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SUMMARY

Society has become increasingly more technological, and the population
has engaged in more potentially dangerous recreations and other activities, yet
injury rate and death rate by accidental cause has actually decreased since the
turn of the century. The increasing safety record associated with exposures from
technological and life-style risks is due primarily to three causes: (1) increased
public awareness of safety (e.g., greater use of seat belts in cars); (2) the
availability of more safely designed products and products with passive safety
measures (e.g., air bags in cars); and (3) the existence and enforcement of more
stringent safety rules, laws, and regulations regarding the design of products, the
operation of equipment, the need for safety devices, and the limitation and
elimination of unsafe activities.

Could this increasing safety trend continue? To better answer this
question, we decided to examine one particular activity more specifically - the
swimming pool environment - and contrast risk in the swimming pool environment
with other risks faced by society. The following findings were observed:

o All activities have an inherent risk, and risks can never be removed
completely from any activity. (The table below summarizes the
accident rate per 100,000 people by select causes.)

o Of the three factors that contribute to an accident (viz., product design,
govermnment regulation, and human behavior), the most significant
factor is human behavior. Human behavior (or misbehavior) seems to
contribute significantly to all forms of accidents in and around the pool
environment.1

1An excellent example of the fact that human behavior (or misbehavior) is more influential
than is design or regulation can be see in "Swimming Pool Safety: Fence Climb Ability by
Children" by Rabinovich, Lerner, Huey, and Buckley, forthcoming. This document reports on a
highly informative set of experiments where a number of young children were tested in their ability
or inability to climb different types and heights of fences. The bottom line of this study was that
some children, even as young as two or three years oid, were able to climb essentially all of the
fences if sufficiently motivated. While the design of the fence affected their ability to climb, a few
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o In particular, alcohol consumption and use of recreational drugs is
correlated strongly with serious injuries in the pool environment,
according to several studies. Further, alcohol consumption and
recreational drug use contribute to at least half of all fatal automobile
accidents, and automobile accidents account for about one-half of all
fatalities and about half of all serious accidental injuries. Hence,
alcohol and recreational drug consumption account for a significant
number of all serious accidental injuries and fatalities. Human behavior
seems to play a significant role in the safety (or riskiness) of many
other activities including driving, recreational activities, and
occupational activities.

o Relative to the number of people exposed to swimming pools and
swimming pool environments, the rate of serious injury in and around
pools is relatively low. Specially, of the about four thousand
quadriplegic and paraplegic accidental and recreational injuries per
year, about 400 or so quadriplegic and paraplegic injuries per year
occur in an aquatic environment. And, some lesser number (less than
25%) occur as a result of swimming pool diving accidents (less than
100). Of those that do occur as a result of pool diving accidents, only
5% to 10% occur in water deeper than six feet. Taking the upper
bound of 5 to 10 quadriplegic and paraplegic injuries per year in pool
water deeper than six feet, that number is relatively small compared to
other common risks as summarized in the table that follows.

0 Averaged over the entire population of the United States, it is about ten
times more likely that an individual will be killed by lightning than suffer
a quadriplegic or paraplegic accident as a result of diving in pool water
deeper than six feet. (No one should dive in shallow water.)

children were eventually able to climb each fence, some with the aid of patio furniture. Hence, a
regulation requiring fencing around all pools and the design of fences could not prevent all
children from accessing the pool.



EVENT ACCIDENT RATE PER 100,000
PEOPLE
(Reflects U.S.data averaged 1972 to 1992)

Death by car accident 18
Suicide 12
Drowning - all causes 1.9
All temporary disabling injuries 3,600

All permanent disabling injuries 130
Poison death by gas 0.40
Death by tornado 0.06
Death by lightning 0.05
Quadriplegic/Paraplegic - all causes 1.6
Quadriplegic/Paraplegic - all aquatic 0.16
Quadriplegic/Paraplegic - all pools 0.04
Quadriplegic/Paraplegic - deeper than about 6' 0.004
Death by meteorite <(0.00001

0 Averaged over the entire population of the United States, it is about
three or four percent as likely that an individual will be killed by
lightening than suffer a quadriplegic or paraplegic accident by any
cause. And, it is about equally likely that a person will be killed by
lightening than suffer a quadriplegic or paraplegic accident as a result
of diving in pool water in any part of a pool.

o There is no single measure of risk. Risks can be described on the
basis of how they are perceived, the magnitude of their consequences,
or the likelihood of their occurrence. People tend to be more
concermned over magnitude of the risk than they are over the likelihood
of the event.
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o There is no single universal risk standard. Comparing risk standards
across very different types of exposures, or even comparing standards
set by different agencies for the same exposure, supports the position
that there is no universal standard. Comparing risk standards on the
bases of medically perceived or percent of background dose further
supports the finding that there is no universal risk standard. Therefore,
based on statistical information and on regulations of activities, we
cannot infer an acceptable level of risk that is universally true across all
activities.

o The riskiness of any particular activity varies substantially across
geography and across time. Further, the riskiness of a future activity
cannot be predicted accurately. For common risks, such as dying in a
traffic accident, population risk can be estimated with some level of
certainty. However, unless some individual's driving record is
particularly poor, one cannot predict which individuals will die.2
Insurance companies make a business out of grouping people by their
level of riskiness, and on the average they are right almost always.
Those that are not, do not tend to stay in business.

o What accounts for uncertainty? Risks that are more frequent are
easier to predict.

o Looking at the bigger picture suggests that standard setting is harder if
the risky activity is less frequent and if the benefits perceived from that
activity are more abstract.

2Clearly, one measure of the likelihood that a person will be a risky driver is whether the
person is known to drive a car while under the influence of alcohol (since about half of all fatal car
accidents involve at least one drunk driver).
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1. INTRODUCTION

BACKGROUND

As modern society becomes increasingly dependent on the benefits of
technology and as it faces more challenging and complex life styles, society
exposes itself to an ever increasing array of potential harms and risks that
inevitably accompany technological innovation and more complex life styles.

Potential harms and risks can be measured in lives lost, injuries incurred,
illness and disease suffered, and property damaged. Accidents account for
about 100,000 deaths and perhaps two million serious injuries each year in the
United States. Worldwide, there are about two million accidental deaths
annually. Natural events and natural disasters account for hundreds of
thousands of fatalities per year, worldwide. lliness and disease account for
millions of premature deaths per year, worldwide. On the positive side, accident-
caused fatality and injury from technological exposures have declined
significantly over the past century. Fatality and injury rates from exposures to
natural disasters have varied substantially over the years and no increasing or
decreasing trend is evident. Deaths from serious illness and disease have
declined for some diseases and increased for others.

In this paper we are primarily interested in injuries and fatalities from a
limited set of acute accidents. What causes accidents and how can they be
prevented? In our discussions, however, we also draw examples from chronic
exposures to risk as a means of offering some perspective.

The increasing safety record associated with exposures from technological
and life-style risks is due primarily to three causes: (1) increased public
awareness of safety; (2) the availability of more safely designed products; and
(3) the existence and enforcement of more stringent safety rules, laws, and
regulations regarding the design of products, the operation of equipment, the
need for safety devices, and the limitation and elimination of unsafe activities.

Can this increased safety trend continue? What do we as a society need to
do to maintain and improve safety?

There are no simple answers to these questions. Accidents can be caused
by a rather diverse array of exposures, circumstances, and technologies ranging



from car accidents to electrocutions to falls off ladders to drowning. While certain
general measures that would improve safety would apply universally across this
diverse array (greater safety awareness, for example), many of the measures
would need be applied more specifically on a case by case basis.

Hence, in order to more completely understand whether or not this safety
trend will continue, we need to primarily examine technologies and activities on a
case by case basis, and, to the extent possible, draw more general implications.

PURPOSE AND OBJECTIVES

This paper will contrast one category of potential risk - risks associated with
the swimming pool environment - with the broader set of all risks facing the
average individual in order to address three questions: (1) how do risks in and
around pools compare with the broader set of risks faced by society? (2) what
steps could be taken to improve swimming pool safety? and (3) to what extent
can lessons learned from the pool industry be applied to a broader set of
potential risks?

DEFINITIONS AND CONCEPTS
Before addressing these questions we need to go over several definitions
and concepts. Specifically,
o How are risks defined and how can they be quantified?
How can perceptions of risks be measured?

o Are all parties exposed to a risk under equal control of their safety?
o How should risks be compared?
o What is the tradeoff between risks and benefits?

There is no unique definition of risk

The concept of risk occurs in at least three quite different contexts:

1. In a decision-analytic sense, risk refers to the fact that the
consequences of choosing an alternative are not known with certainty,
but instead can be expressed as probabilistic outcomes. In this sense,
no reference needs to be made about the positive or negative effect of
the consequence.



2. By contrast, the popular view of risk emphasizes the probability of a
potential harm and focuses on the probability of that harm without
regard to the (negative) magnitude. The benéefits in this sense are
completely ignored.

3. Between these two viewpoints lies a third definition of risk - the
probability of an event (e.g., one chance in ten million) times the
consequence of an event (e.g., that an individual will be struck and
killed by lightning during a storm) summed over all events (e.g., all
storms causing lightning in a year).

Risks can be further categorized as resulting from either acute or chronic
events. Acute events are typically accidents, and chronic events are longer term
exposures. For example, 45,000 Americans are killed per year in car accidents.
Millions of Americans die prematurely due to lung cancer initiated by smoking
cigarettes. Both examples demonstrate a risk. Automotive accidents are an
acute risk, and cigarette-induced lung cancer is a chronic risk.

In this paper we are primarily concerned with acute risks (or accidents).
Accidents can occur with varying degrees of frequency, (e.g., the chance of any
individual dying in an automobile accident is about one chance in 5,000 per year
and the chance of a person dying as a result of a meteorite hitting him or her is
less than one chance in 5,000,000,000 per year. Essentially all other known
accidental deaths by specific cause have a likelihood of between this one in
5,000 and one in 5,000,000,000 value.

Not only can accidents occur with varying likelihood, accidents can occur
with varying degrees of consequence, as well. Some accidents can cause minor
injuries and no fatalities and others can cause multiple fatalities. Most car
accidents cause no fatalities. Those car accidents that do result in fatalities
typically result in one to a few fatalities per event. However, other accidents can
have catastrophic results and cause hundreds, thousands, or even hundreds of
thousands of fatalities.

Further, there is no unique measure of risk

Risks can be measured in terms of fatalities or in terms of injuries, and
injuries have varying degrees of severity. For the purpose of this study, we are
concerned primarily with fatality and paralyzing spinal cord injury as the measure
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of risk. Risk is commonly defined as the product of the probability or likelihood of
an event and the consequence or magnitude of that event integrated over all
events being considered. For example, based on historical records since 1970,
the crash probability per commercial, scheduled aircraft in the Western
hemisphere is about 0.05 fatal crashes per 100,000 hours flown.3 If an average
individual flies one, two-hour trip per year, then the probability that this average
individual is in an airliner crash is about one in a million per year. If the
probability of dying given involvement in a crash is 0.8, then the probability that
this average person dies in an airline crash is about one in 1.25 million per year.
This measure is called the individual risk.

The risk measure must also take into account other considerations. One
hundred car accidents each with a single fatality is not perceived to be equivalent
to a single accident that kills one hundred people. The high-consequence
accident is viewed as more significant than a number of low-consequence
accidents, even if the total number of deaths is the same in both cases.

We are therefore also interested in the probability of catastrophic events
leading to large numbers of fatalities, so we would state the risk as the probability
that more than a given number of people are killed in an accident during a
specified time period such as a year. This distribution - a second way of
measuring risk - is useful in comparing risks in terms of how they are perceived
psychologically.

