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METHODS FOR ANALYZING AND COMPARING TECHNOLOGICAL
HAZARDS: DEFINITIONS AND FACTOR STRUCTURES

Each year an estimated 17-31 percent of the U.S. mortality rate is
associated with undesired side effects of technology (Harriss,
Hohenemser, and Kates 1978). The productivity loss from technology-
related illness, death, and pollution is equivalent to 3-6 percent of
the gross national product (GNP). When combined with the cost of
private and public sector efforts to prevent and mitigate such losses,
the undesired side effects of technology amount to 7-12 percent of the
GNP (Tuller forthcoming). Even so, these estimates of the societal
burden of technological hazards are incomplete and do not include, for
exanple, a number of newly recognized hazards.

Despite the large burden imposed by the undesired side effects of
technology and the intensity of society”s concern with specific
hazards, there has been relatively little systematic and comparative
study of these threats. In this paper we establish a framework for
conceptualizing technological threats, provide g. brief review of
comparative work by others, and present a classification scheme, with
suggested applications. Aspects of our own work have been presented in
earlier publications (Hohenemser, Kasperson, and Kates 1982; Hohenem~
ser, Kates, and Slovic 1983).

1. Approaches to Comparing and Classifying Hazards

"Hazard" and "risk" in the English language are often used inter-
changeably, but we find it useful to distinguish between them. We
define hazards as threats to humans and to what they value and note
that the full description of such threats requires knowledge of the
causal sequence of events that link early stages, such as human needs
and wants, with eventual experience of human harm in the form of death
or injury. We define risks as quantitative measures of human harm,
most frequently expressed in the scientific literature as conditional
probabilities for experiencing harm. Thus, we think of automobile
usage as a hazard and say that the fatality risk in the United States
is 1 in 4000 per year.

Comparing and classifying hazards begins with a basic language
problem. A sampling of the literature on technological hazard and risk
shows that there is no universally agreed upon nomenclature for
describing hazards. Technological hazards are labeled in terms of
their releases (automotive emissions), technology function (diagnostic
x-rays), exposed populations (asbestos workers), environmental path-
ways (air pollution), or varied consequences (cancer). Which label is
chosen is a function of historical or professional choice or
regulatory organization. Any given hazard usually falls into several
categories, For example, a specific chemical may be a toxic substance,
. a consumer product, an air or land pollutant, a threat to worker
health, or a prescription drug. Indeed, a major recent achieyement has



been the crosslisting of several of these domains of hazardous sub-
stances by their environmental pathways (Greenwood, Kingsbury, and
Cleland 1979). Within the limitations of inconsistent nomenclature, a
number of workers have proposed ways of comparing and classifying
hazards. For example, Lawless and colleagues, after reviewing a
variety of methods, have proposed an analytic structure for compara-
tive risk assessment (Lawless et al. forthcoming).

Risk Comparisons

The earliest approach to comparing hazards consists of -various
efforts to "count the bodies.” The National Safety Council for decades
has compiled mortality rates due to various causes, particularly
accidents (National Safety Council 1982). Similarly, public health
agencies have classified mortality by "causes of death" (WHO 1976),
Recently, risk analysts such as Wilson (1979) and Cohen and Lee (1979)
have adapted these sources and others to compile mortality risks for
specific technological hazards. Such 1lists have served to put the
newer technological hazards into perspective and to argue for par-
ticular thresholds of tolerable risk. This is done by noting which
common hazards are already tolerated; by implication, lesser known
technological hazards of equivalent risk should then also be
tolerable. A well-known example of this is the frequently repeated
comparison between experienced auto fatality rates and the hypotheti-

cal risks of nuclear reactor accidents (Nuclear Regulatory Commission
1975).

Risk/Benefit Comparison

One obvious difficulty with simple risk comparison is that it
fails to account for related benefits, which may be large or small in
any given case. Starr (1969) dealt with this problem by plotting
experienced mortality risk vs. benefit, with the latter measured in
economic terms., Distinguishing between voluntary and involuntary
hazards, Starr found that voluntary hazards exhibit higher experienced
risk than involuntary hazards at a given benefit level and that for
each category of hazards risk increases with the cube of the benefit.
He argued that the results revealed society”s preference with regard
to risk: i.e. society willingly tolerates higher risks for higher
benefits and distinguishes in its behavior between voluntary and
involuntary hazards. Though Starr”s analysis has served as an impor-
tant stimulus, Otway and Cohen (1975), using a similar approach, were
unable to replicate Starr’s findings,

Multiple-Characteristic Risk Comparisons

A possible reason for the difficulty encounterad by Otway and
Cohen is that hazards do not universally fall into just two
categories, voluntary and involuntary, but must be divided according
to several characteristics before simple, empirical risk/benefit



relations are obtained. To this end, among other purposes, nine addi-
tional categorical distinctions were proposed by Lowrance (1976),
including "immediate/delayed," '"known/not known," and "common/dread
hazard."

Rowe (1977) provides a semiquantitative framework for evaluating
risks in different categories. He defines '"risk conversion factors"
that relate mortality risk in one category to equivalent mortality
risks in another. As in Starr”s work (1969), Rowe bases differences in
risk evaluation on differences in mortality rates in various risk
categories. Rowe, however, provides a more complex model for accept-
able risk decision than the original paper by Starr. Recently, in an
extension of Rowe’s analysis, Litai, Lanning, and Rasmussen (1981)
have described how risk conversion factors for eight risk categories
are derived from existing mortality rates.

Hazard Perception

Whereas Starr”s approach and subsequent elaborations of it may or
may not yield a self-consistent classification of hazards, the work is
subject to a fundamental critique: it is not necessarily appropriate
to measure the threat to humans and what they value by the probability
of dying, and the benefit of technology by purely economic variables
such as market value. This is demonstrated most effectively by
psychometric studies designed to elicit subjective ratings of risks
and benefits from lay subjects. The earliest of these studies was done
by Fischhoff et al. (1978) and involved rating 30 hazards in terms of
nine characteristics, drawn largely from Lowrance (1976), and a global
variable termed '"perceived risk." ‘Subsequent, related work was
reported by Slovic, Fischhoff, and Lichtenstein (1979, 1980) and Vlek
and Stallen (1981). The central conclusion of this work is that per-
ceived risk is explained by a combination of hazard characteristics,
of which mortality is only ome (Table 1). Therefore, if hazard class-
ification is to be consistent with the judgments expressed by lay
people, it must be based on a considerably broader measure of hazard-
ousness than the traditional mortality-based definition that has been
adopted by most risk analysts.

In undertaking our own hazard classification effort we were
mindful of the limited measure of hazardousness afforded by mortality
risk and cognizant of the central conclusion of the risk perception
work. On the other hand, we recognized the imprecise mnature of
psychometric scales and the variables that they measure. Therefore, we
set ourselves the goal of expanding the measure of hazard beyond
mortality risk while retaining the scientific quality that is usually
associated with mortality estimates.

In the analysis that follows we

e conceptualize all technological hazards as involving po-
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Table 1. Hazard characteristics used in perception studies{
by Slovic, Fischhoff, and Lichtenstein (1980).

1. Voluntariness of risk 10.
2. Immediacy of effect 11.
3. Knowledge about risk? 12,
4. Knowledge about riskb 13.
5. Control over risk‘® 14,
6. Newmess of the hazard 15.
7. Chronic vs. catastrophic 16.
8. Dread 17.
9. Severity of consequences 18.

Control over riskd

Number of people exposed
Equitability of exposure
Effect on future generations
Degree of personai-exbosure
Global catastrophic character
Degree of observability
Changing”ievel of risk®

Ease of reduction of risk

a ,
among those exposed to the risk

among scientists

ccontrol in the sense that mishaps can be prevented

d . . . -
control in the sense that the severity of a mishap can be reduced

after it occurs

e . . . :
degree to which risks are increasing or decreasing



tentially harmful releases of energy and materials;

e characterize the stages of hazard causation via 12 physi-
cal, biological, and social descriptors measured on
quantitatively expressed scales.

e score 93 technological hazards on these scales and analyze
them in terms of their correlative structure;

e and consider the implications of hazards structure for
understanding hazards, their perception, and their management.

We Dbelieve that our most significant = finding is that
"hazardousness,”" as defined by causal sequence descriptors, can be
systematically codified; and that in this way it is possible to cap-
ture at least five independent qualities of hazards. Only one of these
corresponds to the usual definition of risk as probability of dying.
Our conceptualization therefore significantly extends the most common
measure of hazard in current use and provides a relatively well-
defined, objective method for doing so.

2, Measures of Hazardousness

Hazard Structure

_ We model hazards via a six-stage causal sequence (Fig. 1),
employed earlier to describe hazard management and control (Hohenem-
ser, Kasperson, and Kates 1982). The sequence runs successively from
human needs, to human wants, to choice of technology, to possible
releases of materials and emnergy, to subsequent human exposure and
eventual harmful human consequences., In its logic the model is related
to the partition of natural hazards into "events" and "consequences"
(Burton, Kates, and White 1978). It can also be thought of as a
simplified fault tree and is structurally similar to methods used in
analysis of nuclear reactor safety (Nuclear Regulatory Commission
1975), in classification of auto safety options (Haddon 1975), and in
the assessment of consumer product hazards (Bick and Kasperson 1978).

The focal point of the model is the "release'" stage, defined as
the loss of control over flows of energy and materials. Such flows are
essential to properly functioning technology and can strongly affect
the biological well-being and survival of living organisms. Energy and
materials releases are defined as hazardous to the extent that they
exceed levels with which actual and potential target organisms can
cope.

For most technologies several hazard releases occur. For example,
the entire cycle of "coal-fired electric power" involves at least five
distinctive releases, each with its own set of consequences. Thus, air
pollutants produce health effects in the public; coal dust leads to
black lung disease in miners; thermal pollution damages aquatic



DIRECTION OF CAUSAL SEQUENCE>

via a simplified causal sequence.
direction of the sequence,
choice of technology,
Hazard descriptors use
shown below the stage

_ EXPOSURE
HUMAN HUMAN cHoIcE oF | |RELEASE OF T0 HUMAN AND
> - 1 MATERIALS P> MATERIALS [ BIOLOGICAL
NEEDS WANTS TECHNOLOGY OR ENERGY [ | or engray | | CONSEQUENCES
1 INTENTION- 2 spaTIAL 6 PoPULATION 8 HUMAN
ALITY EXTENT AT RISK MORTALITY
' (ANNUAL)
3 CONCENTRA- 7 DELAY 9 Human
TION MORTALITY
4 PERSISTENCE (MAXIMUM)
pescalAZAeD 10 rravscene-
5 RECURRENCE RATIONAL
11 Non-HumMaN
ORTALITY
POTENTIAL)
12 NON-HUMAN
ORTALITY
EXPERIENCED)
Fig. 1. Causal structure of technological hazards illustrated

Note the arrow defining the
from human needs and wants, via

to human and biological consequences,

d in our classification of hazards are
to which they apply.



ecosystens; emitted carbon dioxide wmay trigger climate change; and
kinetic and electrical energy in mining, maintenance, and power dis-
tribution can produce a range of accidental injury and death. As
illustrated in Fig. 2, the "topology" of the hazard "ecoal-fTired
electric power" resembles a pitchfork, with a handle and several
tines. The point of Jjunction is the stage "choice of technology," and
each tine is characterized by a specific release category and as-
sociated consequences,

In the following we consider each tine of the multihazard as a
separate and distinct hazard, and enploy a nomenclature whereby
hazards are labeled by technology name and a subsequent release or
consequence. Thus we refer to "coal burning--3S0_ pollution" as a
hazard and distinguish it from "coal mining~-black ITung disease," even
though both are involved in the multihazard "coal-fired electric
pover." To a large extent this eliminates the inconsistency of
nomenclature referred to in Section 1.

Hazard Desecriptors

With the causal sequence of hazards as a tenplate, we define
appropriate quantitative measures to describe individual hazards at
each stage of the causal chain, In selecting descriptors we choose
gquantities that are universally applicable across the spectrum of
technological hazards, and that mnay be scaled using common physical
units or distinctions. We also intend our descriptors to be comprehen-
sible to ordirary people and to reflect a large fraction of their
concern with hazards., We were, therefore, guided to =some extent by
previously proposed hazard characteristics (Lowrance 1976, Fischhoff
et al. 1978). ‘

As indicated in Fig. 1, we have identified 12 measures of hazard-
ousness. One variable describes the degree to which hazardousness is
intentional in design, four characterize the release of energy and
materials in physical terms, two deal with exposure, and five are
neasures of consequences, Only one descriptor, human mortality
(annual), is closely related to the traditicnal concept of risk as the
probability of dving, The others considerably expand and delineate the
concept of hazardousness. Definitions of the 12 descriptors, inecluding
scales to score them, appear in Table 2., A fuller, more intuitive
definition of descriptors is given in Appendix A,

As indicated in Table 2, eight of the twelve scales are quantita-
tively defined; the other four are qualitative and involve categorical
distinctiens. For the quantitatively defined descriptors, we used
logarithmic scales. These are practical in a situation in which suc-
cessive occurrences may range over a factor of 10 or more in nag-
nitude, and in which estimation errors may easily differ by the same
amount. Compared to linear scales, logarithmic scales may also be
better matched to nhuman perception, as 'seen by the success of the
decibel scale for sound intensity and the Richter scale for earthquake
intensity.
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of coal-fired electric power.

le technology are several distinct
each with its own relea
materials and subsequent consequences,

se of energy and



Table 2.

Hazard descriptor definitions

TECHNOLOGY DESCRIPTOR

1. Intentionality. Measures the degree
to which technology is intended to harm using
a categorical scale: 3 - not intended to harm
living organisms; 6 - intended to harm non-
human living organisms; 9 - intended to harm
humans.

RELEASE DESCRIPTORS

2. Spatial extent. Measures the maximum
distance over which a single event has sig-
nificant impact, using a logarithmic scale,
1<s < 9, where s = logjgd + 1 rounded to
the nearest positive integer, and d is the
distance in meters.

3. Concentration. Measures the concentra-
tion of released energy or materials relative
to natural background using a logarithmic
scale, 1« s < 8. .

For materials and nonthermal radiation
s = log,,R + 2 rounded to the nearest positive
integer, and R is the average concentration
of release divided by the background concen-
tration.

For mechanical energy, s = logza + 0.68
rounded to the nearest positive integer, and
a is the acceleration to which individuals are
exposed measured in units of the acceleration
of gravity. _

For thermal energy, s = log,f + 0.68 roun-
ded to the nearest positive integer, and f is
the thermal flux expressed in units of the so-
lar flux. ,

4. Persistence. Measures the time over
which a release remains a significant threat

to humans using a logarithmic scale, 1 € s< 9.

where s = log Ot + 1 rounded to the nearest
positive integer, and t is the time measured
in minutes.

5. Recurrence. Measures the mean time in-
terval between releases above a minimum signi-
ficant level, using a logarithmic scale iden-
tical to that used for persistence.

EXPOSURE DESCRIPTQRS

6. Population at risk. Measures the num-
ber of people in the U.S. potentially ex-
posed to the hazard, using a logarithmic
scale 1€ s<€ 9, where s = log, P rounded to
the nearest integer, and P is %ge population.

7. Delay. Measures the delay time be-
tween exposure to the hazard release and the
occurrence of consequences, using the loga-
rithmic scale defined for persistence.

CONSEQUENCE DESCRIPTORS

e .

8. Human mortality. (annual). Measures
average annual  deaths in the U.S. due to
the hazard in question, using the logarith-
mic scale defined for population at risk.

9. Human mortality (maximum). Measures
the maximum credible number of deaths in a
single event, using the logarithmic scale
defined for population at risk.

10. Transgenerational. Measures the num-
ber of future generations which are at risk
for the hazard in question, using a cate-
gorical scale: 3 - hazard affects the exposed
generation only; 6 - hazard affects children
of the exposed generation, no others; 9 - ha-

zard affects more than one future generation.

11. Nonhuman mortality (potential). Mea-
sures the maximum potential non-human mor-
tality, using a categorical scale: 3 - no po-
tential nonhuman mortality; 6 - Significant
potential nonhuman mortality; 9 - Potential
or experienced species extinction.

12. Nonhuman mortalitv (experienced). Mea-
sures nonhuman mortality that has actually
been experienced on a categorical scale: 3 -
no experienced nonhuman mortality; 6 - Sig-
nificant experienced nonhuman mortality;

9-- experienced species extinction.
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Hazard Selection and Scoring

Our initial base for hazard selection was the Clark University
collection of case studies and the hazard list employed in early risk
Perception work by Fischhoff et al. (1978). The Clark collection
included the case histories of technological concern prepared by
Lawless (1977), as well as studies garnered from a review of relevant
medical and scientifie literature. Thus, the initial set of 66 hazards
selected for scoring on the 12 scales defined in Table 2 included many
of the hazards that have received public and scientific attention over
the past decade. - :

After scoring the initial 66 hazards, we plotted their distribu-
tion on each of 12 scales, noted the extent of imbalances, and
selected additional hazards to round out the sample. Qur final sanple
of 93 hazards, given in Table 3 along with their scores, is therefore
reasonably well distributed on nost scales. As can be seen in Fig. 3,
several variables, such as "human nortality (maxinmum)", have strongly
skewed distributions. This is because there are few hazards with large
catastrophic potential and many with the potential to kill people
individually, Definitions of the 93 hazards appear in Appendix A.

Most hazards were scored through reference to the scientifie
literature by two or more individuals from our interdisciplinary
group. Many cases were discussed by a larger group or referred to
specialists in order to clarify the meaning of the available litera-
ture. A subsequent series of checks led to alteration of 8% of the
scores by 1-2 scale points and less than 1% by 3 scale points or more.
In a typical case these changes involved inconsistent use of scales;
in some cases they corrected blunders such as inadvertent scale inver-
sion by the first scorer., Ve believe the replicability of our scoring
to be + 1 scale point in most cases. In a few cases, especially for
hazards undergoing current evaluation (such as recombinant DNA
technology), we expect that judgments of readers might vary sig-
nificantly.

Given the set of 93 scored hazards, we are prepared to explore
methods of classification by noting how hazards group and cluster in
our 12 dimensional "descriptor space."

3. Hazard Classification

Enerzy vs, Materials Hazards

One of the simplest, yet significant, classifications that can be
derived from our data divides hazards into those that involve energy
and materials releases, respectively. To visualize this, we have
organized Table 3 accordingly, With a few exceptions energy hazards
are distinguished by releases of kinetic energy on a macroscopic
scale, whereas materials hazards generally affect organisms on a
molecular level (1),

-
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Table 3. Descriptor and factor codes for 93 hazards

The descriptor code for each hazard consists of a digit for each descriptor,
and represents scores on the scales defined in Table 2, To help visualize
the factor structure, descriptors have been grouped by factor in the order
defined in Table 4. The factor code consists of a single digit for each
factor, and identifies extreme scores by "1" and non-extreme scores by "0",
and also follows the order defined in Table 4. Hazards with two or more
extreme factors are identified with *,

HAZARD ' DESCRIPTOR CODE FACTOR CODE

ENERGY HAZARDS ’
00000

1. Appliances - fire ' 333-333-42-3-95-2

2. Appliances - shock 333-113-21-3-95-1 00000

3. Auto - crashes 333-113-11-5-96-2 00010

4, Aviation - commercial - crashes 333-113-63~3-97-4 00100

5. Aviation -~ commercial - noise 333-213-11-1-85-5 00000

6. Aviation - private - crashes 333-113-3244-97-4 00010

7. Aviation - SST noise 333-313-41-1-76-5 00000

8. Bicycles - crashes 333-113-11-3-84-2 00000

9. Bridges - collapse 333-113-53-1-95-3 00000
10. Chainsaws - accidents 666-113-11-1-74-2 10000
11. Coal mining - accidents 333-233~53-3-64-3 00000
12. Dams - failure 693-423-74-2-85-5 10100 *
13. Downhill skiing - falls 333-113-21-2-63~1 00000
14. Dynamite blasts ~ accidents 333-113-32-2-65-3 00000
15. Elevators - falls 333-113-52-2-96-2 00000
16. Fireworks - accidents 333-113-31-1-83-2 00000
17. BHandguns - shootings 369-113-41-4-96-1 10010 *
18. High construction - falls 333-113-71-1-28-2 00000
19. High voltage wires -~ electric fields 333-173-11-1-74-3 00000
20. LNG ~ explosions 363-213-85-1-86-5 00100
21. Medical x-rays - radiation 333-189-11-4-92-2 00011 *
22. Microwave ovens - radiation 333-173-11-1-84-2 00000
23. Motorcycles - accidents 333-113~11-4-76-2 00010
24, Motor vehicles - noise 333-213-11-1-83-3 00000
25. Motor vehicles - racing crashes 333-113-52-2-67-2 00000
26. Nuclear war - blast 699-213-87-4-98-6 10110 =*
27. Power mowers - accidents 333-113-21-~-2-73-2 00000
28. Skateboards - falls 333-113-11-3-73-1 00000
29. Skydiving - accidents 333-113-51-2-48-1 00000
30. Skyscrapers - fire 333-423-53-3-85-4 00000
31. Smoking - fires 333-433-32-3-85-1 00000
32. Snowmobiles - collisions 333-113-41-2-73-2 00000
33. Space vehicles ~ crashes 333-313-84-1-98-5 00100
34. Tractors - accidents 333-113-41-2-74-2 00000
35. Trains - crashes _ 333-213-53-3-84-3 00000
36. Trampolines - falls 333-113-51-1-74-2 00000
MATERIALS HAZARDS

37. Alcohol - accidents 333-313-11-4-95-2 00010
38. Alcohol - chronic effects 333-486-11-5-85-1 00010

39. Antibiotics - bacterial resistance 666-563-11-3-97-1 10000
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Table 3 (cont.)

HAZARD DESCRIPTOR CODE FACTOR CODE
40. Asbestos insulation - toxic effects 333-583-11-3-56-3 00000
41. Asbestos spray - toxic effects 333-583-11-1-83-3 00000
42. Aspirin - overdose 333-456~11-3-97-1 00000
43. Auto - CO pollution 333-346-11-2-94-4 00000
44, Auto - lead pollution 663-976-11-2-95-5 01000
45. Cadmium - toxic effects 663-986-11-2-74-6 01000
46. Caffeine - chronic effects 333-566-11-1-95-1 00000
47. Coal burning - NO, pollution 693-566-11-3-95-7 10000
48. Coal burning - 507 pollution 693-563-11-4-94-7 10010 =
49. Coal mining - black lung 333-483-11-4-64-3 00010
50. Contraceptive IUD's - side effects 333-763-11-2-67-1 00000
51. Contraceptive pills - side effects 333-586-11-3-74~1 00000
52. Darvon - overdose 333-556-11~4~77-1 00010
53. DDT - toxic effects 996-886-32-1-87-5 11000 =*
54. Deforestation - C02 release 696-993-11~1-91-9 10001 =
55. DES - animal feed = human toxicity 333~586-11-1-93-1 00001
56.. Fertilizer - NO, pollution 393-686-11-1-93-9 00001
57. Fluorocarbons - ozone depletion 393-883-11~1-97-9 '00000
38. Fossil fuels -~ CO, release 393-993-11-1-92-9 00001
59. Hair dyes - coal far exposure 333-286-11-1-87-1 00000
60. Hexachlorophene - toxic effects 666-363-11-2-87~1 10000
61. Home pools - drowning 333-223-41-3-83-1 00000
62. Llaetrile - toxic effects 333-553-11-1-55-1 00000
63. Lead paint - human toxicity 333-773-11-3-75-2 00000
64. Mercury - toxic effects 663-986-13-2-85-5 01000
65. Mirex pesticide - toxic effects . 696-886-22-1-67-5 11000 =*
66. Nerve gas - accidents 669-836-73-1-77-5 10100 =*
67. Nerve gas - war use 699-836-87~3-97~7 10100 =
68. Nitrite preservative - toxic effects 336-786-11-1-91-1 00001
69. Nuclear reactor - radiation release  363-969-86~1-96-7 01100 =*
70. Nuclear tests - fallout 663-989-73-3-91-9 01101 =
71. Nuclear war - radiation effects 699-989-88-4~97-9 11110 =*
72. Nuclear waste - radiation effects 363-989-15-1-82-6 01001 =
73. 0il tankers - spills 663-763-61-1-15-6 00000
74. PCB's - Toxic effects 663-976-13-1-97-6 01000 -
75. Pesticides - human toxicity 996-886~12-2-97-5 11000 =
76. PVC - human toxicity . 333-486-11~2-77-4 00000
77. Recombinant DNA - harmful release’ 393~869-97-1-97-9 01100 *
78. Recreational boating - drowning 333-223-51-4-83-2 00010
79. Rubber manufacture - toxic exposure 333-986-11-3-57-4 01000
80. Saccharin - cancer 333-486-11-1-87-1 00000
81l. Smoking - chronic effects 333-486-11-6-85-1 00010
82. SST - ozone depletion 393-893~11-1-93-9 00001
83. Taconite mining - water pollution 663-983-11-1-67-6 00000
84. Thalidomide - side effects 333-456-51~1-17-1 00000
85. Trichloroethylene — toxic effects 333-983-11-1-87-4 00000
86. Two, 4,5-T herbicide - toxic effects 696-886-22-1-77-5 11000 =*
87. Underwater construction - accidents 333-223-61-1-44-3 00000
88. Uranium mining - radiation 333-989~12-2-64-5 01000
89. Vaccines - side effects 696~556-11~-2-84~1 10000
90. Valium - misuse 333-566-11-3-87-1 06000
91. Warfarin - human toxicity 666~653-11-1-87-1 . 10000
92. Water chlorination - toxic effects 666-583-11-1-97-5 10000

93. VWater fluoridation - toxic effects 333-786-11-1-82-5 00001
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fit the space available.
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Marked differences in causal structure for energy and materials
hazards are illustrated in Fig. 4, which provides average scores for
the two sets. From this we see that:

1) Energy hazards have releases with short persistence times,
averaging less than one minute; materials releases have
long persistence times, averaging a week or more.

