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Why conduct  Hazard and Risk 

Assessments?
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All is poison, nothing is 

without poison; only 

the dose determines 

what is not a poison

Paracelsus 1493-1541

(Theophrastus Bombastus Philippus
Aureolus Paracelsus von Hohenheim)

Alle Ding sind Gift und nichts ohn

Gift; alein die Dosis macht, das ein 

Ding kein Gift ist 

Response

Dose

100%
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http://upload.wikimedia.org/wikipedia/commons/4/4a/Paracelsus.jpg


Where to start?

• The intrinsic properties of substances

– Classification – GHS

• Types of properties

– Human health hazards

– Environmental hazards 

– Physical hazards

http://www.kemikalieinspektionen.se/


GHS Hazard classes
PHYSICAL HAZARDS HEALTH HAZARDS ENVIRONMENTAL HAZARDS

2.1 Explosives 3.1 Acute toxicity 4.1 Hazardous to the aquatic 

environment

2.2 Flammable gases 3.2 Skin corrosion/irritation 4.2 Hazardous to the ozone layer

2.3 Aerosols 3.3 Serious eye damage/eye 

irritation 

2.4 Oxidising gases 3.4 Respiratory or skin sensitization

2.5 Gases under pressure 3.5 Germ cell mutagenicity

2.6 Flammable liquids 3.6 Carcinogenicity

2.7 Flammable solids 3.7 Reproductive toxicity

2.8 Self-reactive substances and mixtures 3.8 Specific target organ toxicity —

single exposure

2.9 Pyrophoric liquids 3.9 Specific target organ toxicity —

repeated exposure

2.10 Pyrophoric solids 3.10 Aspiration hazard

2.11 Self-heating substances and mixtures

2.12 Substances and mixtures which, in 

contact with water, emit flammable gases

2.13 Oxidising liquids

2.14 Oxidising solids 

2.15 Organic peroxides

2.16 Corrosive to metals

2.17 Densensitized explosives
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Acute toxicity Chronic toxicity

Single exposure Repeated exposure

High dose Low dose

Clinical symptoms No overt clinical symptoms

Treatment Treatment not always possible

Recovery Sustained/irreversible damage

Health hazard – Toxicity to humans
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Basic concepts

• Some chemicals produce local effects

• Most chemicals produce systemic effects  effects do 

not occur at the site of first contact

• Require absorption and distribution to a distant site 

where the effects are produced

• Most chemicals are metabolised before excretion

• Adverse effects are usually observed in one or two 

organs (target organs)
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Non-threshold effects

Non-threshold effects 

• Effects that occur at any exposure level in some 

individuals of a population

Threshold effects

• Effects that are not observed below a specific level of 

exposure
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Dose-response relationship

Dose

100%

Response

LOAEL

Lowest Observed Adverse 

Effect Level

NOAEL

No Observed Adverse Effect LevelThreshold
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Carcinogenicity

Evidence that exposure increases the incidence of tumours

Threshold
Non-genotoxic

carcinogens

Non-threshold
Genotoxic

carcinogens
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Introduction: Hazard and Risk
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Hazard and Risk

Hazard

Intrinsic property

(constant)

Use conditions

(variable)

Riskx Exposure =
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Where to start?

• The intrinsic properties of substances

– Classification – GHS

• Types of properties

– Human health hazards

– Environmental hazards 

– Physical hazards
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Hazard classification

Hazard Class

Category 

1

Category

2

Category

3
Not in this

Hazard Class

(TEST)METHOD & CRITERIA

Nature of hazard

Decrease in 

severity

Severity of hazard
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Classification of substances

• Data generated in accordance with test methods (e.g. 

OECD TG, UN Manual for TDG);

 Test data is required to assess physical hazard

• Epidemiological data and experience on the effects on 

humans, such as occupational data and data from 

accident databases;

• Other information (to fill data gaps) including Read 

across, Grouping of chemicals and (Q)SAR 

((Quantitative) Structure Activity Relationship)

http://www.kemikalieinspektionen.se/


Use available Data and Assessments!

• Data on intrinsic properties can be used globally:

- Toxicological and ekotoxicological testing

- Hazard information

- Classification & Labelling

• Exposure assessments can usually not be used 

globally:

- Differences in use, handling and exposure

- Environmental differences

- Weather differences

=>Can give different risk assessment conclusions   

www.kemi.se
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Definitions
Exposure
• Concentration or amount of a chemical substance that reaches a 

target organism, system, or (sub)population in a specific frequency 
for a defined duration.

