Risk Assessnent: Touls o te Trade

Overiiey

When attempting to determine the degree of risk associ-
ated with an event, experts conducting risk assessments
rely on a variety of tools of the trade to generate a risk
estimate. In this activity, students will learn about the
applications of some of these tools, interpret information
generated from using different tools, and understand
how the information can be used to set priorities and
make decisions.

Backgromd

Risk assessment is the process by
which one attempts to evaluate and
predict the likelihood and extent of
harm (in quantitative and qualitative
terms) that may result from a health

~ or safety hazard. A risk assessment
is usually performed with the goal of
assisting the risk management deci-
sion-making process (Siu, Novack,
Hill, et al. 1995, C). The elements of
a commonly used risk assessment
process include hazard identification, dose/response assessment,
exposure assessment, and risk characterization. (Please refer to
pages 7-9 in the Background Information for Educators section
for more information on risk assessment.)

Risk assessors use many different methods of assessment as
they characterize risk and define the exposure-response relation-
ship. Some tools include model-based techniques, such as event
tree and fault tree analysis, and experimental techniques such as
toxicity testing and epidemiological studies. The tools experts use
depends on the nature of the risk (mechanical, chemical, micro-
bial, physical, and so forth), and the type of information they are
interested in uncovering (failure rate, toxicity, incidence of disease
in a population, and so forth). '

An event tree begins with an initial event and asks where the
event might lead. For example, a systems analyst might develop an
event tree to calculate the probabilities of possible outcomes in the
event of a mechanical failure such as a pipe break in a sewage
treatment plant. The first example on the Student Page “Examples
of Risk Assessment Tools” shows a simplified event tree that illus-
trates possible outcomes of the initial event, lightning striking the
electrical circuit connected to vour computer. Each potential out-
come is calculated as the product of the probabilities of the suc-
cess or failure along the chain of events. Thus, in the example




of the lightning strike, the prob-
ability that your computer hard
drive may be damaged is the
product of Py x Py x P3. Similar
probabilities may be calculated
for the other possible outcomes.

A fault tree may be constructed to better
understand the failure of a system. For exam-
ple, a mechanical engineer might use fault tree
analysis to map out a car’s failure to start or
the accidental release of radioactive waste into
the biosphere. (See the Student Page “Fault Tree
for Car Failing to Start” for an illustration.)
Construction of a fault tree begins with the
undesired outcome and works backward to deter-
mine all possible chains of events that could lead
to this result. (A fault tree may be viewed as
the opposite of an event tree.) A complete fault
tree diagram is an attempt to integrate all fac-
tors that affect the failure of a product or
process, and thus is used to define the complex
relationship between the parts of a system.

Event tree and fault tree diagrams show the
relationships between the parts of a system
being investigated. In general, both do the
following:

» Define the undesired consequence.

» Identify the initiating events that could lead
to the undesired consequences.

» Identify barriers that could interrupt the
chain of events.

» Develop event tree models that depict possi-
ble scenarios of the success or failure of the
barriers or develop fault tree models that
depict how the barriers can fail.

» Estimate model parameters and quantify
scenario probabilities. (Siu, Novack, Hill,
et al. 1995, C)

Other risk assessors are interested in deter-
mining whether or not exposure to a certain
chemical is dangerous to humans or the envi-
ronment. If so, at what dose is the chemical
dangerous? Because it is not acceptable to
perform toxicity tests on humans, toxicolo-
gists use animals such as rats and mice. The
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results from animal experiments are extrapo-
lated to identify the levels dangerous for
humans. One way of expressing the results
from a toxicity test is through a graphic dis-
play of the response to the dose in what is
called a dose/response curve. (See the Student
Page “Examples of Risk Assessment Tools” for
an example of a dose/response curve.)

Although the use of human subjects in
experimental studies is not acceptable, it is
sometimes possible to obtain human data on
the relationship between exposure and response
through research in epidemiology. For exam-
ple, an epidemiologist might measure the dis-
tribution and factors of an existing disease in a
given population. An epidemiological study
may be either retrospective or prospective. In a
retrospective study the researcher selects cases
and controls, looks for past exposure to the
risk factor in each group, and compares the
data. In a prospective study, the researcher
selects a group of people who are all free of a
disease but who vary in exposure to the risk
factor. The group is then followed over a peri-
od of time and observed for the frequency with
which the disease is developed (Mausner and
Kramer 1985, A).

Epidemiological tools of measurement
include rates, ratios, and proportions. For
example, if we are interested in estimating how
many students develop a cold over a school
year, we could set up a prospective epidemio-
logical study to measure the incidence rate (a
measure of the probability that a disease will
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occur in a defined, previously disease-free
population). The Student Page “Examples of
Risk Assessment Tools” gives examples of some
of the types of information that epidemiologi-
cal studies provide. Additional information on
epidemiological studies can be found in the
background section of the Special Topic,
“Electromagnetic Fields.”

Please refer to the Student Page “Table of
Tools” for more information on these risk
assessment tools. (The number after each
tool refers to a corresponding number on the
Student Page “Examples of Risk Assessment
Tools.”)

All of these tools have limitations and gener-
ate risk estimates based on probabilities. It is,
therefore, critical that the characterization of
uncertainty is included in any risk assessment.
Descriptive statistics such as standard devia-
tion, confidence intervals, and p-values, as
well as information regarding the study’s
sample size and sampling techniques, help to
characterize the degree of uncertainty:.

Pirt A

TOOL TIME

GETTING READY

Review and duplicate the Student Pages “What's
Going On???,” “Table of Tools,” and “Examples
of Risk Assessment Tools” for each group.

DOING THE ACTIVITY

1. Write the following words on the chalk-
board: ecologist, engineer, toxicologist,
epidemiologist, fault tree, event tree,
dose/response. Ask the class members if
they are familiar with any of these terms.
If 50, can they can offer any definitions?
Explain that the words on the board can be
categorized into two groups: risk assess-
ment tools and professions that use those

tools. (At this time, you may want to
share with your students the biographies
of toxicologists in Appendix 6.)

Divide the class into cooperative learning
groups of 4-5 students. Give each group
one scenario from the Student Page
“What’s Going On???” Each group should
assign the following tasks within the
group: two student recorders (one for Step
3 and one for Step 4 below), one student
to keep the discussion moving, and one
reporter. All group members are expected
to participate in the brainstorming session.

In their groups, have the students identify
the risk in their scenario and then brain-
storm how they might assess the risk
while the first recorder takes notes. During
this time, the teacher should go around to
each group to monitor the discussions.

Next, hand out the Student Pages “Table
of Tools” and “Examples of Risk Assess-
ment Tools” to each group. Have each
group read the information and discuss
which tool they think would best assess
their risk. Next have students explain why
that is the best tool and then identify the
limitations the chosen tool presents for
estimating the risk. Finally, have them
compare their ideas from Step 3. Have the
second recorder take notes.
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FOR THE TEACHER

Answers to the Student Page
"“What's Going On???"

. Fault tree analysis (undesired event =

bicycle not working)
Toxicity test—dose/response curve
Epidemiological study—incidence rate

Event tree analysis (initiating event = leaky
faucet; consequences = major flood, puddle
on kitchen floor, sink full of water, nothing)