A third metric of risk is the expected number of fatalities in a specified group
in a given time period. By example, if there are ten million hours of commercial
airliner (air carrier and air taxi) flights per year in the United States and the
average number of fatalities in a crash is 50 (and the crash rate is 0.05 fatal
crashes per 100,000 hours flown), then the expected number of fatalities in the
group of all people who fly airlines, is 250 per year.4 This is called the group risk.

3See Table 14, page 12 of Annual Review of Aircraft Accident Data: U.S. Air Carrier
Operations, National Transportation Safety Board, Washington DC, 1992. The accident rate for
all aircraft accidents including fatal averages 0.32 crashes per 100,000 flight hours.

4Table 14, page 12 of Annual Review of Aircraft Accident Data: U.S. Air Carrier
Operations, National Transportation Safety Board, Washington DC., 1992, indicates that
commercial airliners fly about 10 million hours per year in the United States. Given a fatal crash
rate of 0.05 per 100 thousand hours, then we could expect five fatal accidents per year in the U.S.
each with an average of 50 fatalities. Then the expected number of fatalities in the group of
people who do fly is 0.05 per 100 thousand hours times 10 million flying hours times 50 people or
250 people per year. The accident rate for all aircraft accidents including fatal averages 0.32
crashes per 100,000 flight hours



Voluntary Exposures to Risks, Control, and Third Party Risks

Various populations may be exposed to a potential harm. Each of those
populations exposed may have varying degrees of control over their exposure to
the harm. For example, the driver of a car is under direct control of her own
safety. Her passengers have a lesser degree of control. The driver has willingly
volunteered to expose herself to a risk. If the driver is intoxicated, the passengers
can elect not to ride in the car. If an otherwise safe driver has a temporary lapse
of performance, the passengers may have relinquished their control. A person
sleeping in her bedroom has essentially no control over the fact that a driver
could lose control of his car and drive off the road and into the house.
Passengers on board an airplane have some control over whether or not they
elect to fly. Ground population have essentially no control over an airplane that
crashes into their home. Those populations that have little or no level of control
over their exposure are considered at Third Party Risk.

Often, those people who have little or no control over the risky situation
have not voluntarily taken the exposure. While a primary characteristic of third
party risk is lack of control, a secondary characteristic is often involuntary
exposure to the risk.

Third party risks associated with transportation can be measured. In
automotive accidents, the driver and her passengers are not at third party risk.
The pedestrian (provided the pedestrian is not simply jay walking) hit by a car is
at third party risk. Third party risk to ground population adjacent to airports has
been estimated in a 1974 study for a few airports and is reported by Solomon
(expressed as expected annual fatalities) around Los Angeles International
Airport as about 0.4 and around Burbank Airport (about 40 miles northeast of Los
Angeles International Airport) as 0.2.5

Third Party Risks are an important part of any consideration in the siting of
houses, business, and other population centers in and around airports. While the
absolute quantitative value of the risk to an individual on the ground is quite small
relative to other risks to which he or she is normally exposed, the number of
people living near an airport is often large (one or more millions of people within a
25 kilometer radius) and any consequence of an aircraft crash - no matter how

5Solomon, Kenneth A. et. al., Airplane Crash Risk to Ground Populations, UCLA-ENGR-
7424, March 1974.



unlikely - could affect hundreds or more people.6 Hence, any decisions involving
the operation of an airport must consider third party risk.

How do different risks compare?

To best appreciate the meaning of a quantitative risk assessment, risk
estimates must be stated in terms of both the absolute risk measures expressed
above and in comparison to other, commonly understood risks. For example, the
risk of dying in an automotive accident is about one in four or five thousand per
year for the average North American or Western European driver, and the risk of
dying from any accidental cause (for example, car accidents, falls off of ladders,
drowning, and so on) is about one chance in two thousand per year for the same
subject population. Averaged over all people in Western Europe and North
America, the likelihood of dying as a passenger in a aircraft crash is about one in
a million per year, and as a third party the risk is about one in twenty to thirty
million per year. These numbers depend of course on the population considered.
Someone living near the end of an airport runway (where the majority of aircraft
crashes occur) is more at risk than the average person.

Risk versus Benefit

It is generally agreed that decisions about risk, and the very act of risk
taking itself, must be justified in terms of the related benefits. This justification
may take into account the costs of reducing risk by alternative means to attain a
related benefit. Thus benefits must comprise both positive advantages and the
avoidance of reduction of risks associated with those advantages.

6The third party risk around an airport is relatively low compared to other third party risks.
The automotive accident fatality rate in a region encompassing say two million people
surrounding Schiphol Airport in The Netherlands is about 200 people per year. Of those fatalities,
about 20% or about 40 are likely to be pedestrians (pedestrians are exposed to a third party risk).
By comparison, the third party risk from potential aircraft crashes (expressed as expected annual
fatalities) might be only about 0.2 or 0.5% the number of pedestrians at risk in the same time
frame and in the same region.



SCOPE OF STUDY

This paper is divided into seven sections. Section 2 discusses various
measures of risk both by presenting a hierarchical taxonomy of risks and by
defining a probability and consequence tradeoff spectrum. There is no unique
way of categorizing risks or quantifying risks. Section 3 compares exposures to
risk on the basis of safety standards. While there is no unique standard to define
levels of acceptable risks, standards do offer some understanding of how people
have accepted risks. And, because the level of permitted risk differs as
standards differ, we could infer that an individual's acceptance of a risk depends
on more than just the quantitative risk value. One additional measure of
acceptance has to do with the perceived benefit that the technology or activity
offers. Decisions involving the use of technologies and life styles that can
expose people to risks are examined on the basis of their relative risks and
benefits in Section 4. For each exposure to a risk, there is typically a benefit or at
least a perceived benefit. People often are willing to take a higher risk if they
perceive a higher benefit. One example of this is that the safety standards set for
occupational employees (who regard earning a living a higher benefit) are
typically set at ten times less stringent a level. People's exposure to risks have
changed over time, and risks (especially those that occur less frequently) are
often very difficult to predict. Section 5 discusses trends in risks. How have risks
changed over time? How do they differ by country? How does uncertainty play a
role in predicting future risks? Section 6 examines the risks an individual is
exposed to in an aquatic environment and compares that risk with all other risks
he or she is exposed to in everyday life. Finally, Section 7 offers some
concluding remarks and recommendations specific to both the swimming pool
industry and to a broader set of industries and activities.



2. MEASURES OF RISKS

There is no unique taxonomy of risks relating one risk with all others; there
are many possible taxonomies. Two rather diverse ways of representing risks in
a taxonomy is to either present them in a hierarchical format by category of risk
or present them on a spectrum categorized by their likelihood and their
consequence.

ALTERNATIVE HIERARCHICAL STRUCTURES
Hierarchical taxonomies group risk by category. One possible taxonomy
(see Figure 2.1) divides risks into:

accidents

chronic exposures
illnesses

natural caused events
intentional acts of violence

o O O O O

This hierarchical structure can be used further to categorize risks for the
special category of transportation risks as seen in Figure 2.2.

For the purpose of this paper we are primarily concemed with risks arising
out of accidents. However, for the purpose of contrast, we do discuss risks
emanating from natural disasters and disease.

As an altemnative means of classifying risks, Figure 2.3 compares several
risks on the basis of their actual magnitude.

A third hierarchical taxonomy divides risk into relative consequences and
frequencies of events (see Figure 2.4). The relationship between the frequency
of an event and its consequence is typically inverse; accidents that cause more
fatalities are generally less frequent than those that cause less fatalities.

Figure 2.4 describes risks on the basis of their likelihood of occurrence and
their consequence. Typically catastrophic events (e.g., large-scale floods or
earthquakes) could result in hundreds or more fatalities per event, and these
events are relatively infrequent compared to automotive accidents, which
typically result in no, or at most a few, fatalities per event.



As an example of very high consequence (also known as catastrophic
risks), Figure 2.5 identifies a dozen historical disasters; all but one of them
resulting in a hundred to a million fatalities per event.
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Figure 2.1: A Hierarchy of All Risks.
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Figure 2.2: A Hierarchy of Only Transportation Risks.
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Figure 2.3: Transportation Accidents Cause the Most Fatalities (U.S. Data).
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Figure 2.4: Risks Can Be Sorted on The Basis of Magnitude and Likelihood.
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Historical Disasters

Train Crash
(12/12/1917;
Tornado
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1.00E+00 1.00E+02 1.00E+04 1.00E+06

Number of Fatalities

Figure 2. 5: Examples of High Consequence Risks: Some Events Caused Nearly a Million
Fatalities
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WHAT HAVE WE LEARNED?

There is no single measure of risk. Risks can be described on the basis of
how they are perceived, the magnitude of their consequences, or the likelihood of
their occurrence. People tend to be more concerned over the magnitude of the
risk than they are over the likelihood of the event.

Because there is no single risk measure, there is not likely a single risk
standard.



- 15 -

3. RISK STANDARDS

What constitutes an acceptable risk is not a uniquely defined concept.
Risks are acceptable if people - either knowledgeable about the risk or not - elect
to expose themselves to the activity or the technology that creates the risk. Two
different individuals exposed to precisely the same risk, however, may perceive
very different risks and very different benefits. And, two individuals may have
very different thresholds for what they consider acceptable even if they perceive
the same risk. For this reason we see some people who are willing to skydive
out of an airplane a mile high, bungee jump off a bridge 200 feet high, or dive into
a swimming pool at the shallow end only four feet deep. And, obviously, we see
many people very unwilling to do any of these.

One way of normalizing for differing perceptions and for different levels of
acceptability is to derive a de facto acceptability level. A de facto level of
acceptability can be derived by determining the level of risk that corresponds to a
permissible or legal standard goveming the technology or operation that is
judged risky. This derivation is more suitable to chronic rather than acute
exposures. For example, if the legal permissible level of some hypothetical
chemical substance is ten parts per billion, and based on scientific research ten
parts per million of this substance causes a one in a million cancer risk per year
per person exposed, then the de facto level of acceptability is a one in a million
increased chance of getting cancer for those people exposed.

One serious problem with this approach is that it fails to distinguish
between those people who knowingly expose themselves and those that do not.
In fact, for most chemical exposures, standards for occupational employees are
ten times less stringent than those for the general public (see Appendix). This
difference in standards is due at least, in part, to the fact that occupational
workers knowingly take the risk. Occupational employees by virtue of their
exposure also receive a greater benefit (a job) than members of the lay public.
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HOW DO LEVELS OF EXISTING RISK DIFFER?

The rationale behind the conscious or unconscious choice of any
acceptable risk level is subject to considerable uncertainty. We can, however,
attempt to quantify and compare levels of existing risk as a first step toward
eventually showing how levels of risk vary.

Although risk levels can be assessed in a number of ways, we make our
assessments by (1) using actual statistical data and (2) comparing regulatory
standards across various government agencies. Of these two, the first method
provides a direct measure of the risks to which the general population, or specific
groups, are exposed. These selected statistical risk levels, when compared, can
provide insight into just what levels of risk are actually incurred by various
population groups.

On the other hand, a comparison of regulatory standards and policies is
more indicative of the acceptability (as opposed to the occurrence) of different
levels of risk. Some of the key factors we might expect to see here are whether
risks are being controlled at uniform levels, or whether specific factors (such as
the different costs of reducing different risks) appear to affect regulator
standards. An indication of whether such levels are, in fact, acceptable to the
public can be gained by examining public reaction to such regulatory limits. For
example, mixed public sentiment on the proposed banning of saccharin and on
radiation limits indicates that regulated risk levels may be seen as overly
restrictive by some and as not strict enough by other segments of the public.

THE STATISTICS OF RISK

Risk statistics are available for a wide range of hazards to both persons in
certain occupations and the public at large. Because such statistics cover
periods of many years they can provide insight into long-term risk trends, as well
as indications of current levels of risk.

