history 
revealed a diagnosis of sarcoidosis in the mother and 
sister. Physical examination was unremarkable. Res-
piratory function tests were normal. HRCT showed 
diffusely increased acinar nodular densities in the 
middle lob and lingula as well as in the peri-hilar 
area (Figure 1). Also, he had hilar lymphadenopa-
thies in the mediastinal window. PPD was 0 mm. 
Serum ACE was 56.3 U/L. He had no calciuria. Ex-
amination of the BAL sample obtained during diag-
nostic bronchoscopy showed abundance of lympho-
cytes and a CD4/CD8 ratio of 5. An EBUS guided 
TBNA biopsy was performed. Histopathological ex-
amination showed hyalinized fibrous adipose tissue, 
anthracotic lymph nodes, silicotic nodule, and gran-
ulomatous inflammation. A diagnosis of sarcoidosis 
was made based on radiological, laboratory, and pa-
thology findings. Prednisolone at a dose of 60 mg/
day was started. Patient with respiratory semptoms, 
so we initiated steroid 60 mg/day. The patient also 
had silicosis. Therefore, we had to start treatment in 

Fig. 1. Case 4: HRCT findings showed acinar dens nodular den-
sity in the middle lob and lingula as well as in the peri-hilar area
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order for the sarcoid-like radiological findings to be 
rapidly regressed with treatment and to be able to 
perform the ILO stage of findings consistent with 
silicosis. Steroid dose was subsequently reduced. A 
health report was issued notifying the need for dust-
free, smoke-free working environment with the use 
of respiratory protective equipment. Currently the 
patient is under our follow-up. 

Table 1 summarizes the demographic and 
workplace characteristics as well as the duration of 
exposure and symptoms. Table 2 shows the result of 

tuberculin skin test, blood ACE levels, respiratory 
functions, and HRCT findings. BAL and pathology 
results are summarized in Table 3. 

Discussion

Geographical clustering of sarcoidosis patients 
has been proposed as an indication of the role of en-
vironmental factors in addition to genetic predisposi-
tion (2, 5). The most comprehensive study ever con-

Table 1.The demographic characteristics, workplace history, duration of exposure, presenting symptoms, and physical examination findings 
of the cases

 Age,  Work history Most recent Exposure,  Smoking Complaint Family Physical
 year  work unit years pack/years  history of examination
       sarcoidosis findings

Case 1 29 Chamber, ladle sampling,  Clinker    8  10 Back pain,  None Unremarkable
  Clinker removal removal   sweating

Case 2 47 Chamber, core, stoker in  Stoker in the 22 15 Cough None Unremarkable
  the melting unit melting unit 

Case 3 31 Sand sieving worker in  Hot/cold   6 15  Cough,  None Burn scars in
  construction sector, hot/cold  cutting   shortness  the face, hands,
  cutting foreman in the  foreman   of breath  and feet
  rolling plant       

Case 4 44 Chamber, core construction,  Billet and 17 None Cough,  Mother Unremarkable
  billet and slap molding,  slap mold   shortness and sister
  control system supervisor    of breath  

Table 2. TCT, blood ACE levels, respiratory function tests, and HRCT findings results of the patients 

 TCT,  Serum ACE FEV1 %  FVC %  DLCO %  HRCT results
 mm level, U/L predicted predicted predicted 

Case 1 13 50,4 78 73 Not Mediastinal and hilar LAP; bronchovascular infiltrative densities, 
     performed more marked in the upper lobes of both lungs; scattered areas of 
      increased subpleural nodular density  the largest being 11 mm; 
      patchy areas of ground glass appearance

Case 2 17 13,5 99 104 Not Mediastinal and hilar LAPs, scattered areas of increased acinar
     performed densities that cannot be distinguished from pleural retractions 
      and vascular structures in both lungs, interstitial thickening

Case 3 7 Not 71 68 87  Mediastinal hilar LAPs, bilateral extensive acinar nodular
  studied    infiltrations more marked in the anterior upper lobe of the right 
      lung, patchy areas of densities isodense with patchy ground glass 
      appearance, subpleural nodules