2) Energy hazards have immediate consequences, with average
exposure-consequence delays of less than one minute; mater-
ials have delayed consequences, with exposure-consequence
delays averaging one month. ’ ’

3) Energy hazards have only minor transgenerational effects,
with consequences restricted almost wholly to the exposed
generation; materials hazards affect on the average one fu-
ture generation,

4) Energy hazards have little potential effect on nonhuman
mortality; materials hazards have significant potential ef-
fects on nonhuman mortality, v

In addition, there are other less striking differences. Energy
hazards involve less spatial extent, longer recurrence times between
significant events, and fewer experiences of nonhuman mortality. The
two categories of hazards are similar in intentionality, concentra-
tion, population at risk, annual mortality, and maximum potential
killed. ‘

We believe that the significant causal structure differences in
energy and materials hazards are themselves a useful starting point in
formulating and understanding hazard management options, and indeed
have been recognized in the existing regulatory structure. In the case
of auto transportation, for example, energy hazards (auto accidents)
are handled by one agency (Department of Transportation), whereas
materials hazards (pollution) are handled by another agency (Environ-
mental Protection Agency). Detailed consideration of this point is,
however, beyond the scope of this paper.

Reducing the Number of Dimensions

Beyond simple division of hazards by release class, it is of
interest to explore grouping or clustering of hazards according to
causal structure. Because any grouping is aided by a reduction in the
number of independent dimensions, we have employed principal component
factor analysis to determine the minimum number of orthogonal dimen-
sions needed to describe the data (2). This process leads to five
composite dimensions (or factors) which "explain" 81% of the variance
of the sample. For practical purposes, this means that the causal
structure of each of the 93 hazards, and probably others to be scored
in the future, can be described by five variables, rather than 12,
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The relation of the derived factors to the original set of
descriptors is summarized in Table 4., Given factor nanes~--BIOCIDAL,
DELAY, CATASTROPHIC, MORTALITY, AND GLOBAL--are intended to aid the
intuition and are related to the descriptors that define each factor,

The factor BIOCIDAL combines hazards with a high level of non-
human mortality and technologies that are purposefully designed to
harm humans or other living organisms. The factor DELAY combines
persistence in the environment with long delay between exposure and
consequences. The factor CATASTROPHIC includes both rarity of oc-
curence and high human mortality in one event. The factor MORTALITY
represents the single descriptor annual human mortality. Finally, the
factor GLOBAL combines hazards with widespread exposure and a con-
centration of release that is modest with respect to background,

Several tests indicate that the factor structure does not change
significantly when hazards are added and deleted from the sample, or
when scoring changes comparable to the estimated scoring errors are
made. Thus the original 66 hazards yielded essentially the same factor
structure as the final 93; changing 10% of the sgore by 1-3 scale
points had no significant effect; and removing 24 hazards with the
most extreme factor scores produced only minor changes in factor
structure, Particularly the 1last finding is remarkable and quite
unexpected, since extreme scores often dominate a rfactor solution.
Details of the factor analysis and tests of its robustness are sum-
marized in Appendix B,

To help in visualizing the factor structure, Table 3 has been
organized so that individual deseriptor scores are grouped by factor
into a 12-digit "descriptor code," and extreme scores on each factor
are identified through a five-digit "factor code." (See Table 3 for
code sequence definitions.) The group into which a particular hazard
falls depends, of course, on the cutoff for the designation "extreme."

Although the location of the cutoff is ultimately a policy question,
our preliminary method for defining it is arbitrary: we simply made a
cut in the truncated factor scores at 1.2-1.5 standard deviations
above the mean, the exact value depending on the location of a natural
break,

In identifying extreme scores on each factor we might have used
exact factor scores generated by the factor analysis. These, however,
include significant off-diagonal contributions, so that two hazards
with identical descriptors on a given factor may have significantly
different factor scores. Because we believe that the significance of
factor analysis lies in descriptor grouping, and not in the mathemati-
cal abstraction called a "factor," we used truncated factor scores
(consisting of sums of descriptors belonging to a given factor) to
generate the extreme scoring hazards designated in Table 3 (3).

As expected, truncated factor scores correlate strongly with
exact factor scores (0.84 < r < 0.97). Distributions of truncated
factor scores over the 93 hazards are shown in Fig., 5. This indicates,
further, that with the exception of the factor GLOBAL, the designation
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Table 4. Factor structure
FACTOR HAZARD DESCRIPTOR
No. Name Variance Name factor
explained@ loadingb
(%)
1. BIOCIDAL 33 nonhuman mortality (experienced) 0.87
nonhuman mortality (potential) 0.79
intentionality 0.81
2. DELAY 19 persistence 0.81
delay _9.85
transgenerationalseffects 0.84
3. CATASTROPHIC 11 recurrence 0.91
human mortality (maximum) 0.89
4. MORTALITY 11 human mortality (annual) 0.85
5. GLOBAL 9 population at risk 0.73
concentration -0.73
RESIDUAL spatial extent

4The percentages given for "variance explained" differ somewhat

from those in previous work (Hohenemser, Kates, and Slovic 1983, 380),

which was subject to erroneous reading of the computer output.

bFactor loadings are the result of varimax rotation.
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"extreme" is unambiguous. For the factor GLOBAL one must decide which
side of the symmetric distribution is to be regarded as extreme. As
already indicated, we have chosen the side of low concentration and
large population at risk. Truncated factor scores and correlation
plots for truncated vs. exact factor scores are given in Appendix C.

Inspection of Table 3 permits quick identification of dimensions
that dominate hazardousness in specific cases. For example, we may
read that commercial aviation is high in the factor CATASTROPHIC and
nondistinctive in the other four; or that power mower accidents are
extreme in none of the five factors, whereas nuclear war--radiation
effects is extreme in four.

A Seven—Class Taxonomy of Extremes

Table 4 lends itself to a seven—class taxonomy with three major
groups, as shown in Table 5. The three groups are "multiple extreme
hazards," "extreme hazards," and "hazards." The first includes cases
with extreme scores in two or more factors, the second contains cases
with extreme scores on one factor, and the third €ollects all other
hazards.

The emphasis on extremes in Table 5 leaves the bulk of hazards
unstructured., If the intent is to focus on society’s most important
worries, this is appropriate. Further structuring of nonextreme
hazards may, however, be achieved in several ways. One approach is to
utilize the distinction between energy and materials hazards already
described in Fig. 4. Another approach, suggested in an earlier paper
(Hohenemser, Kasperson, and Kates 1982), is to divide nomextreme
hazards into macro- and micro-hazards. In the first case threatening
releases occur on a macroscopic scale, do gross damage to the human
body (as in broken bones), and have largely acute consequences; in the
second case, releases are microscopic, do damage on a molecular scale
without detectable macroscopic change, and have largely delayed conse-
quences.

Alternative Factor Analyses

As defined here, the taxonomy depends crucially on the structure
uncovered in the factor analysis. How valid is our factor analysis?

Although the factor analysis of the 93 hazards in our sample is robust
in the manner we have described, the factor solutions depend sig-
nificantly on the hazard set analyzed. If only energy hazards are
chosen, for example, a different factor structure emerges than when
all 93 hazards are analyzed. To illustrate, we present in Tables 6-8
three alternative factor analyses, with results as follows.

® For the 36 energy hazards alone, a four-factor solution is
obtained which explains 74% of the variance of the sample
and scrambles all of the original factors save BIOCIDAL,
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Table 5. A seven-class taxonomy

CLASSES

EXAMPLES

1. MULTIPLE EXTREME HAZARDS

(extreme in more than

3.

one factor)

EXTREME HAZARDS

(extreme in one factor)

a. intentional biocides
b. persistent teratogens
€. rare catastrophes

d. common killers

e. diffuse global threats
HAZARDS

(extreme in no factor)

nuclear war - radiation, recombinant DNA,
pesticides, nerve-gas - war use, dam

failure.

P

chain saws, antibiotics, vaccines.

uranium mining, rubber manufacture.

LNG explosions, commercial aviation crashes.
auto crashes, coal mining - black lung.

fossil fuel - COZ’ SST - ozone depletion.

saccharin, appliances, aspirin, skateboards.
power mowers, bicycles.




Table 6. 36 energy hazards: factor structure

FACTOR HAZARD DESCRIPTORS
No. Name Variance Name factor
. . a
explained loading
%)

1. CATASROPHIC 34 spatial extent 0.83
GLOBAL human mortality (maximum) 0.79
DELAY ’

persistence , 0.75
recurrence - 0.68
2. BIOCIDAL 17 nonhuman mortality (experienced) 0.90
nonhuman mortality (potential) 0.89
intentionality 0.81

3. DELAY 13 delay 0.82

GLOBAL transgenerational effects 0.72
concentration -0.70

4. MORTALITY 10 human mortality (annual) 0.89

GLOBAL population at risk 0.65

[}

Factor loadings are the result of varimax rotations.
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Table 7. 60 materials hazards: factor structure

FACTOR HAZARD DESCRIPT ORS
No. Name Variance Name factor
explained . loading®
(%)

1. BIOCIDAL 32 nonhuman mortality (experienced) 0.86
nonhuman mortality (potential) 0.83

intentionality = 0.77

2. CATASTROPHIC 16 nonhuman mortality (maximum) 0.90
DELAY transgenerational effects 0.80
recurrence 0.77

3. DELAY 13 delay 0.91
persistence 0.61

4. GLOBAL 11 concentration 0.84
spatial extent -0.55

5. MORTALITY 8 population at risk 0.71
GLOBAL human mortality (annual) 0.70

2 Factor loadings are the result of varimax rotation,
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Table 8. 93 technological and 17 natural hazards: factor structure

FACTOR HAZARD DESCRIPTOR:

No. Name Variance Name factor a

explained ) loading
(%)

1. BIOCIDAL 30 nonhuman mortality (potential) 0.89
GLOBAL nonhuman mortality (experienced) 0.86
spatial extent A 0.64
2. DELAY 20 transgenerational effects 0.87
delay 0.85
persistence 0.77
3. CATASTROPHIC 11 human mortality (maximum) 0.89
recurrence 0.87
4, GLOBAL 10 concentration 0.82
BIOCIDAL intentionality 0.64
5. MORTALITY | 9 population at risk 0.82
GLOBAL human mortality (annual) 0.64

Factor loadings are the result of varimax rotation.



e For the 60 materials hazards alone a five-factor solution
is found which explains 80% of the variance of the sample
and again scrambles all but the original factor BIOCIDAL,

® For the 93 energy and materials hazards with 17 added na-
tural hazards (see Table 9), a five-factor solution is ob-
tained which retains the original factors DELAY and CATAS-
TROPHIC but scrambles BIOCIDAL, GLOBAL, and MORTALITY.

Descriptor scores for natural hazards are given in Table 9.
Details of the factor analyses are given in Appendix D. :

A necessary conclusion is that energy, materials, and natural
hazards are structurally distinct groups., For energy and materials
hazards this was already apparent in Fig. 4., One specific expression
of this structural difference is that some descriptors are incapable
of distinguishing among hazards of a given subset: for example, the
descriptors "delay" and "persistence" have very little variability for
energy hazards and cannot be important factor components; they serve a
useful function only in distinguishing materials hazards.

Do the different factor structures of Tables 6-8 suggest that the
factor analysis of the original set of 93 is too arbitrary to be
useful? We have already shown the energy/materials distinction to be a
powerful cut that creates distinctive subsets in our description. If
we were interested only in one subset or the other, a more restricted
set of descriptors and factors might be appropriate, Since, however,
we are interested in describing the whole domain of technological
hazards, the descriptors and factor analysis obtained for the combined
set of 93 should be our choice.

This leaves the question of why the addition of 17 natural
hazards significantly perturbs the factor analysis of the 93. Like
energy and materials hazards, the natural hazards chosen constitute a
distinct group. Because factor analysis of just the 17 natural hazards
over the 12 descriptors is statistically invalid, we do not report on
that analysis., Further work on natural hazards and their relation to
technological hazards hazards is under way.,

How useful is our approach to hazard classification? To succeed
it must approximate the essential elements that make specific hazards
threatening to humans and what they value, reflect the concerns of
society, and offer new tools for hazard management, On the first point
we invite the review and evaluation of specialists; on the second and
third we present additional evidence in the next section.

4, Comparing Perceptions

The scores for 93 hazards are products of judgments relying on
explicit methods, a scientific framework, and deliberate efforts to
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Table 9. Descriptor codes for 17 natural hazards

The descriptor code for each hazard consists of a digit for each des-
criptor, and represents scores on the scales defined in Table 1, To
help visualize the factor structure descriptors have been grouped by
factor in the order defined in Table 2.

NATURAL HAZARD DESCRIPTOR CODE
1. Avalanche ~ surge 663-213-53-1-76-4
2. Coastal erosion - mass movement 693-913-11-1-64-6 -
3. Drought - moisture deficit 993-863-61-1-92-7
4, Eartliquake - shaking 663-213-65-2-86-~6
5. Flood - surge 663-413-54-3-65-5
6. Flood - inundation 993-623-53-2-73-6
7. Frost - freeze 663-543-51-1-82-6
8. Hail - falls 663-313-41-1-82-5
9. Hurricane - wind 663-513-74-3-85-7
10, Hurricane - surge 693-413-74-3-75-5
11, Landslide - mass movement 663-513-43-1-86-4
12, Lightning - strike 663-113-44-3-98-2
13. Tornado - wind 663-313-54-3-86~5
14, Tsunami - surge 693-313-84-2-65-5
15. Urban snow accumulation 663-533-54-3-93-6
16, Volcano - blast 693-313-93-1-57-6
17. Windstorm - wind 663-413-43-2-94-6
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control bias, None of these are necessarily attributes of lay percep-
tion. Indeed many scientists believe that lay judgments of hazards
vary widely from scientifically derived judgments (Kasper 1980). Given
that hazard policy in our society is determined to a large extent by
people inside and outside government who are not scientists or hazard
assessment experts, it is important to know whether lay people are
able to understand and judge our hazard descriptors and whether these
descriptors capture their concerns. Although we cannot offer a defini-
tive answer to these questions, we can report on the results of a
pilot study of a group of 34 college-educated people (24 men, 10
women, mean age 24) living in Eugene, Oregon. .

To test perception we created nontechnical definitions and scor-
ing instructions for the causal descriptors of hazard and asked our
subjects to score our hazard sample. Instruction details are given in
Appendix E, After an initial trial, "concentration" was judged too
difficult for our respondents to score. For similar reasons, 12 of the
less familiar hazards were omitted. The subjects then scored 81
hazards on 11 measures, using only our instructions and their
knowledge, reasoning, and intuition. )

The results indicated reasonably high correlations between the
scores derived from the scientific literature and the mean judgments
of our lay sample. As Table 10 shows, correlation coefficients ranged
from a low of 0.65 to a high of 0.96 for the 11 descriptors that were
scored, As illustrated in three sample scatter plots (Fig. 6), despite
high correlation coefficients, deviations of a factor 1000 between
scientific and lay estimates were encountered. (See Appendix E for
full complement of scatter plots.) This suggests significant biases in
lay perceptions for some descriptors and some hazards, Moreover the
subjects tend to compress the scale of their judgments; in effect, lay
judgments exhibit systematic overevaluation of low scoring hazards and
systematic underestimation of high scoring hazards. This effect is not
an artifact of regression toward the mean but appears in the scores of
individual subjects as well, Similar effects have been found by Lich-
tenstein et al., (1978) in previous comparisons of "perceived risk" and
annual mortality,

To test whether our causal structure descriptors capture our
subjects” overall concern with risk, we collected judgments of "per-
ceived risk," a global risk measure whose determinants have been
explored in previous psychometric studies (Fischhoff et al. 1978;
Slovic, Fischhoff, and Lichtenstein 1980). Subjects were asked to
consider "the risk of dying across all of U.S. society" as a conse-
quence of the hazard in question and to express their judgment on a
relative scale of 1-100. The correlation between perceived risk
defined in this way and our descriptor scores across all 81 hazards is
illustrated in Table 11, top. Modest positive correlation coeffi-
cients, between 0.30 and 0.57, were obtained in 9 or 12 cases, This
implies that each individual hazard descriptor can explain only a
small portion of the variance in perceived risk.

In Table 11, bottom, we show the correlation of the five factors
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Table 10. Correlation of lay and scientific judgments of hazard descriptors

HAZARD DESCRIPTOR

CORRELATION COEFFICIENTS

Energy Materials All
Hazards Hazards Bazards

TECHNOLOGY DESCRIPTOR
1. Intentionality 0.95 0.84 0.89
RELEASE DESCRIPTORS
2. Spatial Extent 0.83 0.89 0.87

Concentration N/A N/A N/A
4. Persistence 0.33 0.62 0.79
5. Recurrence 0.85 0.73 0.80
EXPOSURE DESCRIPTORS
6. Population at risk 0.77 0.73 0.74
7. Delay 0.88 0.92 0.96
CONSEQUENCE DESCRIPTORS
8. Human mortality (annual) 0.79 0.77 0.76
9. Human mortality (maximum) 0.89 0.75 0.79
10. Transgenerational. 0.34 0.56 0.65
11. Nonhuman mortality (pot.) 0.82 0.75 0.78
12. Nonhuman mortality (exp.) 0.63 0.73 0.71
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Scatter plots with linear regres-
sion lines indicating correlation
between mean lay Jjudgments and our
estimates of hazard descriptors.

The three cases il]ustkate the prin-
cipal features of these correlations:
(1) a generally high degree of corres-
pondence between the two types of
judgment;‘?ﬁ) some deviations cor-
responding to a factor of as high

as 1000 (three scale points) on
quantitatively defined logarithmic
scales; (3) except for the case of
spatial extent (top graph), a signi-
ficant compression of scale for lay
judgments, indicated by a slope less
than unity.
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Table 11. Correlation of causal structure des-
criptors with psychometrically determined
values of "perceived risk" across 81 hazards.

HAZARD DESCRIPTOR CORRELATION COEFFICIENT
(only r-values at greater than
0.95 confidence level are given.)

TECHNOLOGY DESCRIPTOR

1. Intentionality 0.28

RELEASE DESCRIPTORS

2. Spatial Extent 0.57
3. Concentration -
4. Persistence 0.42

5. Recurrence -

EXPOSURE DESCRIPTORS

6. Population at risk 0.42
7. Delay 0.30

.CONSEQUENCE DESCRIPTORS

8. Human mortality (annual) -

9, Human mortality (maximum) 0.53
10. Transgenerational . 0.43
11. Nonhuman mortality (potential) 0.53
12. Nonhuman mortality (experienced) 0.30
FACTORS
1. BIOCIDAL 0.32
2. DELAY 0.41
3. CATASTROPHIC 0.32
4. MORTALITY -

5 GLOBAL 0.30
2

VARTIANCE EXPLAINED = Ir 0.50
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with perceived risk (4), Modest positive correlations were obtained in
four of five cases. Because the factors are linearly independent, the
summed variance of the factors may be used to determine the total
variance "explained" by our hazard descriptors. Based on the sample of
34 young Oregonians, we conclude that our hazard descriptors account
for about 50% of the variance in perceived risk. As might be expected
from the earlier work on risk perception, perceived risk shows no
significant correlation with the factor mortality.

When the analysis is carried out using not our descriptor scores
but average ratings obtained from our 34 subjects, correlations with
perceived risk increase substantially and factor scores derived from
the subjects” descriptor ratings explain 85% (not 50%) of the variance
in perceived risk. (See Table 12). We conclude, therefore, that our
hazard descriptors are well understood by our pilot sample of nonex-
perts and that they capture most of the global concern that is ex~
pressed in the variable "perceived risk." Nonetheless, before these
conclusions can be cast in a more general form much additional work is
needed with larger, more representative samples.

5. Applications to Hazard Management

In addition to improving our understanding of hazards, our con-
ceptualization of hazardousness can assist in the social and tech-
nological controls that society employs to ease the burden of hazards.
Though detailed discussion of hazard management is beyond the scope of
this paper, we can envision three ways of improving this process.

Comparing Technologies

Basic to hazard management are comparisons and choices between
competing technologies, In debates on electricity generation, for
example, comparisons between coal and nuclear power are common. In-
sofar as such comparisons involve hazards, they are invariably couched
in terms of mortality estimates. A controversial recent example is the
estimate by Inhaber (1979) that coal has a fifty-fold larger mortality
rate than nuclear power, as illustrated in Fig. 7, top. Quite aside
from the validity of Inhaber”s methods, which have been questioned
(Holdren et al. 1979; Herbert, Swanson, and Reddy 1979), such one-
dimensional comparisons create considerable coutroversy and dissatis-
faction because they ignore other important differences, including
other aspects of hazardousness between the two technologies.

Our broader conceptualization of hazardousness offers a partial
solution. To illustrate, we show in Fig. 7 bottom, our multidimen-
sional hazard profile for coal and nuclear power. This profile was
obtained by combining descriptor scores for each of several hazard
chains making up the multihazards of coal and nuclear power (5). As
can be seen, coal exceeds nuclear in human mortality, as would be
expected from Inhaber”s analysis. Coal also exceeds nuclear in non-



Table 12. Correlation of Decision Research causal structure des-

criptors with psychometrically determined values of "perceived
risk" across 81 hazards.

HAZARD DESCRIPTOR CORRELATION COEFFICIENT
(only r-values greater
than 0.95 confidence
level are given.)

TECHNOLOGY DESCRIPTOR

1. Intentionality 0.46

RELEASE DESCRIPTORS

2. Spatial Extent ' 0.72
3. Concentration *
_ 4. Persistence 0.56

5. Recurrence -

EXPOSURE DESCRIPTORS

6. Population at risk 0.67

7. Delay 0.34

CONSEQUENCE DESCRIPTORS

8. Human mortality (annual) 0.32
9. Human mortality (maximum) 0.71
. 10. Transgenerational 0.72
11. Nonhuman mortality (potential) 0.71"
12. Nonhuman mortality (experienced) 0.48

* no data for this descriptor
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in computing the "combined" descriptor scores plotted here,
see note 5.
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human mortality (i.e. environmental effects). Nuclear power, on the
other hand, dominates in transgenerational effects and the
catastrophic factor. The two technologies show little difference in
persistence, delay, population at risk, and diffuseness,

We believe that our 12-descriptor profile better captures the
complexity of choice in energy risk assessment and management than the
common mortality index. At the same time it in no way settles the
problem of choice but raises an interesting new and largely normative
question: how should society weight the different dimensions of haz-
ardousness? !

Dealing with the Hazard of the Week

Analysis of national news media shows that 40-50 hazards receive
widespread attention each year (Kates 1977). In theory, each new
hazard goes through a sequence of problem recognition, hazard assess-—
ment, and managerial action. Often there is need for early managerial
response of some kind. To this end, our descriptors of hazardousness
provide a quick profile allowing new hazards to be grouped with other
hazards having similar profiles.

To illustrate this possibility, we used available information to
score the new hazard "tampons-toxic shock syndrome." Comparisons of
profiles enabled us to determine that this hazard was most similar in
structure to the previously scored hazards 'contraceptive IUDs--side
effects," "aspirin--overdose," "Valium-—-misuse,” and  "Darvon--
overdose." Such comparisons will provide industrial or governmental
hazard managers immediate access to relevant, albeit incomplete,
precedents and can provide warning of unexpected problems, a range of
suggested managerial options, and, at the very least, a measure of
consistency in public policy. Indeed, subsequent societal response on
tampons has paralleled that of IUDs, the hazard in our inventory
closest in structure to tampons (6).

A Case for Triage?

As a society we cannot make extraordinary efforts on each of the
100,000 chemicals or 20,000 consumer products in commerce. If our
causal structure and its descriptors reflect key aspects of hazards--
threats to humans and what they value--then our taxonomy provides a
way of identifying those hazards worthy of special attention. Cases
with extreme scores in each of the five composite dimensions of hazard
have already been identified in Table 3, and these lead naturally to a
proposal for "triage": extraordinary attention for multiple extreme
hazards, distinctive effort for each of the groups of extreme hazards,
and an ordered, routine response for the remainder.

Although we regard the notion of triage as a potentially useful
application of our taxomomy, it is well to remember that many of the
extreme hazards (e.g., nuclear weapons) are among a group that has
defied solution for a long time, and that special effort expended on
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them may produce few concrete results. This leads some to argue that
society should focus its effort on cases of proven cost-effectiveness,

cases with the maximum reduction in hazardousness per unit expendi- -

ture.

We regard neither triage nor adherence to cost-effectiveness
criteria as adequate foundations of hazard management; rather, we see
them as two horns of a familiar dilemma: whether to work on the "big
questions" where success is limited, or to work on the normal, where
success is expected. In this context, our taxonomy at the very least
provides a means for identifying the "big hazards" in a consistent
manner.

6. Summary And Conclusions

All taxonomies are based on explicit or implicit assumptions, and
ours is no different. We assume that technological hazards form a
single domain; that they are defined by causal sequences; and that
these are usefully measured by a few carefully chosen physical,
biological, and social descriptors. Our approach leads us to distin-
guish between energy and materials releases and provides a method for
constructing profiles of hazardousness that considerably extends the
conventional concept of "risk" as annual human mortality.

Based on a pilot study we have shown that our profiles of hazard-
ousness appear comprehensible to lay people and that they capture a
significant fraction of our subjects’ concern with hazardousness. This
suggests that some conflict between experts and lay people may be
resolved by clarifying the way by which hazardousness is defined.

Based on preliminary investigations, we expect that our approach
can improve the quality and effectiveness of hazard management. In
particular, it wmay help in comparing hazards of competing tech-
nologies, provide for a quicker, more orderly response to new hazards,
and offer society a rational approach to "triage."