To obtain a general perspective of the risks to which society is exposed, we
first present a selection of statistics on the overall mortality rate, death from
disease, accidental death, and death from natural events.

Table 3.1 gives mortality rates for these general categories, along with
some specific examples. It is clear from this table that disease dominates all
fatalities while accidents play a smaller, though important role. It shouid be
pointed out that the total mortality rate (about 1 fatality per 108 persons per year)
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does not represent an average expected lifetime of 108 years. Rather, itis a
statistical artifact of our growing population, with the birth rate exceeding the
death rate. Although it is possible to speculate (even with some degree of
success) about differential causes of these mortality rates as risks of death to the
public at large.

Table 3.1.

Typical Mortality Rates For The General Public In The United States,
Averaged 1965-19927

(Fatalities per 100,000 persons per year)

Total riSK.....ceereeerieicinennererenenns 930

Death from disease.......ccccccceeervevveenns 860
Heart disease......ccccccevereerereevnennes 360

Death from ali accidents...................... 54
Automobile accidents........cceereeene. 25

Death from natural events
Population particularly at risk8........... 0.84
Overall population.........cccecveennene 0.25

In this report we deal primarily with injuries and fatalities due to acute
events or accidents. However, in this section we concentrate more on chronic
risks because chronic risks have more quantifiable safety standards than do
acute risks.

Table 3.2 categorizes a few of the mortality rates for both acute and chronic
events. Table 3.2 differs from Table 3.1 in that Table 3.2 examines general
occupations, voluntary activities, and passive activities. Table 3.1 merely

7The Universal Almanacs, averaged from 1965 to 1993, Universal Press, New York.

8The risk to a person living in the area of high risk from a specific natural hazard, e.g.,
floods, as opposed to the risk averaged over all natural hazards for all locations throughout the
United States.
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Table 3.2.

Mortality Rates from Accidents Or Induced llinesses.9

(Fatalities per 100,000 persons per year)

Occupational, by industry

MiniNg......covvvviiicieecre e, 65
Construction.........c.ccceevveeceecvnenns 40
Agriculture.........ccceeveercvrennennnne. 30
Railway.......ccccoovmrvevvnnnrenennnen. 22
Manufacturing.......cccccoeveeevcernnnnnne. 6

Finance......cccovevvcveccvveccenenns 2.5

Voluntary activities

Smoking (U.S. male, up to 1 pack/day)....... 480

Auto racing.......coeeeeeeeeeinneinnen. 120

Automobile driving..........ccceeuveenene 25

Sedentary activity (e.g., in the home)...... 1-2
Passive

Pedestrian fatality......................... 5

Drowning......ccccecvvueeveeeeeeseennnnan. 3

P0iSONING.....c.covveevirerreeiecenenn, 2
Natural events.......ccccccoevvvvvreruvecnnne

Population at risk............cc...c....... 0.85

Overall Population.......................... 0.25

contrasts heart attack risk (the most risky disease) with automotive accidents (the
most risky accident) with all natural events.

9The Universal Almanac, 1993, Universal Press, New York. For persons exposed to the
risk, per hour of exposure. Occupational exposures are for 250 8-hour working days per year.
Other risks--for example from natural events--are for 365 24-hour days.
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Setting aside the difficulties in separating voluntary and involuntary risks,
we can see several trends:

o Occupational and voluntary risks tend to dominate involuntary risks by
one or more orders of magnitude.

o Voluntary risks vary to a greater degree than occupational risks.

o  While involuntary risks are markedly lower, risks from catastrophic
natural events (floods, earthquakes, etc.) are smaller yet.

The reasons behind some of these differences have been discussed
elsewhere, but we make one observation here: the type and severity of risks a
person voluntarily takes are essentially unlimited (we have used smoking, one of
the larger voluntary risks, as an “upper limit”; on the other hand, risks taken
voluntarily, for example as “dares,” can range much higher). Because health and
safety regulations generally limit the maximum allowable occupational hazards
we can expect higher risks for voluntary activities. On the other hand, the lower
limit of both categories of activity under normal circumstances should be similar.
Thus the events we consider as lower limits (employment in the financial industry
and playing chess) have similar, almost zero risks.

Finally, to examine historical trends in risk levels we first consider several
occupational, voluntary, and involuntary risks on the basis of fatalities per hour of
exposure and then compare two specific risks--driving and commercial aviation--
on the basis of fatalities per mile.

Table 3.3 portrays a similar message as Table 3.2 except that in Table 3.3,
fatality is considered as well as injuries and disease as a measure of risk. Table
3.3 is a relative listing of occupational risks (where the metric is days lost of work)
where either fatality, illness, and injury are weighted equally or where a day lost
to a fatality is counted ten times more severe than a day of work lost due to
iliness or injury.

This table conveys rather consistent messages. If days of work lost due to
fatality, injury, and disease are equally weighted, then Mining is the most risky
general category of occupation. Even if days lost due to fatality is weighted ten
times more severe, then mining is still the most dangerous occupation. And,
either weighting method identifies the two safest occupations as first, Finance
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and second, Services. All occupations are ordered the same in terms of safety
whether or not fatality is weighted equal to injury and disease or ten times more
significant.

REGULATORY STANDARDS

We have seen some of the ways in which existing risks differ by
considering accident statistics as a measure of risk. However, a mere listing of
variations in incurred risk is not necessarily useful as an indicator of how
acceptable levels of risk vary. Another path toward our goal is to investigate
government regulated standards as a measure of risk levels that have been
“accepted”--at least by a single segment within the United States.

Table 3.3.

Loss Of Work Days From Occupational Fatalities, Injuries And lliness In The United States,
Averaged from 1972 to 198810

Equal Fatalities Weighted

Occupation Weighting | 10 Times More Important
Mining 122 101
Construction .078 .061
Agriculture, Forestry,

and Fisheries .059 .046
Transportation .056 .041
Manufacturing .024 .012
Trade .016 .099
Services .013 .008
Finance .006 .004

10K. Solomon and K. Alesh, "The Index of Harm, A Method For Comparing Occupational
Risks," Journal of Occupational Accidents; Vol 11, pp 19-35, 1989.
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Since regulatory standards in themselves do not directly produce a
measure of risk, we use several comparisons to indicate the relative safety of
various standards. For example, by looking at standards for hazardous
chemicals in terms of fractions of lethal doses, or as fractions of medically
hazardous levels, we can infer some relative risk levels. Also, by comparing
some specific regulatory standards we will be able to see the influence of
economic and other non safety factors. The bottom line of these comparisons is
that risk standards differ dramatically across different activities and sometimes
even differ significantly for the same regulated activity when the activity is
regulated by more than one government agency.

These standards are compared specifically in Appendix A. To make the
points even more dramatic (i.e., how standards differ significantly), we consider
standards written over the last twenty years rather than over the last year or two.

What Have We Learned?

There is no single universal risk standard. Comparing risk standards
across very different types of exposures, or even comparing standards set by
different agencies for the same exposure, supports the position that there is no
universal standard. Comparing risks on the bases of medically perceived or
percent of background dose further supports the finding that there is no universal
risk standard. Therefore, based on statistical information and on regulations of
activities, we cannot infer an acceptable level of risk that is universally true
across all activities.

Activities cannot be compared solely on the basis of their risks or even their
perceived risks. Clearly, activities must be compared on some basis that takes
account of the benefit or perceived benefit of the activity.
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4. RISK-BENEFIT CONCEPTS

We find that levels of acceptability differ among individuals. And, these
differences are due to at least three causes. First, different people judging the
safety of the same activity may perceive different levels of risk. For example, sky
divers engaged in sky diving do not perceive that activity as particularly
dangerous. Their internal statistical analysis suggests the activity is as safe as
walking to work. Second, different people have different thresholds of what they
judge as safe. Stunt people involved in making movies know very well that many
of the things they do are potentially dangerous. However, they tolerate that
potential danger, perhaps partly because they see themselves in full control of
the situation. A third reason why some people engage in more risky activity is for
the benefits that activity seems to bring. The benefit to coal miners of working in
a coal mine is probably exclusively the wage they earn. The benefit to a skydiver
skydiving for sport is merely the rush she or he gets from the sport. Hence,
benefits need not be measured in dollars only.

In the balance of this section, we concentrate mostly on the risk-benefit
issues.

We tend to accept greater risks from activities that provide greater benefits.
But there are complications to this simple risk-benefit calculus: our choices may
be constrained, frequently because of past decisions whose consequences
cannot be reversed, and there may be problems in estimating risks (and
benefits), in the very perception of risks and in society’s ability to take action
regarding different risks.

It is generally agreed that decisions about risk, and the very act of risk-
taking itself, must be justified in terms of the related benefits. This justification
may take into account the costs of reducing risk by using alternative means to
attain a related benefit. Thus, benefits may comprise both positive advantages
and avoidance of the costs of reducing a risk associated with those advantages.
These benefits are taken into account either as an unconscious psychological
factor underlying the risk behavior of individuals or as an element of conscious or
formal decision making about risk. Consequently, comparisons among accepted
risks must not ignore the benefits associated with the risks. Furthermore,
attempts to infer the acceptability of one risk from the acceptance of another will
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not be useful unless consideration is given to the respective associated benefits.
Therefore, although the main purpose of this study is to analyze risk apart from
benefits, a discussion of the role of benefits is necessary for an understanding of
the context of our model within any risk-benefit analysis.

Despite certain attempts (such as the Delaney Clause'?) to eliminate risk
entirely, we implicitly or explicitly recognize that for the most part life cannot be
free to risk. The basic question is not whether risks can be eliminated, but
whether they can be justified or should be reduced. It is clear that justification
requires at least an informal assessment of risks in relation to associated
benefits. This process is so much a part of everyday life that we are not always
aware of it. Rather, we see only the results, which range from exposure to
relatively trivial risks (in order, for example, to transport ourselves from one place
to another) to the acceptance of life-threatening risks associated with such
diverse benefits as medical treatment for a serious illness or recreation.

. A simplified analysis of automobile driving will provide a good example of
how individuals justify a level of risk in the light of related benefits. Driving provides
both transportation and pleasure; let us assume that some pleasure is associated
specifically with speed. Let us assume further that the practical constraints on the
speed at which we drive (flow of traffic, enforcement of speed laws, etc.) permit a
choice of cruising speed in the range of 45 to 65 miles per hour and that in this
range the risk of having an accident increases directly and proportionately with
increases in speed.

The most obvious benefit from driving is transport to our destination.

Speed (i.e., miles per hour in excess of 45) will confer the additional benefit of
more enjoyment of the trip. Risks may come from many sources, but let us focus
on the speed at which we drive. Our choice of, say, 60 rather than 45 or 65 miles
per hour will reflect a trade-off between, on the one hand, the benefits of the
enjoyment of speed, and, on the other hand, the level of risk we are willing to
face. The higher we value such benefits, the more risk we will justify and accept.

Regulatory agencies dealing with hazards of various kinds must also
balance risks against related benefits, including avoidance of the costs of
reducing or eliminating the risks. For example, an agency may be directed in its

11The Delany Clause is a Federal Act considered in the early 1970's. This act would have
required that any new technology or any modification of an existing technology should not add
any incremental risk to the general popuiation.
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legislative mandate to regulate a certain risk and, in so doing, to take into
account the economic consequences of its action.12

Alternatively, an agency may be directed only to reduce or eliminate risk,
without reference to the attendant costs.’3 Even in such instances, where the
actions of the agency are apparently directed by statute, regulations that
disregard costs of compliance will be criticized as economically unjustified. For
example, it has been argued that certain safety regulations implicitly value a
small number of potential lives saved at several million dollars per individual, and
that the existing risk is justifiable by comparison with the benefit of avoiding the
large cost of reducing that risk.14 (Note here again the insoluble problem of
valuing a human life. Even in the absence of an agreed figure, a very large
amount may appear to be out of proportion.) Notwithstanding the absence of an
explicit statutory statement, courts may still attempt to read a requirement of
economic justification into the agency’s mandate.15 In effect, such a standard is
a requirement that benefit (i.e., avoiding the cost of reducing the risk) be taken
into account in the management of risk. It may well be reasonable to require
reduction of a risk, but the cost of the reduction may be considered in reaching
that conclusion.