Case 4 0 56.3 106 104 105 Mediastinal and hilar LAPs, diffuse acinar nodular infiltrations 
      more marked in the middle zones and peri-hilar area in both 
      lungs peribronchovascular thickening, subpleural nodules 

TCT: tuberculin skin test; ACE: angiotensin converting enzyme; U/L: units/liter; FEV1: forced expired volume in the first second; 
FVC: forced volume capacity; DLCO: Diffusion capacity for carbon monoxide; HRCT: high-resolution computed tomography; 
LAP: lymphadenopathy
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ducted in this area, i.e. the A Case Control Etiologic 
Study of Sarcoidosis (ACCESS) has demonstrated a 
1.5 fold increase risk of sarcoidosis in individuals in-
volved with farming and in those exposed to fungus 
or pesticides, although a specific agent responsible 
for the disease could not be demonstrated (6). 

Similarly, an association between increased 
sarcoidosis occurrence and occupations involving 
contact with lawn and garden tools, home furni-
ture, hardware, and industrial organic dust has been 
reported, although no reference to the structure or 
content of the occupational exposure, or to specific 
exposures has been made. On the other hand sili-
cates such as crystalline silica, beryllium, aluminum, 
and zirconium are known to trigger the formation 
of sarcoidosis-like granulomatous inflammation (6-
10). Exposure to such agents may occur in many lines 
of industry including mining, casting, construction, 
plastic production, ceramic production, space indus-
try, electronic industry, sandblasting, and iron cast-
ing. 

The four presented cases  were employed in the 
iron-steel industry, and to our knowledge, there are 
no previous reports of a series of sarcoidosis patients 
with such an occupational history. 

During the production of steel, clinker consist-
ing of Silicon dioxide (SiO2) is produced at oxygen 
oven and desulfurization phases (11, 12). Calcium 
oxide represents the main residue that is formed af-
ter these procedures, followed by SiO2 (12). Alpha-
quartz is known to be converted to tridymite at 740ºC 
and to cristobalite at 1400ºC, and during iron-steel 
production temperatures as high as 2000ºC may be 
reached (4, 13, 14).

All of our cases had prior exposure to crystal-
line silicone, silicates, and metal oxides. During their 

work at the chamber and core units, they had been 
exposed to alpha-quartz. The onset of symptoms co-
incides with the time period of employment in units 
involving high temperature treatments in the roll-
ing and steel plants. This suggests that exposure to 
tridymite, cristobalite, and crystalline silicone nano-
particles might have played a triggering role in the 
development of sarcoidosis. 

In experimental animal studies, silicone nano-
particles and cristobalite have shown to induce auto-
immune diseases, trigger allergic reactions, and lead 
to the development of systemic inflammation (15, 
16). Furthermore, demonstration of silica accumu-
lation in the liver, intestines, kidneys, bone marrow, 
and even in the brain is also supportive of its role 
in systemic inflammatory conditions (17-20). Cur-
rently, there is strong evidence suggesting a connec-
tion between silicones induced pulmonary alveolar 
proteinosis (PAP) and autoimmune processes (3, 21-
23). Sarcoidosis is also considered an auto-immune 
condition. Thus we may assume that exposure to 
silica may trigger a systemic inflammation depend-
ing on the host response (1, 23). Also there have 
been previous reports in which inorganic dusts have 
been implicated in the development of sarcoidosis in 
individuals with genetic propensity (24-27). One of 
our patients had a family history of sarcoidosis, i.e. 
in the mother and sister. However, these case series 
is the first describing the occurrence of sarcoidosis 
in a group of individuals with a history of exposure 
to different forms of crystalline silicone during iron-
steel production. 