We recognize that our work is still largely conceptual and il-
lustrative. As such, it requires critical evaluation by others, as
well as further elaboration by ourselves. For example, there are
obviously other descriptors that might be used in measuring hazards,
as well as other ways of analyzing and displaying their correlational
structure. These may lead to alternative and perhaps better ways of
representing the essential features of hazards and the relations
between them. Beyond that, it is clear that ways must be found for
assigning weights to different descriptors of hazardousness, but it
would be premature to address the weighting question at the present
state of research.

Whatever the outcome of future elaboration, we are confident that
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our basic assumptions will hold: that hazards as causal sequences form
a coherent domain which can be ordered through a number of independent
physical, biclogical, and social descriptors.
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NOTES

There is a major epistemclogical difference in the understanding of
of energy and materials hazards. By and large, the causal structure
of energy hazards is well understood. In contrast the links betyeen
exposure and consequences for many materials hazards are at best
correlational, and true causal understanding awaits explanation_pf
such important consequences as cancer or arteriosclerosis. e
suspect that the difference between energy and materials hazards is
fundamental and related to the levels of biological organization,
but the differences may be an artifact of unequal knowledge,

Factor analysis was done using the package Biomedical Computer

Program, Program BMDP:P4M, developed by the Health Sciences Comput-
ing Facility, U.C.L.A., available in BMDP, P-series, 1979, ed. W.
J. Dixon and M. B, Brown (Los Angeles: University of California
Press, 1979). Orthogonal rotation was performed according to the
varimax criterion, which maximizes the variance of the squared
factor loadings.

Using raw descriptor scores D.. for the ith descriptor and the kth
X i
hazard, we obtained truncated %actor scores

t _

ij - iDik’
where i runs over just the salient desecriptors belonging to the jth
factor. This suppresses contributions fronm descriptors that load
weakly on the jth factor. In contrast, the factor analysis program
obtains exact standardized factor scores through the 12-term sum

T

ij“idikfij'
where the di are standardized descriptor scores belonging to the
ith descriptfor and the kth hazard, and fi. is the 12x5 factor score
coefficient matrix, given in the follow1d§ table. In a statistical
sense, there is little differenc betwzen the two methods: the
correlation coefficients between F.{ and F__ are (0.94, 0.96, 0.97,
0.85 and 0.96) for j = (1,2,3,4,5)7 respectively.

Variable Factor score coefficients
for factors
no. mean stdev. 1 2 3 4 5

12 3.9 1.5 .42 -.07 -.15 -.03 -.08
11 4.6 2.4 .31 -.05 -.00 -.14 .15
1 3.7 1.6 .41 -1.2-.04 .18 .09
4 4.4 3,0 .01 ,32 -.02 -.10 -.08
7 4.8 3.1 -.03 .38 -.18 .0l -.07
10 4.4 1.9 .21 .47 .15 .25 -.1p
5 2.7 2,4 -,09 -,08 .47 -.10 -.08
9 1.8 1.6 -.06 .09 .44 .10 .03
8 2.1 1.2 ,02 .08 -.00 .67 .03
6 7.6 1.7 .11 -.06 .02 .30 .57
3 5.1 1.8 .14 .07 .05 .17 -.59
2 3.5 2.5 .02 .06 .19 -.29 .27
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In this case, since we are interested only in statistical correla-
tion, we used factor scores derived from factor analysis, as
defined in note 3.

To obtain "combined™ hazard profiles, the hazards of coal-fired
electric power were taken to be numbers 11, U7, 48, U9, and 58 in
Table 3, and those of nuclear electric power numbers 69, 72,and 88,
Consistent with the logarithmic character of most of the descriptor
scales, corresponding descriptor scores from different hazard
chains were combined through the addition algorithm: score (a2 + b +
Cee.) = maximum (a,b,c...). In effect, combined hazardousness on a
given descriptor is determined by the highest scoring component
hazard. Because of the negative loading of "concentration" on the
GLOBAL factor, "minimum" was substituted for "maximum" in applying
the above algorithm to the descriptor "concentration."

Management for IUDs and tampons included three responses: (1) remo-
val of specific product(s) most associated with health effects; (2)
stricter classification and scrutiny by the regulatory agency; and
{(3) warnings and recommendations for use packaged with all other
products in the generic class. Details of managerial activity on
IUDs are discussed by Mary P. Lavine (forthcoming); data on tampons
are from L, Kobren, Bureau of Medical Devices, Food and Drug Ad-
nministration, personal communication on 23 June 1981,
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APPENDIX A

HAZARDS AND HAZARD DESCRIPTORS

This appendix provides definitions on which the study is based. Table A.1°
defines the 12 hazard descriptor scales. The form of Table A.1 is the one that
was actually used in scoring and will be found more accessible and intuitive
than the shorter (and equivalent) version previously given as Table 1 of the
main text. Table A.2 defines the 93 technological hazards scored on the basis
of the scientific literature. The entry for each hazard includes the hazard
number, the hazard name in the form '"technology--release' or "technolog&—-conse—
quence,'" a 12-digit code indicating descriptor scores in a specific format, a
shortened computer name, and a brief description of the hazard chain. Hazards
1-33 involve energy releases and are referred to as "energy hazards"

s hazards

34-93 involve materials releases and are referred to as "materials hazards."



Table A.1.

A~ 2

Hazard Descriptor Scales

TECHNOLOGY DESCRIPTOR

1. Intentionality

RELEASE DESCRIPTORS

2.

3.

Spatial Extent

Concentration

Measures the degree to which technology 1is intended to

harm.
Score
3
6
9

Categorical Definition

Not intended to harm living organisms.

Intended to harm nonhuman living organisms.

Intended to harm humans,

Measures the maximum spatial extent over which a single
release exerts a significant Impact. The quantitative
scale is based on lineal dimensions, the categorical
scale on common geographical units.

Score

1

O 00 N Y Ut WwWN

Distance Scale
1m

1-10 m

10~-100 m
100~1000 m

1-10 Km

10-100 km

100-1000 km

103-10% xm

>104 km

Categorical Definitioﬁ

Individual

Small Group .

Large Group
Neighborhood
Small Region
Region
Subcontinental
Continental

Global

Measures the degree to which concentration of released
energy or materials is above natural background.

Materials and nonthermal radiation: the scale is based
on the ratio, R, defined as the concentration averaged
over the release scale divided by the natural background.

Score
1

(oS e N e T VI V)

Concentration

10
100
10
10
10

A

. R - - - R

Scale
<1

[H
—
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Table. A.1. Hazard Descriptor Scales (continued)

4.

Persistence

Mechanical energy: the quantitative scale is based on
the acceleration, a, to which humans are subjected,

expressed in units of the acceleration of gravity,
g = 9.8 m/s2,

Score = Acceleration Scale C(Categorical equivalent

1 a<l g Protected ordinary life

2 a=1 g Ordinary life, small falls

3 2 <a<b5 g Very few fatalities

4 5<a<1l0g A few unlucky fatalities

5 10 <a<20¢g Significant fatalities

6 20 <a <40 g ‘Protected individuals survive

7 40 < a < 80 g Some protected individuals
Survive

8 80 < a . B _Rare survivors

" Thermal energy: the quantitative scale is based on

the thermal flux, f, to which a human is subjected
expressed in units of the solar flux, s = 2 cal/cm® /min.

Score Thermal Flux Scale Categorical Equivalent

1 f <1 s Protected ordinary life

2 ft=1 s Ordinary life: lst deg.
burn possible

2 <f <5 s lst deg. burn in minutes

4 5 <f <10 s 2nd deg. burn possible;
few deaths

5 10 < £ <20 s 2nd deg. burn in minutes;
some deaths

6 20 < f <40 s~ 3rd deg. burns possible

40 < £ < 80 s 3rd deg. burns in minutes;

many deaths

8 ‘80 < f s Rare survivors

. Measures the time period over which the release remains a

significant threat to humans.

Score Time Scale
1 1 min. )
2 1~10 min.
3 10-100 min.
8 10%-107 min.
7

9 >10° min.
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Table A.1. Hazard Descriptor Scales (continued)

5. Recurrence Measures the time period over which the minimum signifi-
cant release recurs within the U.S. Use the scale for
persistence.

EXPOSURE DESCRIPTORS

6. Population at Measures the number of people in the U.S. exposed or
risk potentially exposed to the hazard.
Score Number of People
1 0-10
2 ' 10-100
8 _ 108
9 > 108
7. Delay Measures the delay time between exposure to the hazard

release and the occurrence of consequences. Use the
scale for persistence.

CONSEQUENCE DESCRIPTORS

8. Human mortality Measures the average annual number of deaths in the U.s.
(annual) due to the hazard in question. Use the scale for popu-
lation at risk.

9. Human mortality Measures the maximum credible number of people that
(maximum) could be killed in a single event. Use the scale for
population at risk.

10. Transgenera- Measures the number of future generations which are at
tional risk for the hazard in question.
Score Categorical Definition
3 Hazard affects the exposed generation only.
6 Hazard affects_children of the exposed, no others.
9 Hazard affects ﬁore than one future generation.
11. Nonhuman mor- Measures the maximum potential nonhuman mortality as a
tality (po- result of the hazard.
tential) Score Categorical Definition
3 No potential nonhuman mortality.
6 Significant potential nonhuman mortality.
9 Potential or experienced species extinction.
12. Nonhuman mor- Measures nonhuman mortality that has actually been
tality (ex- experienced. :
perienced) Score Categorical Definition
3 No experienced nonhuman mortality.
6 Significant experienced nonhuman mortality.

9 Experienced species extinction.
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Table A.2, Hazard Description

Hazards are specified by number, name, descriptor code, and computer label.
The number, name, and descriptor code correspond to those given in Table 3 of
the main text. The ordering of descriptors in the descriptor code follows that
of Tab!e 2, i.e. nonhuman mortality (experienced), nonhuman mortality (potential),
intentionality, persistence, delay, transgenerational effects, recurrence,

humaq mortality (maximum), human mortality (annual), population at risk, concen-
tration, and spatial extent.

No. NAME ' DESCRIPTOR CODE COMPUTER
LABEL

ENERGY HAZARDS

1. APPLIANCES -- FIRE ’ 333-333-42-3-95-2 APPLIANF
Technology: Appliances & electrical wiring. :
Qutcome & exposure: Fires from faulty wiring or appliances.
Consequences: Injuries, deaths, property damage.

Accidental fires from faulty electrical wiring or appliances,
resulting in injuries, deaths, and property damage.

2. APPLIANCES -- SHOCK 333-113-21-3-95-1 APPLIANS
Technology: Appliances & electric wiring.
Outcome & exposure: Malfunctions or mishandling, resulting in
electrical shock.
Consequences: Death, injury.
Accidental electric shocks from malfunctions or mishandling of
appliances or wiring, resulting in possible death or injury.

3. AUTOMOBILES -- CRASHES 333-113-11-5-96-2 AUTQCRAS
Technology: Automobiles.
Outcome & exposure: Collisions, other accidents involving
both car passengers and pedestrians.
Consequences: Injuries, deaths.
Auto accidents (collisions, etc.) involving both passengers and
pedestrians, resulting in injuries or deaths.

4, AVIATION-COMMERCIAL -- CRASHES 333-113-63-3-97-4 AVIATICC
Technoloaoy: Commercial aviation.
Outcome & exposure: Crashes and other accidents, affecting
both passengers and people on the ground.
Consequences: Injuries, deaths, property damage. :
Accidents involvino commercial aircraft with possible injuries
and deaths among both passengers and people on the ground and
property damage.




Technology:
Outcome & exposure:

Consequences:
Bridge construction,

tural faults or outsi

333-113-53-1-95-3
Bridge construction and use.
Bridge collapse due to structural faults
or outside impact.
Deaths and injuries.
with potential for collapse throuah struc-

No. NAME DESCRIPTOR CODE COMPUTER
LABEL -
5. AVIATION-COMMERCIAL -- NOISE 333-213-11-1-85-5 AVIATICN
Technology: Commercial aviation.
Outcome & exposure: Noise; affecting both airport workers and
‘ residents of surrounding areas. .
Consequences: Disruption of activity, possible psychol-
ogical stress, various physical effects
such as elevated blood pressure or loss
of hearing.
Noise from commercial avation, affecting both airport workers
and residents of surrounding areas, resulting in disruption of
activities, possible psychological stress and physical effects.
6. AVIATION-PRIVATE -- CRASHES 333-113-32-4-97-4 AVIATIPC
Technology: Aviation (private).
Outcome & exposure: Crashes and other accidents involving both
private and commercial -aircraft passengers
and people on the ground.
Consequences: Injuries, deaths, property damage.
Accidents involving private aircraft exposing both air passen-
gers and people on the ground to injuries and deaths.
7. AVIATION -- SST NOISE 333-313-41-1-76-5 AVIATISN
Technology: SST, supersonic transport
Outcome & exposure: Sonic booms; landing and take-off noise
(150-200 kb): affecting both airport
workers and residents of surrounding areas.
Consequences: Possible hearing loss, disruption of acti-
vity, psychological stress, health effects
such as elevated blood pressure, and Drop-
erty damage.
Noise from SSTs, including sonic booms and take-off and Tlanding
noise, resulting in possible psychological stress, various
physical effects, disruption of activities, and potential prop-
erty damage.
8. BICYCLES -- CRASHES 333-113-11-3-84-2 BIKECRAS
Technology: Bicycles.
Outcome & exposure: Collisions, falls, other accidents involving
both riders and others.
Consequences: Injuries and deaths.
Bicycle accidents (collisions, falls, etc.) resulting in injury
or death.
9. BRIDGES -- COLLAPSE

RRIDGECL

de impacts, resulting in deaths and iniuries.
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10. CHAINSAWS -- ACCIDENTS 666-113-11-1-74-2 CHAINSAH

Technology: Use of chainsaws.

OQutcome & exposure: Accidents.

Consequences: Injuries, deaths.

Use of chainsaws with the potential for accidents that can result
in injury or death.

11. COAL MINING -- ACCIDENTS . 333-233-53-3-64-3 COALMINE
Technology: Coal mining.

Outcome & exposure: Cave-ins, poisonous gas, explosions, fire,

other accidents.

Consequences: Injuries, deaths.

Coal mining accidents (cave-ins, explosions, fires, poisonous

gas, etc.) resulting in injuries or deaths. '

- 12. DAMS -- FAILURE 693-423-74-2-85-5 DAMFAILU

Technology: Dams.

Outcome & exposure: Collapse of dam with possible large release
- of water, affectin population in flood path.

Consequences: Deaths, injuries, property damage.

Collapse of large dams, with large-scale flooding and possible

deaths, injuries, and property damage.

13. DOWNHILL SKIING -- FALLS 333-113-21-2-63-1 DSKIFALL

Technology: Downhill Skiing (skis, !ifts, etc.)
Qutcome & exposure: Falls, collisions, other accidents.
Consequences: Injuries, deaths.

Downhill skiing accidents, resulting in injuries and deaths.

14. DYNAMITE BLASTS -- ACCIDENTS 333-113-32-2-65-3 DYNAMBLA
Technology: Dynamite blasting (construction, mining, etc.)
Outcome & exposure: Accidents.

Consequences: Injuries, death.
Accidents associated with dynamite blasting for construction,
mining, etc., resulting in injuries and deaths.

15. ELEVATORS -- FALLS 333-113-52-2-96-2 ELEVATOR
Technology: Elevators.

Outcome & exposure: Accidental falls from malfunction.
Consequences: Injuries, deaths.
Elevator malfunctions and falls resulting in injuries and deaths.

16. FIREWORKS -- ACCIDENTS 333-113-31-1-83-2 FIREWORK
Technology: Fireworks (small and large).

Outcome & exposure: Accidents involving both handlers and bystanders.
Consequences: Injuries, deaths.

Deaths and injuries resulting from accidents involved with the
handling and use of fireworks.
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17. HANDGUNS -- SHOOTINGS 369-113-41-4-96-1 HANDGUNS
Technology: Handguns.

Outcome & exposure: Deliberate or accidental shootings.
Consequences: Injuries, deaths.

Injuries and deaths resulting from deliberate or accidental
shootings with handguns.

18. HIGH CONSTRUCTION -- FALLS 333-113-71-1-28-2 HCONSTRU
TechnoTogy: H1gh construction and repair work by steeple-

Jacks.
Qutcome & exposure: Falls.
Consequences: . Injury, deaths.
High construction and repair work by steeplejacks, with the
possibility of falls resulting in injury or death.

19. HIGH VOLTAGE WIRES -- ELECTRIC FIELDS 333-173-11-1-74-3 HIGHWIRE -
Technology: High voltage eTectric wires (765 KV and up). :
Outcome & exposure: Exposure to electric fields. -
Consequencas: Possible health and behavioral effects.

Prolonged exposure to very high voltage wires, possibly resulting
in various behavioral and heaith effects.

20, LNG -- EXPLOSIONS 363-213-85-1-86-5 LNGEXPLO
Technology: LNG (11quified natural gas).

Outcome & exposure: Storage and transport of LNG resulting in
possible accidental release of gas or
explosion and fire.

Consequences: Injuries, deaths, property destruction.

Storage and transport of liquified natural gas with the possibility

of leaks and spills, resulting in explosions or fires and deaths,
injuries and property damage.

21.  MEDICAL X-RAYS -- RADIATION 333-189-11-4-92-2 MXRAYRAD )
Technology: Medical X-rays.

Outcome & exposure: Exposure to X-ray radiation by both patients
and clinical workers.

Consequences: Increased chance of cancer, genetic damage,
and other pessible harm from radiation.

Use of X-rays for diagnostic purposes, with exposure of both

patients and clinical workers, resulting in increased chance-of

cancer, genetic damage, and other possible harm.
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22.  MICROWAVE OVENS -- RADIATION 333-173-11-1-84-2 MOVENRAD
Technology: Microwave ovens.
Outcome & exposure: Leakage and release of microwave radiation
affecting both users and service repair people.
Consequences: Possible eye damage (cataracts), skin damage,
sterility, and behavioral effects.
Exposure to leaking microwave radiation by users and repairers of
microwave ovens, resulting in possible eye damage (especially cat-
aracts), skin damage, sterility, and behavioral effects.
23. MOTORCYCLES -- ACCIDENTS 333-113-11-4-76-2 MOTORCYC
Technology: Motorcycles.
Outcome & expcsure: Collisions, falls, other accidents involving
both drivers and pedestrians.
Consequences: Injuries, deaths.
Accidents involving motorcycles resulting in possible injuries or
deaths both to riders and pedestrians.
24. MOTOR VEHICLES -- NOISE 333-213-11-1-83-3 MVEHICLN
Technology: Motor vehicles (cars, trucks, buses, etc.)
Outcome & exposure: Noise (20-100 db).
Consequences: Possible psychological stress, various
physical effects, hearing loss.
Noise from motor vehicle traffic resulting in possible psycholog-
ical stress, various physical effects such as elevated blood
pressure or hearing loss.
25.  MOTOR VEHICLE -- RACING CRASHES 333-113-52-2-67-2 MVEHICRC
Technology: - Motor vehicles for racing.
Qutcome & exposure: Crashes and possible fires injuring drivers
or spectators. '
Consequences: Injuries, deaths, property damage.
Motor vehicle racing with the possibility of crashes and fires
resulting in injuries or deaths of drivers and spectators.
26. NUCLEAR WAR -- BLAST 699-213-87-4-98-6 NUKEYARB
Technology: Nuclear weapons.

Outcome & exposure: Use in warfare; exposure of population in
large radius to effects of blast, heat, and
fire.

Consequences: Deaths, injuries, property and environmental
damage. -

Use of nuclear weapons in warfare, resulting in immediate deaths

and injuries from effects of blast, heat, and fires; also, property

and environmental damage.
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27.  POWER MOWERS -- ACCIDENTS 333-113-21-2-23-2 POWMOWER
Technology: Power mowers.
Outcome & exposure: Accidents from projected objects.
Consequences: Injury, deaths, cut or severed limbs.
Power mower accidents (projected rocks, cuts, etc.) involving
operators or bystanders and resulting in possible injuries or
deaths.
28.  SKATEBOARDS -- FALLS 333-113-11-3-73-1 SKATEBOA
Technology: Skateboards.
Qutcome & exposure: Falls, collisions, and other accidents.
Consequences: Injuries, deaths.
Accidents involving skateboards, resulting in injuries or death.
29.  SKYDIVING -~ ACCIDENTS 333-~113-51-2-48-1 SKYDIVE
Technology: Skydiving. :
Outcome & exposure: Malfunctions, accidental falls.
Consequences: Injury, death.
Skydiving with possibility of equipment malfunction and fall,
resulting in injury or death.
30.  SKYSCRAPERS -- FIRE 333-423-53-3-85-4 SKYSCRAP
Technology: Skyscrapers.
Outcome & exposure: Fires from various causes.
Consequences: Injuries, deaths, property damage.
Skyscraper fires from various causes resulting in possible injuries,
deaths, and property damage.
31.  SMOKING -- FIRES : 333-433-32-3-85-1 SMOKEFIR
Technology: Production of tobacco products.
Outcome & exposure: Smoking, with possibility of accidental
fires affecting both smokers and others.
Consequences: Deaths, injuries, property damage.
Poss1bility of accidental fires from smoking, resulting in deaths,
injuries, and property damage involving both smokers and others.
32.  SNOWMOBILES -- COLLISIONS 333-113-41-2-73-2 SNOWMOBL
Technology: Snowmobiles.
Outcome & exposure: Collisions, overturns, other accidents.
Consequences: Injuries, deaths.
Accidents involving snowmobiles resulting in injuries and
deaths. -
33.  SPACE VEHICLES -- CRASHES 333-313-84-1-98-5 SPACEVEH
Technology: Space exploration; orbiting satellites.
Outcome & exposure: Orbit decay; crashing vessels or parts.
Consequences: Human injury or death; property damage.

Orbiting satellites or other space vehicles, with the potential
for orbit decay and crashes of vessels or parts of vessels to

earth, resulting in possible human death , injury and/or
property damage.
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34.  TRACTORS -- ACCIDENTS 333-113-41-2-74-2 TRACTOR
Technology: Tractors.
Qutcome & exposure: Overturns, collisions, and other accidents.
Conseguences: Injuries, deaths.
Accidents involving farm tractors, resulting in 1n3ur1es and deaths.
35.  TRAINS -- CRASHES : 333-213-53-3-84-3 TRAINCRA
Technology: Trains.
Outcome & exposure: Crashes, other accidents involving passengers,
crews, pedestrians, and traffic.
Consequences: Injuries and deaths.
Train accidents, involving both trains, their crews, passengers,
crossing traffic, and pedestrians, resulting in injuries and deaths.
36.  TRAMPOLINES -- FALLS 333-113-51-1-74-2 .TRAMPOLI
Technoiogy: Trampolines.
Qutcome & exposure: Accidental falls.
Consequences: Injury, death.

Use of trampolines, with possibility of accident resulting in
injury or death.
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MATERIALS HAZARDS

37.

38.

39.

40.

ALCOHOL -- ACCIDENTS 333-313-11-4-95-2

Technoiogy: Alcohol production and distribution.

Outcome & exposure: Consumption of alcohol followed by operation
of machinery (especially motor vehicles,
planes, etc.)

Consequences: Accidents (cars, planes, machinery, etc.)
involving both the alcohol drinker and others,
resulting in injury or death.

Use of alcohol followed by operation of machinery, especially cars,

planes, and other motor vehicles, resulting in accidents and injury
or death to the driver and others.

ALCOHOLA

ALCOHOL -- CHRONIC EFFECTS 333-486-11-5-85-1 ALCOHOLC
Technology: Alcohel preduction a~d distribution. :

Outcome & exposure: Prolonged consumptio.n of alcohol.

Consequences : Liver damage and other chronic disorders.

Prolonged use of alcohol, resulting in liver damage and other

chronic disorders.

ANTIBIOTICS -- BACTERIAL RESISTANCE 666-563-11-3-97-1 ANTIBIOT
Technology: Broad spectrum antibiotics.

Outcome & exposure: Routine use in humans and livestock.

Consequences: Development of resistant strains of bacteria;

possible additional human deaths and illnesses
because of inability to control some infec-
tious diseases.
Use of broad spectrum antibiotics in humans and animals resulting
in the development of resistant strains of bacteria and the
possibility of numan deaths and illnesses because of the inability
to control some infectious diseases.

ASBESTOS INSULATION -- TOXIC EFFECTS 333-583-11-3-56-3

Technoiogy: Use of asbestos in insulation materials ’
for buildings, ships, etc.

Outcome & exposure: Release of asbestos fibres during manufacture,
handling, installation, and removal of insula-
tion; exposure by workers (occasiona]]y at
high concentrations) and general public.

Consequences: Increased chance of lung and other cancer
(especially mesothelioma); asbestosis.

Use of asbestos in insulation material for building, ships, etc.,

with release of asbestos fibres during manufacture, handling,

installation, and removal of insulation. Exposure especially of
workers (sometimes at high concentrations) and the general public

(usually at low concentrations) resulting in increased chance of

tung disease (asbestosis) and Tung and other cancers.

ASBESTOT
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41, ASBESTOS SPRAY -- TOXIC EFFECTS 333-583-11-1-83-3 ASRESTOS
Technology: Incorporation of spray asbestos in tiles,
girders, and other building materials.
Outcome & exposure: Release of some fibres to air; occasionally,
circulation by ventilation system.
Consequencas: Possible health effects, especially Tung
disorders.
Use of spray asbestos in tiles, girders, and other building mater-
jals, with the release of small amounts of fibres to the air, both
during ordinary use and construction and demolition. Exposure of
building occupants and workers, resulting in possible lung disorders
and other health effects.
42.  ASPIRIN -- OVERDOSE 333-456-11-3-97-1 ASPIRIN
Technology: Aspirin manufacture and distribution.
Outcome & exposure: Accidental or intentional overdose |
Consequences: Death, illness. _
Accidental or deliberate overdose of aspirin, resulting in
death or illness.
43, AUTO -- CO POLLUTION 333-346-11-2-94-4 AUTOCOPL
Technology: Automobiles.
Qutcome & exposure: Release of CO exhaust; inhalation by
occupants of auto; CO pollution of roadways.
Consequences: CO poisoning (acute and chronic, high and Tow
Tevel); impairment of physical functions and
possible death.
Release of carbon monoxide from automobile exhaust, with possible
inhalation by occupants of the auto and general pollution of road-
way areas, resulting in general impairment of physical functions
and possible death.
44,  AUTOS -- LEAD POLLUTION 663-976-11-2-95-5 AUTOPBPL
Technology: Lead in gasoline additives.