Before proceeding further in this discussion, we need to clarify the use of
the terms “benefit” and “risk” as antonyms. In the decision-analytic world of cost-

12For example, Section lli(a)(l) of the Clean Air Act, 42 USC 1857c-8, requires EPA to
establish standards for the emission of air pollutants “which [reflect] the degree of emission
limitation achievable through the application of the best system of emission reduction which
(taking into account the cost of achieving such reduction) the Administrator [of EPA] determines
has been adequately demonstrated.”

Another example, the Fifth Circuit Court of Appeals has required OSHA TO base its
benzene standard on “substantial evidence of discernible benefits.” American Petroleum Institute
v. OSHA, 581F.2d 498 (1978).

The agency must determine, and judicial review may require, substantiating evidence that
a proposed regulation will reduce risk and that such reduction warrants the adverse economic
consequences to regulated firms. Such consequences may involve termination of a production
process (forgoing the benefit of the product) or greatly increased costs of production.

13as pointed out above, the Delaney clause of the Federal Food, Drug, and Cosmetic Act,
which prohibits the use of any carcinogenic food additive no matter how small the likelihood of
inducing cancer, is often cited as an example of a zero-risk requirement that does not take into
account the cost of compliance.

14For example, Kagan reports a recommendation of the Council on Wage and Price
Stability that pending Labor Department regulations on coke ovens be abandoned on the ground
that the annual cost of compliance would be $240 miilion and would save an estimated 27 cancer
deaths, at an “extremely high” price of $9 million per life saved [53, p.10].

15For a discussion of this issue, see J. P. Kahan, How Psychologists Talk About Risk,
The RAND Corporation, P-6403, October 1979.
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benefit analysis, whose terminology is often adapted without an understanding of
its definitions, a “risk” refers to the fact that the consequences of a decision are
not known with certainty, but instead can be expressed as probabilistic
outcomes. In such risky decision situations, an expected value analysis is
performed, where the benefits (which in both decision-analytic jargon and
common parlance mean the same thing) and costs (meaning both the fixed
expenses of operating and the possible hazards that are central to the present
study) are measured, multiplied by their probabilities of occurrence, and these
respective products are summed over all possible consequences. A risk is
therefore a decision alternative having probabilistic consequences, which are in
turn composed of benefits and hazards. The measurement of the degree of risk
in a given decision alternative is a process that is still debated among decision
analysts.

This formal use of “risk” differs somewhat from the popular parlance, which
uses the term in multiple ways, referring to the whole as well as to different parts
of the decision-analytic definition. Thus, the main meaning of risk is the potential
for the chance of incurring a hazard. However, equally used meanings of risk
include both the probability of actually realizing this hazard and the magnitude of
loss. From the decision-analytic point of view, the popular definition of risk is the
expected value of the hazards, as well as both the magnitude and probability
components of that expected value, none of which are what the decision analyst
means by risk.

In the remainder of this study, we opt for the popular definition of risk
because it focuses on what we are interested in and because our anticipated
readership is not dominated by decision analysts. However, because decision-
analytic definitions of risk do include as major components the elements
popularly defined as risk, transiations by those with a need to do so should not be
difficult.

While “benefit” is typically taken in popular usage as being without a
probability element, this is not necessarily the case. For example, an
experimental drug with potentially harmful side effects may have unknown,
though suspected, effectiveness in the treatment of a serious iliness; in this
instance, a careful estimation of the drug’s chance of being effective (benefit) is
an important aspect of any decision regarding its use.
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There is another perspective in which risk and benefit may appear
asymmetrical but actually share the same characteristics. Risk is generally
thought of as threat of injury or iliness that may result in temporary or permanent
incapacity or death. The physical real dominates this view, although it is certainly
possible to speak of the likelihood of negative social and personal consequences
of such social decisions as various proposed tax reform referendums. Benefit,
on the other hand, is approached as a far more diverse category, including all the
tangible and intangible desiderata of life. In the example of automobile driving,
the various advantages of speeding include increased time for discretionary
activity, efficient transportation, and enjoyment, while the disadvantages are
typically limited to the possibility of accident (and perhaps only the risk of a
citation). In the area of social regulation, positive benefit is acknowledged to
include advantages as diverse as the products and services of the regulated
entities, while risk is generally considered in terms only of threats to health or
safety. Some regulated risks are termed “environmental,” but the physical safety
and well-being of the individuals who live in the environment are generally the
primary objects of protection.

The problem with this approach is that it tends to disregard the intangible
aspects of risk, such as feelings of loss, fear, dissatisfaction, disapproval, etc.
Such reactions may be incorrectly considered irrelevant when compared with
tangible economic advantages. While individuals may automatically take such
feelings into account when establishing levels of preferred risk for themselves,
institutions setting standards often make the error of considering intangible risk
as unmeasurable and therefore to be excluded from the balancing of risk and
benefit. It is interesting to note that following the Three Mile Island accident,
Pennsylvania proposed to conduct a long-term study of health impacts from the
accident, including mental disorders, incidence of broken families, and marital
disorders. The next step will be to study similar aspects, in the absence of an
accident, among those who live in the vicinity of a nuclear reactor.

Whether or not it is possible or desirable to extrapolate acceptable risk from
one hazard to another, decision makers need guidelines on the relation between
benefit and acceptability. However, the problem resists any attempt at providing
precise answers. To begin with, it is not easier to measure benefit than risk,
especially in light of the relative importance of intangible advantages. Measuring
benefit in financial terms always has a number of arbitrary factors. The value of
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satisfaction or enjoyment is no less equivocal than the value of life itself. Using
willingness to pay as an indicator of value is subject to many of the criticisms
leveled at revealed preference theory. What we actually pay, or have paid, for a
certain advantage may be subject to a number of constraints or reflect a
consumers’ surplus. In either event, the amount is unlikely to reflect the amount
that would be paid solely on the basis of comparing difference advantages.
Furthermore, although the cost-benefit methodology can be used to indicate an
expected value-maximizing policy for society as a whole, it does not solve the
political problem of dealing with distributional issues.

The difficulty of quantifying risk and benefit is compounded by the absence
of a clear rule for justifying or accepting the former on the basis of the latter.
While both may be expressed in financial terms, albeit artificially, this comparison
cannot be based simply on determining which “exceeds” the other. It would
appear that there must be “more” benefit than risk to justify acceptance, but the
amount of such excess probably varies significantly at different levels and for
different kinds of risk. An analogy may be drawn from the standards of proof that
are used in the law. It may be that small risks (whatever their probability) require
only a preponderance of benefit to be justified. But as risks become greater,
even if they proportionally decrease in likelihood, they may require clear and
convincing justification (i.e., a substantial “excess” of benefit) or, finally,
justification beyond a reasonable doubt (e.g., a benefit that is an absolute
necessity).

Given the difficulties in using benefit to justify risk, one may question the
usefulness of the entire cost-benefit paradigm. That paradigm, however,
depends on a formula for acceptable risk, and it does not pretend to provide such
a formula. For example, the relationship between the benefits and risk of a given
decision changes over time. As we lose the ability to choose alternative means
of gaining certain advantages that we have become accustomed to, we become
dependent on our earlier choices. The loss of choice may be due to the growth
in cost of reducing the risk associated with the positive benefit or to our inability
to do without the advantage and the high value that we accordingly place on it.
For example, the risk associated with driving may be accepted because we have
become dependent on being able to transport ourselves relatively quickly over
distances of several miles, and we are unwilling to bear the cost of a safe
automobile or the inconvenience of other transportation.
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Benefit may thus be viewed as a constraint as well as a justification in
accepting risk. For this reason, it is not appropriate to extrapolate from an
existing relationship between a risk and associated benefits, or from a number of
such relationships, to a hypothesized “ideal ratio” for acceptability. Such a ratio
can tell us what is, not what should be or what people would desire in the
absence of constraints that have developed over time.

WHAT HAVE WE LEARNED?

Activities and products are best measured on the basis of their relative risks
and their relative benefits. Not all benefits are measured in dollars gained (or
lost). Some benefits of an activity may best be described in terms of enjoyment
or self satisfaction.

People are generally far more willing to take a risk if the benefit they
perceive more than outweighs the risk they believe they are taking. Because
benefits have various measures including dollars and pleasure, there is no
unique rule that could tell you ahead of time how much benefit is perceived and
how that benefit buys in terms of risk taking.

There are significant uncertainties with regard to how risks and benefits are
perceived.
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5. VARIABLES, UNCERTAINTIES, AND RISK TRENDS

The primary complications of dealing with risky activities and products is
simply that risks are only statistically predictable. For example, the annual, fatal
risk to an average American from all types of accidents is about one in two
thousand to one in two thousand five hundred per year. The annual, fatal risk to
an average American from only car accidents is about one in five thousand per
year. Said another way, in a city with a population of 10,000 Americans, we
might expect about two residents will be victim to a fatal car accident in any given
year. However, it would be impossible to predict with certainty who those people
would be. Automotive insurance companies rate drivers by their safety record,so
the 10,000 people could possibly be grouped by their riskiness in terms of how
much they drive, how many traffic tickets they had in the past, the nature of
accidents they might have had in the past, and the types of cars they drive. So
we can somewhat reduce the uncertainty in the risk; we cannot eliminate it.

Other factors impact risk trends. As society understands more and more
about risky activities, it developa safety strategies, safety mitigation measures,
and safer designs. And, most, importantly, it educates the public to a safer life
style. On a normalized b_asis, the accidental death rate was cut by about 250%
from 1900 to 1991 (from about 87 fatalities per 100,000 people per year to about
35 as seen in Figure 5.1).16

Another important variable affecting the relative fatality risk of an individual
is the country where the activity is taking place. Different countries are engaged
in different industries, and people in those countries are often engaged in very
different activities. Even so, these differences in industry and activity alone likely
could not account for the vast differences in annual fatality rate across countries.
What likely accounts for at least a good part of the differences in riskiness is
differences in attitudes about the safety and the perception of risk. These
differences may be described as differences in public awareness about safety.

Figure 5.2 demonstrates more than a five-fold difference in accidental
fatality rate between countries. In reviewing the figure, we see that even

16perived from The Handbook of Accident Facts, The National Safety Council, 1992,
Washington DC. and The Universal Aimanacs, averaged from 1988 to 1993, Universal Press,
New York.
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countries that have similar industrial bases and similar ethnic populations still
show remarkable differences in fatality rate. For example, Switzerland and
Austria are far more risky than the former West Germany, Australia is a good
deal safer than New Zealand, and so on. What may account for these
differences is, again, differences in public awareness.

Because automotive accidents account for about half of all fatal accidents,
we can normalize our statistics to consider automotive fatality rates per hundred
thousand people (black bar) and per hundred thousand cars (white bar). See
Figure 5.3. Egypt, Israel, and Mexico are pretty unsafe places to drive. Sweden,
Germany, The Netherlands, and a number of other countries are relatively safe in
comparison. Germany and Sweden make some pretty safe cars but so do the
Americans, and Mexico has predominantly American cars. Again, we can
conclude that public awareness of safety plays a big role in encouraging safety.
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Figure 5.1: Accidental Fatality Rate Has Decreased Substantially Since 1900.
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Automotive Deaths Per 100,000 People per Year
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Figure 5.4 views the risk trend in a different manner. Considering only U.S.
data and averaged on a per mile basis, buses and airplanes are by far the safest
mode of transport, and cars are the most dangerous (actually, motorcycles are
far more dangerous than cars). On an aside, even though aircraft transport is
much safer than car transport, far more people are afraid of flying than of driving.
Why? A passenger in an airplane has less control over his or her situation than
does the driver of a car. Also, one or two annual catastrophic aircraft crashes
have far more publicity than do 30,000 or 40,000 fatal car crashes. Again, public
awareness of accidents appears to play a vital role in how people accept or reject
particular activities on the basis of their perceived risks.