Exposure assessment
• Evaluation of the exposure of an organism, system, or 

(sub)population to a chemical substance (and its derivatives)

Exposure scenario
• A set of conditions or assumptions about sources, exposure 

pathways, amounts or concentrations of agent(s) involved, and 
exposed organism, system, or (sub)population used to aid in the 
evaluation and quantification of exposure(s) in a given situation

IPCS Risk Assessment Terminology (WHO, 2004)
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How to find out the exposure?

• Is there any likelihood that there will be an exposure to 

the chemical  

– does it exist on the market (high or low volumes)

– or is it a pollutant.

• What are the ways of exposure

• Are humans and/or the environment exposed

• What are the frequency of exposure

• Are there any specific sensitive groups, species or 

environmental compartments
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How to find out the exposure?

• Exposure data – country specific

• Models for calculating exposure can be applied (use, 

emissions, concentrations in humans or the 

environment)

• Exposure Scenarios 

– REACH uses that, guidance available

• Data from other countries can give some guidance

http://www.kemikalieinspektionen.se/


Exposure pathways

Environment

air   water   food   soil

http://www.kemikalieinspektionen.se/


www.kemi.se

Emissions – life cycle stages

Use

Production

Formulation

Processing

Disposal
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Types of exposure

• Acute exposure 

- accidental exposure

– Acute toxic dose

• Intermittent exposure

- e.g. work place

– Recovery

• Chronic exposure

e.g. ambient air, drinking water

– Cumulative dose

http://www.kemikalieinspektionen.se/


www.kemi.se

Exposure assessment

Exposure 

models Environmental

monitoring
Biomonitoring
•Absorbed dose

•Body burden

•Target tissue

concentration

•Biologically effective

dose

Personal

exposure

monitoring
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Factors to consider

Physiological factors

• Age 

• Gender 

• Body weight

• Skin surface area

• Physical condition

• Disease

• Genetics 

Behavioural factors

• Time-activity patterns

• Life-style factors

• Socio-economics

• Nutritional status

• Physical activity

http://www.kemikalieinspektionen.se/


Risk assessment

• Hazard assessment

• Exposure assessment

Risk characterization

http://www.kemikalieinspektionen.se/


Risk assessment

Hazard identification
• Is the identity of the chemical known?

• Is the chemical potentially hazardous to humans?

Hazard characterization and 

guidance/guideline value identification
• What properties of the chemical have the potential 

to cause adverse health effects?

• Do guidance or guideline values from international 

organizations exist for the chemical?

• What assumptions about exposure and dose are 

incorporated into guidance/guideline values for the 

chemical?

• Do those assumptions reflect conditions specific to 

the local population?

Exposure assessment
• In what ways could people come into contact 

with the chemical?

• How much exposure is likely to occur?

• For how long is exposure likely to occur?

• What metric of exposure is appropriate for 

characterizing health risks?

Risk characterization
• How does the estimated exposure compare with 

guidance/guideline values for the chemical?

From: WHO Human Health Risk Assessment Toolkit
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Risk characterisation

The estimation of the incidence and severity of the 

effects likely to occur due to actual or predicted

exposure to a chemical.

The levels of exposure are compared with the 

threshold levels for each effect.

Where it is not possible to determine a threshold level 

for one effect, a qualitative or semi-quantitative

approach is used.
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Assessment Factors 

• To address the differences between the experimental 

data and the human situation, taking into account the 

uncertainties in the extrapolation procedure and in the 

available data set.

Aspects to consider:
• interspecies differences

• intraspecies differences

• differences in duration of exposure

• issues related to dose-response

• quality of the whole database.

• Often 10 x 10 = 100 

for inter individual and inter species variation
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Risk assessment - Principles 

• Exposure data

• Hazardous properties

– Environment and health

• Compare concentrations in environment /human 

exposure levels with concentrations where no effect 

occurs

• Overview of models at OECD web site

• Comprehensive models in e.g. REACH and regulations 

on plant protection products

http://www.kemikalieinspektionen.se/


Responsibilities/roles of actors in 

Chemicals risk management

 Enterprises are responsible for 

 a safe marketing of chemicals

 a safe use of chemicals

 Government/agencies 

 steer 

 guide 

 supervise/inspect

 decide on the need for risk management for the 

most toxic ones

http://www.kemikalieinspektionen.se/


Governments/agencies

• Risk assessments

• Unwanted properties (e.g. CMR, PBT)

• Define in legislation division of responsibilities between 

industry/authorities for gathering data and making risk 

assessments

http://www.kemikalieinspektionen.se/


Use available Data and Assessments!