Outcome & exposure: Release of lead to air in auto exhaust;
human exposure through air or contamination
of food.

Consequences: Various disorders including possibility of
blood and brain damage through lead poisoning;
impaired growth and development in children.

Use of lead additives in gasoline, with release of lead in auto

exhaust. Ajr pollution and contamination of food and animal feed

through environmental dispersion, resulting in various health effects

including the possibility of blood and brain damage and impaired
growth and development in children.
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45.  CADMIUM -- TOXIC EFFECTS 063-386-11-2-74-6 CADMIUM
Technology: Jse of cadmium in metal plating, alloys,
pigments and plastics, batteries, etc.
Outcome & exposure: Release of cadmium to air during use;
release to water, so0il, or air through
waste disposal from manuftacturing processes
of cadmium-containing products; exposure of
workars or general population through air,
food, tobacco products, or water,
Consequences: Kidney and cther grgan damage.
Use of cadmium in various technologies (metal plating, alloys,
pignents and plastics, batteries, etc.) with exposure of workers
during the manufacturing process, and exposure of the general
putlic through possible cadmium contamination of soil, water, food,
tobacco products, and air. Consequences include possible kidney
and/or other organ damage.
46.  CAFFEINE -- CHRONIC EFFECTS 333-566-11-1-95-1 CAFFEINE
Technology: Catfaine as natural ingredient or additive
in beverages or as stimulant drugy (No-doze).
Outcome % exposure.  Chronic ingestion.
Consequencss : Possible cause of stomach ulcers and/or other
Tonc-term health consequences.
Regular intake o carfeine i1 beverages or as a stimulant drug
(No-doze), rasulsing in possibie stomach ulcers and/or other
heaith efforns.
47.  COAL BURNING -~ H0.70LLUTION 653-566-11-3-5-7 COALBNOY
Tecnnology: Coal combustion for electrical energy produc-
tion.

(utcome & exposura: Release o NOX ana atmespheric dispersion;
acid rains.
Consequences: Various health effects, especially lung impair-
ment and possible death; ecosystem effects
(acid rain, atc.)
Release of nitrogen oxides through coal burning for electricity
production, with various human health effects, including possible
Tung disordars and death, and various ecosystem impacts, particu-
larly through acid rain.
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48.  COAL BURNING -- SO, POLLUTION 693-563-11-4-94-7 COALBSO?
Technology: Coal burning for electrical energy production.
Outcome & exposure: Release of 502 and atmospheric dispersion;

acid rain.

Consequences: Various health effects, including lung disease
and possible death; ecosystem disruption and
damage.

Release of sulfur dioxide through coal burning for electricity

production with varying human health effects through air poliution,
including lung disease and possible death, and ecosystem impacts
particularly through acid rain.

49.  COAL MINING -- BLACK LUNG 333-483-11-4-64-3 COALMINE
Technology: Underground coal mining. ‘
Qutcome & exposure: Creation of coal dust; breathing dust by

miners.

Consequences: Silicosis (black lung) and other disorders.

Exposure to coal dust by miners during underground coal mining opera-

tions, resulting in silicesis (black lung) and other disorders.

50. CONTRACEPTIVE IUDs -- SIDE EFFECTS 333-763-11-2-67-1 CONTRACE
Technology: Manufacture and distribution of IUDs

(intrauterine devices).

Outcome & exposure: Insertion of IUDs for contraception leading
to possible side effects.

Consequences: Possible perforation of uterus upon insertion
or subsequent imbedding in uterus; bleeding;
possible infection and death.

Use of IUDs for contraception with possibility of perforation of

uterus during insertion or with subsequent imbedding, resulting in
bleeding and possible infection and death.

51. CONTRACEPTIVE PILLS -- SIDE EFFECTS 333-586-11-3-74-1 CONTRACP
Technology: Oral contraceptives.

Outcome & exposure: Use of oral contraceptives (which modify

. hormone levels to prevent conception)
resulting in harmful side effects.

Consequences: Possible circulatory system diseases and
deaths.

Use of oral contraceptives (birth control pills),which modify

hormone levels and may result in circulatory system diseasec and
possible death.

52.  DARVON -- OVERDOSE 333-556-11-4-77-1 DARVON
Technoloay: Use of Darvon (propoxyphene) as painkiller.

Outcome & exposure: Accidental or deliberate overdose.

Consequences: Possible coma, circulatory or respiratory

depression, convultions, death.
Use of Darvon as painkiller with possibility of accidental or
deliberate overdose, resulting in possible coma and death.
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53.  DDT -- TOXIC EFFECTS 996-886-32-1-87-5 DDT
Technology: Use of DDT as insecticide.
Outcome & exposure: Application on crops or land; direct exposure
~ of agricultural workers during and after
application; indirect exposure of general
public through residues in food or water;
environmental dispersion and conception in
ecological food chains.

Consequences: Various possible health effects on nervous
and endocrine systems; possible carcinogenic,
mutagenic, and teratogenic effects; widespread
ecosgstem impacts (animal species mortality,

' ete.

Use of DDT as insecticide, resulting in direct exposure of workers

during and after application and indirect exposure of the general

public through residues in food and water. Consequences include

various possible ‘human health effects (hormonal effects, nervous

system, possible cancers, birth defects, and genetic damage) and

widespread environmental damage, including mortality among various
animal species. -
54.  DEFORESTATION -- 002 RELEASE 696-993-11-1-91-9 DEFOREST

Technology: Forest clearing.

Qutcome & exposure: Release of CO2 from tree and wood combustion,
from decay of wood, and from a reduction in
absorption of CO2 by forested areas.

Consequences: Possible greenhouse effect and climate change
from increased atmospheric COZ’ leading to
various effects on agriculture, ecosystems,
ocean levels, etc.

Deforestation for various purposes, resulting in increased carbon

dioxide in the atmosphere (from combustion and decay of forest

products and reduced absorption of CO, by living forests) and a

possible greenhouse effact of global climate; increased teuperatures

may affect agriculture, ecosystems, ocean levels, etc.

55. DES -- ANIMAL FEED HUMAN TOXICITY 333-586-11-1-93-1 DESANIML.

Technology: DES (diethylstilbestrol) in feed to

promote animal growth.
Outcome & exposure: Accumulation in animal tissue; intake
by humans.
Consequences: Possible increased chance of cancer and/or
sterility in humans.
Use of DES in animal feed to promote growth, with accumulation in
animal tissue and human ingestion, possibly resulting in increased
chance of cancer and/or sterility.
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56.  FERTILIZERS ~-- NOX POLLUTION 393-686-11-1-93-9 FERTILIZ

Technology: Use of nitrogen fertilizers.

Qutcome & exposure: Release of NOX to atmosphere.

Consequences: Possible ozone reaction and ozone depletion;
increases in skin cancer and other human
health effects; ecosystem damage.

Use of nitrogen fertilizers, resulting in release of nitrogen

oxides to the atmosphere and possible reaction with ozone and

destruction of the ozone layer; possible increases in human skin

cancers and other health effects as well as extensive ecological

damage might result.

57.  FLUOROCARBONS -- OZONE DEPLETION 393-883-11-1-97-9 FLUOROCA

Technology: Use of fluorocarbons (and other halocarbons)
as aerosol propellants in refrigeration
equipment, etc.

Qutcome & exposure: Release to atmosphere; eventual possible
reaction with and destruction of ozone;
increased ultraviolet (UV) radiation reaching
earth's surface.

Consequences: Skin cancer and other damage from UV exposure;
damage to various animals and plant populations
and ecosystem disruption.

Use of fluorocarbons as aerosol propellants and other uses

(refrigeration, etc.), resulting in possible destruction of atmos-

pheric ozone and increased ultraviolet radiation reaching earth's

surface. Consequences include increased chance of skin cancer and

other damage and possible ecosystem disruption.

58.  FOSSIL FUELS -- CO, RELEASE 393-993-11-1-92-9 FOSILFUL

Technology: = Fossil fuel combustion.

Outcome & Exposure: Release of CO,; atmospheric accumulation and pos-
sible greenhotse effect.

Consequences: Possible climate change with widespread effects
on temperature, ocean levels, agriculture, etc.

Release of carbon dioxide through fossil fuel combustion resulting in

possible climate change and various effects including temperature,

increase, agricultural effects, changes in ocean levels, ecesystem
disruptions, etc.
59.  HAIR DYES -- COAL TAR EXPOSURE 333-286-11-1-87-1 =~  HAIRDYES

Technology: Coal tar-based hair dyes.

Qutcome & exposure: Use of dye and absorption of coal tar through
skin.

Consequences: Possible carcinogenic effect; possible teratogenic

effect (birth defects).

Use of coal tar-based hair dyes, resulting in absorption of some coal tar sub-
stances through the skin and possible increased chance of cancer and birth
defects.
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60.  HEXACHLOROPHENE -- TOXIC EFFECTS 666-363-11-2-37-1 HEXACHLO
Techrology: Use of hexacnlorophene in skin cleansers as

anti-bacterial agent.
Uutcome & Exposure: Absorption through skin {and possible ingestion);
accumulation.
Consequences: Possible brain damage and deaths, especially in
babies; possible skin effects.
Use of hexachloraphene in skin ¢leansers and other products with absorption
through skin and accunulaticn in the body; possible effects include skin
eruptions and brain damaqe, especially in infants and burn patients.

61.  HOME POOLS ~-~ DROWHING 333-223-41-3-33-1 HOMEPOOL
Technology : Home swimming pools.
Outcome & Exposure: Accidents.
Conseqguences: Drowning.

Possibility of accidental drowning in home swimming pools.

62.  LAETRILE -- TOXIC EFFECTS 333-553-11-1-55-1 LAETRILE -
Technology: Use of jaetrile as anti-cancer drug.
Outcome & Exposure: Ingestion.
Consequences: Toxic effects, with illness or death from
overuse.
Use of Taetrile as an anti-cancer drug with possible toxic effects
causing iliness or death from overuse.
63.  LEAD PAINT -~ HUMAN TOXICITY 333-773-11-3-75-2 PEPAINT
Technology: Use ot lead as additive in paints

OQutcome & Exposure: "01d paint chips off walls and some dispersed
as dust; children eat paint chips and/or breathe
dust containing iead.
Consequences: Lead poisoning (plumbism) with various types
of organic damage; possibie death.
Use of lead-based paints; ingestion by children of paint chips and/or
breathing dust with lead point particles by children or adults {espec-
ially after construction work); resulting in lead poisoning with various
forms of organic damage and possible death.
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64.  MERCURY -- TOXIC EFFECTS 663-986-13-2-85-5 MERCURY
Technology: Use of mercury in various industrial processes
' (chloralkali production; chemical catalysts;
in electrical equipment, etc.)

Qutcome & Exposure: Release of mercury to water, air, or land;
environmental dispersion, conversion to methyl-
mercury, acosystem contamination and bioaccumula-
tion; human exposure through contaminated food,
especially fish (some exposure through air or water).

- Consequences: Mercury or-methylmercury poisoning involving _
nervous system and other disorders and possible death,
brain and nervous system damage to children and
fetuses.

Use of mercury in varijous industrial processes and products with the

possibility of pollution of water, land, and air; environmental dispersion

and bioaccumulation in the food chain. especially in fish: human exposure
primarily through contaminated food. Consequences include nervous

system and other damage, potentially severe, and possible death and

brain, nervous system, and other developmental problems in young

children and fetuses.

65. MIREX PESTICIDE -- TOXIC EFFECTS 696-886-22-1-67-5 MIREX

Technology: Production and use of Mirex as pesticide (for
control of fire ants and pineapple insects).

Qutcome & Exposure: Spraying and application of Mirex; direct
exposure of farm workers; indirect exposure
of the general public through residues in food
chain and crops.

Conseguences: Organic damage with possible chronic illness
or more severe human effects from high exposure
levels; environmental damage, poisoning of
ecosystems.

Use of Mirex as pesticide for control of fire ants or pineapple

insects with exposure of workers during and after application, or the

general public through environmental residues. Consequences include both

health effects and human and environmental damage.
66. NERVE GASES -- ACCIDENTS 669-836-73-1-77-5 NERVGASA

Technology: Development and production of nerve gases.

Outcome & Exposure: Accidental release in laboratory, storage facility
or to environment; exposure of workers, general
population, or animal populations. -
Consequences: Death, illness, chronic effects; ecosystem damage.
Accidental release of nerve gases during research, production, transport,
storage, or disposal, with exposure of workers, general population, and/or
animal populations, resulting in possible deaths, illnesses, chronic
health effects, and/or ecosystem damage.



A~ 20

No. NAME DESCRIPTOR CODE COMPUTER
LABEL |
67.  NERVE GAS -- WAR USE 699-836-87-3-97-7 NERVGASW
Technology: Development and production of nerve gases for war-
time use.
Outcome & Exposure: Deliberate release in war or other circumstances;
environmental dispersion.
Consequences: Death and/or severe impairment (permanent or
temporary); ecosystem damage.
Deliberate use of nerve gases in war or other circumstances resulting in
extensive death or severe impairment of exposed population and potential
severe ecosystem damage.
68.  NITRITE PRESERVATIVES -~ TOXIC EFFECTS 336-786-11~1-91-1 NITRITE
Technoloay: Use of nitrites as preservatives for
' cured meats.
Outcome & Exposure: Ingestion of meats containing nitrites; conversion
of some nitrites to nitrosamines during cooking.
Consequences: Possible increased change of cancer.
Use of nitrites as preservatives for cured meats, with formation upon
cooking of nitrosamines which may be carcinogenic. N
69.  NUCLEAR REACTOR -- RADIATION RELEASE 363-969-86-1-96-7 NUKEREAC
Technology: Commercial nucTear reactors for production
of electric power.
Qutcome & Exposure: Reactor accident releasing radioactive
particulates, with environmental dispersal;
exposure of workers and general population.
Consequences: Possible radiation sickness, death; cancers,
birth defects; genetic damage; ecosystem damage.
Accidental release of radioactive materials from commercial nuclear
power plants, exposing workers and.or the general population with possible
effects ranging from radiation sickness and death, to increased chance of
cancers and birth defects, to possible ecosystem damage.
70.  NUCLEAR TESTS -- FALLOUT 663-989-73-3-91-9 NUKETEST
Technology: Testing of nuclear weapons (fission and fusion bombs )

Qutcome & Exposure: Atmospheric tests, releasing radicactive
Substances to the atmosphere, with global
dispersion.

Consequences:; Radiation-induced cancer or other disorders; birth
defects; damage to sensitive animal or plant
populations.

Atmospheric testing of nuclear weapons with global dispersion of radie-

active substances resulting in possible increased cancers, birth defects,

genetic damage, and other disarders; possible ecosystem damage to various
animal and plant populations.
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No. NAME DESCRIPTOR CCDE COMPUTER
LABEL -
71. NUCLEAR WAR -- RADIATION EFFECTS 699-989-38-4-97-9 NUKEWAR

Technology: Nuclear weapons and delivery systems.

Qutcome & Exposure: Wartime use of weapons, resulting in massive
release and dispersion of radioactive substances.

Consequences: Radiation sickness and death; cancers and other
chronic radiation-caused disorders; birth defects
and genetic damage; ecosystem damage.

Wartime use of nuclear weapons with large scale exposure of people and

other species to radiation and radioactive fallout, resulting in

radiation sickness and death and long-term radiation-induced disorders
such as cancer, birth defects, genetic damage, and ecosystem damage.
72.  NUCLEAR WASTE -- RADIATION EFFECTS 363-989-15-1-82-6 MUKEWAST

Technology: Commercial nuclear power.

Outcome & Exposure: High level liquid and solid wastes; regular releases
of radioactivity with improper containment;
potential explosive radioactive release; exposure
of workers and/or general public.

Consequences: Radiation sickness; death; increased chance of -
cancer; possible birth defects and genetic damage;
ecological damage.

Generation of high level radicactive wastes from the operation of commercial

nuclear power stations, with the possibility of exposure of both workers

and the general public to regular releases of radioactivity from improper

containment, also potential for large-scale explosive radioactive releases
due to improper storage. Consequences include increased chance of cancer,
birth defects, and genetic mutations, possible radiation sickness and death;
and potential ecological damage.

73.  OIL TANKERS =-- SPILLS 663-763-61-1-15-6 OILTANKE
Technology: Ocean-going oil tankers.

Qutcome & Exposure: Release of oil, both in small regular amounts
and in occasional large-scale o0il spills.
Consequences: Damage to marine ecosystems; possible human
health effects from ingestion of contaminated
fish and shell-fish.
Routine and large-scale accidental releases of oil from ocean-going oil
tankers, resulting in damage to various animal and plant populations

and marine ecosystems; possible human health effects from ingestion of
contaminated seafood.
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No. NAME DESCRIPTOR CODE COMPUTER
LABEL ~
74.  POLYCHLORINATED BIPHENYLS (PCBs) -- TOXIC EFFECTS 663-976-13-1-97-6 PCB

Technology: Use of PCBs in various products and processes
(electrical transformers and capacitors, heat exchange
systems, paints, carbon paper, pesticides, etc.)

Qutcome % Exposure: Release during manufacture, use, or disposal;
environmental dispersion and biocaccumulation. Also
possible accidental releases directly into food or
water; exposure of workers from airborne releases

- or direct skin contact.

Consequences: Various health disorders (skin, liver, and other organ
damage; possible increased chance of cancer and birth
defects). Harmful or fatal to some animal populations.

Use of PCBs in various industrial and consumer products (electrical equip-

ment, paints, etc.) with releases to air, water, and land during manu-

facture, use, or disposal. Contamination of food and animal feed through
environmental dispersion or accidental spills. Human intake through foad,
water, or air, inciuding direct exposure of workers, resulting in possible
skin disorders, organ damage, and increased change of cancer and birth
defects. Also harmful or fatal to various animal populations.

75.  PESTICIDES -- HUMAN TOXICITY 996-386-12-2-97-5 PESTICID

Technology: Use of synthetic organic pesticides.

Qutcome & Exposure: Application of pesticides; exposure by agri-
cultural workers; exposure of consumers through
pesticide residues in food and agricultural
products.

Consequences: Various possible illnesses and organic damage
and death; ecosystem damage.

Use of synthetic pesticides to control various types of agricultural

pests (insects, rodents, woods, fungus, etc.); direct exposure of workers

during or after application and indirect exposure of consumers through

residues in food crops, resulting in various possible illnesses and
possible death as well as extensive potential ecosystem damage.
76.  POLYVINYL CHLORIDE (PVC) -- HUMAN TOXICITY  333-486-11-2-77-4 PyC

TechnoTogy: Synthesis and use of polyvinyl chloride (PVC)
in plastics manufacture.

Outcome & Exposure: Air releases of PVC and exposure by workers; exposure

of public through consumer products and inadequate incin-

eration of PVC materials.

Consequences: Possible cancer or other organ damage.
Synthesis and use of polyvinyl chloride (PVC) in plastics manufacture
with exposure of the general public through various consumer products

and inadequate incineration. Consequences include possible 1iver and
other cancers or other forms of organ damage.
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No. NAME DESCRIPTOR CODE COMPUTER
LABEL ~
77.  RECOMBINANT DNA -- HARMFUL RELEASE 393-869-97-1-97-9 RECOMDNA

Technology: Use of recombinant DNA (gene splicing)
techniques for research or commercial
chemical synthesis.

Qutcome & Exposure: (reation and accidental release of genetically
altered organisms potentially capable of causing
harm to humans, other species, or other parts of the
human environment.

Consequences: Disease or ather harm to humans and/or portions
of the environment.

The use of recombijnant DNA ("gene splicing") techniques for research or

commercial production of various substances, with the possibility of

unintentional creation and release of genetically altered organisms that
may be harmful to humans, other species, or other parts of the environment.
78. RECREATICNAL BOATING -- DROWNING 333-223-51-4-83-2 RECBOATS
' Technology: Recreational boating.

Outcome & Exposure: Falling into water.

Consequences: Drowning, death. -

Reer=2ztional boating, with the risk of drowning.

79.  RUBBER MANUFACTURE -- TOXIC EXPOSURE 333-986-11-3-57-4 RUBBERMN

Technology: Rubber manufacture.

Qutcome & Exposure: Release and exposure to dangerous chemicals
by rubber workers.

Consequences: Possible increased chance of cancer.

Exposure of rubber workers to various dangerous chemicals during rubber

manufacture, resulting in possible increased chances of cancer.

80.  SACCHARIN -- CANCER 333-486-11-1-87-1 SACCHARI

Technology: Saccharin use as sweetener in foods.

Qutcome & Exposure: Ingestion.

Consequences: Possible cause or promoter of bladder or other cancer.

Consumption of saccharin in foods or beverages, resulting in increased

chance of bladder or other cancer.

81.  SMOKING -- CHRONIC EFFECTS 333-486-11-6-85-1 SMOKINGC

Technology: Production and distribution of cigarettes and other

tobacco products.
Qutcome & Exposure: Chronic effects from smoking cigarettes or other
tobacco products and/or being in a smoke-filled room.
Consequences: Increased possibility of lung cancer and/or other lung,
heart, or circulatory disease or other maifunctions.
Smoking cigarettes or other tobacco products or regular exposure to smoke
from another person, resulting in an increased chance of lung cancer,
heart disease, or other malfunctions.
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No. NAME DESCRIPTOR CODE COMPUTER
LABEL -

82.  SST -- OZONE DEPLETION 393-893-11-1-93-9 SSTOZONE

Technology: SSTs (supersonic commercial aircraft)
Outcome & Exposure: Nitrogen oxides in exhaust may react with

atmospheric ozone resulting in depletion of

the ozone Tayer. )
Consequences: Increased ultraviolet radiation reaching earth's

surface, resulting in increased skin cancers and

Yarious widespread ecological effects.
Nitrogen oxides in SST exhaust may react with atmospheric ozone eventually
depleting the ozone layer; the increased ultraviolet radiation reaching
the earth's surface as a result would cause increased skin cancers and -
a variety of ecological effects.

83.  TACONITE MINING -- WATER POLLUTION 663-983-11-1-§7-6 TACONITE

Technology: Taconite (iron ore) mining, in Mesabi region.’
Qutcome & Exposure: Disposal of tailings into Lake Superior (by
Reserve Mining Co.) contamination of lake and -
drinking water by asbestifarm particles; ingestion
of contaminated water by neighboring communities.
Consequences: Possible increased chance of cancer or other health
effects; ecological effects on some lake organisms.
Disposal of tailings from taconite iron ore mining (in the Mesabi region
around Lake Superior) into the lake, with contamination of lake and drinking -
water by asbestos and related particles, resulting in possible increased chance
of cancer and damage to some lake organisms.

84.  THALIDOMIDE -- SIDE EFFECTS 333-456-51-1-17-1 THALIDOM
TechnoTogy: Manufacture and distribution of thal idomide, a tranquilizer
Qutcome & Exposure: Use of the drug by pregnant women, resulting -

in the side effect of fetal exposure.
Consequences: Severe abnormalities in fetal development;
various possible deformities at birth.
The use of the tranquilizer thalidomide by pregnant women in Europe,
the U.S., and elsewhere (1958-62), resulting in fetal abnormalities

i and severe deformities in many cases. -

:85.  TRICHLOROETHYLENE -- TOXIC EFFECTS 333-983-11-1-87-4 TRICHLEH

: Technology: Use of trichloroethylene as industrial solvent.

Outcome & Exposure: Release into groundwater by improper hazardous waste
disposal or leaking sewer lines; ingestion ir
drinking water.

Consequences: Possible increased chance of cancer.