Large, commercial aircraft are considerably safer, on a per passenger mile
basis, than is general aviation as shown in Figure 5.5.

WHAT HAVE WE LEARNED?

The riskiness of any particular activity varies substantially across
geography and across time. Further, the riskiness of a future activity cannot be
predicted accurately. For common risks, such as dying in a traffic accident,
population risk can be estimated with some level of certainty. However, unless
an individual's driving record is particularly poor, one cannot predict which
individuals will die. Insurance companies make a business out of grouping
people by their level of riskiness, and on the average they are right almost
always. Those that are not tend not to stay in business.

What accounts for uncertainty? Risks that are less frequent are more
difficult to predict accurately.

Looking at the bigger picture suggests that standard setting is harder if the
risky activity is less frequent and if the benefits perceived from that activity are
more abstract.

If we now look at a particular category of risk - risks in and around the
swimming pool - can we infer anything about risk standards and the adequacy of
risk management?
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Figure 5.4: Flying Is A Lot Safer Than Driving.
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Figure 5.5: Large, Commercial Aircraft Are the Safest Types of Airplanes.
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6. RISKS IN PERSPECTIVE - SWIMMING POOL SAFETY

The likelihood that someone will die from any accidental cause is about one
chance in 2,000 per year (see figure 6.1). The chances that anyone will be
seriously injured from any accidental cause is about 1 in 200 per year. (Figure
6.2 lists some of the principal causes of serious injuries. It does not, however,
include automotive injuries and pool injuries.) About half of the fatalities are a
result of automotive accidents. Not counting automotive injuries, the majority of
injuries are caused by falls of some sort.

The aquatic environment is responsible for about 5,000 to 7,000 fatalities
per year.17 Essentially all of these deaths are from drowning. Drowning
accounts for about 6% to 8% of all deaths by accident. Most drownings are
submersions typically involving swimmers who over extend themselves or
nonswimmers in a water situation they cannot handie properly.

17Derived from Accident Facts, 1992 Edition by The National Safety Council, Washington,
DC. and The Universal Aimanacs, averaged from 1988 to 1993, Universal Press, New York.
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Figure 6.1: Drowning In All Environments Accounts For 6% to 8% of All
Accidental Deaths.
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Injuries By Cause
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Figure 6.2: Most Injuries are Due to Falls.
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Figure 6.2 (continued): Most Injuries are Due to Falls.
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Injuries By Cause (continued)
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The next most common form of drowning is a result of sporting accidents
(e.g., boating and water skiing). A couple hundred drownings per year are due to
suicide and almost as many are due to homicide. About 200 drownings per year
happen in bathtubs and are usually a result of small children being left
unattended. Figure 6.3 depicts these findings.18

Most fatalities result from swimmers that drown, and a lesser number
results from drowning subsequent to boating accidents . Of the approximately
7,000 drowning fatalities in the United States in 1981, for example, 315 of the
victims were children under the age of five that drowned in pools and spas. In
1981 there were another nearly 2,000 near drownings of children under age five.
Of these, approximately 1,500 were hospitalized for some length. More recent
data shows a similar trend with regard to drowning accidents. During the past
five years there were about 300 drownings per year in pools of children five years
of age (see Table 6.1) and under, even though the number of swimming pools
(and thus the exposure rate) has increased somewhat over the past decade.

The aquatic environment (swimming in pools, lakes, rivers, and oceans,
boating, and water skiing) is also responsible for several hundred quadriplegic
and paraplegic injuries per year and several thousand less serious injuries per
year. In the pool, more injuries - of any magnitude- are caused by diving than by
any other single cause. (Figure 6.4 compares injuries by cause on a relative
percentage basis.)

18This information is drawn from Accident Facts, 1992 Edition by The National Safety
Council, Washington, DC.
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Table 6.1

Estimates of Deaths Due to Drowning in Residential Pools9®

Age 1987 1986 1985 1984
(years)
under 5 310 330 280 260
5-14 70 70 40 60
15 -24 50 50 50 40
25-64 110 110 80 130
over 65 60 70 60 50
Total 355 &J- % -5—5

19Memo from Jacqueline Elder, Project Manager, Household Structural Products Program
to The Commission of the United States Consumer Product Commission, dated May 8, 1991.
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Figure 6.4: Diving Causes More Pool Injuries Than Any Other Cause.

Of interest is that many of these activities are activities that should not be
performed in or around a pool and, if they are, they must be done under
controlled conditions. Fence climbing, stunts, and running in any form is unsafe
in a pool environment. Activities such as diving, playing, sliding, and swimming
must be done under proper consideration for safety. Each of the factors shown
in this figure are under direct human control.
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About 25% of injuries in and around the swimming pool environment are a
direct result of diving accidents, and about 15% are a result of swimming
accidents. Said differently, if diving were completely eliminated (and, clearly, it
could not be), then the total number of injuries in and around the pool would
decline by one fourth. Jumping, "playing,” running, sliding, stunts, and fence
climbing account collectively for another about 30% of injuries. With the
exception of swimming and walking and with the possible exception of diving,
most injuries in and around the pool could be eliminated without ever affecting
the perceived benefits of the pool.

As we have discussed thus far, most of these accidents are a result of
human behavior or misbehavior.

Figure 6.5 represents the distribution - by body part affected - of all injuries
occurring in and around the pool. The foot, head, and head parts account for the
majority of injured body parts.

Those accidents resulting in more serious injury (specifically quadriplegia
and paraplegia) result from diving into water that is too shallow. Of 174 such
injuries studied in a specific examination by Gabrielsen,20 more than 160
occurred in water depths under 6 feet and about 150 occurred in depths less than
5 feet. (See Figure 6.6.) The diver can most certainly control for this by electing
not to dive into shallow water.

As another proof of shallow water diving risks consider an analysis by J.
Neil Robinson, Ph.D.21 Dr. Robinson's study reveals that, of 14 international
studies assessing the risk of diving (conducted from 1975 through 1982), the
total number of severe diving accidents reported from three meter boards was
zero and the total number reported not from three meter boards was 556.
Another 169 were from a platform of unknown height.

20gee M. Alexander Gabrielsen and Mary Spivey, "Diving Injuries: The Etiology of 486
Case Studies with Recommendations for Needed Action," Nova University Press, 3301 College
Avenue, Ft. Lauderdale, FL. The Gabrielsen and Spivey data rely on and are interpreted from
data extracted from litigation cases that have been filed in the court systems. As such, the
Gabrielsen and Spivey data may have a natural bias.

21Failure Analysis Associates Letter (number FaAA-PA-R-89-04-02) to Mr. D.J. Hunsaker,
of Councilman/Hunsaker and Associates, St. Louis, Missouri. ’
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Figure 6.5: Parts of the Body Most Likely Injured in a Pool Accident.
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Of 174 Quadraplegia and Paraplegia
Injuries, Most Happen In The Shallow End
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Figure 6.6: Most Diving Injuries Occur In The Shallow End of a Pool.

Of 486 paraplegic and quadriplegic pool-related injuries studied by
Gabrielsen,22 most of the injured parties were determined to have consumed
alcohol and/or drugs.

The message here, as is true with automotive accidents resulting in serious
injury or fatality, is that human misbehavior is correlated significantly with
accidents of serious consequence.

According to a German study of 42 paraplegic and 169 quadriplegic sports
related injuries, recreational diving accounts for only two of 42 paraplegic sports
injuries and 40 quadriplegic injuries. (See Figures 6.7 and 6.8.)

22g0e M. Alexander Gabrielsen and Mary Spivey, "Diving Injuries: The Etiology of 486
Case Studies with Recommendations for Needed Action," Nova University Press, 3301 College
Avenue, Ft. Lauderdale, FL.
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Paraplegic Injuries: All Sports

Recreational
Diving Related
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Non Diving
Related
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Figure 6.7: Of 42 Paraplegic Cases Studied, Only Two Cases Were Due to Pool
i Diving Accidents.

Figures 6.9 and 6.10 illustrate the distribution of paraplegic and
quadriplegic injuries due to sport activity or activities other than diving. Most
serious sports injuries result from accidents while mountain climbing, using a
trampoline, or participating in gymnastics. In reviewing these figures, the reader
should keep in mind the fact that to the number of people exposed to swimming
pools on a regular basis (25 to 50 or more million people) is very large relative to
the number of people who regularly parachute, mountain climb, hang glide, or
perform gymnastics. Hence, the risk per hour of exposure of paraplegic and
quadriplegic accidents to those involved.

Figure 6.11 (also reproduced in Table 6.2) shows specific etiologic
categories of serious spinal injuries. The leading cause of spinal cord injury was
auto accidents, which accounted for 35.8% of all injuries reported. Falls ranked
second, followed by gunshot wounds, all diving accidents, and motorcycle
accidents. This data represents a sample of all serious spinal cord injuries.
Specifically, it represents data collected in Annual Reports 9 and 10 published in
June 199223

23pyplished by the National Spinal Cord Injury Statistical Center, Birmingham, Alabama,
June, 1992, Table 12, page 30.
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Figure 6.8: Of Non Pool Caused Paraplegic Injuries, There Are Many Dominant Causes.
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There are perhaps 5 to 10 million swimming pools in the United States
suggesting perhaps as many as 25 to 50 to more million individuals exposed to
pools on a regular basis. In the data sample examined, only 5% of the
paraplegic injuries resulted from accidents in and around the pool, and 95%
resulted from all other recreational activities. Of the other recreation activities,
mountain climbing and horseback riding account for nearly 40% of the total. Both
horseback riding and mountain climbing do not themselves collectively expose 25
million individuals. So, on a comparative basis and when considering paraplegic
injuries only, the pool environment is a safe environment relative to other
recreational activities.

Quadriplegic injuries occur in a number of recreational activities. About
25% of them occur in an aquatic environment (such as swimming pools, rivers,
lakes, ponds, and oceans). Of those injuries that do occur in an aquatic
environment, most do not occur in swimming pools. And, of those that do occur
in swimming pools, the vast majority occur in water depths under 6 feet.

And, the vast majority of the parties injured are under the influence of
alcohol or drugs or both. (See Figure 6.12.) In a forthcoming study, Perrine et.
al.24 concludes that the risks of diving-related injury following alcohol
consumption is unambiguous. Even under conservative experimental conditions
that could be expected to underestimate the magnitude of alcohol induced
impairment, diving performance were degraded significantly at body alcohol
concentrations (BAC) of greater than 40 mg/dl (milligrams per deciliter). Perrine
et. al. recommends the implementation and/or augmentation of awareness
programs to highlight the dangers associated with recreational drinking and
diving.

Alcohol consumption in and around pools is not uncommon. According to a
Boston University School of Public Health 1992 survey of 414 households with
pools,25 45% of the households who responded served alcohol at least once per
year at gatherings held near the swimming pool. Twenty three percent of the
households report serving alcohol on at least ten different days in the year.

