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 Risk assessment is the process where you:

 identify hazards,

 analyze or evaluate the risk associated with 
that hazard, and

 determine appropriate ways to eliminate or 
control the hazard.
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 What are the risks of drinking this water? Should 
drinking-water be provided from a different, safer 
source?

 What limits on chemical exposure should be 
established in occupational settings, in consumer 
products, in environmental media and in food?

 Is it “safe” to build homes on this old hazardous 
waste site? Should we clean up this contaminated 
soil?
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 HRA is a process intended to estimate the risk to a 
given target organism, system or (sub) population, 
including the identification of attendant 
uncertainties, following exposure to particular agent, 
taking into account the inherent characteristics of the 
agent of concern as well as the characteristics of the 
specific target system (IPCS, 2004).
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Problem

formulation

Hazard 

identification

Hazard 

characterization

Exposure 

assessment

Risk 

characterization

Establishes the scope and objective of the assessment

Identifies the type and nature of adverse health effects

Qualitative or quantitative description of inherent properties of an 

agent having the potential to cause adverse health effects

Evaluation of concentration or amount of a particular agent that 

reaches a target population

Advice for decision-making, implement for risk reduction
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Tier Description

1. Screening Existing hazard and exposure data from international 

sources

2. Adaptive Existing hazard data from international sources 

reflecting local conditions; existing local exposure data

3. Modelling or 

field-based

Existing hazard data from international sources; new 

local exposure data

4. De novo Locally conducted hazard and exposure assessments
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Hazard 

identification

Hazard 

characterization and 

guidance/guideline 

value identification

Exposure 

assessment

Risk 

characterization
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Is identify of 

the hazard 

known?

Is the hazard 

potentially 

hazardous?

Stop

Examination information 

provided by international 

and other organizations

Proceed to hazard 

characterization/guidance 

value identification and 

exposure assessment

Gather information 

associated with the source or 

process

Review any available public 

documents on the specific 

source or site

Communicate with parties 

who may have knowledge of 

the source or site

Local officials 

and stakeholders

International 

organizations

Yes

Yes
No

No
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THE INTERNATIONAL AGENCY FOR RESEARCH ON CANCER 
(IARC)

 Group 1: the agent is carcinogenic to humans

 Group 2A: the agent is probably carcinogenic to 
humans

 Group 2B: the agent is possibly carcinogenic to 
humans

 Group 3: the agent is not classifiable as to its 
carcinogenicity to humans

 Group 4: the agent is probably not carcinogenic to 
humans
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Hazard 

identification

Hazard 

characterization and 

guidance/guideline 

value identification

Exposure 

assessment

Risk 

characterization
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Describe properties of the hazard that have potential to cause 

adverse health effects by reviewing available information

Identify available guidance/guideline values and determine if the 

assumption of the values are appropriate for the local population

Is the assumed 

contact rate 

appropriate?

Is the 

allocation of 

exposure rate 

appro. for the 

local pop.

Determine the appro. contact rate

Determine the appro. allocation 

of exposure rate 

Determine the situation-

appropriate exposure rate based 

on contact and/or allocation

Proceed to exposure assessment

NoYes

No

Yes
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Guidance value Organization

Acceptable daily intake (ADI) FAO/WHO

Acute reference dose (ARfD) FAO/WHO

Tolerable daily intake (TDI) FAO/WHO, WHO

Provisional tolerable weekly intake

(PTWI)

FAO/WHO, WHO

Provisional tolerable Monthly intake

(PTMI)

FAO/WHO, WHO
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Guidance value Organization

Drinking-water quality guidance values WHO

Air quality guidelines WHO

Maximum residue limits (MRLs) of pesticides 

in food

FAO/WHO

Maximum limits (MLs) of contaminants in food FAO/WHO
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Hazard 

identification

Hazard 

characterization and 

guidance/guideline 

value identification

Exposure 

assessment

Risk 

characterization
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THE RELATIONSHIP OF ENVIRONMENTAL CONCENTRATION, EXPOSURE 
CONCENTRATION, AND DOSE, AS WELL AS FACTORS THAT INFLUENCE THE 
EXPOSURE AND DOSE

