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Occupational health risk-disease?



Deduction

Roofers 
have 

cancer 
risk

PAH/UV  
cause 
cancer

Roofers 
exposed 

to PAH/UV



Occupational hazard, exposure and risk

• Hazard identification

• IARC assessed 900 agents

• 1000s agents unknown hazards

• Exposure assessment 

• 1 in 5  EU-workers exposed to 

carcinogens

• Underestimate?

• Risk assessment

• ‘Acceptable’ cancer risk: 10-5 

• Uncertainty



Occupational diseases?



8% EU occupational cancers



Causes and risk



Induction

Diisocyanate

probable
cause?

Individuals 
with 

neurological 
disorders

Exposure to 
Diisocyanate



Pharmaco-vigilance

Science and activities relating 

to the detection, 

assessment, understanding

and prevention of adverse 

effects or any other drug-

related problem 



OSH-vigilance

Science and activities relating 

to the detection, 

assessment, understanding

and prevention of adverse 

effects or any other 

occupational-related 

problem 
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Product Since Industrial use First reports on cancer Important 

publications/reports

Regulatory steps

Asbestos 1879 Asbestos mining, 

insulation, building 

material etc.

1935–49 Lung cancer 

cases reported in 

asbestos manufacturing 

workers; 1959–60 

Mesothelioma cancer in 

workers and public 

identified in South Africa

1955 Doll establishes 

high lung cancer risk in 

Rochdale asbestos 

workers; 1959–60 

Mesothelioma cancer in 

workers and public 

identified in South Africa; 

First asbestos ban 

1989 Iceland and 

ongoing. 

Benzene 1900 Solvent in production 

of artificial leather, 

rubber goods, glue, 

printing, paint, 

coatings, dry 

cleaning, automobile 

manufacturing, etc.

In 1928 first case of 

benzene-induced 

leukemia: acute lymphatic 

leukemia in a 

pharmaceutical worker 

with high benzene 

exposure levels

1977 - Infante et al. 

publish the first cohort 

study of workers linking 

benzene exposure 

directly to leukemia

1982 -IARC 

evaluated benzene 

as having “sufficient 

evidence that 

benzene is 

carcinogenic to 

man,” 

Radium 1898 Among others, 

painting watches with 

radium containing 

paint

1923 - first bone sarcoma 

recorded in this group of 

women in; there have 

been 55 cancers in a 

population of nearly 3000 

women (incl leukaemia

and breast cancer). 

1949 - International 

Committee on 

Radiological Protection 

(ICRP):  no dose 

threshold for radiation-

induced cancer

1996 - EU Directive 

on Ionising 

Radiations based 

on ICRP 60 which 

will be mandatory 

on member states.

Vinyl 

chloride

1930 Production of vinyl 

chloride and 

derivatives; PVC 

processing, 

hairdressers and 

barbers using 

hairspray containing 

vinyl chloride

1967 - 1973, 4 cases of 

angio sarcoma of the liver 

among men employed in 

the polyvinyl chloride 

polymerization section of 

tyre plant

Two cohort studies 

publishing in 1981 (USA) 

and 1991 (Europe)

Vinyl chloride was 

considered by 

previous IARC 

Working Groups in 

1974, 1978, 1987, 

and 2007 (IARC, 

1974, 1979, 1987, 

2008).
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Substance Worker population/tasks Observed health effect Emerging risk 
(concern)

Formaldehyde Hair dressers - use of hair 
straightening products 

Irritation skin, eyes and 
respiratory tract, allergies

Increased/illegal use 
of the products

Indium tin oxide Manufacture of flat-panel 
displays (LCD, plasma screen)

Pulmonary fibrosis New technology

Crystalline silica (sand) Sandblasting of textiles Silicosis New use, intensified
exposure

Synthetic polymeric 
fibres

Textile workers from a nylon 
flocking plant

Interstitial lung disease 
(Flock worker's lung)

New risk

Tricresyl phosphate Cockpit and cabin crew 'Aerotoxic syndrome' 
(neurological symptoms)

New exposure 
scenario

Diacetyl-containing 
flavorings 

flavoring production and 
application 

Bronchiolitis obliterans New risk

5-Aminosalicylic acid Drug manufacturing Occupational asthma New risk

Hexamethylene 
diisocyanate

Paint quality controller Acute life-threatening 
etrinsic allergic alveolitis

New risk

Dermal exposure is 

New route of 
exposure

Methylene diphenyl 
diisocyanate (MDI)

Orthopedic plaster casts 

workers

Occupational asthma exposure levels lower 
than OEL

Detecting emerging risks for workers and follow-up actions, RIVM Rapport 601353004
Palmen NGM, Salverda-Nijhof JGW, van Kesteren PCE, ter Burg W (2013)



New WRD

Disease

WorkExposure



Modernet.org



Early warning systems

• Detect adverse effects of occupational exposure

• Analysis of health effect-work association

• Case reporting

• Signals: early warning signs of adverse effect



Anosmia

• Male 46 year 

• Floor replacement and 

repair: polyurethane, 

isocyanides, xylene, styrene 

• 2012: sudden loss of sense 

of smell and taste

• NMR

o 2012: normal

o 2014: Atrophy R olfactory 

bulb and L

• No improvement in 3 years

Lenderink, A., Maleszka, S. & Godderis, L. TBV (2016) 24: 186. 