24perrine, M. W., J. C. Mundt, and R. I. Weiner, "When Alcohol and Water Don't Mix:
Diving Under the Influence," Vermont.
25F§eported in Mangione T. W., J. Howland, and D. Yob, "Summary of 1992 National Pool

Owners Survey," Boston University and JSI Research and Training Institute, Boston
Massachusetts, June 1992.
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Some divers are risk takers. Supervised diving has very few injuries (only
two deaths worldwide in the past ten years and those were off ten-meter
platforms). Further, under supervised diving, there has been no recorded
paralysis resulting from diving off of three-meter and one-meter boards.
However, many unsupervised divers are risk takers. Of 233 households
interviewed by the Boston University School of Public Health,26 30% of those
interviewed were willing to dive into water less than or equal to four feet in depth,
and 8% dove where no diving signs were posted. Only 95% of those interviewed
believed it was dangerous to dive in shallow water; 5% do not believe it is risky.

Diving risks could be reduced. First, individuals should not dive into a pool
while under the influence of drugs or alcohol, and second, individuals should
never dive into shallow water.

Quadriplegic Injuries: All Sports

Diving
Related
24% (40
cases)

Recreational
Non Diving Related
76% (129
cases)

Figure 6.9: Of 169 Quadripiegic Injuries Studied, Nearly One Fourth Were
Due to Pool Diving Accidents.

26Reported in Mangione T. W., J. Howland, and D. Yob, "Summary of 1992 National Pool
Owners Survey," Boston University and JSI Research and Training Institute, Boston
Massachusetts, June 1992.
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Non Diving Quadriplegic Injuries
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Figure 6.10: Four Recreational Activities Account For Nearly Two Third of Non Pool
Related Quadriplegic Injuries.
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SERIOUS SPINE INJURIES BY CAUSE (IN PERCENT)
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Figure 6.11: Serious Spinal Injury by Cause.
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Table 6.2:
Serious Spinal Injury By Cause (in percent)

auto accident 35.8
fall 18.1
gunshot 14.6
diving 8.5
motorcycle 6.1
falling object 3.7
pedestrian 1.7
surgical 1.7
other medical 1
other penetrating 1
bicycle 0.9
personal contact 0.9
football 0.7
other vehicle 0.7
snowskiing 0.5
aircraft 04
surfing 0.3
horseback 0.3
wrestling 0.3
other sports 0.3
gymnastics 0.3
trampoline 0.3
winter sports 0.3
ATV/ATC 0.2
field sports 0.2
hang gliding 0.2
water-skiing 0.2
helicopter 0.2
baseball 0.1
boat 0.1
rodeo 0.1
snowmobile 0.1
basketball 0.1
explosion 0.1
air sports 0.1
track 0.1
skateboard 0.1
unknown 0.1
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Of 84 Quadraplegia and Paraplegia Injuries
Assessed, 57% of Those Injured Consumed
Alcohol and 5% Consumed Drugs
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Figure 6.12: More than One Half Of All Pool Related Quadriplegic and Paraplegic Injuries
Are Alcohol or Drug Related.
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WHAT HAVE WE LEARNED?

We have observed several important points:

Accidents and drownings in and around the swimming pool are due
primarily to human behavior (or misbehavior).

Alcohol intoxication and recreational drug use is associated with a
substantial number of serious injuries.

The pool industry accounts for a relatively small portion of serious
injuries compared to other activities.

People react to information. In particular, activities have become safer
primarily because people have become more aware of safety.

The pool industry has done a good job in educating the public. Greater
public awareness of how to more safely behave in an aquatic
environment may give added benefit. This role of further educating the
public is the responsibility of many parties, not just the pool industry.

These findings, are, to varying extent, applicable to a broader set of

activities.
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7. CONCLUSIONS AND CLOSING REMARKS

We have examined a broad spectrum of accidents. Collectively, in the
United States, these accidents account for about 100,000 fatalities per year and
about 2,000,000 serious injuries per year. Of these fatalities and injuries,
automotive accidents account for about half. Other accidents that significantly
contribute to these totals include falls, poisoning, and drowning (in all aquatic
environments).

Over the past century, both fatalities due to accidents and the rate of
accidents have significantly declined. Up until the present decade, accidents
have been the leading cause of death among people under roughly forty years
old. However, two trends have taken place. First, as mentioned earlier, the
death rate due to accidents has significantly declined. Second, the death rate
(especially in larger cities) due to homicide and AIDS has significantly gone up.
In 1992, for example, more than 2,200 homicides were reported in Los Angeles
County (about one third were gang related) and only approximately 900
automotive fatalities were reported.27

in reducing the death rate, one has to consider factors beyond accidental
deaths, of course. In this paper, we limit our discussion to the reduction of
accidental death and injury rates.

In studying how best to both reduce the likelihood of an accident, and if it
does occur, to mitigate its consequences, we need to examine accidents by
cause on a case-by-case basis. And, based on this case-by-case analysis, we
may be able to generalize our findings and draw policy implications.

We examined one category of accident - accidents in and around the
swimming pool - at some length and determined several findings:

o All activities have an inherent risk, and risks can never be removed
completely from an activity.

o Of the three factors that contribute to an accident (viz., product design,
govemment regulation, and human behavior), the most significant

27personal Communication with Senior Sargent Greg Meyers, Los Angeles Police
Department on June 17, 1993.
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factor is human behavior. Human behavior (or misbehavior) seems to
contribute significantly to all forms of accidents in and around the pool
environment.28

o In particular, alcohol consumption and use of recreational drugs is
correlated strongly with serious injuries in the pool environment
according to several studies.

o Relative to the number of people exposed to swimming pools and
swimming pool environments, the rate of serious injury in and around
pools is relatively low. Specially, of the about four thousand
quadriplegic and paraplegic accidental and recreational injuries per
year, about 400 or so per year occur in an aquatic environment. And,
a lesser number (less than 25%) occurs as a result of swimming pool
diving accident (less than 100). Of those that do occur as a result of a
pool diving accidents, only 5% to 10% occur in water deeper than six
feet. Taking the upper bound of 5 to 10 quadriplegic and paraplegic
injuries per year in pool water deeper than six feet, that number is
relatively small compared to other common risks as summarized in the
table, below.

o Averaged over the entire population of the United States, it is about ten
times more likely that an individual will be killed by lightning than suffer
a quadriplegic or paraplegic accident as a result of diving in pool water
deeper than six feet. (No one should dive in shallow water.)

o Averaged over the entire population of the United States, it is about ten
times more likely that an individual will be killed by tornado than suffer

28an excellent example of the fact that human behavior (or misbehavior) is more influential
than is design or regulation can be see in "Swimming Pool Safety: Fence Climb Ability by
Children" by Rabinovich, Lerner, Huey, and Buckley, forthcoming. This document reports on a
highly informative set of experiments where a number of young children were tested in their ability
or inability to climb different types and heights of fences. The bottom line of this study was that
some children, even as young as two or three years old, were able to climb essentially all of the
fences if sufficiently well motivated. While the design of the fence affected their ability to climb, a
few children were eventually able to climb each fence, some with the aid of patio furniture.
Hence, a regulation requiring fencing around all pools and the design of fences could not prevent
all children from accessing the pool.
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a quadriplegic or paraplegic accident as a result of diving in pool water
deeper than six feet. (No one should dive in shallow water.)

Averaged over the entire population of the United States, it is about
three or four percent as likely that an individual will be killed by
lightning than suffer a quadriplegic or paraplegic accident by any
cause. And, it is about equally likely that a person will be killed by
lightning than by diving in any part of a pool.

There is no single measure of risk. Risks can be described on the
basis of how they are perceived, the magnitude of their consequences,
or the likelihood of their occurrence. People tend to be more
concemed over magnitude of the risk than they are over the likelihood
of the event.

There is no single universal risk standard. Comparing risk standards
across very different types of exposures or even comparing standards
set by different agencies for the same exposure, supports the position
that there is no universal standard. Comparing risk standards on the
bases of medically perceived or percent of background dose further
supports the finding that there is no universal risk standard. Therefore,
based on statistical information and on regulations of activities we
cannot infer an acceptable level of risk that is universally true across all
activities.

The riskiness of any particular activity varies substantially across
geography and across time. Further, the riskiness of a future activity
cannot be predicted accurately. For common risks, such as dying in a
traffic accident, population risk can be estimated with some level of
certainty. However, unless an individual's driving record is particularly
poor, one cannot predict which individuals will die. Insurance
companies make a business out of grouping people by their level of
riskiness, and on the average they are right almost always. Those that
are not, tend not to stay in business.
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o What accounts for uncertainty? Risks that are more frequent are

easier to predict.
o Looking at the bigger picture suggests that standard setting is harder if
the risky activity is less frequent and if the benefits perceived from that

activity are more abstract.

Table 7.1
COMPARING QUADRIPLEGIC AND PARAPLEGIC INJURY RATES WITH OTHER RISKS.

EVENT RATE PER YEAR
(per 100,000 population in the U.S.)
(Reflects U.S. data averaged from

1972 to 1992)

Death by car accident 18
Suicide 12
Drowning - all causes 1.9
All temporary disabling Injuries 3,600
All permanent disabling Injuries 130
Poison by gas 0.40
Death by tornado 0.06

Death by lightning 0.05
Quadriplegic/Paraplegic - all causes 1.6
Quadriplegic/Paraplegic - all aquatic 0.16
Quadriplegic/Paraplegic - all pools 0.04
Quadriplegic/Paraplegic - deeper than about 6' 0.004
Death by meteorite <0.00001

Risks must be managed at both the level of the specific risk and at a more
general level. At the more general level of risk management, there appears to
be no uniform risk management goal nor standard. When placed into a common
metric, de facto risk management standards across activities are rather
inconsistent. As such, there are several altemative ways to manage the risky
activities and products and some activities and products are managed
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more likely, an implicit risk management goal. Table 7.2 arrays ten risk

Table 7.2

AN ARRAY OF RISK-REDUCTION GOALS.

Notation

Risk Reduction Goal

Description of Goal and Features of
Technology
Which Goal Favors

Gt

G2

G3

G4

Gs

Ges

Minimization of maximum accident
consequence.

Minimization of probability of most
probable accident.

Minimization of both total accident
and normal operational risk.

Minimization of only
accident risk.

Zero total risk.

As low as reasonably achievable
risk (ALARA).

Minimizes consequences (C) of maximum
consequence accident. G1 favors energy
technologies inherently incapable of producing
catastrophic (i.e., very large) consequence
accidents.

Minimizes probability (P) of most likely (highest
probability) accident. Favors technologies
having relatively low accident probabilities.
Assumes that some minimum threshold
accident consequence, Cmin, is acceptable.

Minimizes total probability times consequence of
all risks for both accident and normal

operational conditions, for all phases of the fuel
cycle. Favors technologies having a minimum
combined accident and routine operation risk.

Minimizes those risks (P x C) resulting from
accidents only--a subset of goal G3,. Favors
those technologies with minimum accident risks,
regardless of routine operational risks.

Requires reduction of all accident and normal
operational risks to “zero” or some minimal
“hreshold” level either as perceived by the
public or measurable with current technology.
Favors technologies that can both minimize the
probabilities of high-consequence accidents and
minimize the consequences of high-probability
events.

Suggests that the marginal cost of reducing a
risk be weighted against the marginal benefit
that results from

reducing the risk, down to the point where the
cost and benefit are equal. An ALARA goal
would favor technologies that would obtain the
greatest risk reduction per dollar down to the
lowest level to minimum risks.
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Table 7.2 (continued)
AN ARRAY OF RISK-REDUCTION GOALS.

Notation Risk Reduction Goal Description of Goal and Features of
Technology
Which Goal Favors

Gy Equitable share of risks Prescribes that to as great a degree as possible
and benefits. those receiving the benefit from the technology
should share equitably in its risk. This goal
would favor decentralized technologies and
technologies that do not have extended impact
on future generations without providing
equivalent benefits to those future generations.

