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 Objectives

▪ Overview of silicosis

▪ 2016 OSHA Permissible Exposure Limit Guidelines
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Respirable Crystalline Silica



Nagelschmidt, G.  Brit J. Industr Med, 1960, 17, 247.




Acute Silicosis

▪ Acute silicosis

▪ Develop symptoms within 

a few weeks to years 

after exposure to high 

concentration of RCS

▪ Pathology shows alveolar 

proteinosis




Chronic silicosis

▪ Typically occurs 10-30 

years following RCS 

exposure

▪ Progresses in the 

absence of further RCS 

exposure

▪ Simple versus complex 

(progressive massive 

fibrosis)
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Chronic Silicosis: PMF

Silicosis, Complex
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Key Facts

Terminology

Complicated pneumoconiosis: Aggregation of nodules into large masses > 1 cm in diameter, evolves from simple

pneumoconiosis

Imaging Findings

Progressive massive fibrosis

Usually bilateral in upper lobes and superior segments of lower lobes

Typically more common in dorsal aspect of lung

Right hemithorax earlier and PMF larger than left hemithorax

PMF > 4 cm nearly all contain areas of low attenuation due to central necrosis

If necrosis or cavitation is seen, mycobacterial infection should be considered

As PMF progresses, micronodules decrease in profusion

Initially develop in lung periphery and with time migrate towards hilum

PET can be markedly positive in PMF, likely due to inflammatory cell activity

Top Differential Diagnoses

Talcosis

Tuberculosis (TB)

Sarcoidosis

Pathology

Risk of lung disease related to both dose (intensity) and time (length) of exposure

Diagnostic Checklist

Rapid change in radiographic findings concerning for tuberculosis or carcinoma

Axial NECT shows large masses from progressive massive fibrosis  located in the upper lobes and dorsal aspect of the lung.

Coronal NECT shows volume loss and progressive massive fibrosis , predominantly in the upper lobes.

TERMINOLOGY

Abbreviations and Synonyms
Complicated pneumoconiosis, progressive massive fibrosis (PMF), anthracosilicosis

Definitions
Lung disease due to inhalation of inorganic mineral dusts containing crystalline silicone dioxide (cement construction products, roof tiles, etc.)

Complicated pneumoconiosis: Aggregation of nodules into large masses > 1 cm in diameter, evolves from simple pneumoconiosis

Advanced coalescence is known as progressive massive fibrosis

IMAGING FINDINGS

General Features
Best diagnostic clue: Micronodular interstitial thickening in upper lung zones with posterior (dorsal) predominance

Patient position/location

Rounded dusts predominately affect upper lung zones

Coal dust accumulates around respiratory bronchioles (coal dust macule)

Silica accumulates along lymphatics in centriacinar lobule and lobule periphery

Size

Micronodules < 10 mm in diameter

PMF aggregation > 1 cm

CT Findings
More sensitive in detection of nodules and confluence of small opacities

Micronodules

< 10 mm in centrilobular and subpleural distribution, follow lymphatic pathways

Distribution: More profuse in dorsal aspect of upper lobes, right side > left side

Nodules may calcify

Lymph nodes

Typically hilar and mediastinal lymph nodes enlarged

May calcify (“eggshell” classic pattern), though may be diffuse or punctate

Hilar adenopathy may develop before parenchymal disease

Progressive massive fibrosis

Aggregation into nodular clusters > 1 cm in diameter

Usually surrounded by background of small micronodules

As PMF progresses, micronodules decrease in profusion

Location

Usually bilateral in upper lobes and superior segments of lower lobes

Typically more common in dorsal aspect of lung

Right hemithorax affected 1st and size of PMF usually larger than left hemithorax

Shape

Irregular shape, often elliptical

Outer edge usually sharply defined from coexisting emphysema

Density

PMF > 4 cm, nearly all contain areas of low attenuation due to central necrosis

If necrosis or cavitation is seen, mycobacterial infection should be considered

May contain air bronchograms

May calcify diffusely

Evolution

Growth of PMF slow, typically over many years

Initially develops in lung periphery and with time migrates toward hilum
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Progressive Massive Fibrosis 
(PMF)