• Data on intrinsic properties can be used globally:

- Toxicological and ekotoxicological testing

- Hazard information

- Classification & Labelling

• Exposure assessments can usually not be used 

globally:

- Differences in use, handling and exposure

- Environmental differences

- Weather differences

=>Can give different risk assessment conclusions   

www.kemi.se
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Risk 

management

Hazard communication
Labels and Safety Data Sheets

Hazard classification

Exposure assessment

and Risk characterisation

Safe use of

chemicals
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Where to find data
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Where to find data

• OECD test guidelines

• Hazard information on OECD portal 

(http://webnet3.oecd.org/echemportal/)

• EU classifications (in Regulation (EC) No 1272/2008)

• GHS

• Openly available information through REACH

http://www.kemikalieinspektionen.se/
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WHO Human Health Risk Assessment Toolkit

Assist with the performance of risk 
assessment.

Promote the use of information 
developed by international 
organizations.

Targeted at people with training in the 
principles of risk assessment.

Hard copy and web version:
http://www.who.int/ipcs/methods/harmonization/
areas/ra_toolkit/en/index.html

http://www.kemikalieinspektionen.se/
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EPA USA
Information on Risk assessment, Exposure factors etc. 

https://www.epa.gov/risk

• Human Health Risk Assessment Products

and Publications
https://cfpub.epa.gov/ncea/risk/hhra/advSearch.cfm

• Exposure factors handbook

https://www.epa.gov/expobox/about-exposure-factors-handbook

http://www.kemikalieinspektionen.se/
https://www.epa.gov/risk
https://cfpub.epa.gov/ncea/risk/hhra/advSearch.cfm
https://www.epa.gov/expobox/about-exposure-factors-handbook


WHO / International Programme on Chemical Safety

http://www.who.int/ipcs/en/

http://www.who.int/ipcs/publications/en/

 Directories of resources

 Generic resources on risk 
assessment 

 Chemical-specific resources

 Hazard identification resources

 Hazard characterization/ guidance 
or guideline value resources

 Exposure assessment resources

 Risk characterization resources

http://www.kemikalieinspektionen.se/
http://www.who.int/ipcs/en/
http://www.who.int/ipcs/publications/en/
http://www.who.int/entity/ipcs/features/prevention_guidelines.pdf
http://www.inchem.org/


Practical Guide on Human Health 

Assessment

• How to undertake a qualitative human 

health assessment and document it 

in a chemical safety report

Practical Guide 15 

http://echa.europa.eu/documents/10162/13655/pg_15_qualitative-

human_health_assessment_documenting_en.pdf

http://www.kemikalieinspektionen.se/
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ECHA Dissemination

• Information from registrations published on ECHA web 

site

– According to REACH legislation, ECHA will have to 

provide public access to (non-confidential) information 

on registered substances

 Accessible and useful also to countries outside the EU

• Confidentiality can be claimed on certain elements of the 

dossier (REACH Art. 119 (2))

• List of registered phase-in substances updated weekly

• Information at:
http://echa.europa.eu/doc/ECHADocuments/ed_64_dissemination_for_internet.pdf

16/11/2016 44http://echa.europa.eu
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Further information

More information about REACH and CLP, how it works 

and available tools can be found on the website of the 

European Chemicals Agency in the Classification section 

at: 

http://echa.europa.eu

http://echa.europa.eu/information-on-chemicals/registered-

substances

http://echa.europa.eu/information-on-chemicals/cl-

inventory-database

http://www.kemikalieinspektionen.se/
http://echa.europa.eu/
http://echa.europa.eu/information-on-chemicals/registered-substances
http://echa.europa.eu/information-on-chemicals/cl-inventory-database
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http://iomctoolbox.oecd.org/default.aspx?idExec=bc9a7fec-150b-4513-aaab-

d671bf99aa74
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60
Thank you!
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