Gg Minimization of socially perceived Minimizes those risks that society as a whole or
risk. be segment perceives as most objectionable
(e.g., cancer).
Gg Minimization of peak risk. Concentrates on reducing the risks to those

individuals or groups, whether occupational or
general population, who are exposed to the
largest risks, by reducing or

spreading these risks over a larger population.
Favors technologies that have a highly uniform
(i.e., low uncertainty) level of safety across a
range of risks, and for both general popuiation
and occupational hazards. This goal minimizes
the integrated product of probability and
consequence, for those risks affected.

G1o All people (both general population | Asserts that all people exposed to the risk
and occupationai population) share | should share equally in the risk, independent of
equally the benefit that they may receive from the
in risk. technology.

management or reduction goals. Below, we discuss each of these goals in
general, and where applicable, relate them to the swimming pool environment.

Once a risk reduction goal is established, the next step is to establish a risk
reduction policy (see Table 7.3). In almost all instances, risks are managed by
the industry. While this makes sense, one dominant feature affecting all risk is
the role of human behavior or misbehavior and the importance of educating the
public on risk adverse behavior. For example, in driving a car, piloting a small
aircraft, or diving in a pool, alcohol is associated with many of the serious and
fatal accidents. For cars and pools, alcohol intoxication is associated with at
least half of all fatal injuries. Hence, there is some argument to manage risk
reduction by the harm. That is to say, wam people that life style affects accident
rates considerably.
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Table 7.3

CATEGORIES OF RISK-REDUCTION POLICIES

Category of Risk Regulation Policy

Real (or Hypothetical Example)

On a societal basis

On an occupational basis

On a segregated population

By industry

By agent of risk

By type of harm

By incremental risk

By peak risk

By total risk

By benefit

By existing or by future risk

By sharing equitably benefits and
risks (“Distributional Justice”)

By ignoring low risks and
reducing high risks

The regulator at some future time may state that no member of
society should be involuntarily ex-posed to fatal risks from man-
made causes, above a certain annual probability.

The Occupational Safety and Health Administration regulates
occupational exposure for about 400 toxic and hazardous
substances.

Pregnant women and small children should be exposed to as
little man-made radiation as possible.

EPA regulations limit pollutant and effluent re-leases to the
environment on an individual industry basis--e.g., for fossil-fuel
plants, asphalt concrete plants, petroleum refineries, producers
or users of certain chemicals, etc.

The regulator at some future time may state that radiation in any
form-from nuclear power plants, natural background, medical
exposure, television sets, and microwave ovens, etc.--should
not be greater than, say, 0.5 Rem per person per year.

Several agencies--the FDA, EPA and OSHA--regulate
carcinogens in a different way than other toxic or hazardous
chemicals.

The regulator may require that increased levels of NO2 released
to the atmosphere by power plants should not increase U.S.
health risks by more than a certain amount.

The regulator may require that the highest risk individual may
not be exposed to risks above a certain level.

An agency may require that the total risk from an energy
technology, including all aspects of the fuel cycle, and
occupational and general population risks should fall below a
specified level.

The regulator might stipulate that a human life is worth a
specified amount and that risk reduction policies should be
based on this fact.

The regulator might allow existing risks as being acceptable but
require that future risks should not exceed some specified
amount.

The regulator might require either that those receiving the
benefit be exposed to their equitable share of the risk, or that
those suffering the risk receive an equitable benefit. For
example, people receiving the benefit from various technologies
today should not pass on to future generations the risks of
environmental hazards without some compensating benefits.

The regulator may wish the maximum payoff in risk reduction by
addressing only those high risk areas.
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Goal One

Risks can be managed on the basis of minimizing the maximum
consequence events by avoiding technologies and activities that are capable of
causing catastrophic damage (Risk Reduction Goal One). In general, this
approach would minimize the dependence on large industrial activities (e.g.,
large chemical plants and oil refineries, large hydroelectric dams above cities,
and so on). However, the elimination of these potentially risky industrial activities
in themselves could have some seriously negative drawbacks. As discussed
earlier, risky activities cannot be truly managed in absence of the potential
benefits that may arise from the activity being managed.

In the swimming pool example, catastrophic accidents in and around the
pool are primarily drowning and serious injuries due to diving. Mentioning again
that human behavior in and around pools contribute to essentially all accidents, if
we want to reduce catastrophic accidents around pools we must address human
behavior.

Drowning of children is prevalent, and a common cause of child drowning is
that the child was not under the direct supervision and control of an adult that
could swim. We find from prior assessments that pool fences may be helpful in
preventing some child drowning, but they are by no means a fully effective
measure.29 The recommendation here is obvious: greater parental supervision
in and around pools. Another recommendation is the further development and
implementation of alarms that could alert parents when children come in direct
contact with the water surface. This is good for situations in which the child falls
in accidentally and there is someone nearby to react to the alarm. However,
sometimes drownings occur when children are known to be in the pool but
inadequately supervised.

With regard to diving accidents leading to serious injuries, more occur in
aquatic environments outside of the pool. Of those that occur in the pool, the

295 one example of this observation, David H. Beyda, director of pediatric critical care,
Phoenix Children's Hospital, fences provide a false sense of security to the parents. Dr. Beyda
reports that 38% of the 398 pools examined with child drowning and near drowning were fenced
on all four sides. As another example, The National Spa and Pool Institutes Model Child
Protection Barrier Code of June 1993 emphasizes the need for strict parental supervision even
when pools are fenced.
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majority involve younger males, many involve younger males who have
consumed alcohol, and most seem to involve diving into the shallow end of the
pool. Some involve diving off the side of the pool into the wall of the other side
and a few involve diving off a diving board and failing to steer up after impacting
the water. Some involve sliding head first off a pool slide. Removing diving
boards and pool slides will address only a modest part of this problem. Greater
public awareness will address a bigger portion of this problem. The pool industry
has actively campaigned for increased public awareness.

Goal Two

A second risk reduction goal is to minimize the likelihood of an event ever
happening. While the first goal addresses the concern of eliminating the worst
consequence accidents, the second goal is directed to reducing the likelihood of
the most common accidents. In general, a good example of this goal is what
happens in the automotive industry. With the exception of homicides and AIDS
in large cities and iliness typically associated with advancing years, car accidents
account for the greatest number of fatalities per year of any single cause. The
government has taken many successful steps to reduce the probability that
people are injured or killed in car accidents by the enforcement of seat belt laws,
the introduction of airbags, safer car designs, and the enforcement of a 55 mile
per hour speed limit, to name a few.

With regard to the swimming pool environment, more common (or more
probable) accidents in and around the pool are typically a result of falls on decks
resulting from walking, running, and horseplay. Diving accidents not only
account for catastrophic injuries, they also account for a greater number of lesser
injuries such as bruises and broken bones. Again, greater public awareness is
beneficial to reducing the likelihood of these more common accidents.

Goal Three

A third risk management goal is to address both the normal operational and
accidental operational mode . Normal operational mode means that the
probability of the event is virtually 1.0. In general, this goal applies to industrial
activities and has little direct application to our pool example. For example,
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nuclear reactors are managed by this method (as well as by the minimization of
the maximum consequence method). Nuclear reactors are capable of large
scale core meltdowns and much of the safeguards in and around the reactor are
intended to eliminate to the extent possible the likelihood of a meltdown and, if it
does happen, to most effectively mitigate its consequences. Further, the nuclear
fuel cycle, particularly the back end, could expose the population to continual
doses of radiation. Maintaining spent reactor fuel in well shielded spent fuel
pools and waste repositories addresses this normal release concern.

The applicability to the swimming pool environment is the requirement to
maintain the water healthful quality by the proper and supervised use of
chemicals.

Goal Four

A fourth goal is directed to minimizing only accidental risks and not
addressing normal operational risk. Accidental risk cover the entire spectrum
from less consequential to catastrophic. All accidents are treated so that the
expected accidental risk (the probability of an accident times its consequence
and integrated over all accidents) is minimized. This risk management goal
differs from the first goal in that the first goal is most concerned with the worst
case consequences only.

The application in general and to the pool industry is obvious and is not
discussed.

Goal Five

A fifth goal is to attempt to assure that the activity poses a zero risk. This
goal is literally unachievable; since all activities involve some sort of energy
transfer, and any time energy is transferred from one position to another, there is
a potential inherent risk. All activities, no matter how small they are, have an
inherent risk.

Goal Six
A sixth goal and the goal that dominates the nuclear power industry is the
concept of As Low As Reasonably Achievable or ALARA. The ALARA concept in
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essence says that the risk manager has a finite resource in managing risks and
the best way to spend these resources is to minimize the overall risk. ALARA is
a risk-benefit approach to risk management and has already been discussed
extensively in the text. In the context of swimming pool safety, ALARA relates to
taking a broad set of steps each addressing issues of risk. So not only are
serious diving injuries and drowning addressed but so are the more frequent, less
consequential injuries like slips and falls. ALARA addresses the problem by
looking at all risks and developing a plan to address them. In the pool example,
public education would not only inciude the risks of diving and drowning but
would also comprehend the less consequential risks.

Goal Seven

Goal Seven, equitable share of the risks across all exposed people, is not
applicable to the pool example. In a general risk management application, it
relates to exposing geographically and by situation all people to roughly the same
levels of risk. As a very simple example, if a group of people are exposed to the
risk of a hydroelectric dam failure, that same group should not be further exposed
to a chemical plant exposure or the risk of torados. All people would be
exposed to about the same level of risk.

Goal Eight

Goal Eight addresses risk management on the basis of socially perceived
risks . In essence risks are often perceived somewhat independent of their
magnitude. For example, people that would rather drive than fly to San
Francisco from Los Angeles because they are afraid to fly do not accept the fact
that the flight is nearly 100 times safer (if traveled on a commercial airline) than is
the drive. However, because airplane crashes could kill hundreds of people,
airplanes are perceived to be more dangerous than cars. Many risks are
managed on the basis of how they are perceived. This is best demonstrated by
the more stringent standards placed on certain activities relative to their risk.
Nuclear reactors are held to a far higher standard than, say, coal fired plants
even though coal has killed more people than radiation from nuclear power
plants.
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Goal Nine and Goal Ten

Goal Nine addresses managing peak risk (recall that risk is the product of
probability of an event and its consequence). And Goal Ten does not distinguish
between occupational and non occupational exposures to risk. Goals Eight,
Nine, and Ten are not directly applicable to our pool example.

WHAT HAVE WE LEARNED AND WHERE DO WE GO FROM HERE?

We set out to address three questions:

(1) How do risks in and around pools compare with the broader set of risks
faced by society?

Compared to other recreational activities and the extent to which swimming
pools are enjoyed by tens of millions of people on a regular basis, pools are quite
safe.

Compared to a broader set of activities such as driving and to the risks from
natural events such as earthquakes, lightning, and tornadoes, swimming pools
are relatively safe.

(2) What steps could be taken to improve swimming pool safety?

If there is but a single message from this paper, it is simply this - The rate
and the intensity of accidental injury and fatality is more under the control of
human behavior (and misbehavior), than it is under the control of a product
design or a government regulation. As people become better acquainted with the
origin of the risk, they tend to become more risk adverse in their behavior.
Certainly, one effective way to manage a risk is to concentrate on public
awareness.

A second and very evident message is that people manage their behavior
in terms of risk exposure on the basis of not only how the risk is perceived but
also how the benefit is perceived, so any risk management practice must take
strong account of benefit.
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(3) To what extent can lessons leamed from the pool industry be applied
to a broader set of potential risks?

We have leamed that in the pool industry, the primary factors leading to
serious injury and drowning is human misbehavior. In young men ages fifteen to
about twenty-five, a typical scenario leading to serious injury is showing off while
trying to dive in an aquatic environment not suited for diving (e.g., a pond with
submerged boulders or the shallow end of a swimming pool). Another factor
leading to serious injury or drowning is the use of alcohol or illegal drugs.
Roughly fifty percent of all serious injuries in and around an aquatic environment
involve excessive alcohol consumption and/or illegal drugs. Still another factor
leading to the drowning of small children is the lack of adequate parental
supervision. Fences around pools are not always effective at keeping children
away, especially if the fences are left open or patio furniture is left around so that
children could use the furniture as a step ladder.