Environmental concentration

Air Water Food Soil/Dust

Distribution

Biotransformation

Elimination

Dose

Absorbed dose

Target organ dose

Biologically effective dose

Exposure concentration

Physiological factors

Exposure factors
Contact

Uptake through

Absorption barriers
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 The amount of an agent that passes into a 
tissue or organ over a time interval

 For example, the concentration of a solvent 
in blood during, or shortly after, a work-shift
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 The integrated concentration of the agent in 
the target organ, that is the organ where the 
particular agent may cause an adverse 
effect, over a time interval
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 Identification and evaluation of sources of hazardous 
agents (type, amount released, geographic location)

 Determination of concentrations of agents in environmental 
media such as air, water, food and soil

 Identification of (major) pathways and route of exposure

 Determination of intensity, duration and frequency of 
exposure

 Determination of dose resulting from exposure
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Time and Location

• Exposure duration and frequency

• Time between exposure and effects

• Time-activity patterns and exposure settings
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Additional factors modifying exposure and dose

• Life-style factors

• Socio-economic and nutritional status

• Physical activity
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Exposure distribution and high-risk groups

• Variation between and within individual due to 
variation in behaviour, activity patterns and others.
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Why are these people 

more likely to be 

harmed by exposure 

to a hazard than the 

man below?
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Pregnant women and 

their developing 

babies

Elderly people whose 

defense mechanisms 

are less efficient

Infants and 

children who are 

still developing

Sick people who 

have weakened 

immune systems
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 Children are constantly growing. They breathe more air, 
consume more food, and drink more water than adults do, 
in proportion to their weight.

 Children's central nervous, immune, reproductive, and 
digestive systems are still developing. At certain early 
stages of development, exposure to environmental toxicants 
can lead to irreversible damage.

 Children behave differently from adults and have different 
patterns of exposure. Young children crawl on the ground 
where they can be exposed to dust and chemicals that 
accumulate on floors and soils.

 Children have little control over their environment. Unlike 
adults, they may be both unaware of risks and unable to 
make choices to protect their health.
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Human exposure assessment

Indirect methods

Questionnaires Diaries Environmental

monitoring

Emission 

inventories and 

models

Direct  

methods

Personal

monitoring

Biological

monitoring

Exposure models
Pharmacokinetic 

models

Toxicokinetic
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In what ways could 

people come into 

contact?

How much exposure is 

likely to occur?

For how long is exposure 

likely to occur?

Proceed to risk 

characterization

Is guidance value 

express  as 

concentration, 

exposure rate?

Draw up previous outputs to identify:

• Pathways of exposure

• Route of exposure

• Exposure rate

Estimate the concentration in the 

exposure media using:

• Measurement , Modelling or 

generalization from other studies

Estimate the rate of contact 

with the medium

Estimate the rate of exposure
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Exposure factor Value References

Inhalation rate 22 m3/day IPCS (1994)

Drinking-water consumption 2 litres/day WHO (2008a)

1.4 litres/day IPCS (1994)

Body weight 60 kg WHO (2008a)

64 kg IPCS (1994)

Food consumption Diet for cluster of 

countries

WHO (2010b)
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Hazard 

identification

Hazard 

characterization and 

guidance/guideline 

value identification

Exposure 

assessment

Risk 

characterization
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 Is a typically a quantitative statement about 
the estimated exposure relative to the most 
appropriate health-based guidance value, 
media-specific quality guideline value or 
another hazard characterization value such 
as the cancer slope factor
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Review the objective of the assessment

Does the assessment 
question compare the 

values?

Obtain the guidance values
Obtain the cancer slope

Obtain exposure concentration 
or rate from assessment

Calculate risk/hazard quotient Calculate excess lifetime cancer risk

How does the estimated 
exposure compare with the 

value

Is the excess lifetime cancer 
risk high or low?

Report results 

Compare with 

guidance values

Calculate cancer 

risk
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Health-based values based on an 
exposure concentration or rate below 
which adverse effects are considered to 
be unlikely. 

33



 The ratio of the potential exposure to the substance and the level at which no adverse 
effects are expected. 