▪ Risk of developing PMF depends on both cumulative RCS 

exposure and presence of underlying radiographic 

abnormalities

▪ Develops after cessation of RCS exposure 

▪ 10% of coal miners after 22 years of follow-up

▪ 7.6% of gold miners after 17.9 years of follow-up

▪ 36.9% of granite quarry workers after 7.5 years of follow-up

Maclaren, WM & Soutar, CA.  Br J Ind Med 1985 Nov;42(11):734-40.  Carneiro, AP, and 

colleagues.  Am J Ind Med 2006 Oct; 49(10):811-8.  Lee, HS and colleagues.  Occup 

Environ Med 2001 Jul; 58(7):467-71



 Accelerated Silicosis

▪ Occurs 5-10 years 

following RCS 

exposure

▪ Has pathologic 

features of both 

acute and chronic 

silicosis





Inhaled 

RCS

Alveoli (air 

sacs)

Lymph nodes 

filter silica 

particles.  

Eventually 

fibrosis 

develops

Fibrotic 

nodules 

form

Inflammatory 

mediator 

release from 

macrophages



 Lymph Node Silicosis

▪ Earliest radiographic 

finding of silicosis

▪ Occurs at lower and 

shorter cumulative 

RCS exposure

▪ Reasonably medically 

likely to precede 

development of 

chronic silicosis



 Artificial Stone Silicosis

▪ Patients are younger, have more severe lung disease, and 

shorter durations of RCS exposure 

▪ Continued loss of lung function following cessation of 

exposure to RCS

▪ 6.6% of patients with PMF→increased to 37.7% after 4 year 

follow-up

Leon-Jimenez, A., and colleagues. Chest 2020; 158(3): 1060-1068. Wu, N., and 
colleagues. Respirology (2020) 25:518-524. 



 2016 OSHA PEL

▪ OSHA PEL is not an established safe but rather a regulatory 

compromise between occupational health science and industry

▪ At a PEL of 50 µg/m3 (per 1000 workers):

▪ 5-23 deaths due to lung cancer

▪ 32 deaths due to silica-induced renal disease

▪ 7-44 deaths due to silicosis and nonmalignant lung disease

▪ 20-170 cases of silicosis

 
Table VI–1, Federal Register, volume 81, number 58, Friday, March 25, 

2016. Rules and Regulations, page 16386. 



 2016 OSHA PEL

▪ At a PEL of 25 µg/m3 (per 1000 workers):

▪ 3-21 deaths due to lung cancer

▪ 4-22 deaths due to silicosis and nonmalignant lung disease

▪ 25 deaths due to silica-induced renal disease

▪ 5-40 cases of silicosis

▪ Risk of silicosis likely underestimated in 2016 OSHA Guidelines 

as studies used chest X-rays rather than chest CT scans

Table VI–1, Federal Register, volume 81, number 58, Friday, March 25, 

2016. Rules and Regulations, page 16386. 
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Epidemiology and Non-silicosis 
conditions related to  silica 
exposure and silicosis

Jane Fazio, MD PhD
Assistant Professor of Medicine
UCLA David Geffen School of Medicine



Objectives

17

Provide an overview of global and California Epidemiology of 
Engineered Stone Silicosis

Describe other lung diseases associated with silica exposure 
and silicosis: COPD, Asthma, Pneumothorax

Understand non-lung comorbidities related to silica exposure: 
Infections,  Autoimmune Disease 



Global Counts
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Figure 1. Quartile distribution of cases of silicosis attributed to artificial 

stone globally as of December 2025, by country. Circles are scaled to show the 

relative size of each country’s case counts.

Estimated number of cases of 

silicosis attributed to engineered 

stone by country and type of report, 

as of December 2025

Country/State No.

Australia 987

Belgium 6

Canada 22

China 902

Israel 730

Italy 34

New Zealand 26

Spain 2602

Taiwan 42

Turkey 33

United Kingdom 44

United States 509

TOTAL 5937



California Case Counts
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Silico-Tuberculosis

20

• Silicosis can mimic Tuberculosis leading to mis-diagnosis. 

• They can co-occur.

2 year progression



Non tuberculous 
mycobacterial  disease (NTM)

• Cousins of tuberculosis (e.g. M. 

Kansasii, M avium intracellulare)

• Not contagious

• Dormant in the environment

• Chronic, significant symptoms 

(phlegm, weight loss)

• Affect already compromised lungs

• Treated with 1 year of three 

antibiotics. Poorly tolerated



Results: Unilateral vs Bilateral Pneumothorax
Overall 

(n=73)

N (%)

One Lung 7 (9)

Both Lungs 4 (5)

Total 11 (15)

Lung Collapse (pneumothorax)



Figure 11. A 45-year-old man presented to the emergency department with acute-on-chronic shortness of breath. Posteroanterior chest radiographs show left tension 

pneumothorax (arrow in A) and resolution of pneumothorax after chest tube placement (B).

