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Epidemiology in Occupational Medicine

• Classical epidemiological methods have identified numerous 
workplace hazards and causes of occupational diseases

• Epidemiological findings have supported:
• Process improvements

• Reduced worker exposures and improved protection

• Science-based regulatory standards

• Today we face new challenges pertaining to complex scenarios of 
quantifying and managing risks



Classical vs. contemporary epidemiology in 
occupational health
Classical occupational epidemiology

• Large numbers of highly exposed 
workers

• Relatively primitive exposure 
surrogates (few measurements)

• Predominately mortality studies

• Intervention responsibility 
primarily on workers (PPE, etc.) 

Current and evolving qualities

• Workers exposed at low levels 
but to many substances

• Sensitive quantitative 
monitoring; exposure biomarkers

• Disease incidence; lung function; 
biomarkers of early response

• Multi-pronged intervention 
aimed at eliminating exposure



Evolving occupational epidemiology research 
questions
• Epidemiological research questions also have evolved

• Most notably, questions have shifted from “hazard” to “risk”

Hazard Identification Risk Quantification

Under what exposure 
circumstances might this 
chemical  cause a specific 
cancer? 

Does this chemical 
cause cancer? 



Examples of research questions then and now

Classical occupational epidemiology

• Are workers exposed to vinyl 
chloride (VC) more likely to die of 
(liver) cancer than the general 
public?

• Which occupations are associated 
with increased risk?
• Reactor cleaners at high risk
• Immediate mandatory exposure 

reduction

• Reactionary

Current and evolving qualities

• At what exposures are workers at 
increased risk of developing 
angiosarcoma of the liver (ASL)?
• IH measures of VC exposure
• Intensity and duration considered

• What is the inhalation unit risk 
(IUR) for VC?

• The IUR can be used to derive safe 
occupational, environmental and 
consumer product exposure limits

• Protective



Examples:  Asbestos / Silica / Tuberculosis

Epidemiological understanding of asbestos, silica and tuberculosis also 
is evolving from hazard identification to risk characterization. 

Key research questions:

ASBESTOS: What role does fiber morphology play in risk of lung cancer 
and mesothelioma? 

SILICA: At what exposures to crystalline silica is risk of silicosis 
increased?  Does the prevention of silicosis also prevent lung cancer?

TUBERCULOSIS: Where TB is present, is there a level of silica exposure 
below which the risk of silicotuberculosis is not increased? 



Early 20th Century – Case Reports of Asbestosis

1900             1930

Isolated case reports where raw 
asbestos was handled or used 

(manufacturing settings)

A few reports of “asbestosis”

No epidemiology studies!

No indication that products 
containing asbestos could be 

hazardous



Merewether and Price, 1930

• First formal epidemiology study of textile 
manufacturing workers

• 26% of workers developed pulmonary 
fibrosis

• Risk observed to increase with increasing 
length of employment

• Suggested an exposure threshold below 
which asbestosis apparently did not occur

Merewether, ERA, and CW Price.  1930.  Report on the effects of 
asbestos dust on the lungs and dust suppression in the asbestos 
industry.   His Majesty’s Stationary Office.





Doll, 1955

• First “case-control” study to assess lung 
cancer in asbestos workers

• Workers with ≥ 20 yrs of experience 
had 10x risk for developing lung cancer

• Lung cancers occurred among workers 
employed prior to 1930; consequently, 
risk expected to be limited due to 
exposure controls

• Effects of smoking raised (though not 
linked with lung cancer until mid 1960s

Doll, R.  1955.  Mortality from lung cancer in asbestos 
workers. Brit J Industr Med. 12, 81/
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Asbestos Epidemiological Studies 1930-1959 



Wagner et al., 1960

• Not an epidemiological study, 
but the first solid indication that 
asbestos may cause 
mesothelioma

• 33 mesothelioma cases 
identified in Asbestos Hills, Cape 
Province, ZA

• All had occupational and/or 
environmental exposure to 
crocidolite



Asbestos: 1960-present: Hazard to Risk

1960            present

Threshold exposure/dose?

Fiber morphology: length, width 
and biopersistence

(2000 – present)

Fiber type
(amphibole vs. chrysotile)

(1980s – 2000s)

Work with asbestos insulation 

can cause lung cancer and 

mesothelioma

Selikoff Insulator studies 

(1960s)

Asbestos in encapsulated 

products was generally not 

considered a serious hazard

(Selikoff 1970)



Crystalline silica (SiO2)

• Quartz, cristobalite, tridymite (not amorphous)

• 2nd most common mineral; 12% of earth’s crust



Some uses of SiO2

• Common construction material: used in concrete, brick, mortar, 
roofing, ceramics

• Road/hard surface construction:  asphaltic-cement concrete and 
Portland-cement roads, sidewalks, airport taxiways/runways, RR track 
beds. etc.

• Glass

• Molds for metal casting:  car and truck engines

• Abrasive/filler:  sandpaper, paints

• Natural gas and oil hydraulic fracturing proppant: holds open fissures 
caused by hydraulic pressure 



Crystalline silica dust generated during 
hydraulic fracturing operations



Crystalline Silica in the 20th Century
• Recognized as a respiratory hazard since the late 16th Century, formal epidemiological studies 

not conducted until the early 20th century.  Russell et al. (1929) evaluated exposure to granite 
dust and risk of silicosis:

• Confirmed dose, duration, and percent silica were important risk factors for incidence of lung disease

• Risks determined to be related to exposure duration and disease latency recognized

• Workplace controls were implemented in many industries

• Large-scale epidemiology studies subsequently conducted in several industries:
• Mining (especially South African gold mines and Euorpean coal miners)

• Quarrying (especially granite quarries), 

• Foundry (due to large-scale sand casting) 

• Sandblasting and other abrasive surface treatment

• Road construction (including blasting and cutting) and bridge building

• Today, crystalline silica is recognized to cause several diseases:
• Silicosis and chronic obstructive pulmonary disease (COPD)

• Lung Cancer

• Silico-tuberculosis

• Kidney disease?