Improper disposal of trichloroethylene (an industrial solvent) so that

it contaminates groundwater or leaks into municipal water supplies from

sewer lines; ingestion in drinking water may lead to increased chance
of cancer.
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DESCRIPTOR CODE COMPUTER
No. NAME CABEL
86. TW0, 4,5,-T HERBICIDE -- TOXIC EFFECTS 696-886-22-1-77-5 TWO45T
Technology: Use of 2,4,5-T as herb1c1de. . o
Qutcome & Exposure: Release of 2,4,5-T, wh1ch.conta1ns dioxin as a con-
taminant; exposure of agricultural workers and .
neighboring population through direct contact or dis-
persion of residues; possible ingestion of residues in
food crops. SRR ‘ )
Consequences: - Possible skin and organ damage; possible increased
chance of cancer and birth defects; ecological damage.
Use of 2,4,5-T as herbicide, with human exposure of agricultural workers
and neighboring populations through handling and direct contact or environ-
mental dispersion; possible additional exposure through residues
in food crops. Consequences include possible skin and organ damage,
increased chance of cancer and birth defects, and ecological damage.
87.  UNDERWATER CONSTRUCTION -- ACCIDENTS 333-223-61-1-44-3 - UDWATCON
Technology: Underwater repair and construction.
Qutcome & Exposure: Accidental equipment failure.
Consequences: Drowning, bends, injuries, etc.
Use of underwater repair and construction techniques with the potential
for equipment failure possibly causing drowning, the bends (nitrogen
in blood), or other injuries.
88.  URANIUM MINING -- RADIATION 333-989-12-2-64-5 URANTUMM
Technology: Underground mining of uranium ore and milling
ore.
Outcome & Exposure: Release of radon gas and other radicactive sub-
stances during mining and from mill tailings.
Consequences: Radiation sickness; chronic illness (cancer
or other); damage to land or water ecosystems from
radiation.
Exposure to radon gas and other radioactive substances during mining or
milling operations on uranium ore; or eruosure to radioactive mill
tailings, resulting in possible radiation sickness (with high exposure
levels) and/or cancer or other chronic disorders . Also possible
environmental damage to land or water ecosystems from radiation release.
89.  VACCINES -- SIDE EFFECTS 696-556-11-2-84-1 VACCINES
Technology: Production of vaccine.
Qutcome & Exposure: Injection leading to possible side effects.
Consequences: Allergic reaction or disease, resulting in

death or illness.
The use of vaccines to combat viral infections, with the possibility of

allergic reactions and/or contamination, resulting in possible illiness
or death of some individuals.
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80.  VALIUM -- MISUSE 333-566-11-3-37-1 VALIUM
Technology: Production and distribution of the anti-
anxietv drug, Valium (diazepam).
Outcome & Exposure: Ingestion; accidental or deliberate misuse.
Consequences: Possible addiction; deliberate or accidental overdose;
or mixture with alconol or barbiturates, resulting
in death.
91.  WARFARIN -- HUMAN TOXICITY £66-653-11-1-87-1 WARFARIN
Technology: Use of Yarfarin as rat poison.
Outcome & Exposure: Accidental human ingestion or absorption
through skin.
Consequences: Poisoning; illness and possible death.
Use of D-Con (Warfarin) as rat poison with the possibility of accidental
ingestion or absorption through the skin, resulting in possible illness
or death from poisoning.
92.  WATER CHLORINATION -- TOXIC EFFECTS 666-583-11-1-97-5 WATCHLOR
Technology: Chlorination of drinking water.
Outcome & Exposure: Formation of various chlorinated organic com-
pounds; ingestion of water.
Conseqguences: Various possible health effects (liver and other
organ damaga, etc.)
Chiorination of drinking water {for purification) with the formation
of small amounts of chlorinated organic compounds that may cause various
health effects, e.g., to the Tiver and other organs.
93.  WATER FLUORIDATION -- TOXIC EFFECTS 333-736-11-1-32-5 WATFLUOR
Technoloqy: rlucridation of community water supply.
Outcome & Exposure: Ingestion of fluoridated water.
Consequences: Possible health effects.

Fluoridation of community water suppiies, resulting in possible health
effects after prolonged use.
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APPENDIX B

BASE CASE FACTOR ANALYSIS AND A TEST OF ITS ROBUSTNESS

This appendix provides details of the factor amalysis for the 93 techno-
logical hazards that represent the base case for this paper. Also described
is a test of its robustness, obtained by removing 24 of the highest scoring
hazards from the sample. Both cases resﬁlted in a five-factor solution that
explains about 80% of the variance.

The results for the 93-hazard base case are given in Tables B.1-B.4.
Table B.1 (a reproduction of Table 4 of the main text) summarizes the factor
structure in terms of varimax rotated factor loadings and the variance'ex—
plained by each factor. Table B.2 gives the correlation matrix for the 12
descriptors over the 93 hazards. Table B.3, top, shows the unrotated, un-
sorted loadings of descriptors on each of the five factors. Table B.3, middle,
shows the factor loadings after varimax rotation, and Table B.3, bottom, shows
the factor score coefficients (using the method described in note 3 of the
main text, this may be used to convert descriptor scores of new hazards to
factor scores). Table B.4 gives factor scores for each of the 93 hazards
in standardized form.

The results obtained when the hazards with the most extreme factor scores
are removed are summarized in a parallel manner in Tables B.5-B.8

Comparison of the results, particularly the factors identified in the
rotated and sorted tables of factor loadings, indicates that removing the
24 highests scoring hazards has only a mild effect on the factor structure.
The important changes are diagrammed in Fig. B.l., and indicates that:

(a) factor 1 and 2 are reversed; and (b) descriptor 5 (recurrence) moves

from factor 3 to factor 1. The only other change involves descriptor 2 (spa-



tial extent), which moves from rthe residual tn factor 3. In effect, with -

removal of the extreme scoring hazards the CATASTROPHIC factor breaks up,

and in its place a new factor is formed which combines large mortality

with large spatial extent. These changes in factor structure are considered

minor, given the iarge perturbation applied to the sample. Therefore,

we conclude that the factor analysis of the base case is relatively robust

in the sense that it is not strongly dependent on the extreme scoring hazards.
Factor analyses of energy and materials hazards as separate sets are dis-

cussed in Appendix D. These show that the division of hazards along this line

leads to substantially altered factor structure.



Table B.1l1. 93 hazard base case: factor structure
FACTOR HAZARD DESCRIPTOR
No. Name Variance Name factor
explained? loadingb
¢3)
1. BIOCIDAL 33 nonhuman mortality (experienced) 0.87
nonhuman mortality (potential) 0.79
intentionality 0.81
2. DELAY 19 persistence 0.81
delay 0.85
transgenerational effects 0.84
3. CATASTROPHIC 11 recurrence 0.91
human mortality {(maximum) 0.89
4, MORTALITY il human mortality (annual) 0.85
5. GLOBAL 9 population at risk 0.73
concentration ~-0.73
RESIDUAL spatial extent

AThe percentages given for "'variance explained" differ somewhat

from those in previous work (Hohenemser, Kates, and Slovic 1983, 380),

which was subject to erroneous reading of the computer output.

bFactor loadings are the result of varimax rotation.



Table B.2. 93 hazards: correlation matrix

BESCRIPTORSH ‘ 1 2 3 4 5 7 9 6 g8 10 1 12
1. Intentionality l].00
2. Spatial extent - .15 1.00
3. Concentration .26 -.05 1.00
4. Persistence .22 .61 .05 1.00
5. Recurrence 22 .25 .25 -.13 1.00
7. Delay .05 .35 -.08 .76 -.45 1.00
9. Human mortality (max.) .37 .48 .25 .24 J1 -.09 1.00
6. Population at risk ° 19 .24 <15 09 -.12 .08 .24 1.00
8. Human mortality .04 1.23 .04 -.24 -.03 -.16 .03 .18 1.00
10. Transgenerational 20 .29 -.02 .54 .0z .54 .36 .16 .00 t.00

11. MNonhuman mortality {pot.) .54 .71 00 .56 .13 .35 40 27 -1 25 1.00
12. Nonhuman mortality (exp.) .59 .38 .21 .47 .03 .29 21 Y -8 19 .72 1.00

+'Descriptor numbers correspond to those of TableZ and Table A.1.




Table B.3. 93 hazards: factor loadings and factor score coefficients

DESCRIPTOR UNROTATED FACTOR LOADINGS FOR FACTOR
i p "3 4 5
1. Intentionality ‘1 U.550 0,380 -0.284 0.455  =0.001
2. Spatial extent ’ i 0.767 0,014 9.195 -0,294 =0.310
3, Concentration ‘ 0.154 U, 434 -0,462 1,049 0.521%
4, persistence I 0.4990 -0,302 ~0.034 ~0.173 0.162
5. Recurrence { 0.171 0,338 0. 116 20,3817 0.025
7. Delay g 0.562 “y,7113 C=-0.01% ~0.U34 0.249
9, Human mortality (max.) , 9.559 0.637 0.304 ~0.183 0.134
6. Population at msk i 0,249 ) -0 vt 0.570 0.516 -0.291
2. Human mortalit \-0 .198 U, Lin9 0,374 0.020 0,384
10. Transgenerat: onal I 553 ~,.2417 0.384 «“0.126 0.520
11. Nonhuman mortality (pot.) | .lib5 0.079 -0,136 0,126 ~0.282°
12. Nonhuman mortality (exp.) | 0,716 0.059 -0,429 0.313 -0,103
DESCRIPTCR SORTED AND ROTATED FACTOR LOADINGS FOR FACTOR
] 2 3 4 g
12. Monhuman mortality {exp.) | 0.867 0,202 =-0,023 «0,108 =0,061
1. Intentionality ~0.810 =-0,015 0,131 0,190 =0.100
11. Nonhuman mortality (pot.) | 0.787 V.301 0,214 0,245 0.230
7. Delay 0.162 0,852  =0,340 -0.128 0.060
10, Transgenerational -0,020 © U.d47 0.231 0,185 0.020
4, Persistence 0.351 0,414 0.012 «(,267 0,036
5. Pecurrence 0,035 =0,2156 0,906 ~0,088 -0,168
9, Human mortality {max.) 0.234 -0.197 0.694. - 0,096 0,052
8. Human mortaltiy -0,035% =0,054 0,007 0,855 0,053
6. Population at risk 0.267 0,084 0.090 0.386 0,724 -
3. Concentration 0,318 D002 0.225 - 0.181 -0,722
2. Spatial extent 0,356 V.421 0,422 =0,429- ~ 0.379
DESCRIPTOR FACTOR SCORE COEFFICIENTS FOR FACTOR
| 2 3 4 S
1. Intentionality i 0 40608 ~J.l1234d1 -0,04491 N,17548 «U,J4859
2. Spatial extent l L1555 Jeio045 0,19129 -0,2896R 0.25942
3. Concentration I D.14152 0,00d42 0.0485) 0.17335 -).33168
4, Persistence i 0.012672 Je3lnb4d -0,02171 -J.049777 ~0,37791
5. Recurrence i=01,09293 -0, 37697 0,16535 -y,1000b ~0,084599
7. Delay 1 =0,03041 J.4/0148 -0,17657 0,01382 -0,J071393
9. Human mortality |=0.v6326 0.,09151 0.,44217 0,09802 0.02927
6. Population at risk | 0.11499 =u,057Sb 0,01742 J.30134 1,558n5
8. Human mortality L 0.01960 9,07139 -0.00021 0.6n543 0,03022
10. Transgenerational (=0,21099 J. 17371 0.,15282 0.25004 =0.13126
11. Nonhuman mortality (pot.) I 0.30892 =-J),05%416 -0,.00125 -0.1348713 0.,15012

12. Nonhuman mortality (exp.) | 0.41753 i), /208 -0.15143 -0 ,02907 -0,3309




Table B.4 93 hazards: factor scores, part 1 of 2

CASE CHISQ/0F CHISW/LF CHISQ/DF FAZCOR FACTOR FAZTIOR FACTIR FAZILOR.
LABEL NO . 12 5 7 1 2 3 4 S
APPL 1 0.375 0,293 0.434  ~0,438  =0.639. 0,304 0.748 0.460
APPY, 2 0.319 0.514 0,176 =0.315 =1,117 =0.315 0,943 0,503
AUTO 3 0.792 1.071 0,592 =0,160 =-0.897 «0.,404 2.055 0.371
AVIA 4 2.639 U.b7d 0,611  =0,3756 =0.982 1.313 0.743 0,375
AVIA 5 1.077 0.413 1.552  =0.347  =0,980 =0,216 =~0.738 0.563
AVIA 6 0.757 0,570 G.887  =0,204 =0,882 0,449 1.350 0.185
AVIA 7 0.756 Uadd] 0,975 “0,449 =-0.897 0,373 -1,028 =-0,231
BIKE g 0.390 Ued53 0,342 -0,416 =~1.066 -0,468 0,594 0.538
BRID 9 0.547 O.b31 0.486  =0,532 =1,175 0.989  =0,343 0.504
CHAT 10 1.197 1.160 1.223 1,460  =1,601 =0.864 =0.585 0.114
COAL 11 0.584 0.341 0,759  =0.797  =0.633 0.809 0.957  =0,10t
DANF 12 1.631 0.915 2.142 0,930  «~0,875 1,420  =0,773 0,572
OSKT 13 0.522 0.419 0.596  =0.691 =~1,154 =0,399  =0.328 0.125
DYNA 14 0,452 0.337 0.534 =0,602 =1.006 0.287  =0.350 =0,327
ELEYV 15 0,143 Uedlt 0.465 -0,404 -1,157 0.654 0,313 0,175
FIKE 16 0.413 04645 0,247  =0,604 - =1,295 =0,108 ~0,578 0,345
HAND 17 2,523 1.810 3.032 1,599 -1.607 =3,070 1.977 =0,206
HCON 13 1.396 2.581 0.550  =0.775 =1.029 0,737  «1,433  =2,341
HIGH 19 1,102 0.335 1,650  =0.570  =0,400 =0,746 =0,767 0,217
LNGE 20 1.021 14455 0.712 -0,310 -0,998 2,304 =0,907 0,257
MXRA 21 1.875 1,670 2,021 =1,221 1.239 =0.433 1.945 1.1863
MOVE 22 1.010 0,310 1.51¢0 -~0,508 ~0.456 =0,813 ~0.,472 0,444
MOTO 23 0.632 ¥.502 0,725  =0.312  =0.893  =0,425 1,153 «0,325
MVEH 21 0,652 0.b4s 0,659  =0.516 =1,101 =0,424 =0,745 0,997
MyEH 25 0,295 U019 0.064 «0,529 -1,017 0.650 “0,125 ~1,158
NUKE 2u 2.108 3,46 1.240 2.516 ~1.296 2.541 1.528 =0,143
POWM 27 0.369 Deddo 0.313  =0.617  <«1.t66 =0,311 =0,253 0,559
SKAT 28 0.566 Uedo4d 0.b38 =0,569 -1.093 ~0,582 0,437 04320
SKYD 29 0,718 10340 0.273 ~U,532 =0,993 0,294 -0,331 =2,243
SKYS 30 0.41¢ Uedbd 0,450 -0,559 -0.,5484 0.976 0.320 0,324
SHUOK 31 0.458 0189 0.650 0,470 -0,489 0,316 0,630 0.221%
SHOw 32 0,325 U.374 0,218 ~0.b94 -1,229 0,075 =G,351 0,499
SPAC 33 1,212 1.098 1.293 -J.434 =0.340 2.074 =0,458 =0,295
TRAC 34 0.234 V,381 0.130 0,616 ~1.192 0,102 =0,255 0,172
TRAL 35 0.361 0,549 0,227 =0.642 =0,946 14945 0.404 0.518
TRAM 36 0.4b61 U.583 0,373 ~0,671 ~1.287 0,29% 0,843 0.113
ALCO 37 Dbl O.015 0.6495 =-0,246 -0,784 ~0,44%6 14347 0,620
ALCD 38 0.812 1,393 0.3906 0,701 1.003 -0,704 2,225 ~0,155
ANT1 319 0,743 v 281 0,354 {.824 ~0.,409 -1,159 1,157 0,173
ASBE 40 0.819 0,494 1,048 -J,510 Ue122 -0.801 0,034 -l.1H8%
ASBE 41 0.694 Uedoo O.864 0,573 0.079 =-0.850 -0,813 0,753
ASPI 42 0.560 OD.043 0,509 0,479 0.549 -0.466 1,444 -0, 449
AUTO 43 0611 0,298 0.834 -0,705 0,210 =0,250 0,332 0.382
AUTO 44 0,760b U,434 1.003 0,600 1.069 =), 668 -0,109 0,460
CADM 45 D017 0.534 G.677 0.382 1.245  =0,594 «0,572 0,200
CAFF 46 0,568 0.234 9,807 ~0.673 0.576 =0,585 0,175 0,103
COAL 47 1.190 U514 1.609 1.014 04559 -0.426 04155 1.322
coaAL 48 1.210 0,910 1.424 1,283 ~0.161 “t,H94 0,212 t.533
CIAL 19 0.985 04299 1.474 -0,586 0.269 -0,837 0.600 -0,147
CUONT S0 0.,81% Ueda s 0.980 “0.361 U.2H06 -0.817 “1l.4213

~0,080




Table B.4.

93 hazards: factor scores, part 2 of 2

CASE

LABEL NO.

CONT
DARV
DOT
DEFO
DESA
FERT
FLUO
FOSI
HAIR
HEXA
HOME
LAET
PBPA
MERZ
MIRE
NERV
NERV
NITR
NUKE
NUKE
NUKE
NUKE
OILT
PCB
PEST
pve
RECO
RECB
RUBB
SACC
SMOK
S5STD
TACD
THAL
TRIC
TW04
UDwWA
URAN
VACC
VALI
WARF
- WATC
WATF

51
52
53
54
55
56
57
58
59
60
61
62
63

CHISQ/0F CHISW/DF CHISQ/OF

12

0.416
0,653
1.251
1.524
0,734
1,507
1.755
1.558
1.140
0.734
0,535
0.641
0.680
0,833
0.722
2.144
1.539
1.729
1.389
2.750
2,349
2,303
2.066
1.031
1.194
0.807
2,073
0.833
1.030
0.750
1.204
1.409
0,875
1,655
1.130
0,603
0.737
1,219
1.674
0.462
0.4914
1.158
0.659

5

0,004
1.037
1.957
2,459
0,469
1.2067
0.6517
1.924
0.395
1.125
0.416
U.606
0,254
0.414
1.112
1.280
2,605
0.524
2,021
1,840
3,849
1.729
2.317}%
0.430
1,707
U, 180
3.371
0.539
1.277
0,469
1,906V
lu501
1,041
2,860
0.354
0,953
1.037
10400
0.712
0,729
1.062
0,875
0,820

1

0.282
0.379
1,033
0,857
0.923
t.078
2,538
1,293
1,672
0,455
0.619
0,666
0.384
1.133
0,443
2,761
0,777
2.590
0.505
3,400
1,278
2,713
1,847
1.461
0.827
1.036
1.146
1,043
0.854
0,950
0.604
1.301
0.778
0.794
1.685
0,352
0.523
1,090
2.362
0.279
0.6306
1.361
0.545

FACTIOR
1

~0,875
«0,595
2.517
1.753
=0.849
=0.010
0.642
0.246
~0,618
1.731
~0.622
~0.603
=~0,440
0.440
1.587
1.831
2,203
=0,244
-0'953
=0.326
1.814

'=1.049

0,187
0,664
2.678
=0,542
=0.554
-0.638
~0.740
‘0.609
=-0.685
0,320
0.864
~1.209
-0,237
1.655
-0,912
-1,289
1.576
=0,553

1.738.

1.7917
=~0.961

FACTOR
2

0,979
0.788
0.6HS
0,147
0,746
0.898
0,518
0.558
0.610
-0.652
-0,993
~0,157
0,385
1,344
0,928
0,019
0.259
0,654
1.927
1,867
1.894
2.197
0,058
1.222
0,778
0,990
1.862
-0,938
1.657
0.824
1,066
0.489
0.583
0.566
0.682
0,894
-(1.964
2,273
0,002
0.6813
-0.518
-0,199
1.047

FACTOR
3

-0,.748
=0.495
'0038“
=-0,304
-0,753
-0,145
~0,294
=0.492
-0,635
=1.154
-0,05%7
-0,809
=0,841
=0.164
«0,.300
1.168
2.673
-0,908
2,892
1,448
3.058
0,945
0.127
0,035
-0,764
-0,428
3,557
0.213
=0,489
=0.549
~0.704
=(}.458
-0,864
0.224
=0,695
=0,290
0,470
0,048
~0.952
-0,542
-1.118
-0,964
=0,496

FACIOR
4

0.826
1.646
-0.532
~1.741
«0,007
-1.329
-1.406
-1.913
0.297
0,499
0,452
-0,934
0,340
-0,156
'00788
=0,275
0.974
0.062

=0,322

=0,138
1.732
-0,528
-2.734
=0,455
04275
0.248
-0.582
0,850
0.274
0,211
2.772
~1.784
-1.503
-1.193
=0,619
«0.610
=1.564
«0,042
04359
1.282
-0,151
=0.395%
«0.815

FACTOR
5

-0,240
=1.122
-0,742
2,313
0,708
1.334
0,736
2,317
‘0.854
-0,787
0,709
1,255
-0,326
0,138
*I.ZlZ
~1.267
=0,098
1.14%
0,205
1.369
-0,143
1.245
-2,289
“0.J371
-0,311
-0,391
0,297
0,198
~1.568
=0.307
=0,130
2,317
=0.38)0
-3.323
-0,352
~0.315
-0.471
=0.310
0,195
-0,3335
~0.367
=0.141
1,082
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Table B.5. 24 highest scoring hazards removed: factor structure

FACTOR HAZARD BDESCRIPTOR
No. Name Variance Name factor
L . a
explained loading
(%)
1. DELAY 32 delay 0.89
NONCATASTROPHIC persistence 0.80
recurrence . -0.74
transgenerational 0.74
2. BIOCIDAL 17 intentionality Q.90
nonhuman mortality {(experienced) 0.82
nonhuman mortality {(potential) 0.78
3. CATASTROPHIC i spatial extent 0.82
SPRTIAL human mortality (maximum) 0.72
4. MORTALITY 9 human mortality (annual) 0.77
5. GLOBAL 7 population at risk -0.53
concentration 0.83
a

Factor loadings are the result of varimax rotation.



Table B.6. 24 highest scoring hazards removed: correlation matrix.

DESCRIPTORS T2 3 4 5 1 9 & 8 10 1N 12
1. Intentionality 1.00
2. Spatial extent -.05 1.00
3. Concentration .07 .20 1.00
4, Persistence .20 .48 .21 1.00
5. Recurrence -.22 .03 .11 -4 1.00
7. Pelay 22 26 .15 .79 59 1,00
9. Human mortality (max.) -.07 .29 .9 -.02 .54 -.24 1,00 .
6. Population at risk .09 07 -.16 .00 -.3} .00 .21 .ao
8. Human mortality -.26 -.19 -.07 -.20 .00 -.,25 .08 .15 1.00
10. Transgenerational 15 .09 .06 .83 -<.40 ;60 -.1a 2 .13 1.00
11. Nonhuman mortality (pot.j .54 .55 .20 .50 -.14 .34 ;15 .07 .21 .26 1.00
12. Monhuman morta1it_y (exp.} .58 .43 .18 .51 -.16 .34 13 0 .23 .26 .86 1,00

+ Descriptor numbers correspond to those of Table 2

and Table A.l
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Table B.7. 24 highest scoring hazards removed: factor loadings
and factor score coefficients.,
CESCRIPTCR UNROTATED FACTOR LOADINGS FOR FACTOR _
2 3 4 5
1. Intentionality 0,528 0,052 0,026 0.734 0,218
2. Spatial extent 0.517 0,488 0,093 -0.384 -0,.363
3. Concentration 0.244 0,371 =-0.332 ~0.286 0.630
4. Persistence 0.835 ~0,085 ~0,059 «0.1350 -0.025
5. Recurrence =0.488 0,730 0,215 -0,039 -0.,055
7. Delay 0.773 =-0,.393 ~0,123 -0.290 0,004
9. Human mortality (max.) -),056 0,761 0.355 ~0.233 0.032
6. Population at risk 0.0948 =0,098 0.883 0,017 -0.058
8. Human mortality =0,357 0,082 0,471 ~0.,209 0.540
10. Transgenerational 0,599 -0.3438 0,068 ~0,260 9.103
i1. Nonhuman mortality (pot.) 0.789 0.400 0.103 0.246 0,008
12. Nonhuman mortality (exp.) 0.782 0,354 0.049 0.319 0.053
DESCRIPTOR SORTED AND ROTATED FACTOR LOADINGS FQR FACTOR
1 2 3 4 S
7. Delay 0.894 0.1386 0.028 ~0.,163 0,075
4, Persistence 0.798 0.223 0.319 -0,148 0.148
5. Recurrence ~0.743 -0,143 0.367 -0,158 0.297
10. Transgenerational J.738 0,105 0.017 0.067 0,040
1. Intentionality U.060 0.4897 ~-0,244 -0.,032 -0,015
12. Nonhuman mortality (exp.) 0.248 0,418 0.300 -0.112 0.097
11. Nonhuman morality (pot.) 0.258 0.784 0.400 ~0,089 0,073
2. Spatial extent 0,262 0.131 0.819 -0,191 0.007
9. Human mortality (max.) -3.348 0,072 0,722 0.300 D.162
8. Human mortality -0,101 ~0.230 ~0.114 0,768 0,152
6. Population at risk 0.137 0.1490 0.214 0.659 -0.533
3. Concentration 0.1086 0.126 0.147 0.069 0.856
DESCRIPTOR FACTOR SCORE COEFFICIENTS FOR FACTOR
1 2 3 4 5
1. Intenticnality =0.13923 0.53433 ~0.29614 0.06277 0.01989
2. Spatial extent 0.G8045 -0.12245 0.50633 -0.17238._. ~0.15431
3. Concentratian 0.05580 0.03105 -0.07323% 0.20940 0.77156
4., Persistence 0.28892 -0.08121 0.15305 ~0.05030 0.08376
5. Recurrence =0.27654 ~0,0263y 0.20760 -0.15880 0.15912
7. Delay 0.33849 -0,10139 -0.00237 ~0.065%566 0.05720
9. Human mortality (max.) =0.12836 0.010556 0,40194 0.,23873 0.06349
6. Population at risk 0,05253 U,08934 0.17426 0.48978 -0.41099
8. Human mortality 0.0484] =U.03006 -0.09330 U.b66278 0.28065
10. Transgenerational 0.29135 =~0.06493 ~0.01012 0.11440 0.06957
11. Nonnuman mortality (pot.)-0,03252 0.32454 V.11862 0.00136 <0.00911
12. MNonnuman mortality (exp. ~-0.04410 0,36020 0,04687 -0.00763 0.02469
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Table B.8 24 highest scoring hazards removed: factor scCores.