ACCESS study found a negative association be-
tween sarcoidosis and metal industry. On the other 
hand, a study examining specific toxic exposures in 
the metal industry could probably have allowed iden-

Table 3. BAL and pathology results in four patients diagnosed with sarcoidosis 

 Total cell count Lymphocyte,    CD4/CD8 Diagnostic Pathological findings
 106 cells/ml %  Ratio methods

Case 1 None None None Mediastinoscopy Granulomatous inflammatory reaction

Case 2 None None None EBUS TBNA Anthracotic lymph nodes, granulomas composed 
     of epitheloid histiocytes

Case 3 8.8 76 8.8 BAL, TBB Granulomatous inflammation without necrosis

Case 4 5 66 5 BAL, EBUS TBNA Hyalinized fibrous connective tissue, anthracotic 
     lymph nodes, silicotic nodules 

BAL: bronchoalveolar lavage; EBUS: endobronchial ultrasound; TBB: transbronchial biopsy; TBNA: transbronchial needla aspiration; LAP; 
limphadenopathy
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tification of sarcoidosis patients due to silica and sili-
cate exposure, such as in our patients. 

A case of sarcoidosis in relation to exposure to 
cat litter has also been previously reported (27). Cat 
litter consists of bentonite silicates formed by vol-
canic ash. It is the most commonly utilized industrial 
silicate in Turkey (28, 29). Although it has a higher 
content of montmorillonite silicate, also it is made 
up of cristobalite (30), which is also used in the iron-
steel industry (28). Therefore, detailed examination 
of the exposure to a specific agent may suggest a role 
for cristobalite and other silicates.

Cristabolite and quartz comprises approximate-
ly 70% and 1-2% of the diatomite earth, respectively. 
In a previous study, workers exposed to diatomite 
earth have been found to have a 7.1 to 28-fold in-
creased risk of sarcoidosis as compared to zero risk 
in individuals without such exposure (31), again sup-
portive of our observation that cristabolite may have 
a role in the pathogenesis of sarcoidosis. 

Examination of a sarcoidosis patient with a his-
tory of working in the tire production has revealed 
exposure to talc, i.e. magnesium silicate (32). Proce-
dures involving heat treatment are also utilized dur-
ing tire production. In this case, rather than magne-
sium, the toxic effect after heat treatment induced by 
SiO2 in its structure may be analyzed. 

Identification of sarcoidosis in a patient with 
an occupational history of jeans sanding as well as 
the observed increase in the incidence of sarcoidosis 
among firefighters and emergency medical personnel 
after September 11 World Trade Center attacks sug-
gest that silica may have a significant etiological role 
in this disease (33-35). 

Our literature search has revealed lower report 
rates of silicosis in workers of iron-steel industry, as 
compared to other industrial fields such as mining, 
quartz mill, construction, or road construction. This 
may be due to the excessive exposure to non-alpha-
quartz forms, silica nanoparticles, and other silicates, 
and their higher pathogenicity and toxicity and lower 
fibrinogenic potential in the steel production (36, 
37).

One of our patients had silicotic nodules, with 
a final diagnosis of silico-sarcoidosis. Similar to this 
case, another patient who had worked in casting in-
dustry was found to have silicotic nodules (38). Co-
occurrence of silicosis and sarcoidosis in these pa-
tients is probably due to the excessive alpha-quartz 

exposure during chamber and core production. The 
remaining patients in our study did not have silicot-
ic nodules, although this may be due to inadequate 
sampling or site of biopsy. 

The diagnosis of silicosis is based on the history 
of occupational history as well as radiological find-
ings, and its classification is based on the duration 
of exposure, rather than the pathological findings 
(39). Since biopsy is associated with augmented fi-
brosis, its use for diagnostic purposes is discouraged, 
although it may be recommended for the differential 
diagnosis of conditions other than pneumoconiosis 
(3, 40, 41). In contrast, the diagnosis of sarcoido-
sis is based on pathological findings. There may be 
coincidental and undiagnosed cases of sarcoidosis 
among those diagnosed with pneumoconiosis, who 
showed spontaneous remission. Presence of patients 
with silicosarcoidosis is supportive of our hypothesis. 
Moreover, common pathogenesis of silicosis and sar-
coidosis are mentioned at the present time.

Our case series is suggestive of a potential role 
in the development of sarcoidosis of different forms 
of silicates and crystalline silica released in workplac-
es involving heat treatment of metals or minerals. 