German Porcelain Workers Cohort Mortality Study
SMR and 95% CIs for Selected Categories of Cause of Death for the Male 

Bavarian Subcohort, by Work in Materials Preparation (Ever/Never) 

Ever in Preparation                   Never in Preparation 
 

Cause of Death Obs Exp SMR 95% CI  Obs Exp SMR 95% CI 
All causes 103 76.28 1.35 1.10 –1.64  837 724.96 1.15 1.08 –1.24 
Malignant neoplasms 33 25.39 1.30 0.89 –1.83  268 236.86 1.13 1.00 –1.27 

Lung 5 5.87 0.85 0.27–1.99  54 54.05 1.00 0.75–1.30 
Kidney 1 1.82 0.55 0.01–3.06  8 16.78 0.48 0.21– 0.94 

Diseases of the 37 26.38 1.40 0.99 –1.93  278 242.45 1.15 1.02–1.29 
circulatory system          

Diseases of the                   3 3.71 0.81 0.16 –2.37  44 33.86 1.30 0.94 –1.74 
respiratory system           

COPD  0 1.72 —   18 15.42 1.17 0.69 –1.84 
Silicosis  3 0.04 67.19 13.5–196  2 0.40 5.06 0.57–18.27 

Renal disease  1 0.53 1.90 0.02–10.57  8 4.92 1.63 0.70 –3.20 

 
Birk T, Mundt KA, Guldner K, Parsons W, Luippold R. Mortality in the German porcelain industry 1985-2005: First results of an epidemiological
cohort study. Journal of Occupational and Environmental Medicine 2009;51(3):373-385.



German Porcelain Workers X-Ray Silicosis Study

Mundt KA, Birk T, Parsons W, Borsch-Galetke E, Siegmund K, Heavner K, Guldner K. Respirable crystalline silica 
exposure-response evaluation of silicosis morbidity and lung cancer mortality in the German porcelain industry cohort. 
Journal of Occupational & Environmental Medicine, 2011;53(3):282-289.



Silicosis-threshold analysis (based on x-ray data)

Morfeld P, Mundt KA, Taeger D, Guldner K, Steinig O, Miller BG. Threshold value estimation for respirable quartz dust exposure 
and silicosis incidence among workers in the German porcelain industry. Journal of Occupational & Environmental Medicine 2013
Sept;55 (9):1027–1034

Log-likelihood profile of 31 Cox models fitting 40 silicosis cases (1/1, ILO 
1980/2000) among 17,144 German porcelain workers
−2 log-partial likelihood ratio by respirable quartz dust concentration (τ pot)



Exposure threshold estimation

• Searching for threshold cut points with  χ2(1) = 3.84:

• 95% confidence interval estimates:
τ_2.5% = 0.16 mg/m3 and

τ_97.5% = 0.30 mg/m3

• The overall exposure–response best described by a Cox model after 
implementing τ = 0.25 mg/m3 average concentration

The epidemiological analysis indicated an increased risk of silicosis beginning with 
average exposure concentrations at 0.15 mg/m3 or greater, or cumulative exposure 
exceeding 4.0 mg/m3 years



Silicotuberculosis (STB)
• A 1902 committee was set up to investigate 

high mortality among Cornish tin-miners

• Reported “stone dust predisposes 
enormously to tuberculosis in the lung”

• In 1915, UK researcher was first to note that 
free crystalline silica could cause serious 
lung injury and concurrently increase 
susceptibility to tuberculosis

• Late 1940s:

• Active pulmonary tuberculosis in 12.9% 
of anthracite coal miners with silicosis:

• Other clinical studies revealed the 
incidence was as low as 3%.



Burden of STB

• Recent global incidence of TB
• 1.9% per year, and falling since 

2006

• STB burden among silicosis 
cases (select regions):
• Portugal: 1.3%

• Iran: 0.9%

• Silica-related tuberculosis risk:
• 2.8-39 times higher in silica-

exposed workers than in the 
general population



STB – Mode of Action

• Mycobacterium tuberculosis can 
persist, encapsulated within silicosis 
nodules

• Silica impairs pulmonary marcophage 
activity. 

• Excessive surfactant protein A 
• Possible inhibition of the production of 

reactive nitrogen species by the activated 
macrophages

• Leads to the infiltration of mycobacteria 
into the alveolar macrophages without 
triggering cytotoxicity



Current and Future Efforts

Control or reduction of 
exposure to silica dust

Improving TB treatment and 
management strategies

Training and education in 
occupational health

Routine occupational 
medical surveillance for TB

Will workplaces with crystalline silica exposures require 
more stringent exposure limits where TB is present? 



Conclusions

• While classical epidemiological studies have revealed important causal 
relationships, hazard identification alone is insufficient to meet today’s 
occupational health challenges

• Integrative interdisciplinary methods – as reflected in the examples 
presented – will need to be strengthened:
• Exposure characterization including particle morphology and chemistry
• Developing and employing biomarkers for exposure and early physiological 

responses
• Quantitative exposure-response modeling, i.e., risk assessment
• Consideration of multiple potentially interacting exposures (even if at low levels)
• Integrating understanding of disease mechanisms with toxicology and epidemiology

Prevention of occupational disease will be enhanced as a result of sharpened 
research methods and interdisciplinary involvement.
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