CASE CHISQ/0F CHISA/0F CHISU/DF FACTOR FACTOR FAZTOR FAZTIR FAZTIOR.
LABEL NO. 12 5 v7 3 2 3 4 5
APPL 1 3.370 U210 0.341 -0,587 -0.342 0,270 1.230 =0.346
APeL 2 0,389 0.55d 0.268 =-0,5627 -0.136 -0,831 1.262 -0.307
AVIA 3 2.801 1.325 0,427 ~1.307 -0.328 1.336 1.518 0,343
AVIA 4 1,020 0.374 1.481 -0.335 ~0,403 0,313 =0,659 -1,230
AVIA 5 0.860 1.184 0.629 -0,681 -0,329 0.423 2,123 0.312
AVIA 6 0,809 0,416 1.089 -0,640 -0.498 0,540 =1.061 -0,263
BIKE 7 0.394 V411 0,381 -0.508 -0.253 -0,712 0.851 ~0.707
BR1D =} 0.658 0,778 0.572 -1.377 =0.222 1.234 0,102 ~0.541
CHAI 9 1,420 2.420 0,706 -1.224 2.903 ~1.237 -0,5178 -0,333
COAL 10 0.911 0,480 1.220 -1.070 -0.531 0,856 0.438 0,218
DAMF 11 2.197 2.586 1.919 =-1.489 1.331 2.966 0,364 0.385
DSK1 12 0.505 0.513 0.498 -0.830 -0.276 -0,937 ~-0,471 , =0,335
OYNA 13 0.522 0,230 0.731 ~0.978 -0,372 0.136 -0,185 0,28%
ELEVY 14 0.432 0,400 0,455 -1.,176 «0.180 0.313 0.689 0,103
FIRE 15 0.435 D.8114 0.166 -0,915 -0,.,237 -0.271 «0,771 -1.378
HCON 16 1.229 2.611 0.242 -1.476 -G.463 ~0,656 =-2,085 2,125
HIGH 17 1,101 0.464 1.553 0,282 -0.50S5 «0,351 -0,981 -0,395
HOVE 18 1.068 0.424 1.528 0,067 -0.393 -0.529 ~0.616 -1.14)
MOTO 19 0,759 J.600 0,726 -0,321 ~0.290 -0,.991 1.500 0,731
MVEH 20 0.717 0.3817 0.045 -0,489 -0,307 -0,148 =0.72% -1,751
MVEH 21 0.311 0,635 0.079 -1.230 =-0,295 =0.020 0,002 1.255
POAM 22 0,337 0.477 0,237 =-0.757 «0.299 ~0.566 ~0.294 -1.148
SKAT 23 0.574 0.512 0,619 -0.5614 -0.249 -1.039 0,549 -0.360
SKYD 24 0.735 1.520 0,174 -1.136 -0.311 =1.041 -0.622 2.178
"SKYS 25 0.625 0.78b 0.509 -0,835 «G.515 1.392 0,397 0.182
SHOK 26 0.446 0,319 0,536 -0.415 -0.337 =-0,150 1.114 0.217
SNQOW 27 0.308 0,497 0.172 -1,03% -0,325 =0.358 ~0.453 «0.383
SPAC 28 1,594 2,054 1,266 =-1.555 «0.365 2.583 0.319 0.364
TRAZ 29 0.229 0,324 0,158 -1.,001 -0,306 -0.402 -0.327 -0,524
TRAL 30 0,553 0.780 0.391 ~1.,2386 -0.375 1,050 1.024 -0,282
TRAM 31 0.518 Deb43 0.428 -1.183 -0.289 -0,20% -1,075 ~0,727
ALCO 32 u,704 0,814 0.626 ~0.184 -0.279 -0,5642 1.879 -0.1256
ASBE 33 0,812 0.530 1.009 0.724 -0.769 «0.597 «0.030 1.397
ASBE 34 0.724 V.809 0.667 0.613 -0.631 0,013 -0.931 ~1,543
ASPIL 35 0.706 1.115 0.413 0.973 -0.458 -0.881 1.5398 0,373
AUTO 36 0.737 0.467 0,930 . 0.737 «“0.6204 0.116 d.411 -1,107
AUTO 37 1.176 0.3810 1.437 1,627 0.435 0,981 0.251 -0,131
CADM 38 1.020 0,935 1.080 1.691 0.227 1.107 -0,532 ., =-0.502
CAFF 33 0,645 04386 0.829 1.026 -0,498 =0.549 0,059 -0.569
COAL 40 1.804 1.029 2.357 1.176 0.939 1,403 0.830 -0.275
CoAL 41 1.235 0,358 1.861 0.629 ~0.763 -0.562 0.576 0,194
CONT 42 0,974 0,004 1,239 0.638 -0.535 -0.888 -0,107 1.235%
CONT 43 0.587 0.677 0.523 1.255 -0,733 -0.888 0.694 0,332
DESA 44 2.791 0,821 0,765 1.183 -0,602 -0,462 -0,226 -1.453
FLUO 45 3.833 1.303 5.597 1.252 0.028 2.127 -0,770 -0,354
HAIR 46 1.205 0.458 1.739 0,971 -0,483 -0.905 0,062 0.539
HEXA 47 1,343 2,175 0.749 -0.317" 2.712 -1.536 0.687 0.763
HOME 48 0.596 0.393 0.742 «0.782 -0.307 -0.576 0.540 ~-0,795
LAET 49 0.868 . 045934 1.106 0.169 -0.493 ~0.912 -1.21%0 D.153
pPBPA 50 0.673 0.332 0.916 0.804 -0.658 -0,522 0.465 0,302
MERC 51 t.321 1,198 1.408 1.386 0,383 1.899 0.561 ~0.221
MIRE 52 1.306 1.767 0.9717 0,781 2.537 0.522 ~0,553 1.095
NITR 53 2.472 1,662 3.051 0,898 0.958 1,180 -0,320 ~2,25%8
OILT 54 2.018 2,639 1,575 =0.255 0.2138 1.010 -3.264 t.183
eca 55 1.426 1.393 1.3719 1.365 0.462 2.21 0.344 0,292
pve St 0.827 0,540 0,956 1.333 -0.817 -0.158 0,141 0.3573
RECB 57 1,203 0.457 1.7136 ~-0.928 -0.418 -0,291 1.035 -0.517
RUBB 58 1.191 1.547 0.937 1,853 -1.085 -0.164 0,176 1.757
SACC 59 0,802 0.536 0,993 1.182 ~-0.542 -0.793 .0,025 0.501
TACQ 60 1.176 v,921 1.358 1.085 0.417 0.993 -1.340 0.39%
THAL ol 1.597 2,449 0,988 0.089 -0.805 -1.049 -2.124 2,144
TRIC 62 1.166 0,523 1.026 1.211% -0,742 0,335 -0.535 0.352
TWO4 63 1.150 1.7048 0,762 0,810 2.582 0,618 -0,292 0.361
uD4A 64 0.691 le213 0.317 -1.152 -4.565 -0,359 -2.101 2,101
VACC 69 1.026 2.102 1.243 0.259 2.997 -1.123 0.543 -0,1453
VALIL 6b 0.006 1.155 0,213 1.162 ~0.565 «0.923 1.387 1.153
AARF 67 1.421 1.434 0.955 -0.156) 2.687 =-1,273 -0,015 0.552
WAIC 68 1.793 1.174 2.239 0.27% 2.393 -0,135 -N.156 0,323

WATF 69 1.045 1.733 0.553 1.507 -0.992 0.698 -1.015 “}1.363
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APPENDIX C

TRUNCATED FACTOR SCORES

In this appendix we present tables of truncated factor scores. Truncated
factor scores have the advantage that they can be calculated directly from
descriptor scores by simply adding the latter. This makes calculating factor
scores of new hazards a quick and simple exercise. In effect, truncated factor
scores eliminate factor loadings of descriptors that do not '"belong" to a
given factor.

To prove that the approximation of factor score truncation is a good one
we show in Fig. C.1 five correlation plots between truncated and exact factor
scores. The correlation for factors lj2,3 and 5 is particularly good,
and even that for factor 4 (MORTALITY) is a high r = 0.85. We interpret
this to justify the use of truncated factor scores for our set of hazards
and descriptors.

The truncated scores themselves are presented in Table C.1 in five
versions, each respectively sorted by one of the factors. The first column
gives an abbreviated hazard name and hazard number. The second column presents
the hazard descriptor codes in the same form as in Table 3 of the main text.
The third column gives the truncated scores in raw form, and the last five
columns give the truncated scores in standard form. For factor 5 it should
be noted that, because of the negative loading of the descriptor '"concentration'
the truncated factor score is the difference, not the sum, of the descriptor

scores for "population at risk" and 'concentration."
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Table C.1. 93 hazards: truncated factor scores sorted by factor, part |
HAZARD DESCRIPTOR TRUNCATED STANDARDIZED TRUNCATED FACTOR
SCORES FACTOR SCORES SCORES FOR FACTOR
FOR FACTOR
1 2 3 4 5 1 2 3 4 5

SORTED BY FACTOR 1

1 APPLIANF 333-333-42=3=95-2 9e 9= f= 3= ¢ -0,6794 =0.6595 0.4011 0.71532 0.3739
2 APPLIANS  333=-113-21-3-95~1 9= 5= 3= 3= 4 -0.6794 =1.2368 =0.4157 0.7152 0.5739
3 AUTICRAS  333=113-11-3=-96=2 9= S+ 2= 5= 3 -0.6794 ~1.2368 =0.6880 2.3574 0.1930
4 AVIATICC  333-113-53=3=97~4 9= 5= 9= 3~ 2 -0.6794 -1.2368 11,2178 0.7152 =0,1774
5 AVIATICH  333=213-11-1-85=5 9= 6= 2= 1= 3 -0.6794 =1,0925 =0.6880 =0.9271 0.1980
6 AVIAIIPC  333-113-32-4=97=4 9= S= 5= 4= 2 -0,6794 =1.2368 0.1288 1,5333 =0,1778
7 AVIATISH  333-313-41=1=70=5 9= 7= 5~ 1= 1 ~0.6794 =0.9482 0.1288 =0.9271 =2.5537
8 BIKECRAS  333-113-11=3=3¢=~2 9= S= 2= 3= 4 -0.6794 =1.2368 =0.5880 0.7152 0.5739
9 BRIDSECL  333=113-53-1-95-3 9- 5= 8- 1= 4 ~0.67%%4 =1,2368 0.9456 ~0,9271 0.5739
11 COALMINE 333-233-53=3=b3~3 9w 8« B~ 3= 2 =0,6794 =0,8039 0.9156 00,7152 -0.1778
13 DSKIFALL 333=113=21=2=b3=1 9= Se 3= 2~ 3 ~0.6794 ~1,2368 =0.4137 «0,1330 0,1980
14 DYNANBLA 333=113=32=2~05=3 9 S5« 5= 2= | -0,6794 =1.2368  0,1288 -0,13350 -0,5537
15 ELEVATOR 333~-113-52~2~Yb=2 Qo S5= = 2~ 3 =-0.6794 =1.2368 0.b733 ~0,1253 92,1980
16 FIREAORK 333-113-31~1=d3=2 G= S5« 4= 1= § -0.6794 =1,2368 =-0,1434 ~0,927% 0,94%3
18 HIONSIRY 333=113=71=1=24=2 9= S5« B~ Lm=h ~0,6794 ~1.2368 00,9456 -0,9271 -3.1848
19 HIGHWIRE  333=173-11=1=74=3 9~11- 2= 1~ 3 -0.6794 =0,3709 =0.68%0 =0,9271 0.1980
21 MXRATRAC 333-189=11=34=~92=2 Gu18~ 2= 4= 7 ~0,6794¢ 0,5394 -0.6880 11,5353 1.7015
22 MOVENRAD 333~173=11=1=34=2 9=11= 2~ 1~ 4 ~0.6794 ~0,3709 -0.6880 =3,92171 0,5739
23 MOTORCYC 333=113=11=d=]b=y 9= S= 2= 4= 1 -0,6794 ~1,2368 -~0,6880 1.5333 ~J,55137
24 MVEHICLN 333=213~-11=1=d3=3 9~ b= 2= 1= 5 =-0,6794 ~1.0925 ~-0,6H30 «0,9271 0.3398
25 MVEHICRC 333=-113-52~2=81=2 9= 5= T~ 2=-=1 ~0.6794 =1.2368 00,6733 =0.1250 ~1,3055
27 PIAMISER  333-113-21-2-73-2 9= S= 3= 2= 4 =0,5794 -1,2368 =0,4157 =0.1050 0.5739
28 SKATEBOA 333~113=11=3=/3~1 G= 5= 2~ 13- ¢ -~0.6794 =1.2368 ~0,.6880 J.7132 90,5739
29 SKYDIVE 333-113-51=2~44-1 Q= 5= He Z-=i ~0.6794 =-1,2368 0,4311 -0.1230 =-2,.4331
30 SKYSIHAP 333=~423=53=3~go5~=4 9= 9= =~ 3~ 3 -J.,6794 =~0.,6595 0.9456 0,7132 0.1930
11 SHUKEFIR 333-433~32-3=85~1 =10~ 5= 3- 3} -0,6794 -0.95152 0.,1288 0,71352 00,1980
32 sSNOA4UBL 333=113=d1=2=-73~2 9= 5= 5= 2« 4§ ~0.6794 =1,2308 0,1288 =D.1330 0.5733
33 SPACEVEH 333~313~d4~-1-98-5 g= T-12- 1= 1 00,6794 =9,9482 2,034b -0.9271 +0,5537
34 TRACIOR 333-113=-41~2~74~2 Ge He 5= 2= 3 =0.679% ~1.,2368 0.1288 =0.1260 0.1940
35 TRAINCRA 333~213-53=3=d4-4 9= 6= 8= 3= 4 -0.8794 -1,0925 Q0.945p 0.7152 3,571319
36 TRAYPULL 333-113=51~-1-73%-2 9= Se H=~ 1= 3 =0.,6794 =1.2368 00,4011 =-0.9271 00,1980
37 ALCOHULA 333%313~-11=4deybay Qe Te 2= 4~ 4 -0,6734 ~3.9482 ~0,.6830 11,5353 0.5719
38 ALTUHOLC 333=4g6=11=5=4y5~1] gmif~ 2= 5= 3 -0,5791 0.,6394 -0.6880 2.337% 0,1910
40 ASBESTUI 333=583=11=3=56=3 9=-16- 2~ 3~-1 =-0,56794 U,.3507 =0.6840 0,7132 ~1,30S55
41 ASBESTUS 333~583-11~1~83~3 916~ 2= 1= 5 ~0.679¢ 0,3507 =0.6880 =-90,9271 0.9498
42 ASPIRIH 333~456=11~3~97=| 9=15« 2~ 3~ 2 -0,6794 0,2064 -0.,6880 0.7132 -0,1778
43 AUTOZOPL 3J33-346=11=2-94~=4 9=13~ 2~ 2= 5 ~0,6794 =-0,0822 «0.0880 -0,1250 0,9498
46 CAFFEINE  333=566=1l=1=35~1 9=17- 2- 1= 4 -0.6794 0.4950 =0.6380 =0.9271 0,5739
49 COALAINE  333=483=11-d=-64-3 9-15- 2= 4= 2 -0.6794 0,2064 -0.5880 1.5353 -u,1778
50 CONTRACE 333-763=11~2~67=1 9=l16= 2= 2m=1l ~-0,6794 00,3507 ~0.6880 -0.1030 =},305S
S1 ZONTRAZP 333-586~11=3=/4=1 9=19~ 2~ 3- 3 =-0.,6794 0.7837 =0.6880 00,7132 10,1980
52 DARVIH 333-556~11=4=77=1 9=lb= 2~ 4~ 0 ~-0,6794 00,3507 -0.6880 11,5353 =0.9296
S5 DESANIML  333-5B6m1l-1=93~1 9-19- 2~ 1~ 6 “0,6794 0.7837 =0.6840 =0,9271 1.3257
59 dALR DYE 333=286-11~1=d7~1 Gelb= 2=~ 1~ 1 -0.6794 0.3507 =-0,6R880 ~0,9271 =0.55137
61 HIMEPOOL 333-223=-41~-3-43~-1] Y= J= 5= 3= 5§ ~0,6734 ~0.9482 0,123 0,7132 0.3498
62 LAETRILE 333-553=11=t=-55~1 9=13~ 2« 1= 0 -0,06794 ~0,0822 ~0.68r) ~0.921) =-0.93296
63 PRPALNT 333-773=11=3~=79=2 Geli= 2= 3= 2 -G.,b794 0,4950 ~0,.68d0 00,7132 ~0,1778



Table C.1. 93 hazards: truncated factor scores sorted by factor, part 2
HAZARD DESCRIPTOR TRUNCATED STANDARDIZED TRUNCATED FACTOR
SCORES FACTOR SCORES SCORES FOR FACTOR
FOR FACTOR
1 2 3 4 5 1 2 3 4 5
76 eyl 333-486=11=2=]7<4 9=18= 2= 2~ 0 -0.6794 0.6394 -0.6880 =-0,1250 «0.3295
78 REIBIATS  333=223=51=degi=y 9= 7- 6= 4= 5 <0,5794 -0.9482 0.4011 1.5353 0.3498
79 RUBBERMN  333=98b=11=3=57=4 9+23= 2~ 3=-2 =0.0794 1.3610 ~0.5%80 0,7152 =}.5813
80 SACCHARL  333=486=11<1=87<1 9=18~ 2~ 1=~ | =0.6794 0.6394 =0.6880 =0,9271 «J.5537
81 SMOKINGC  333=486=11=b=d5e} 9=18~ 2= 6~ 3 ~0.6794 0.6394 -0.6880 13,1735 0.1930
84 THALIDOM  333=456=5]=jefi7=] 9=15+ 6= fe=g ~0.6734 042064 0.4011 «0,3271 =3.184%
85 TRICHLEH  333=983=11=1=§7~4 9«20~ 2= 1= | -0.6794 0.9280 =0.6880 =0.9271 «0.5537
87 UOWATCUN  333=223=6l-]edq=3 9= 7= 7= 1= 0 =0.6794 =0.9482 (.6733 =0.9271 =~0.9296
88 URANIUMM  333~989=12=2=b4=5 9=26= 3= 2= 2 =0.6794 1.7940 =0.4157 =0.1050 -0.1778
90 VALIUM 333-566=11=3=d7-1 9=17= 2= 3= | =0,6794 0.4950 =0.6830 0.7152 =J.3537
93 WATFLUUR  333=78b=11=1=42=5 9=21- 2=~ 1~ § ~0,6794 11,0723 -0,6880 -0,9271 1.3257
72 NUKEWAST  363-939=15-1=32<6  12-26= 6= 1= § =0.0476 1,7940 0.4011 =0.9271 1.3257
20 LNGEXPLO  363=213-85-1=§0e5 12~ §=13= 1=~ 2 ~0.0476 =1,0925 2.3068 =0,9271 =3.1778
68 NITRITE 336=786=11=1<91=1  12-21= 2= |- g =0,0476 1.3723 ~0.6380 =0.9271 2.2774
69 NUKEREAC  363-969=86=1=96=7  12-24=14~ 1- 3 -0.0476 1.5053 12,5791 =0,9271 J.1980
57 FLUOROCA  393-883-11-1=97=39 15-19~ 2 1= 2°°° 0-5§43" '0.7837 ~0.6880 =0,3271 =0,1273"
64 MERCURY 663~986=13=2-85=5  15=23= 4= 2= 3 0.5343 1.3610 ~0.1434 =0,.1050 0.1980
S8 FOSILFUL  393=993-11=1+92=9  {Sw2]= 2= 1= J 0.5843 1,0723 =0.6880 =0,9271 1.7015
44 AUTOPBPL  6b3-976~11=2+95=5  1§-22= 2= 2. 4 0.5843 1.2167 ~0.6880 =0,135) 0.5739
B2 SSTOZUNE  393=893=11<(=93=3  15-20= 2= 1= § 0.5843 0.,9280 =0.5880 =0,9271 1.3257
83 TACINITE  663=983~1i=1=0/vh  {5=20= 2= {m=ei 0.5843 0,9280 =0.6830 =0,9271 «1.3055
70 NUKETEST = 663-989=73=3~31-9  15-26=10- 3~ § 0.5343  1.7940 1.4991 0,7152 2.3774
45 CADMIUM 663-986=11=2-74=b  15=23= 2+ 2= 3 0.5843 1.3610 =-0.6880 ~0,1353 0.1980
73 OILTANKE  663=763=0l=1=1545  {S~jg= T= {m=g 0.5843 0,3507 0.6733 =0.9271 ~=2.4331
74 828 663=976~13~1=ylmt  15=22- 4= |- 2 0.5843  1,2167 -0.1434 =0,9271 -0.1778
56 FERTILIZ 393=68b=11~1=93=y 15-20= 2- 1= 5 0.,5343 0.3280 =0,.6880 -0,9271 1.3257
77 REZQYDNA 393=469=97=1~9yT~9y 15=23~16~ 1= 2 0.5843 1.3619 3.1235 =0.9271 «0,1778
39 AMNTISIOT  666=563=11=3=97~1  18=14~ 2= 3= 2 1.2161 0,0621 «0,6830 0,7152 =0.1778
17 HANDGUNS 369~113=4]1~G=yp=] 18« S5« 5~ 4= 3 1.2161 =1,2368 0.,1248% 1.5333 0,1980
10 CHAINSAW  666=113=11=1=T4=2 18~ 5« 2= 1= 3 1.2161 =1.2368 =0.,6880 =0,9271 0.1940
60 HEALAZHLO bb6=363=] =2t/ =} 18-12- 2~ 2~ 1 1,216t =0,2266 =-0.6830 ~0,1050 =3,5537
12 DAMFAILU  693~423-74=2-85=5 18- Gmuil= 2= 3 1.2161 «0.6595 1.7623 =0.1353 0.1940
47 CUALBNUX 693=566=11mjmy5e] 18=17~ 2= 3=~ g 1.2161 0,4950 ~-9.6880 0.7152 0.5739
Il AARFARIN  666=653=11=l=g/=] {8=14= 2~ 1= | 1.2161 0.0621 =0.6880 ~0,9271 =3.5537
92 WATCZHLOR b6~583~11=1~yT=5 18=16= 2~ 1= 2 - 1,2161 0,3507 =0.6880 =0.9271 =0.1778
48 CZDALS3SO2 693-563~11=q4=94=7 18=14= 2~ 4=~ 5 1,2161 0.0621 =0.6830 1.53% 0.3498
89 VACCIHMES  696=556~fl=2=8d4=] 2)=lp=s2= 2 4 1.8479  0.3507 =-0.6880 -0,1350° 0.5739
54 DEFOREST  695=993-11=1=91=9  21=21~ 2= 1= § 1.8479 1.0723 -0.688u =0.9271 2.2774
86 TAO4ST 696=886~22=1=77=5 21=22= 4- {= 0 1.8479  1.21n7 =0.1434 -0,9271 -1.93295
65 MIREX 6985 ~HBb=22=1=67=5 21222~ 4= 1=~a} 1,8479 1.,2167 -0.143434 ~0.9271 =1.3055
66 NERVGASA  669=836=73=1=7)<5 2{=17-10~ {=- 0 1.8479  0,4950 1,4301 -0.9271 =0.9329s
67 MERVGASw 699-836=8T7=3wy7=7 24-17=15%= 3- 2 2,4797 0.,4950 2.8514 0,7152 =-0,1778
75 PESTICID  996=886=12+2=97=5  24=22= 1= 2- 2 2.4797 1.2167 =0.4157 -0.1050 =0.1778
71 NUKEAAR 699-989=88=4237-9  24<26=16= 4~ 2 2.4797 1.7940 3.1236 11,5353 ~0.1778
S3 oor 996-d86=32=1 =y 7=5 24=22- 5= 1= | 2.4797 1.2167 0.1288 =0.9271 «0.5537
26 NUKEAWNARB 699=213-87=q-Yg=h 24~ 6-15~ 4= | 2.4797 =1.0925 2.8514 1.5353 -0,3537
FACIOR 1| MEAN= 12,2258 sSroevs 4.7483
FACTIR 2 MEAN= 13.5699 SIbEV= 6.9288 =
FACTOR 3 MEAN=  4.5269 SIDRv= 3.6730
FACTIR 4 HMEAN= 2,1290 SrDevz 1.2179
FACTOR § MEAN= 2.4731 sloev= 2.6605



Table C.1. 93 hazards: truncated factor scores sorted by factor, part 3

HAZARD DESCRIPTOR TRUNCATED STANDARDIZED TRUNCATED FACTOR
SCORES FACTOR SCORES SCORES FOR FACTOR
FOR FACTOR
2 3 4 5 1 2 3 4 5