The major limitation of our case series is the 
absence of mineralogical analysis in the tissue and 
workplace environment. Despite these limitations, 
this case report involving a discussion on the poten-
tial health effects of different forms of silica repre-
sents the first of its kind in terms of identification 
of patients with silicosis and sarcoidosis who were 
workers in the iron-steel industry. 

Conclusion

Rather than emphasizing the obscurity sur-
rounding the causes of sarcoidosis, it may be more 
appropriate to state that adequate occupational his-
tory is generally not obtained from these patients. In 
the etiology of sarcoidosis occurring in workers of 
iron-steel industry, the potential role of cristobalite, 
silicone nanoparticles, and other mineral silicones 
should be taken into consideration. 

In patients with an established diagnosis, a de-
tailed history on the exposure to silicone and silicates 
should be obtained and if causality is suspected, it 
should certainly be reported to the relevant authori-
ties in accordance with medical-legal responsibili-
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ties. If a connection with occupational exposure is 
determined, it should be borne in mind that the real 
treatment and prevention are based on the imple-
mentation of strict personal and workplace hygiene 
regulations, and on the isolation of the patients from 
the triggering environment.  

Recommendations 

In order to better delineate this connection, fur-
ther studies involving mineralogical analysis of dif-
ferent forms of crystalline silicone released during 
heat treatment and exploring the role of crystalline 
silicone forms and silicates in animal models and 
case-control studies would be appropriate. 

Acknowledgement

The authors thanks to Prof. Recep Akdur for ed-
iting manuscript. 

References

  1.  Chiarchiaro J, Chen BB, Gibson KF. New moleculartargetsforthetreat-
ment of sarcoidosis. Curr Opin Pulm Med 2016 Sep; 22(5): 515-21.

  2.  Culver DA, Newman LS, Kavuru MS. Gene-environment inter ac-
tions in sarcoidosis: challenge and opportunity. Clinics in dermatol-
ogy 2007; 25(3): 267-275. 

  3.  Vincent M, Chemarin C, Cavalin C, Catinon M and Rosental PA. 
From the definition of silicosis at the 1930 Johannesburg conference 
to the blurred boundaries between pneumoconioses, sarcoidosis, and 
pulmonary alveolar proteinosis (PAP). American journal of industrial 
medicine 2015; 58(1): 31-38.

  4.  Gürmen S, Ebin B, İtü M. Nanopartiküller ve üretim yöntemleri-1. 
Metalurji Dergisi 2008; 150: 31-38.

  5.  De Boer S,Wilsher M. Review series: Aspects of interstitial lung 
disease. Sarcoidosis. Chronic respiratory disease 2010; 7(4): 247-58. 

  6.  Baughman RP, Teirstein AS, Judson MA, et al. Case Control Etio-
logic Study of Sarcoidosis (ACCESS) research group Case Control 
Etiologic Study of Sarcoidosis (ACCESS) research group Clinical 
characteristics of patients in a case control study of sarcoidosis. Am J 
Respir Crit Care Med 2001; 16410: 1885-1889.

  7.  De Vuyst P, Dumortier P, Schandene L, Estenne M, Verhest A, Yer-
nault JC. Sarcoid like lung granulomatosis induced by aluminum dusts. 
American Review of Respiratory Disease 1987; 135(2): 493-497.

  8.  Skelton HG, Smith KJ, Johnson FB, Cooper CR, Tyler WF, Lupton 
GP. Zirconium granulom are sulting from an aluminum zirconium 
complex: a previously unrecognized agent in the development of hy-
persensitivity granulomas. Journal of the American Academy of Der-
matology 1993; 28: 874-876.

