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Objectives of the Lecture

▪ At the conclusion of this session, the learner will be able to:

▪ Describe the evolution in thinking about chemical risk as society 

grows more risk averse and capable of managing risks

▪ Describe the basic approach of toxicologically-grounded risk 

assessment, without getting into detail

▪ Identify and describe the approach of “no harm”, continuous 

improvement, and the precautionary principle

▪ Describe the principles of “green chemistry”
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How do we think about 
(hazardous) chemicals?

▪ As a class of hazard to be controlled

▪ As a legacy problem from past mistakes

▪ As transformative technology that carried a high cost

▪ As a tradeoff and balance between risk and benefit (efficiency in 

obtaining the benefit)

▪ As an imposed risk bearing heavy environmental justice burden

▪ As an imposed risk carried by workers with limited opportunity to 

protect themselves, an occupational justice issue

Society grows 

more risk 

averse with:

▪ Wealth

▪ Security

▪ Alternatives

▪ Benefit

▪ Awareness
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Evolution in thinking about 
chemical safety

Chemicals as a … Approach Time frame

Safety hazard Conventional chemical 

safety

About 1850’s through 

1950’s

Cause of disease Occupational toxicology Through 1970’s

Risk factor for disease Environmental toxicology Through 1980’s

Contributing factor to dz Risk assessment Current - US

No harm Precautionary principle Current – EU, REACH*

Functionally protective Regenerative systems 

(e.g. green buildings, 

circular economy)

From about 2010, still 

embryonic

*  Registration, Evaluation, Authorisation, and Restriction of Chemicals
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Uses of the Term “Risk Assessment”

▪ For us: the fundamental approach to evaluating and prioritizing 

occupational and environmental risks for purposes of regulation, 

management.

▪ For occupational hygienists: determination of possible 

exposures, level of control, and consequences of failure

▪ For most engineers: evaluating risk of failure or incidents in 

industrial processes or operations. 

▪ For some clinicians: individual risk of health outcomes given risk 

factors in medical history. 
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Important Terms

▪ Risk (context-specific)

▪ probability of (adverse) outcome

▪ Hazard, hazard characterization

▪ the potential for harm

▪ toxicity, injury, damage, cost

▪ specific to an exposure level

▪ Opportunity

▪ likelihood that significant exposure will occur

▪ Exposure

▪ Intensity and distribution of contact with the hazard
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Important Concepts

▪ Hazard

▪ the intrinsic potential for harm

▪ toxicity, injury, damage, cost

▪ described by exposure-response 

relationship

▪ Exposure and Opportunity

▪ likelihood that significant 

exposure will occur 

▪ level at which it will occur

▪ Risk

▪ probability of (adverse) outcome

Risk = (H, E, O, P)

Hazard  Exposure  Opportunity 

Population (at Risk)

Specifically, risk is a probabilistic term 

which is a function of  the level of 

exposure likely to occur, how likely it is 

that exposure will occur at that level, and 

who is exposed, including people who 

are more susceptible than others (e.g. 

very young, very old, chronically, ill, 

during pregnancy, and biologically 

vulnerable.
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Step by Step through Quantitative Risk 
Assessment and Management (EPA version)

http://www.epa.gov/cgi-bin/epalink?target=http://www.epa.gov/&logname=epahome&referrer=seal
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Steps in Risk Assessment - 1

1. Hazard identification

▪ human health-related outcomes

▪ ecological impact

▪ psychological impact

▪ economic impact

2. Dose-Response assessment

▪ internal dose (absorbed)

▪ effect produced

▪ gradient (severity) 

▪ stochastic (e.g. cancer, microbial, allergic sensitization)
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Dose (Exposure) – Response 
Relationships

Key information in Consequence Assessment:

▪ Exposure-response relationships

▪ extrapolation from animal studies

▪ toxicological exposure-response relationship

▪ epidemiologic exposure-response relationship

▪ “low-dose” extrapolation problem

▪ Stochastic effects

▪ Modeling
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Steps in Risk Assessment - 2

3. Exposure assessment

▪ pathways of exposure

▪ intensity

▪ frequency

▪ duration

▪ potential of emission, effluent, contact

4. Risk estimation

▪ probability of adverse effect for individual

▪ probability of adverse effect in population



Attitudes toward risk management

Approach Applications

Reduce 

disparities

Population health

Occupational health

Health goals

Reduce risk for 

everyone

Public health

Health promotion

Medical safety

Reject risk, seek 

a “risk-free” reality

Ecosystem health

Precautionary principle

Litigation (idealized)

Risk assessment paradigm is often 

rejected because it is perceived to be 

a means of making risk acceptable. 
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Many large economies are dependent 
on EU market for exports
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EU standards tend to drive compliance 
in vulnerable economies
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Continuous Quality Improvement: 
A standard management tool



z Risk Assessment, Management

▪ Hazard identification

▪ Risk assessment, 
evaluation

▪ Risk reduction, control

▪ Risk management life cycle

▪ Risk communication

▪ Risk management 
documentation

▪ Risk management 
measures and review

▪ Correct and adapt

Plan

Do

Act

Study



z Elaborated CQI (Deming) Cycle

Outside the 

circle:

Risk 

assessment and 

management

Inside the circle:

Continuous 

Quality 

Improvement
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Green Chemistry

Paul Anastas
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Green Chemistry is Substitution
“The design of chemical products and processes that are more environmentally benign 

and reduce negative impacts to human health and environment.”
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Principles of Green Chemistry

Technical

▪ Substitution in process

▪ Feedstocks, reagents, solvents

▪ Process control 

▪ Catalysis (preferable to 

stoichiometry)

▪ Inorganic, photocatalysis

▪ Enzymatic

▪ Avoid toxic functional groups

▪ Efficient synthesis (“atom economy”)

▪ Avoid halides

Management and Design

1. Sourcing feedstock, alternatives

2. Better to prevent waste than to treat it

3. Clean, simple, tolerable products

4. Degradation, recycling after production

5. Single agent functionality (avoid 

mixtures)

6. Energy, life cycle accounting

7. Minimize bioavailability

8. Biomimesis

Adapted from: Anastas PT, Warner JC. Green Chemistry: Theory and Practice. 

Oxford Univ. Press, 1998.
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The Circular Economy

https://circulartayside.co.uk/what-is-

the-circular-economy/ [adapted]

Reduce

Achievable

Minimize 

emissions

Mitigation

https://circulartayside.co.uk/what-is-the-circular-economy/
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Additional slides for Medichem, not to be 
shown at SASOM



z

Not stated because aspirational



z

Where do we go from here?

Past

▪ Chemical 
industry

▪ Toxicology, risk 
assessment and 
chemical safety

▪ Bulk chemicals, 
petrochemicals, 
transport

▪ Remains 
relevant to ICOH 
SC, needed 
resource

Future

▪ Chemical 
management

▪ Precautionary,s
ustainability, 
liability

▪ Specialty, 
pharma, nano, 
and consumer 
products

▪ More relevant 
to a future 
Medichem?

Continuous

Quality 

Improvement

Green 

Chemistry

“Never 

harm” 

Compliance
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Not stated because aspirational …

▪ Conversion of waste materials to feedstocks (e.g. CO2)

▪ Beyond sustainability to environmental enhancement, on model 

of “regenerative” buildings

▪ Policies of “extreme recycling” (e.g. Japan) 

▪ Economics and legal framework for technology transfer to 

developing countries