SORTED BY FACTOR 2

2 APPLIANS 333~113-21=3-95~1 9= 5= 3=~ i~ 4 -0.6794 =1.2368 ~0.41517 0.7152 0.,5739
3 AUTOJIRAS 333=113~11=5=90=2 G= 5= 2- 5= 3 -0.6794 =1.2368 -0.6880 2.3574 0,1980
4 AVIATICC 333-113=03=3-97-4% 9= 5= 9= 3= 2 ~0.6794 =1.2364 1.2178 5.7152 =-2.1173
6 AVIATIPC 333-113~-32-4-97-4 9= §- 5= 4= 2 -0.679% =1,2368 0.1288 1.5353 -0.1778
8 BIKEIRAS 333-113-11=3=d4=2 g~ 5= 2= 3= & -0.6794 ~1.2368 =Q.6B80 0.7152 0.5739
9 BRIDGECL 333-113=53~1~95~3 9- 5= 4= t= 4 ~0,6794 =1.2368 0.9456 -0,9221 0.5739
10 CHAINSAW 6065=113=11=i=74~2 ig=~ S5~ 2= i= 3 1.2161 ~1,2368 ~0.6880 «03.9271 0.1930
13 DOSKIFALL 333=113=21=2-63~1 9= 5= 3= 2= 3 -0,6794 =1.2368 =0.4157 =-0,.1050 0.1940
14 DINAMBLA 333~113=32-2-05=3 9= 5= 5= 2= 1 -0,6794 =1.2368 0.1238 -2.,1253D =03.5537
15 ELEVATOR 333-113=52=2+906-2 9~ 5~ 7= 2~ 3 «0,679% ~1.2368 0.6733 -0.1352 0,1980
16 FIREWORK 333-113=31~1-83=2 9= 5= 4= 1= 5 «0.6794 =1.2368 =0.1434 -0,.9271 3.3493
{7 dANDGUIS 369=113=41=4~J0-1 18~ S5~ 5= 4« 3 1.2161 =1,2368 0.1288 1.5353 0,1940C
18 HIINSTRU 333-113=-71=1-28-2 9= 5= 8= 1=-6 -0,6794 =1.2368 0.9456 «0.9271 =3.1843
23 M0T9RCiC 333-113=11-4=Jb=2 9u 5+ 2= 4~ 1 -0.6794 =1.2368 ~0.b6880 1.5353 ~0,3537
25 MYEHICRC 3331~113=-52=2-97-2 9= 5= 7= 2=-{ ~0.6794 =1.2368 0.6733 =3,1350 =1.3u55
27 POWMIWER 333~113-21-2-73-2 9~ 5= 3= 2= 4 -0.6794 =1.2368 =0,4157 ~0.,12530 0.5739
28 SKATEBOA 333-113=-11=-3-73=1 G 5= 2= 3= 4 «0.6794 =1,2368 =0.6880 0.7132 0,5739
29 SKYDIVE 333~113=-51~2=~43~1 Q= 5= b= 2-=4 -0.6794 =1.2368 0,4011 -0.1050 =2.4331
32 SNO#40BL 333~113=41~2-73~¢ g~ 5= 5- 2= & -0,6794 =1.2368 0.1288 -0,1J30 0.3739
34 TRACZTOR 333~113=41~2-/3~2 9= 5= 5= 2~ 3 -0,6794 =1.2368 0.1288 =0.10350 0.19480
36 TRAMPOLL 333»113~-51=1-74=2 9~ S5= 6= 1= 13 ~0.6794 =1.2368 0.4011 ~0.9271 0.19%9
20 LNGELFLU 363-213=-88=1~86=3 12« 6=13- 1= 2 -0.0476 =1.3925 2.3068 =0.9271 =-0.17723
26 HUKE#ARB 599=213=87=4=498~-0 24~ 6-15= 4=~ 1 2.4797 =1.2925 2.8514 1.5353 =0.3337
S AVIAIICH 333~213=11~1=-83=3 9= o= 2= 1= 3 -0.6794 =1.0925 ~0.6880 -0,9271 0.1930
35 TRAINCRA 333-213=53-3=83=3 g~ 6= 8= 3= 4 -0.679% =1,2925 0.94586 0.7132 0.5739
24 MVEHICLK 333~213=-11-1~43=3 9« 6~ 2= 1= 8 -0,6794 ~1.0925 -0.6880 =0,9271 0.3493
33 SPACEVEH 333-313=04=1~38"3 ge 7=12- 1- 1 -0,.6739% =0.3482 2.034b -3.9211 ~=0.3537
7 AVIATISH 333-313=d41-1-76"5 9= 7- 5= 1= 1 -0.679% =0,9482 0.1288 -0,9271 =0.5337
37 ALCOHOLA 333-313=11=4=935=2 9= T= 2= 4= 4 ~0.6794 =0,9482 ~0,6880 1.53%3  0.57239
61 HIMEFOOL 333-223=-41=3=83=1 9w J= S= 3= 5 -0,6794 =-0.9482 0.1288 0.7152 0,3498
78 RECZBOATS 3331-223=51-4~d3=2 9~ = 6= 4= 5 -0,6794 =0.9482 0.4011 1.5353  0.33948
87 UDAATICOUN 333-223=-bl=i=44~14 9e 7= 7=~ 1= 240 «0,6794 =~u,9482 0.6733 -0.9271 ~0.32986
11 C3ALMLNE 333-233~53=3-01i-3 9- 8= 8- 3= 2 “0.6794 =0,8039 0,9356 0.7152 ~0.1773

1 APPLIANF 333-333=42-3=395~2 9~ Y= 6= 3= & -0.6794 =0.6595 0.4011 0.7132 0.5739
12 DAMFAILU 693-423-74=2-89=5 18~ 9~11- 2= 13 1.2161 ~0.5595 1.7623 «3.1350 0.19¥0
30 SKISCRAP 333-423-53-3-d5-4 9=~ 9= 8= 3- 3 ~0.6794 -0.5595 0.9456 0.7152 0.1980
31 SMOKEFIR 333-433-32=3-85-1 9-10~ 5= 3~ 3 -0.6794 =0.5152 0.1288 0,7152 0.19480
19 HIGHANLIRE 333-173~k1-1~/4=3 9gm11= 2= 1- 13 -0,6794 =0.3709 =0.6880 -0.9271 0.19480
22 MIVENHAD 333~173~11~1~84-2 9=-il=~ 2= 1= ¢ -0,6794 =0,3709 =0.6880 -0,9271 0.5739
60 HEXATHLO 666=363=11-2~8/~1 18=-12~ 2= 2~ 1 1.,2161 =-0.2266 =0.6880 ~0,1250 =0,5537
43 AUTOZIDPL 333-346=11-2-94~4% 9=-13~ 2=~ 2- 5 -0,6794 =0,0822 -0.6380 -0.1250 0.949H4
62 LAETRILE 333=-553-11-1-55~-1 9ei3~ 2~ 1= 0 ~0,6794 =0.0822 ~0,6880 =0.9271 ~=0.329b
48 COALBSUL2 693=563~11-~4=94~] 18=14~ 2= 4= 5 1.2161 0.2621 =~0.6dR0 1.5353  0.3498
39 ANTIBIOT 666=563=11=3-97~1 18=14~ 2= 3- 2 1.2161 0,0621 =0,bHBY 0.7152 =J.1178
91 WARFARIHN 665~653=11=-1=-87=1 18=14- 2~ 1= 1 1.,2161 0,0621 -0.56830 -0.927t =0,35137
84 THALIDOM 333-456=51=1=17~-1 9=15= b= 1=-=b6 -0.6794 90,2064 0;1011 =0.9271 -3.1443
42 ASPIRILN 333-450=11-3=9/~1 g~15~ 2= 3- 2 -0.6794 0.2064 =U.bBRO 0.7132 =0.1778



Table C.1. 93 hazards: truncated factor scores sorted by factor, part 4

HAZARD DESCRIPTOR TRUNCATED STANDARDIZED TRUNCATED FACTOR
SCORES FACTOR SCORES SCORES FOR FACTOR
FOR FACTOR
1 2 3 4 5 1 2 3 4 5
b

49 COALMINE 333-493-11mdmb4=3 9=15= 2= 4« 2 -0.6794 0.2064 -0.6880 11,5353 =0.1778
50 TONTRACE 333-763-11=2=b7=} I=lb= 2~ 2==} =0.6794 0.3507 =0.6880 =0,1350 «-1,3055
73 OILTANKE 663=763=b1=L=1%-0 15=16= 7= 1==g 0.5843 0.3507 0.6733 =0.927} =2,3331
52 DARVON 333~556~11~9=77-1 9=16= 2= 4=~ 3 =0,6794 0,3507 =0.6880 1.5353 =2.929s
59 HAIR DYE 333-286=11=1=d7~} 9=16= 2=~ 1= 1 =0,6794 0.3507 -0.6880 =0.9271 =0.,5537
40 ASSESTOL 333-583~11=3=50=~3 9wlb= 2~ 3=} ~0.8794 0.3507 =0.6880 00,7152 =1.3055
89 VAITINES 696=556=11=2=84¢=} 21-16~ 2= 2= 4 1.8473 0.3507 -0.6880 ~0.1250 0.5739
41 ASBESTOS 333~583=-11={=83-3 9=16= 2~ 1= 5 ~0.,6794 0.3507 =0.6380 =0.927% 0.3498
92 WATCHLOR 666=583=11=1=9T«5 18=16=~ 2= 1=~ 2 1.2161 0.3507 =0.6880 =0,9271 =0.1778
63 PBPAINT 333=773=11=3=75=2 9=17= 2= 3= 2 =0,6734 0,4950 =0.6830 0.7152 «3}, 1778
66 NERVGASA 669=836=73=1=77=5 21=17=10~ 1~:0 . 148479 0,4950 1.4901 =0.927% ~0.92958
67 NERVGASW 699836873377 24=17=15= 3= 2 2,4797  0.4950 2.8514 0.7152 “Q,1778
90 VALIUM 333+566~11=3=87«1 9=17= 2= 3= 1 =0.6734 0.4950 ~0.6880 0;7152 -0,5537
46 CAFFEINE 333-S86=11=my5m} Feii= 2= 1~ 4 =0.,6794 0.4950 =0.6880 «=0.927f 3.5739
47 COALBNUX 693=566=~11=3=95=7  18=17= 2« 3= 4 1,2161° 0G.4950 =0.6880 0.7152 0.5739
16 pve 333+486=11=2~}T=4 9=18~.2= 2= 0 =0.6794 0.56394 ~0.6380 ~0.1350 ~0.9265
38 ALTOHOLC 333=486~11=5=85=1 G=18= 2% S5« 3 ~0,6794 .0.63%94 -0.6880 32,3574 0.1980
80 SATCHARI 333-486=11=1~57~ 9=18« 2= t= 1.  +0.6794 0,6394 ~0.6880 «3.9271 -3.5537
81 SMIKINGC 333-486=11-b=85=1" 9«18« 2= o~ 3 =0.6794 -0.5394 -0,.6880 3,1735 0.1980
21 MXRAYRAO 333-189=11~4=92-2 9e1l= 2= 4.7 ~0.6794 0.6394 =-0.68980 11,5353 1.7015
51 CONTRACP - 333=586=11l=Jd=74=] 9~19= 2~ 3= 3 =0.67394 0.7837 =0,6880 0.7152 0.1980
55 DESANIML 333-586~11=}1=33=} 9=19= 2= 1= § =0.679¢ 0,737 =0,6880 =3,327) 1.3257
§7 FLUDRUCA 393-883=11-1=97=9 15=19= 2= 1~ 2 0.5843 0.7837 «0,6880 =0.9271 ~0.1778
83 TATONITE 663~983=|1~1=p7~b 15=20= 2= l=aj 0.5343 0.9280 =0.6880 =0.927% =1.3055
56 FERTILIZ 393=686-11={=93=9 15=20~ 2= 1~ § 60,5943 0.9280 =0.6880 =0.9271 1.3257
85 TRICZHLEH 333-983~11-1-37-3 9=20- 2~ 1= 1 =0,6794 0.3280 =0.b6880 =2.3271 ~3.3537
82 SSTDZONE 393~893=11~1=93-9 15«20~ 2~ {=- 6 0,5843 00,9280 =0.6880 =90,.92)1 1.3257
68 NIIRITE 336=786=11=1=91~} 12-21= 2= 1~ 3 =0,0476 1.0723 =«0,6380 =0.9271 2.0774
58 FOSILFUL 393-993=11=1=92-9 15-21+ 2« 1= 7 0,5343 1.,0723 =0.6880 ~0.927% i.7018
54 DEFOREST 696-993=11=1=9]=9 21-21= 2~ 1= 3 1.8479 1.0723 -0.6880 =3,9271 2.2774
33 AATFLUOR 333~786=11=1~52=-5 9=21= 2~ 1~ & =0,5794 1.0723 =0.6380 -0.9271 1.3257
74 pCH 663~976=13=1=-9]=5 15-22~ 4= 1= 2 0.5d43 1.2187 =0.,1434 =0.9271 “3.1778
75 PESTICID 996=-886=12~2-97=5 24=22~ 3= 2~ 2 2,4797 1.2167 =0.4157 -0.1050 -0,1778
53 por 996 =886=~32-1=dq /=5 24~22~ 5= |~ | 2.4737 1.2187 0.1288 =0.9271 «).3533
65 MIREX 695=886=22~1~b7=5 21-22= 4= 1=~-} ~Le8379 1.2167 =0.1434 =0.9271 ~1.3055
44 AUTOPBPL 663-976=11-2-95=5 15~22~ 2= 2= 4 0,5843 1.2167 «0.6880 =0.1350 3.5739
86 TA04ST 696-886+22~1=77~5 21=22- 4= 1= 0 1.8479  1,2167 ~0.1434 -0,9271% =0,92986
77 REZOMODHA 393-869=97~1=97-Y 15-23=-16~ 1= 2 0.5843 1.3610 3.1235 =0.9271 =0.1778
45 CADAIUM 663-986~11-2~74-~0 15=23~ 2~ 2+ 3 0,5843 1.3610 -0.6880 =0,1350 3.1980
79 RUBBERMN 333~986«11=3=57=49 9=23« 2= 3~=2 ~0,6794 1.3610 =0.6880 0.7152 -1.5813
64 MERCURY 663~986=13=2~49=5 15-23- 4= 2- 3 0.5343 1,3610 -0.1434 ~0.1050 0.1980
69 NUKEREAC 363=969=Hb=1=9n=7 12-24~14~ - 3 =0.04756 1.5053 2.5791 =3.92/1 0.1980
71 NUKEAARK 699-989~HB=de9]=9 24=26=16= A= 2 2,4797 1.7940  3.1236 1.5353 -0,1778
72 NUKEAAST 363~989=]5=1=42~0 12=26~ 6= 1= 3 ~0.0476 1.7940 90,4011 -3.9271% 1.3257
88 URANIUMS 333-949=12~2=64=5 9=26= 3~ 2~ 2 =~0.6794 1.7940 «0.4157 «0.1350 -0.1778
70 NUKETEST 663-989=73=3=9}=-9 15=-26-10~ 3~ g8 0.5843 1.7940 1.4301 0.7152 2.0774
FACTOR 1 MEAN= 12,2258 SlvEv= 4.7443
FACTOR 2 MEAN= 13,5699 SIDEV= 6,9288 -
FACTOR 3 mMEANs 4.5269 Sflbevs 3.6730
FAZTOR 4 HMEAN= 2.1290 SIUEV= 1.2179
FACTOR 5 HEANS 2.4731  sibev= 2.6605




Table C.1.

93 hazards: truncated factor scores sorted by factor, part §

HAZARD

DESCRIPTOR

TRUNCATED

STANDARDIZED TRUNCATED FACTOR

SCORES FACTOR SCORES SCORES FOR FACTOR
FOR FACTOR
1 2 3 4 5 1 2 3 4 5

SORTED B8Y FACTOR 3 .

3 AUTOJOZRAS 333=113~11=35-96=2 Yo = 2= 5= 3 -0.5794 =1,2368 -0.66880 2,.3574 0.1980
5 AVIATICN 333-213=11-1=35=5 Ge 6= 2= 1= 3 ~0.673% =1.0925 =0.6880 -0,9271 3.1940
8 BIKEZIHRAS 333=113~11+~3=84=2 9w 5= 2~ 3= 4 -0,6794 =1,2368 =-0.6480 0,7132 0.5739
10 THAINSAA 668=113=11~1=T4=2 18- 5~ 2= 1= 3 1.2161 «1.2363 «0.6880 =0.9271 0.1980
19 HIGHAIRE 333-173=-11-1-74~3 9Qeii~ 2~ 1= 3 ~-0,6794 ~0,3709 «0.6880 -0,9271 0.1980
21 MXRAYRAD 333=189=11=a=92=2 Gelf= 2~ 4~ 7 «0.6734 0.5393% -0.6880 11,5333 1.7515
22 HMIVENRAD 333-173=11~l=g4~2 g=1l1= 2= 1~ 4 =-0),n734 =0,.3709 =0,.,6840 ~02,92/1 0,.3739
23 MOTOIRCYC 333~113=1l=d4=~T0=2 9= G 2= 4~ 1 «0.b734 =~1,2363 =~0,6880 {,5333 =-D,.5537
24 MYEHICLU 333-213«t1=i=d3=3 9= f= 2~ 1= S -0,6794 ~1,0925 -0.6880 ~-0,927% 00,9493
28 SKATHEBOA 333-113~11~3=73~1 9- Se 2= 3~ 4§ ~G.,6794¢ =~1,2368 ~-0.6880 0,7152 0.5739
37 ALCOHOLA 333-313~11-4=35=~2 Qe Jw 2= 4~ 4 -0,6794 =0,9482 =0,6880 11,5353 0,3739
38 ALCOHOLS 333~48A=11=5~y5~1 918~ 2~ 5= 3 -0.6794 0.,5394 =0.6880 2.3574 0.1980
39 ANTIBIOT 666=563=11=3=97=1 18«14~ 2= 3~ 2 1.2161 0.062t «0.6880 0,7132 «0,1778
40 ASBESTOI 333%583=11=3=50~ G=16= 2= J-=1| ~0.,6794 0.3507 =~0.56880 09,7132 «1,305%
41 ASBESTOS 333-583=il=1-83~3 9~16= 2= 1= 5 ~0,679% UL3507 =0.6880 ~0,.9271 0,3398
42 ASPIRIN 333=456=1t1=3~9)=1 9=15~ 2= 3= 2 -0,679% 00,2064 =0.,6880 00,7132 =-0,1778
43 AUTIZGPL 333-346=11-2=94-4 9=13~ 2~ 2- 5 -0.6794 =0,0822 =-0,6880 ~-0.,1350 0,.9493
44 AUTOPBPL 663=9376=11=2-95~-5 15=22~ 2=~ 2~ 4§ 0.5843 1,2157 =0.6880 -3,13530 D.373S
45 CADMIUHM b0 3=98b~11=2=73~p 15=-23=- 2« 2~ 3 0,5813 1.3610 =0.64880 ~0,.1330 02,1980
46 CAFFEINE 333=56b=11-1=35~1} G=17= 2=~ 1= 4§ -0.6794 00,4950 =0.6380 «Q.3271 J.3734
47 COALBNOX 693~-5b6=11=3=95=~7 {18=17= 2~ 3= 4 1.2161 0,1950 =0.6880 0.7132 0.5739
48 CZDALBSO2 0933-363=11"d=gqi=/ 18=14= 2= &= § 1.2161 00,0621 ~0,.56830 11,5353 0D,3394
49 COAL4INE 333-1483~11~4=04=3 Gm15= 2= 4« 2 -0,6794 0,2064 ~N,6880 1.5353 «0,.1778
S0 ZONTRACE 333=763=11=2=b/=1 Qulpe 2=~ 2--1 ~0,6794 0,3507 ~0.6880 =0,1350 ~-1,3085
51 CINTRACP 333-586=11=3=jg~{ Gw19= 2= 3= 3 -0,56794 0,7837 «0,68480 00,7132 00,1940
52 DARVIN 333-556-11~%~i17-1 9=16= 2~ 4~ 0 ~0,6794 0,3507 =0.6880 1.3333 -5.3296
54 OEFJOREST 695=393=11~1=91~Y 21=21= 2- 1- 8 1.8479 11,0723 -0.6880 =~0,9271 2.0774
5% DESAGINML 333=-586=11~1=34-1 9=19- 2- 1~ 6 00,6794 0.7837 =~0.6880 =-0.9271 1.3257
56 FERTILIZ 393-686=11~1~93~9 15~20= 2~ 1~ 6 00,5843 00,9280 ~0,6880 =-0,9271 1.3297
57 FLIJOROCA 393-483-11=1 =97~ 15~19~ 2= L= 2 0,5843 00,7337 -0,6880 -0.9271 -0.1773%
5§58 ¥FOSILFUL 393-993-11~-1~92~9 15-21- 2- 1~ 1 0.5843 1.0723 ~0.6880 ~0.9271 1.7015%
%9 HAIR DYE 333~286=11~-1~g7~1 9=if=- 2~ 1~ 1 ~0.,6794 00,3507 =0,.6B80 =-0.9271 =-2,55137
60 HEXAZHLO 666=-363~11-2~47~1 18~12~ 2~ 2~ 1 1,216 =0,2266 ~0.,6380 =0,1053 «0,5537
62 LAETRILE 333~-553~1{=1-55~1 9~13=- 2= 1- 0 ~0.,6794 :0.3822 -0.6880 ~0,9271 -0,9296
63 PBPAINT 333=773=11=3=15-2 ey 7~ 2= 3~ 2 -~0,6794 0,4950 =0.b880 00,7152 -0.1778
68 NITRITE 336~-736-11=1=91~1 12-21~- 2- 1~ 8 ~0,0476 11,0723 =0.,6880 ~-0.9271 2.0774
76 PVl 333~-486~11~2~77/~4 9=-18~ 2~ 2~ 0 -~0.6794 U0V,6394 =-0.6880 =-0.1350 =3.,9296
79 RUBBERMY 333-986=11=3=57=4 9m23= 2~ 3==2 -0,6794 1,3610 -0.6880 00,7132 ~1,.5813
80 SACCHARI 333~486~11-1=4d/~] Geig= 2=~ 1= 1 -0,6794 0,6394 =-0,6880 =-0.9271 -0.3%137
81 SMOKINGC 333-486-11~p~-d5~1 9-18~- 2~ 6~ 3 -0,6794 0,639¢ -0.6880 3,1735 0.1980
82 SSTOZONE 393=8Y3~ti=1+~93=-9 15~20=- 2= 1= 6 0,56843 0,9280 -0.6880 =-0,92171 1.3257
83 [AZONITE 6ol=98i~11=1=57~0 15=20~ 2= 1=~=] 0.5833 0,9230 =-0.6880 =0.3271 =1.3055
85 TRICHLEH 333=-983«il-i=al=1 9=-20~= 2~ 1~ 1 =0,6794 00,9280 =0.6890 =0,9271 =-0.55137
89 VAICINES ©96=-550b=11=2-83~] 21=-16- 2~ 2~ 4 1.8479% 06,3507 -0.h880 =0,.1350 0.5739
30 VALIUM 333+56b=11=3~d7~1 9=-17= 2~ 3~ 1 =0,6794 0,4950 =~0.6880 00,7132 ~0.8537
91 AARFARIN 6b0+693-11~l=g7~1 18=1d~ 2=~ 1~ 1 1,2161 0.0621 ~0.6880 ~0.9271 =-0.53137
92 ~ATCHLUR 665-943~11=1=9Y]=~35 1B~16~ 2= 1~ 2 1.2161 00,3507 ~-0,6880 -0,9271 =3.177¢8
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Table C.1. 93 hazards: truncated factor scores sorted by factor, part &
HAZARD DESCRIPTOR TRUNCATED STANDARDIZED TRUNCATED FACTOR
SCORES FACTOR SCORES SCORES FOR FACTOR
FOR FACTOR
1 2 3 4 5 1 2 3 4 5

93 WATFLUUR  333=786=11<1-82-5 ge21= 2= 1~ 5 -0.6794 1.0723 -0.6980 =0.927t 1.3257
75 PESTICID  996<=B86=12=2-57=8  24=22= 3~ 2= 2 2.4797 1.2167 =0.4157 ~0,1050 =0.1778
13 DSKIFALL  333=113=21~2e63~-} 9= 5= 3~ 2- 3 =6.6794 =1.2368 =0.4157 =0,1250 0.1940
2 APPLIAHS  333-113-21=3=95~1 9= 5= 3- 3= 4 =0.6794 =1,2368 =0.4157 0,7152 0.5719
27 PUOAMOWER  333=113=21=2=73=2 9~ 5= 3= 2~ 4 “0.6794 =1.2369 =0.4157 =0.1350 0.5739
88 URAMIUMM 333+989=12«2eb4~> 9=26= 3= 2~ 2 ~0.6794 1.7940 =0.4157 <0,1250 -0,1778
65 MIREX 696=BYb=22-1=67=5  21~22= 4= le=i 1.8479 1.2167 =~0.1434 =0,9271 ~1.3055
16 FIREAURK  333=113=31=1=g3=2 9o 5= 4= 1= 5 ~0.6794 =1,2368 =0.1434 <0.32/1 0.3493
74 eCB 663=976=13=1=97~6  15=22~ 4= 1= 2 0.5843 1.2167 =0.1434 =0,9271 =0.177s
86 IWD45T 696+-986=22=1=/7=5  21=22= 4= 1- 0 1.8479 1.2167 =0.1434 -0,9271 =0.9295
64 MERCURY 663-986~13~2245=5  [5=23= 4= 2~ 3 0.5843 1.3610 =0.1434 =0,1353 0.1950
31 SMOKEFIR  333+433~32=3-85-1 9=10= 5= 3= 3 ~0.679% =0.5152 0.1288 0,7152 0,1980
32 SHOWMOBL  333=113=41-2-73=2 9« 5~ 5= 2= 4 =0.6794 =1,2368 0.1288 ~0,1350 0.5739
34 TRACIOR 333-113=41=2=74=2 9= 5= 5= 2+ 3 =0,6794 =1.2368 0.12388 =0.1050 0.1980
17 HANDSUNS  369=-113-d41~4=96=] 18= 5= 5= d= 3 1.2161 =1.2368 0,1298 1.5353 0.1940

6 AVIALIPT  333-113=32-4=9/=4 ~9= 5= 52 3u"2 <0.679%4 =-1.2368 '0.1288 11,5353 -0.177§"
61 HOMEPOOL  333=223~41=3-83=1 9= 7= 5= 3= 5 =0.6794 =0.9482 0,1288 0,7152 0.3494
53 pDI 996~886=32=1=8/=H 24=22= 5~ 1= } 2.4797 1.2167 0.1288 -8,9271 =-0.5537
14 DYNA#BLA  333-113=32=2-65-3 9- 5= 5« 2w 1 “0.56794 ~1.2368 0.1288 =0,.1350 =0.5537