Lateef S. Published Online: February 19, 2026

https://doi.org/10.1148/rg.250079

https://doi.org/10.1148/rg.250079


• Normal lung function on 

Pulmonary Function Test

• Severe symptoms (cough, 

shortness of breath) – out of 

proportion to silicosis/imaging 

severity

24

Asthma
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COPD- Chronic Obstructive Pulmonary Disease 

• Irreversible 

• Chronic Bronchitis – 

inflammation of bronchi

• Emphysema- breakdown of air 

sacks (alveoli)



Others

• Lung cancer

• Group 1 carcinogen by IARC

• Dose-dependent response

• Very difficult to differentiate from PMF, consider if asymmetric 

growth/cavitation/spiculated appearance

• Sarcoidosis

• Significant pathological overlap – silicosarcoidosis

• 41% with granulomas in California case series (Fazio et al.)



Silica Affects Organs Outside The Lungs

27



Autoimmune diseases

• Types 

• Scleroderma

• Rheumatoid Arthritis (Caplan’s Syndrome)

• Myositis

• Systemic Lupus Erythematosus

• Vasculitis

• ~ 20% of ES workers

• Can occur WITHOUT silicosis

• Why? Silica potentiates the immune response.



Kidney (aka Renal) Disease

29

• Renal Disease Risk: Silica-exposed 

workers have an increased prevalence 

of kidney dysfunction, studies finding a 

two-fold excess of ESRD.

• Mechanism: Silica particles travel 

through the bloodstream, causing 

chronic, progressive renal damage 

(silica nephropathy).

https://www.google.com/search?q=silica+nephropathy&oq=silica+exposure+associated+with+renal+disease%3F&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRifBdIBCDY1MDJqMGo5qAIAsAIB&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjq3raryK-TAxVTmO4BHcE5FewQgK4QegQIAxAH


Silica as a Controlling Hazard during 
Engineered Stone Fabrication

Allison Persing, MS, CIH, CSP

RHP Risk Management

Chicago, IL



Informing Exposure Hypotheses on Non-Silica Hazards with 
Data

• Concerns have been historically focused on silica; there are other 
constituents found in natural and/or engineered stone, including:

• Co-occurring metals (copper, nickel, iron)
• Non-silica minerals (TiO2, feldspar, zirconium silicate)
• Volatile organic compounds (VOCs)

• Ramkissoon (2025) explores these non-silica constituents and 
discusses the potential hazards of alternative materials.

• There is a data gap of objective exposure data for non-silica 
hazards during slab fabrication.

tǊŜƳƛǎŜ ƻŦ wItΩǎ ǎǘǳŘȅ ŘŜǎƛƎƴ



Literature Review

• A literature search was performed to 
understand the body of knowledge 
related to non-silica hazards in 
engineered stone.

• Ramkissoon (2025) used an angle 
grinder to dry cut 10 stone slabs. 
Settled surface dust was collected and 
analyzed for metals and non-silica 
minerals. TiO2 was identified as 
present.

• Titanium dioxide is primarily used as a 
white pigment in engineered stone.



Toxicological Properties of TiO2



Occupational Exposure Regulations



Study Hypothesis



Study Design



Particle Size Distribution (PSD) Measurement

PSD measurements were 
collected using a Malvern 
Spraytec laser diffraction particle 
analyzer positioned at a height 
corresponding to the surrogate 
breathing zone of the operator 
across the workstation.



Bulk Material Composition



Tool Use

Image sourced from https://www.alpha-tools.com

Water fed center discharge



Dry Work Practices



Wet Work Practices
Sheet wetting

On-tool
center discharge 
nozzle



Wet Work Practices





Research Needs

• We hypothesize that this study finding that controlling for RCS 
controls for TiO2 can be extended to other non-silica hazards in 
engineered stone.

Future Direction

• Investigate multiple types of engineered stone with varying 
proportions of quartz and other non-silica hazards.

• Investigate multiple types of engineered stone with other non-silica 
hazards that have varying occupational exposure limits.



Thank You

Allison Persing, MS, CIH, CSP

apersing@rhprisk.com 

www.linkedin.com/in/allison-persing



Questions?
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