 If the HQ is calculated to be equal to or less than 1, then no adverse health effects are 
expected as a result of exposure. 

 If the HQ is greater than 1, then adverse health effects are possible. 

 The HQ cannot be translated to a probability that adverse health effects will occur and it is 
unlikely to be proportional to risk. It is especially important to note that an HQ exceeding 1 
does not necessarily mean that adverse effects will occur

http://www.popstoolkit.com/tools/HHRA/NonCarcinogen.aspx
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 A metal finishing facility is located on the bank of XX river in 
Country AA. 

 Liquid waste from the plating operations pours from a 
discharge pipe directly into the river in conjunction with the 24 
h per day, 7 days per week operating schedule of the facility.

 The XX river flows directly through the community.

 Water from the river is used by the residents of XX river for 
drinking, cooking and bathing.

 Department of Health has identified cadmium as a by-product 
of chrome plating operations.
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Problem formulation

What are potential health risks of cadmium release into XX river? 

Are the people in this community can use water from XX river?



 What is the identify of chemical of concern?

 Is the chemical potentially hazardous to human?

 What properties of the chemical have the potential to cause health 
effects?

 Do the guidance/guideline values exist for the chemical?

 What the assumptions about exposure and dose are incorporated 
into the guidance/guideline values for the chemical?

 Do the assumptions reflect conditions specific to the local?

 In what ways could people come into contact?

 How much, how long for exposure?

 What metric of exposure is appropriate for characterizing health 
risks?

 How does the estimated exposure compare with guidance/guideline 
values?
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What is the identify of chemical of concern?

Output:  Cadmium is identified as the chemical concern. Other 

chemicals might also be of concern, including cyanide, and 

action should be taken to identify these.

Is the chemical potentially hazardous to human?

Output: Knowledge that cadmium is a hazardous chemical and 

that it has been classified to be very toxic and carcinogenic to 

human.
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What properties of the chemical have the potential to cause health 

effects?

Output: toxic of cadmium- kidney dysfunction, lung damage, hepatic 

injury, bone deficiencies depend on route and duration of exposure

Do the guidance/guideline values exist for the chemical?

Output:    food guidance - 0.007 mg/kg body weight (PTWI)      

(FAO/WHO 2010a)

Drinking-water guideline value – 0.003 mg/l (WHO 2008a)

What the assumptions about exposure and dose are incorporated into 

the guidance/guideline values for the chemical?

Output: The WHO drinking-water guideline value for cadmium is based 

on a default water consumption rate of 2 litres per day, a body weight of 

60 kg.

Do the assumptions reflect conditions specific to the local?

Output: The WHO drinking-water guideline value for cadmium of 0.003 

mg/l is appropriate to be used under the given local conditions.
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In what ways could people come into contact?

Output: People come into contact with chemical through 

water. Ingestion of drinking-water and water used for 

cooking and dermal absorption through bathing are the most 

relevant routes of exposure. 

It is important to obtain further information on concentration 

of cadmium in order to more accurately assess exposure.



Location Average 

Con. (µg/l)

Average Con. 

(µg/l)

Upstream of facility <LOD <LOD – 0.2

Downstream of facility 0.4 0.1-1.0

Town hall water 0.3 0.2-0.8
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LOD, limit of detection (0.1g/l)
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How much, how long for exposure?

Output: Knowledge that long-term exposure is of 

concern, with exposure levels that can vary over 

time as a result of operations of the facility.

Facility routinely operates 24h per day, 7 days per week, 

therefore, lone term exposure.

Assessor should also consider variation in operations of the 

facility or flow of the river that could result in transient increases 

in exposure conditions.
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What metric of exposure is appropriate for characterizing 

health risks?

Output: Knowledge that long-term average exposure 

concentration is needed to perform the risk characterization.

How does the estimated exposure compare with 

guidance/guideline values?

Output: The hazard quotient is approximately 0.1 for 

cadmium in drinking-water. As a result, the cadmium 

exposures are unlikely to result in any adverse health effects.



For more information:

Search for WHO Human health Toolkit: Chemical Hazards
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