  9.  Kriebel D, Brain JD, Sprince NL, Kazemi H. The Pulmonary Toxicity 
of Beryllium. Am Rev Respir Dis 1988; 137: 464-473

10.  Newman LS. Beryllium disease and sarcoidosis: clinical and labora-
tory links. Sarcoidosis 1995; 12: 7-19.

11.  Remus R, Aguado-Monsonet LA, Roudier S, Sancho LD. (2013). 
Best Available Techniques (BAT) Reference Document for Iron and 
Steel Production. Retrieved May 01, 2016,fromhttp//www.eippcb.jrc.
ec.europa.eu/reference/BREF/IS_Adopted_03_2012.pdf

12.  Andrews A, Gikunoo E, Ofosu-Mensah L, Tofah H, Bansah S. 
Chemical and Mineralogical Characterization of Ghanaian Foundry 
Slags. Journal of Minerals and Materials Characterization and Engi-
neering 2012; 11(02): 183. 

13.  Yılmaz ŞS. Özel mineraloji silikatlar (bölüm II). (2011). Retrieved 
May 01 2016 from https://iujfk.files.wordpress.com/2011/06/c3b-
6zel-min-silikatlar.

14.  European Commission. Integrated Pollution Preventionand Control 
(IPPC) Reference Document on Best AvailableTechniques in the 
Non Ferrous Metals Industries. (2001). Retrieved May 01 2016 from 
www.prtr-es.es/.../BREF%20Metalurgia%20no%20férrea%20I- 
4CDE805E16D2361F

15.  Statement on sarcoidosis. Joint Statement of the American Thoracic 
Society (ATS), the European Respiratory Society (ERS) and the 
World Association of Sarcoidosis and Other Granulomatous Disor-
ders (WASOG) adopted by the ATS Board of Directors and by the 
ERS Executive Committee, February 1999. Am J Respir Crit Care 
Med 1999 Aug; 160(2): 736-55. Review. PubMed PMID: 10430755.

16.  Rowley N, Bramble L, Zhang Q, et al. Adjuvant Effects Of Engi-
neered Silica Nanoparticles On Allergic Airway Disease In Mice. Am 
J Respir Crit Care Med 2011; 183: A2282. 

17.  Nabeshi H, Yoshikawa T, Matsuyama K, et al. Systemic distribution, 
nuclear entry and cytotoxicity of amorphous nanosilica following 
topical application. Biomaterials 2011 Apr; 32(11): 2713-24.

18.  Kaewamatawong T, Shimada A, Okajima M, et al. Acute and suba-
cute pulmonary toxicity of low dose of ultrafine colloidal silica par-
ticles in mice after intra tracheal instillation. Toxicol Pathol 2006; 
34(7): 958-65.

19.  Nishimori H, Kondoh M, Isoda K, Tsunoda S, Tsutsumi Y, Yagi K. 
Histologic alanalysis of 70-nm silica particles-induced chronic toxic-
ity in mice. European Journal of Pharmaceutics and Biopharmaceu-
tics 2009 Aug; 72(3): 626-9.

20.  Nishimori H, Kondoh M, Isoda K, Tsunoda S, Tsutsumi Y, Yagi K. 
Silicananoparticles as hepatotoxicants. Eur J Pharm Biopharm 2009 
Aug; 72(3): 496-501.

21.  Sauni R, Järvenpää R, Iivonen E, Nevalainen S, Uitti J. Pulmonary 
alveolar proteinosis induced by silica dust? Occup Med (Lond) 2007 
May; 57(3): 221-4.

22.  Inoue Y, Trapnell BC, Tazawa R, et al. Japanese Center of the Rare 
Lung Diseases Consortium. Characteristics of a large cohort of pa-
tients with autoimmune pulmonary alveolar proteinosis in Japan. Am 
J Respir Crit Care Med 2008; 177(7): 752-62.

23.  Xiao YL, Xu KF, Li Y, et al. Occupational inhalational exposure and 
serum GM-CSF autoantibody in pulmonary alveolar proteinosis. Oc-
cup Environ Med 2015 Jul; 72(7): 504-12.

24.  Beijer E, Veltkamp M, Meek B, Moller DR. Etiology and Immu-
nopathogenesis of Sarcoidosis: Novel Insights. Semin Respir Crit 
Care Med 2017 Aug; 38(4): 404-416.