Known or new?



Nine ‘aspects of an association’ should be 
considered before deciding that the most likely 

interpretation is causation

“In what circumstances can we pass from an 
observed association to a verdict of causation? 
Upon what basis should we proceed to do so?”





1. Strength of association

Criterion

• Strong associations less 

likely caused by chance 

• No universal agreement 

‘strong’ or ‘weak’ 

association

o OR or RR > 2.0 ‘moderately 
strong’

o OR or RR > 5.0 ‘strong’

Diisocyanates

• No randomized trials or 

longitudinal cohort studies

• No association in most 

studies weak association 

in one report

• One reported: PR of 1.7, 

(95% C.I. 1.1 – 2.7)



2. Consistency

Criterion

• Replication of findings 

o in different populations 

o under different 

circumstances

o in different times

o with different study designs

Diisocyanates

• Symptoms in case reports 

were variable

o Memory (n=6)

o Headaches (n=8)

o Irritability (n=4)

o Depression (n=6)

o Paraesthesia (n=4)

o Anosmia (n=1)



3. Specificity

Criterion

• Specific exposure associated 

with one disease

• Effect has one cause, not 

multiple causes

• CAVE

o Many exposures are linked to 

multiple diseases

o Many diseases have multiple 

causes

Diisocyanates

• None of symptoms or 

findings is specific 

o Anxiety: common in 

respiratory distressed 

patients 

o Memory loss and depression: 

associated with a wide 

variety of causes



4. Temporality

Criterion
• Exposure precedes disease

o Latency and incubation period

• Levels of evidence
o Randomized control trial 

(strong)

o Cohort studies (moderate)

o Case-control studies 
(moderate)

o Cross-sectional studies (weak)

Diisocyanates

• Onset of symptoms 

preceded exposure to 

diisocyanates

• Cave: baseline 

comparison and exposure 

data are lacking in most 

cases



5. Biologic gradient

Criterion

• Dose-response or 

exposure-response curve 

with an expected shape

• Changes in exposure are 

related to trend in risk of 

disease

Diisocyanates

• There is no clear dose 

response demonstrated 

• Biological gradient remains 

undefined but potentially 

exists.



6. Plausibility

Criterion

• Proposed mechanism 

should be biologically 

plausible

• Reference to a “coherent”

body of knowledge

Diisocyanates

• No mechanisms of toxicity 

described or proposed 

• Biological plausibility 

remains undefined



7. Coherence

Criterion

• Cause-effect interpretation 

for an association does not 

conflict with

o Natural history

o Biology of disease

Diisocyanates

• No early objective effects 

or other abnormalities

• No specific physiological 

or biological testing 

specific to diisocyanates

• Mostly subjective effects



8. Experiment

Criterion

• Cessation of exposure

• Cave

o If the pathogenic process has 

started, removal of cause 

does not reduce disease risk

o Reduction in disease 

frequency might not be for 

etiologic reason hypothesized

Diisocyanates

• Reversible?

• Animal studies have not 

demonstrated neurotoxicity 

from diisocyanate

exposure



9. Analogy

Criterion

• Similar exposures can 

cause similar effects

Diisocyanates

• Diisocyanates are a group 

of low-molecular weight 

aromatic and aliphatic 

compounds 

• No reports of similar 

compounds or agents that 

result in neurotoxicity



Conclusion

Hughes MA, Carson M, Collins MA, Jolly AT, Molenaar DM, Steffens W, Swaen GM. Does 

diisocyanate exposure result in neurotoxicity? Clin Toxicol (Phila). 2014 Apr;52(4):242-57.



Conclusion



Conclusion

• Diisocyanates: not 

sufficient evidence

• Solvents: influence on 

senses (reversible)

• Parkinson or Alzheimer 

disease?



Conclusion



Overall caveats to “criteria”

“None of my ... [criteria] can bring undisputable 

evidence for or against the cause-and-effect 

hypothesis and none can be required as a sine qua 

non.”

Sir Austin Bradford Hill (1965)



Other algorithms



Annual check-up?



Guidelines



Conclusion

• Easy access to OSH for all

• Regular contact

• Periodicity depends on 

age, work, objective and 

outcome of surveillance

• Periodicity should not 

hinder to tackle problems

• Surveillance is an 

important means in 

preventing Work related 

diseases



“Scientists believe in proof without certainty; most

people believe in certainty without proof.” 


