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Why Conduct / 
Believe Risk 

Assessment?
Bioavailability 

/ Toxicity



RISK ASSESMENT (RA)
A framework for gathering 
data and evaluating their 
sufficiency for decision-
making
Based on evaluating and 
assigning probabilities for 
adverse effects of different 
activities or stressors on 
the environment and/or 
human health
Recognizes, considers and 
reports uncertainties in 
estimating adverse effects 
of stressors

e.g., ECOLOGICAL 
RISK ASSESSMENT -

EXPOSURE TO 
BIOAVAILABLE 
CONTAMINANTS OR 
OTHER STRESSORS CAN
LEAD TO THE 
FOLLOWING:

• Adverse population-level 
effects (e.g., loss or 
damage to fish 
populations)

• Changes in genetic 
diversity

• Evolutionary changes



WHY CONDUCT RA?
To retroactively assess risk 
(e.g., if there are chemicals or 
other stressors already present, 
what does this mean?)
To predict risk (e.g., if there are 
no chemicals but there will be in 
future, what does this mean?)
To compare / rank risk posed 
by different actions or 
developments (e.g., is it more 
dangerous to “clean up” a site 
than to leave it as is?)



"One does not swat a
gnat while being

charged by elephants"
- Alvin Winberg (1987)

Focus on what really 
matters, the big 
picture, not the 

“small stuff”



HISTORY OF RA
Insurance
Finance
Engineering
Human health
Ecological

The U.S. Environmental Protection Agency 
(USEPA) began developing guidelines for 
human health risk assessment in the 
1970s
Development of similar guidelines for 
ecological effects began in 1988
The USEPA published their framework for 
ecological risk assessment in 1992



ERA VS HHRA
Human and Ecological Risk 

Assessment are Fundamentally 
Different

Human health risk assessment 
(HHRA):
One species
Protection of all individuals of that 
species

Ecological risk assessment (ERA):
Many species
Protection not of individuals but rather 
of populations and communities



EXAMPLES OF RISK-BASED DECISIONS

Risk calculations we make every 
day:

Which dessert to select
Driving a car, crossing the street
Spending money
Public safety

Ecological risk-based decisions:
How much contamination is “too 
much”?
What are “safe” levels?
How clean is “clean”?



Risk Assessment (RA) Structure

Problem Formulation

Effects Assessment Exposure Assessment

Risk Characterization

Risk Management

Stakeholders

Stakeholders

Risk Communication



Assessment and Measurement Endpoints

Assessment Endpoint = 
what is to be protected
(e.g., a commercial 
fishery)

↕
Measurement Endpoint = 

what is actually measured
(e.g., the survival, growth 
and reproduction of key fish 
species)

Stressors:
• chemical
• physical 
(habitat loss / 
change)
• biological 
(introduced / 
invasive 
species)



Hey, I thought we were working with the same data!



CHEMICAL
CONTAMINATION
CHEMICAL
CONTAMINATION

TOXICITY
TESTING
TOXICITY
TESTING

RESIDENT 
COMMUNITIES
(STRUCTURE AND 
STATUS)

RESIDENT 
COMMUNITIES
(STRUCTURE AND 
STATUS)

Is there 
[bioavailable]

contamination?

Is there 
[bioavailable]

contamination?

WEIGHT OF EVIDENCEWEIGHT OF EVIDENCE

Is there 
toxicity?
Is there 
toxicity?

Is the biological 
community altered?

Is the biological 
community altered?



THERE ARE NO “PERFECT “ TOOLS
• Chemistry: can’t measure all, no information 
on adverse biological tests (bioavailability is 
key)
• Laboratory Toxicity: simplified, unrealistic
• Field Surveys: lot of variability, ‘noise’



Chemistry and Toxicity Sampling

Van Veen Grab 
Sampler



Benthic Community Sampling



UNCERTAINTY IS A REALITY
Uncertainty has three forms:

Natural variability (stochastic 
uncertainty)

can be described and estimated but
cannot be eliminated

Simplification of the real world
(models, laboratory toxicity tests)

can be reduced by increased realism
Imperfect knowledge or human 
error

can be reduced or, in some cases, 
eliminated

Information regarding level of 
certainty / uncertainty is an 
essential part of RA

Why Believe RA?
• Transparent 
framework (can 
repeat, change 
assumptions, etc)
• Linked to real 
environment (not 
just laboratory)
• Recognizes  and 
documents 
uncertainty
• Incorporates 
different lines of 
evidence (e.g., not 
just science but also 
TK)



TRADITIONAL KNOWLEDGE AND 
ENVIRONMENTAL SCIENCE

Traditional Knowledge Environmental Science 
Differences 

qualitative quantitative (e.g., statistical) 
intuitive analytical 
holistic reductionist 

oral written 
humans part of the environment humans distinct from the 

environment 
a way of life (data generated by 

resource users) 
compartmentalized knowledge 
(data generated by specialists) 

Similarities 
dynamic, evolving over time 

 TK is not science, but is valuable in its 
own right – a separate line of evidence 
that can be incorporated into the RA 

framework



Scale Matters



Take Home Messages
There are no single “perfect” tools for 
determining risks to humans or the 
environment

use the right tools in a weight of evidence 
assessment that examines probabilities, in other 
words, Risk Assessment

The Risk Assessment framework 
provides a transparent, consistent way of 
incorporating different lines of evidence

not just science but also TK
Why do it?

Presently the best approach we 
have to assess / predict / evaluate

Why believe it?
Transparent, uncertainty 
considered, repeatable (e.g., with 
different assumptions)

Reductionist
and Holistic



Thank you for 
Listening!

Questions / 
Discussion?

pmchapman@golder.com