25.  Sola` R, Boj M, Hernandez-Flix S, Camprubí M. Silica in oral drugs 
as a possible sarcoidosis-inducing antigen. Lancet 2009; 373: 1943-
1944.

26.  Calvert GM, Rice FL, Boiano JM, Sheehy JW, Sanderson WT. Oc-
cupational silica exposure and risk of various diseases: an analysis us-
ing death certificates from 27 states of the United States. Occupa-
tional and Environmental Medicine 2003; 60: 122-129

27.  Drent M, Wijnen PA, Boots AW, Bast A. Cat litter is a possible trig-
ger for sarcoidosis. Eur Respir J 2012 Jan; 39(1): 221-2

28.  İpekoğlu B, Kurşun İ, Bilge Y, Barut, A. Türkiye bentonit potan-
siyeline genel bir bakış, 2.  Endüstriyel Hammaddeler Sempozyumu. 
Köse H, Arslan V (eds) 1997: 16-17.

29.  Bulut G, Chimeddorj M, Esenli F, Çelik MS. Production of desic-



B. Üzmezoğlu, C. Şimşek, S. Gülgösteren, et al. 372

cants fromTurkish bentonites. Applied Clay Science 2009; 46(2): 
141-147. 

30.  Henderson JH, Jackson ML, Syers JK, Clayton RN, Rex RW. Cris-
tobalite authigenic origin in relation to montmorillonite and quartz 
origin in bentonites. Clays and Clay Minerals 1971; 19(4): 229- 
238. 

31.  Rafnsson V, Ingimarsson O, Hjalmarsson I, Gunnarsdottir H. As-
sociation between exposure to crystalline silica and risk of sarcoidosis. 
Occupational and Environmental Medicine 1998; 55(10): 657-60.

32.  Tukiainen P, Nickels J, Taskinen E, Nyberg M. Pulmonary granu-
lomatous reaction: talc pneumoconiosis or chronic sarcoidosis? British 
Journal of Industrial Medicine 1984; 41: 84-87 

33.  Uzkeser H, Karatay S, Yildirim K, Eren S. Sarcoidosis and denim 
sandblasting: a case report. Turkish Journal of Medical Sciences 2013; 
43(2): 343-345.Turkish.

34.  Bowers B, Hasni S, Gruber BL. Sarcoidosis in World Trade Center 
rescue workers presenting with rheumatologic manifestations. J Clin 
Rheumatol 2010; 16(1): 26-27. 

35.  Crowley LE, Herbert R, Moline JM, et al. “Sarcoidlike” granuloma-
tous pulmonary disease in World Trade Center disaster responders: 
Influence of incidence computation methodology in inferring air-

borne dust causation. American journal of industrial medicine 2011; 
54(9): 696-696. 

36.  Silica exposure and its effect on the physiology of workers. (2007). 
Retrieved May 07, 2016 from http://www.labour.gov.za/DOL/down-
loads/documents/useful-documents/occupational-health-and-safety/
pdf 

37.  Drent M, Bomans PH, Van Suylen RJ, Lamers RJ, Bast A, Wouters 
EF. Association  of man-made mineral fibre exposure and sarcoidlike 
granulomas. Respir Med 2000 Aug; 94(8): 815-20.

38.  V. Dimov. Pneumoconiosis or Sarcoidosis? Or Both? (2004). Retrieved 
June 30, 2016, http://www.xraymachines.info/article/687631882/
pneumoconiosis-or-sarcoidosis-or-both-/.

39.  International Labour Office. Guidelines fort he use of the ILO in-
ternational classification of radiographs of pneumoconioses. Revised 
Edition 2011. Geneva: International Labour Office; 2011. 

40.  Urrutia C, Querro A, Martínez C, Rego G. Silicosisy granulomas 
pulmonares sarcoideos¿ silicosarcoidosis? Medicina Clínica 2002; 
118(2): 79.

41.  Akgün M. Silikozis. Demir T (Ed), in Klinik Gelişim Meslek 
Hastalıkları. İstanbul Tabip Odası Yayını, Golden Print 2011; 23(4): 
34-37.