Increased public awareness of safe aquatic practices (e.g., of how alcohol
and illegal drug consumption could impact judgment, of shallow water diving, and
of the need for even greater parental supervision around water) could have a
positive impact on safety. Increased public awareness in other activities ranging
from driving a car to wearing a motorcycle helmet to wearing proper protective
equipment in sporting activities would also impact safety in a positive way. To
demonstrate this point, we find that the injury and the accident rate since the turn
of the century has decreased substantially in virtually all areas as society became
better informed.
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Appendix
RISK STANDARDS

In this appendix we examine a group of environmental regulations. Most of
these comparisons are of poliutants regulated in the late 1970s and early 1980s.
This time period was picked, particularly, to more effectively make my point. The
point is simply that standards goveming similar or even the same pollutants differ
dramatically when compared on the basis of some benchmark risk. Some newer
standards tend to be more closely in line with each other when compared on the
basis of a common risk metric.

The Environmental Protection Agency (EPA) standards, the Occupational
Safety and Health Administration (OSHA) standards, and the National Institute
for Occupational Safety and Health (NIOSH) recommendations for specific air
pollutants cover both occupational and general population exposure to pollutants.
Some of these are shown in Table A.130, which also gives the typical hazardous
levels of these pollutants (levels that according to EPA can lead to premature
death of high-risk persons). To get a rough idea of the relative hazards of these
chemicals at the regulatory limits, Figure A.1 has been plotted to the ratio of
each regulatory standard compared to the EPA-defined hazardous level for that

pollutant.31
We see, in general, that allowable general population exposures are

markedly below occupational levels. More specifically, however, note that:

30 Code of Federal Regulations, 40 CFR 50, “National Primary and Secondary Ambient Air
Quality Standards,” revised as of July 1, 1992; Code of Federal Regulations, 29 CFR 1910.1000,
“Toxic and Hazardous Substances,” revised as of July 1, 1992; Sittig, Marshall, Hazardous and
Toxic Effects of Industrial Chemicals, Noyes Data Corporation, Park Ridge, New Jersey, 1979;
and U.S. Department of Health, Education and Welfare, Occupational Diseases, A Guide to Their
Recognition, Public Health Service, Center for Disease Control, National Institute for
Occupational Safety and Health, 77-181, U.S. Government Printing Office, Washington, DC, June
1977.

31This figure is modified from Steven L. Salem, Kenneth A. Solomon, and Michael Yesley,
“Issues and Problems in Inferring A Level of Acceptable Risk", RAND R-2561-DoE, August 1980.

We compare each regulatory standard or recommendation, specified for a certain period of
time, with the EPA hazardous level defined for the same period of time. Thus, for example, we
compare the 8-hour EPA Air Quality Standard for carbon monoxide (CO) with the 8-hour hazard
level.
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General population limits, averaged over a year, are between one and
two orders of magnitude below hazardous levels.

Once per year population limits, compared to hazardous levels defined
over the same period of time, are in general about one order of
magnitude below those hazardous levels.

Occupational limits tend to be above the hazardous level and do not
bear a uniform relationship to the hazardous levels over equivalent
time periods.
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Table A.1.

Regulatory Standards And Health Effects For Major Air Pollutants-All levels in parts per

million (ppm)

EPA Limit32 NIOSH Medically

(General OSHA Limit33 | Recommendation | Hazardous
Pollutant Population) (Occupational) 34 35 (Occupational) | Level36
Sulfur dioxide (SO2) 0.8-1.0

0.033/0.14P 5 2 (24 hours)
Nitrogen oxides 1.6-2.0
(NO2) 0.05@ 5 1 (1 hour)
Carbon monoxide 40.0-50.0
(CO) o¢/40d 50 35 (8 hours)

0.5-0.6

Ozone (O3) 0.08d 0.1 - (1 hour)

8Annual arithmetic mean.
bMaximum 24-hour concentration, not to be exceeded more than once per year.
CMaximum 8-hour concentration, not to be exceeded more than once per year.
dMaximum 1-hour concentration, not to be exceeded more than once per year.

32 Code of Federal Regulations, 40 CFR 50, “National Primary and Secondary Ambient Air
Quality Standards,” revised as of July 1, 1992.
33Menser, H. A., and J. E. Heggestad, “Ozone and Sulfur Dioxide Synergism: Injury to
Tobacco Plants,” Science, Vol. 153, July 22, 1966, p. 425.
34Eight-hour time-weighted average (TWA).
358ittig, Marshall, Hazardous and Toxic Effects of Industrial Chemicals, Noyes Data
Corporation, Park Ridge, New Jersey, 1979; and U.S. Department of Health, Education and
Welfare, Occupational Diseases, A Guide to Their Recognition, Public Health Service, Center for
Disease Control, National Institute for Occupational Safety and Health, 77-181, U.S. Government
Printing Office, Washington, D.C., June 1977.
36EPA-defined “hazardous” level causing “premature death of ill and elderly.” According
to EPA, at the upper level of this range ‘it is judged that acutely incapacitating symptoms will be
experienced by significant proportions of the population, especially those engaged in light to
moderate activity.” ref: “Significant Harm and Emergency Action Levels for Photochemical

Oxidants,” Federal Register, 40 FR 36330, August 20, 1975.
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NOTE: Error bands indicate Iimits of hazardous levels of pollutants. Values
used for general population limits, once per year, are for exposure periods
equal to those periods defined by the EPA hazardous level. (table 5)
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Figure A.1. Occupational And General Population Air Quality Standards As
Functions Of Hazardous Concentrations.
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In Figure A.1 we note that the 8-hour sulfur dioxide (SO2) and ozone (O3)
limits, when compared to assumed 8-hour37 health hazard levels, are one to two
times the hazard level, while the nitrogen oxides (NO2) limit is well above the
hazard level (as much as a factor of 20-25). However, the NIOSH
recommendations for SO2, NO2, and CO, compared to hazard levels for
appropriate periods, are closer to the EPA hazard level and vary by only about 5.

Two important factors that must be considered are the short- and long-term
effects of poliutants. First, considering only the short-term effect, there are
several competing factors in the choice of occupational vs. general population
limits. These include:

o Few workers would fall into the “high-risk” (ill and elderly) category,
which would form a more important segment of the general population.

o Many workers however, would be engaged in “light to moderate
activity’--or even heavy activity--and thus would be susceptible to
hazardous levels of chemicals, according to EPA guidelines.38 This
could be especially important for workers using potentially dangerous
equipment.

o Occupational exposures are more voluntary in nature than are general
population exposures. However, not all workers willingly accept high
exposure levels, whereas some members of the high-risk general
population choose to remain in pollution-prone areas because of other
perceived benefits.

o0 Activities and products are best measured on the basis of their relative
risks and their relative benefits. Not all benefits are measured in
dollars gained (or lost). Some benefits of an activity may best be
described in terms of enjoyment or self satisfaction.

37|n the discussion that follows, we assume an approximately linear health hazard
variation with time--e.g., the 24-hour hazard level would be approximately one-third the 8-hour
level. Although this is clearly not accurate at low levels, the exact nature of the assumption is not
important to the discussion.

38“Environment Protection Agency Guidelines for Public Reporting of Daily Air Quality,”
Federal Register, 41 FR 37660, September 7, 1976.

“Significant Harm and Emergency Action Levels for Photochemical Oxidants,” Federal
Register, 40 FR 36330, August 20, 1975.
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o People are generally far more willing to take a risk if the benefit they
perceive more than outweighs the risk they take. Because benefits
have various measures including dollars and pleasure, there is no
unique rule that could tell you ahead of time how much benefit is
perceived and how much that benefit buys in terms of risk taking.

o There are significant uncertainties with regard to how risks and benefits
are perceived.

The above factors tend to support the decision to allow higher exposure
levels for workers than for the general population.

However, no single factor emerges other than the indication that significant
differences do exist between occupational and general population regulations,

resulting from different bases used by regulatory agencies. One of these, for
example, may be the definition of the hazardous level itself. We have implicitly
used the EPA standard, and strict comparison of OSHA and NIOSH levels with
EPA criteria may not be entirely valid.

Consideration of long-term health effects brings up a second set of factors.
The general ambient air quality standards for yearly annual poliutant levels,
where existing, are significantly below short-term levels, but no such limits exist
for occupational levels. Although there has been a series of stricter regulations
for known or suspected carcinogens, the long-term effects of only two of the four
non carcinogens have been considered in regulations, and then only for the
general population. Since harmful health effects are known to result from long-
term exposure to low levels of all these substances,39 additional standards would
seem to be useful, especially for workers, in order to reduce the risk from long-
term effects. This would, of course, require a study and quantification of long-
term vs. short-term effects in order to reduce both risks to equivalent levels.

39 y.s. Department of Health, Education and Welfare, Occupational Diseases, Guide to
Their Recognition, Public Health Service, Center for Disease Control, National Institute for
Occupational Safety and Health, 77-181, U.S. Government Printing Office, Washington, D.C.,
June 1977. “Environment Protection Agency Guidelines for Public Reporting of Daily Air Quality,”
Federal Register, 41 FR 37660, September 7, 1976.

“Significant Harm and Emergency Action Levels for Photochemical Oxidants,” Federal
Register, 40 FR 36330, August 20, 1975.
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Finally, the health effects of combinations of hazardous materials must also
be considered. OSHA regulations already limit the combined exposure to
regulated toxic chemicals, so that an exposure to one substance reduces the
total allowable exposure to all other regulated chemicals.40 However, this does
not consider the possibility that the risk from exposure to combinations of
chemicals may be greater than the sum of the risks from individual exposures to
those chemicals.

Furthermore, air pollution standards, as set by the EPA, consider only
individual pollutant levels, without combining the effects of those pollutants to set
hazard levels. There is no evidence, however, that not only should pollutant
exposures be combined to assess risk and set hazard levels, but that combined
exposures of some hazardous substances are actually worse than a linear
combination of individual risks.

For example, biological studies of tobacco plants exposed to ozone and
sulfur dioxide,41 and a variety of vegetation exposed to sulfur dioxide and ozone
or nitrogen dioxide42 show that not only can such synergistic effects increase
damage from combinations of pollutants, but actually result in damage at low
levels of pollutants which individually would cause no damage at all. Such
studies cannot be directly applied to human risk levels (although damage to food
plants is a risk of its own); however, the synergistic effect of many chemicals and
drugs on humans is well known.43 Thus there appears to be an incentive to
study and perhaps modify the way that risks from hazardous substances are
regulated. |

40Thys, for example, if a worker receives 50 percent of the maximum permissible
exposure for a single chemical in an 8-hour period, he may receive only 50 percent of the
permissible exposure to all other regulated substances combined during the same period. (Code
of Federal Regulations, 29 CFR 1910.1000, “Toxic and Hazardous Substances,” Paragraph (d),
revised as of July 1, 1992].

41 Menser, H. A., and J. E. Heggestad, “Ozone and Sulfur Dioxide Synergism: Injury to
Tobacco Plants,” Science, Vol. 153, July 22, 1966, p. 425.

Congressional Research Service, Effects of Chronic Exposure to Low-Level Pollutants in
the Environment, Congressional House Committee on Science and Technology, November 1975.

42¢congressional Research Service, Effects of Chronic Exposure to Low-Level Pollutants
in the Environment, Congressional House Committee on Science and Technology, November
1975.

Environmental Protection Agency, Effects of Sulfur Oxides in the Atmosphere on
Vegetation, EPA-R3-73-030, September 1973, pp. 21-23.

43Because humans are exposed to countless pollutants, additive or synergistic effects are
always possible.
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