7 AVIATISH  333~313=d1=1=76=5 9= 7= 5= (= 1 =0.6794 =0.9482 0.1288 =0,9271 =0,5537

1 APPLIAKY  333~333-42-3-y5=2 9= 9= f=~ 3= 4 -0.679% =0.6595 0.4011 0,7152 0.5739
36 TRAMPOLI  333=113=Si=i=74=2 9= S= 6= [= 3 -0.6794 =1.2368 0.4011 =0.9271 0.1980
78 RECBOATS  333-223-51=4=§3=2 9= 7= 6= 4 5 =0.6794 =0.9482 0.4011 1.5353 0.3498
84 THALIDUM  333-456=51~1=17-1 9-15~ 6= 1==5 =0,6794 0,2064 10,4011 =0.9271 =3,1848
72 NUKEAAST  363-989~15=1=42=b  12=26~ 6= 1= § -0.0476 1,7940 0.4011 =0.9271 1.3257
29 SKYDIVE 333-113-51=2=a8~1 9w S~ b= 2= -0,6794 =1,2368 0.4011 ~0.1050 -2.3331
73 OILFANKE  663-761=61=l=15~0  1S=16= 7= 1==4 0.5843 0,3507 0.6733 =0,9271 -2.4331
87 UDWATCON  333=223-61=1-44-} 9= 7= = 1= ¢ ~0.6794 =0.9482 0.6733 -0,9271 -0.9296
15 ELEVATOR  333=1[3=52~2-yo=2 9~ 5= 7= 2= 3 -0.6794 =1,2368 0.6733 =0.1350 0.1980
25 MVEHICRC  333-113-52~2~57-2 9= 5= 7= 2==1 =0.6794 =1.2368 0,6733 =0,1050 =1,3055

9 ERIOGECL  333=113=53=1=-95=3 9= 5= 8= 1- 4 =0.6794 ~1.2368 0.9456 =0,9271 0.5739
18 HZONSTKU  333=113-T71=)=24=2 9= 5~ 8= 1e=p -0.6794 =1.2368 0.9456 ~0,9271 -3.14489
35 TRAINCRA 333-213=53=3=43=3 9=~ b= B= 3~ 1§ ~0.6794 =1,3925 0.94%6 02.7132 0.57139
30 SKYSIRAP  333-423=53=3-i5=4 9= 9~ 8= 3= 3 ~0.6794 =0.6595 0.9456 0,7152 0.1940
11 COALMIHE  333+233~53=j-64=3 9= 8= 4= 3= 2 “0.6794 =0.8039 0.9456 0.7152 =~0.1778

4 AVIATICC  333-113~63=3=97-4 9= S= 9= 3= 2 . -u,5794 =1,2368 1.2178 0.7152 ~0.1778
70 NUKETEST  663-989=73-3=91=9  15-26=13= 3- 3 0.5843 1.7940 1.4931 23.7152 2.2774
66 NERVGASA  669=836=73=1=77=5  21=17=10= 1= 0 1.8479 0,4950 1.4901 =0,9271 =0.9296
12 DAMFAILU  693~423=74=2-45=5 18~ 9=ll= 2= 3 1.2161 =0.6595 1.7623 =0.1950 0.1980
33 SPACEVEH  333=313-84=1=98-5 9~ 7-12= 1= 1 “0.6794 =0.9482 2.0346 =0.9271 =0.5537
20 LHGEXPLU  363-213=85=j~fp=3 12~ 6=13= l= 2 ~0.0476 =1.0925 2,3068 =0.9271 =-0.1779
69 NUKEREAC  363-969=86~1-vo=7  12-24=14~ {= 3 =0.0476 11,5053 2.5791 =0,9271 0.1980
26 NUKEAARD  699-213-§7=4«93=0  24- 6-15= 4= | 2.4797 -1.0925 2.8514 1.5353 =0,5537
67 NERVGASW  699-836=87=3-97=7  24~17=15= 3~ 2 2.4797 0,4950 2.8514 0.7152 -0.1778
71 NUKEAAR 699~389~3RB=quyT~y 24=26=16= 4= 2 2.4797 1.7940 3.1236 1.5353 -0.1778
77 RECZIMDNA 393=869=97=1=37=9 15=23~16=- 1= 2 G.,5843 11,3610 3.1236 =0,.9271 =0,1/78
FACTIR 1 MEAM= 12.2258 S[DEV= 4.7483 :
FACTOR 2 MEAN= 13.5699 SIDEV= 6.9288

FACTIOR 3 MEANz  4.5269 SIDEV: 3.6730 -

FACTOR 4 MEAN= 2.1290 SIveEv= 1.2173
FACTOR 5 HMEANT  2.4731 S[DEV= 2.660%
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Table C.1. 93 hazards: truncated factor scores sorted by factor, part B
HAZARD DESCRIPTOR TRUNCATED STANDARDIZED TRUNCATED FACTOR
SCORES FACTOR SCORES SCORES FOR FACTOR
FOR FACTOR
1 2 3 4 5 1 2 3 4 5

32 SNOWYDBL  333-113-41-2-73-2 9= 5= §= 2= 4 -0.5794 -1.2368 0.1288 =0,1930 10,5739
14 DYNAMBLA 333=113-32-2+05~3 9= Se 5= 2= | «0,6794% =1,2368 0,1288 =J,1350 =2,55137
34 TRACTOR 333-113-41=2=74=2 9~ 5~ 5= 2= 3 ~0,6794 ~1.2368 0,1288 =0,1330 02.1980
15 ELEVATOR  333=113=52=2=90%2 Gw 5= 7= 2= 3 -0.6794 ~=1.2368 0.6733 =-0,1250 0.1980
60 HEXAZHLO  666=3b3~11-2-87-1  18-12- 2= 2- 1 1.2161 =0,2266 =0,6880 ~0.1050 =0,3537
12 DAMFALLU  693-423-74=2-85=3 18- 9=11= 2= 3 1.2161 ~0.6595 1.7623 =0,1350 10,1980
63 MERCURY 863-986=13=2-85=5  15-23= 4= 2~ 3 0.5843 1,3610 =0,1434 =0,1250 0.1980
88 URANIUHM  333-98Y~12=2-64-3 9=26~= 3= 2= 2 ~0.6794 1.7940 =0.4157 =0,1250 =0.1773
89 VACCIHES  696+556=11-2=84=1  21=16= 2= 2= 4 1.8479 0,3507 =0,6880 =0,1250 0.5739
43 AUTDZUPL  333-346=11+2-94~4 9-13= 2= 2~ 5§ -0.67%4 =0,0822 =0.68B0 =0,1250 10,9498
44 AUTOPBPL  663%976=11=2-95=5  15-22~ 2= 2~ ¢ 0.5843 1.2167 =0.6880 =0.1050 0.5739
45 CADMIUM $63=986~11=2=/d=s  15=23= 2= 2~ 3 0.5843 1.3610 =0.6880 =0.1250 10,1940
2 APPLIAHS  333=113=21-3-95-1 9~ 5= 3= 3= 4 ~0.6794 =1.2368 =0,4157 0.7132 0.5739
35 TRALINCRA  333=213-53=3=dd=3 9- 6= 8- 3~ 1 -0,6794 =1.3925 0.9456 0.7132 0.3739

8 BIKECRAS  333~113=11=3-84-2 9= S= 2- 3- & -0.6794 =-1.2368 =0.6880 0,7152 10,5739
39 ANFIBIJL  666=563=11=3=9)=1  18=1d= 2= 3~ 2 1.2161 0.0621 =0,6880 0,7132 =0.1778
40 ASBESTUL 333=583~11=3=50~) G166~ 2= 3=l -0,6794 00,3507 =0.6880 0.7152 -1.30%5
28 SKATEHBOA 333=113=11=3=73=1 Qe S= 2= 3~ 4 “0.6794 =-1,2368 =0.6880 02,7132 0.3739
79 RUBBERMN 333-986~11=3-57-4 Q=23~ 2= 3J==2 ~0.6794% 1.3610 =-0.6880 00,7152 ~1.6813
42 ASPIRLN 333~350=11=3-97=1 9-15- 2= 3= 2 -0.6794 0.2064 -0,6380 0.7152 ~0.1773
4 AVIATICC  333-113-0l3=3-97-4 g= 5= 9= 3= 2 -0.6794 =1.2368 1.2178 0.7152 =0.1778
61 HOMEPOOL  333=223-41-=3-83-i 9- 7= 5= 3~ 5 -0.6774 =0,9482 0,1238 0.7152 0,3438
30 SKYSCRAP  333-423-53-3-85-4 9= 9- 8- 3= 3 -0.6794 -0.6595 0.9456 0,7132 0.1980
53 PRPAINT 333=773=11~3=/9=2 §e17- 2= 3= 2 -0.6794 0,4950 =0.6880 0,7132 =3,1778
31 SMUKEFIK  333-433=32-3-d5-1 9=10= 5= 3= 3 -0.6794 =0,5152 0.1288 0.7152 0.1980

1 APPLIANF  333-333-42=3-95-2 9= 9= H= 3= 4 -0.5794 =0.6595 0.4011 0.7152 0.5739
47 CZOALBHUX 693-566=i1=3=95=/ 18=17~ 2= 3~ 4 1.2161 00,4950 -0.6880 0.7152 02,5739
67 NERVGASW 693=836=87=3=9/=~7 24=17=15= 3= 2 2,4797 0.3950 2.8514 0.71532 -J.,17738
90 VALIUH 333-566=~11=3=37~1 Yul7= 2= 3= 1 -0,6734 00,4950 =0.6880 0,7132 =-0.5537
11 ZOALMIME  333-233-53-3-04-3 9- 8- 8~ 3= 2 -0.6794 =0.8039 0.9456 0,7132 =0.1778
51 CUNTRACP 333~Sub~tl=3=74=1 g=19~ 2= 3« 3 -0.6794 0,7837 ~0.6880 00,7152 02,1980
70 HUKETEST 063=389Y=73=3=91 =9 15=26=10- 3=~ 8 0,5843 11,7930 1.4901 0.7132 2,2771%
71 GUKEAAR 699-9Y89=BH-d4=v7=Y  24=2b=1b= 3= 2 2.4797 1.7940 3.1236 1.53%3 -0.1774
17 ALCZOHOLA 333-313=11-4=95-2 9= 7~ 2= 4= 4 -0,6794 ~0,9482 ~0,5880 1,5333 0.5739
17 HAHOGUNS  369=113=4l-d4=Yo=1 18- 5= 5= 4= ] 1.2161 =1.2368 0.1288 1.5353 03,1980
23 MOIORCYC  333=113=11=4=To=2 9= 5= 2= 4= 1 -0.5794 =1.2364 -0.6880 11,5353 =0.5537
6 AVIATIPC  333-113-32-4-97-3% 9+ 5= §~ 4= 2 -0.6794 =1.2368 0.1288 1.5353 -0.1778
48 COALBSUZ  ©93-563-11-4=93=]  18-13- 2= 4= 5 1.2161 0.0621 =0.6880 1,5353 0.39498
49 COALAMINE 333-483=11=4-04-3 uiSe 2~ 4= 2 -3,6794 00,2064 ~0.6880 1,5353 -0,3778
78 RECBUATS  333~223=51-4-33-2 9- 7= 6= 4= 3 “0.6794 =0.9482 0.4011 11,5353 0,493
21 MXRAYRAD  333-139=11=4=92-2 9=18- 2= 4= 7 ~0¢.6794 0,6394 =0.6880 11,5353 11,7015
26 NUKEAARD  ©99-213-87-4=9d=6  24= 6=15- 4= 1 2.4797 =1.0925 2.8514 11,5333 -0.5537
52 DARVON 333-556=11=4=77~1 9=16= 2~ 4= 0 ~0,5734 0,3507 =0.6880 11,9353 «0,9296

3 AUCOZRAS  333-113=11=5=Y6=2 9- 5= 2- 5= 3 -0.6734 ~1,2368 =0.6840 2,3374 0,1980
33 ALZOAULC 333~386=11=5~8b=1} 9=14= 2~ 5= ] «0,6794 0.6394 ~0.6880 2.3374 0.1980
81 SHAKLNGT 333~-486~11-b-85=1 9eiB= 2= 6= 3 «0.6794 0.5394 -0.6880 33,1735 J.1380
FACTOR 1 HMEANZ 12,2258 Sfuev= 4.7483
FACTJIR 2 MEAN= 13.5699 SIDEVS 6.9288
FACTIR 3 HMEAN= 4.5269 Sluev= 3.6730
FACTIR 4 MEANS 2.1290 StoEv= 1.2179
FACIOR S HMEAKN= 2.4731 STUEV= 2.60605
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Table C.1. 93 hazards: truncated factor scores sorted by factor, part 9
HAZARD DESCRIPTOR TRUNCATED STANDARDIZED TRUMCATED FACTOR
SCORES FACTOR SCORES SCORES FOR FACTOR
FOR FACTOR
1 2 3 ¢4 1 2 3 4 5

SORTED 8Y FACIOR 5
18 HTOHNSTRU 333-113=71=1=24d=2 9= 5= 8= 1~=5 =0.0794 =-1,23668 0.9456 =0.9271 =-3,184%9
84 THALIDON  333=d5b6=51=1=17=] 9=15= 6= 1==5 “0.6794 0.2064 0.,4011 =3,9271 =3.1848
73 OILTANKE = 663=703=51=1=15=5  1§=16= T= 1=-q 0.5843 0.3507 0.6733 -0,9271 =2.4331
29 SKYDIVE 333-113-51-2=48=-1 9= S~ 6= 2==g ~0.6794 -1.2368 0.4011 =0.125) =2,433}
79 KUBBERMN  333-986=11=3=57=4 9=23- 2~ 3==2 =0,6794 1.3610 =0.6880 0.7152 =1.5313
65 MIREX 636-886-22=1-67=5  21=22~ 4= 1=w] 1.8479  1,2167 -0,1434 =3.3271 =-1.3055
25 MVEHICRC  333-113=52-2-67-2 9= S= T= 2=} -0.6794 =1.2368 0.6733 =0.1350 =1.,3055
40 ASBESTOL 333=583~11=3=50~3 9=16= 2= 3==t ~0.6794 00,3507 =-0.6880 0.7152 =1,3055
83 TAZONITE  663=983=11~i~=0T=5  15=20~ 2= j==i 0.5843 0.9280 =0.6880 ~0,9271 ~1.3055
50 CONTRACE  333-763=11=2-§7-1 9=16- 2~ Z=-1 ~0.6794 0.3507 =0.6H80 =0.1350 =1.3055
76 PVC 333~4Ub=11=2=77=4 9-18= 2- 2= 0 ~0.6794 0.6394 -0.6880 =8,1050 =0.3296
52 DARV3H 333-556~11=4=77~] Y=16~ 2= 4= 0 =0.6734 0.3507 ~0.6830 1.5353 =2.3295
66 HERVGASA  669=836=73=1~77~5  2{=17~10= 1= 0 1.8479 0.4950 1.4901 =90,3271 =0.9295%
62 LAETRILE  333-553-11=1=55=1 9=13- 7= 1= 0 ~0.56794 =0,0822 ~0.68R0 =0,9271 =0.9295
86 TAO4ST 696-886=22~1=775  21=22= 4= {~ 0 1.8479 11,2167 =0.1434 <0.9271 -0.3295
87 UDWATCON  333~223-=61-1=44~3 9= 7= 7= i- 0 ~0.6794 =0.9482 0.6733 =0.3271 =3.3295
23 MOTORCYC  333~113=1l=4=-To=2 9= 5= 2- 4= | =0,679% ~1.2364 =0.6380 1.5353 «0,5537
14 DYNAMBLA  333=113-32-2=65=3 9= Se 5= 2= 1 =0.6794 =1.2368 0.1288 =0.1250 =0.5537
25 NUKEAARB  ©99%213~87+4=98=0  24= 5=15- 4= 1 2.4797 =1.0925 2.8514 11,5353 =0.5537
53 00T 995~88b=32=1=8/=3  24=72= 5~ {= 1| 2,4797  1.21687 0.128Y =0.9271 =3.3537
80 SACCHARI  333=486=1l=l-d7-1 9=18= 2= 1= 1 ~0.6794 0.5394 =0.6380 ~0.9271 -0.5537
59 HAIR DYE  333=286-11=1=u7-} 9=16= 2= 1= 1 =0.6794 0.3507 =~0.6880 =~0,9271 «0.5537
60 HEXAZHLD  660~363=1i=t=d/~1  1§=12~ 2~ 2~ 1 1.2161 ~0,2266 =0.6%80 =0.1060 =0,5537
85 TRICHLEH  333-983-11-1-y7-4 9-20= 2= 1= 1 -0.6794 0.9280 =0.6880 =0.9271 -0.5537

7 AVIATISH 333-313=41=1=/po~5 9~ J= 5~ 1~ 1 =0.6794 ~0,9482 0.1288 -0,9271 =0.5537
33 SPACEVEH 333-313-34=1~95=5 9= T7-12- 1~ 1 ~0.6794 -0,9482 2.01346 ~9.9271 =2,5537
30 VALIuUMn 333~566=~11=3-yl=} 9=17~ 2~ 3~ 1 =0.6794 0.,4950 ~0.5880 0,7132 =3,3537
91 AARFARIN  666=h53-11-1=87=1  18-14= 2~ 1= | 1.2161  0.2621 =0.06880 =0,9271 =9.5537
20 LNGEAPLO  363=213-§5-1=d6=5  12= 6=13= 1= 2 =0.0476 ~1.0925 2.3068 =0.92/1 =0.1778
74 pCa 663-976=13=1=97~0  15=22~ 4= |= 2 0.5843  1.2167 =0.1434 =2.3271 ~).17784
75 PESTICID = 995-866=12~2~97=5  24=22- 3~ 2= 2 2.4797  1.2167 ~0.4157 =8.1350 =0.1778
11 TOALMIUE 333=233~53~3~64=3 9~ 3= §= 3= 2 ~0,6794 ~0,8039 0.9456 0.7152 -9,.1779
77 REZTMONA  393-809=97=1=%/=9  [S$=23=1h~ 1- 2 0.5843 1.3610 3.1236 =0,9271 =0.1778
57 FLUOROCA  393=HB3=11=1=9/=9  15=19= 2= |- 2 0.5843 037837 =0.6880 ~3.9271 =0.1778
39 ANTIBIOT  666=563=11=3=97~  18=14= 2~ 3= 2 1.2161 0.0621 =0.6880 9.7152 =0.1774
& AVIATIPC 333-113=32-34=97=4 Y= Se= 5= 4= 2 -0.6794 =-1.2368 00,1288 1.5363 =-0.1778
42 ASPIRIN 333-456=11~3«97~1 Gel15= 2= 3~ 2 =-0,6794 0.2064 =0.6380 0.71352 =0,.1778
63 PBPALNT 333«773=11=4=75=2 9=17= 2~ 3= 2 =0.6791 0.9950 =0,6880 2J.7152 =J,1778
49 COALMINE 333~483=11~3~h4~3 9=15~ 2~ 4~ 2 -0.6794 00,2064 =-0.5680 1.5353 -0,1778
4 AVIATICC 333-113=63=3<-9/«y 9~ 5= 9= 3=~ 2 =0.6794 =-1.2368 1.2178 90,7132 =-0,1778
88 URANIUMH 333-989=12=2=04~5 9=26~ 3= 2- 2 =0.6794 1,7940 =0.4157 -0.1050 =J.1778
67 NERVGASH  699~836-=aT=3wyl=/  24=17~15= 3= 2 2.4797  0.4950 2.8514 02.7152 =J.1778
71 WUKENAR 59G«INI=HHmy=y ] =9 23=25=1b= 4= 2 2.4797 1.7940 3.1236 1.5353 =02.17713
92 HATTHLUK obo=~5B83ell=1=a7=~5 1B=16= 2~ 1= 2 1.2161 0.3507 =0.68380 =3.9271 =3.17178

3 AUTOCRAS  333-113=11=5-95-) 9= 5= 2= 5e 3 =0.6794 -1.2368 -0.5880 2.3574 J.1950
45 CADVIUHM bb3=-Yub=11=2«]4-b 15«23~ 2~ 2= 1 0,5443 1.3510 ~0.68H80 -0.1350 O.1380
12 DAMFALLU 693=d23=-T7d4=2=nb=y 18« 9=311= 2= 3 1.2161 ~0,6595% 1.7623 2.1930

~0.1050



Table C.1.

93 hazards:

13

truncated factor

scores sorted by factor, part /O

HA7ADN DESCRIPTOR TRUNCATED STANDARDIZED TRUNCATED FACTOR
SCORES FACTOR SCORES SCORES FOR FACTOR
FOR FACTOR
1 2 3 4 5 1 2 3 4 5

13 DSKIFALL 333-113=21=2~63~1 9= 5= 3- 2- 3 -0,6794 =-1.2368 ~-0.4157 =03.1353 0.1980
51 CONTRACP 333-586~11=3=174~-1 9«19- 2~ 3- 3 -0,6794 0,7837 -0.6880 0,713z 0.1980
S AVIATICH 333=213-11-1=45-3 9= 6= 2~ 1= 13 -0,6794 =1.3925 =~0,6380 =-0.9271 13,1980
15 ELEVATOR 333-113-52-2=90=~2 Y« S5~ 7= 2~ 3 «0,6794 ~1.2368 0.5733 -0,1350 10,1980
30 SKYSCZRAP 333-423-53=3=85=4 9= 9~ 8= 3= 3 -y,6794 =0.6595 0.9456 0.7152 0,1980
81 SMOKINGC 3313-48b=11=b=35=1} 9~18~ 2= 6~ 3 -0,6794 0,6394 ~0.6889 3,1785 10,1940
31 SHMOKEFIR 333~433-32-3=35~1 9~10= S= 3= 3 -0,6794 =-0,5152 0.1288 0,7152 0.1980
17 HANDGUUS 369=113-41=4~Yo~1 jHe 5~ 5= 4= 3 1,2161 =-1.2368 0,1288 11,5353 10,1950
34 TRAJTUR 333-113-41=2-74=2 9> S« 5= 2« 3 =0,6794 =1.2368 0.1288 =0.1330 0.1980
36 TRAMPOLI 333-113=51=1=714=2 9= 5= 6~ 1= 3 -G,6794 =1.2368 0,4011 ~0,9271 0.1980
64 MERCURY $63=986=13=2=40=0 15-23~ 4= 2- 3 0.5943 1.3610 ~0,1434 ~-9,1350 0.1980
38 ALZOHOLC 333~486=-11=5=85~1 9-18= 2~ 5= 3 ~0.6794 0.6394 =0.688B0 2.3574% 0.19840
10 CHAINGAW bbb=113=-11=1=74=2 18= 5= 2= 1= 3 1.2161 =1,2368 =0,6880 =0,92]1 0.1980
19 HIGHWIRE 333=173=11=1~74~3 9~11=- 2~ 1= 3 =0,6794 =0,3709 =0.6880 ~0.9271 0.1940
69 NUKEZREAC 363=-969~86=1~Yb=7 12-24=-14- 1= 3 ~0.,0%476 1.5053 2.5791 =0.9271 0.1980
22 MOVENRAD 333=173-11=1~84=2 9=11=- 2~ 1= 4 <0.6794 =0,3709 ~0.6880 ~0,9271 0J3739
8 BIKEZRAS 333-113-11=3=84=2 9~ H= 2= 3= 4 -y.5794 =1,2368 =0.6880 0.7132 0.,5739
44 AUTOPBPL 663=976=11=2-95=5 15=22= 2= 2~ 4 0.,5843 11,2107 =0.6880 =-0.1030 0.3739
32 SNOAMOBL 333=113~41=2=73=2 9= 5= 5~ 2~ 4 -0.6794 =1,2368 0.1288 -0.1250 2.3739
46 CAFFEINE 333=5bo=1t<=1=30~1 Gei7=- 2~ 1= & «0,6794 0.4950 =0.6880 ~0,9271 03,5739
47 COAL3NOK 6G3=566=11=3=95=7 1g=17= 2= 3= 4 1.2161 0,4950 -0.6880 10,7152 0.5739%
9 BRIDGECL 333-113-53-1=95-3 9= 5= 8= 1= 1% -0.6794 =1,2368 0.9450 =-0,9271 0.5739
2 APPLIANS 333-113~21=3~95=1 9= 5= 3= 3~ 4 ~0,.6794 =1.2368 -0.4157 0.7132 0.5739
35 TRAIHCRA 332-213-53-3~-d4=3 9~ = B= 3= 4 -,67%94 =1,0925 0.9456 ©0,71352 09,3739
27 PUWMOWER 333-113-21=2=73~2 9~ 5~ 3= 2= 4 ~0,6794 =1,236R =0,4157 =0,1350 0.573%
89 VATCIHNES 695=556=11=2~d4~1 21=16= 2~ 2~ 4 1.8479 0,3507 ~0.6880 ~0.1380 0.573%
37 ALTOHULA 333~313-11-4=95-2 9« 7= 2= 4- 4§ -0.5734 =0.9482 ~-0.6830 1.5353 0.3739
28 SKATEBULA 333~-113=11-3=73~} 9~ 5= 2= 3= ¢ -0.6794 =1.2368 =0.6880 00,7132 0,57139
1 APPLIANF 333-333-42-3-93~2 9= 9= b=~ 3= & -9,6794 =0.5595 0.4011 ©0.7132 0.5739
78 RECZBOATS 333-223=51=4-d3~2 g~ 7= b= 4= 5 =0,6794 =0,9482 00,4011 §.,5363 0.9498
+8 COALBSU2 693=563~11-4=9d~] 18=-14~ 2= 4~ 5 1.2161 0.3621 -0,.6880 1.5353 0.3494
24 AVEHICLY 333-213-11-1=d3=3} 9= 6= 2= 1= 5 -0,6794 =1.0925 ~0,6880 =-0,3271 0,.3493
41 ASBESTOS 333-9%u3-11~t=d3=3 9=16-,2~ 1= 5 “y,6794 00,3507 =0.0880 -0.92271 J.3498
16 FIREWORK 333-113~31=1=d3-2 9= S= 4= 1= 5 -0.6794 ~1,2368 =0.1434 =0.9271 0.9498
61 HIRECQOL 333«223=41=3=g3=1 9= 7= 5~ 3= 5§ «G.6794 ~0.9482 0.1288 0.7152 0.9438
43 AUTQOTOPL 333=34p=11=2-94-4 g=13~ 2= 2- 5 -0,6794 ~-0,0822 -0.6880 =-0,1050 10,3498
72 HJKEWAST 3p3-989=]1S~1~82~0 12<26~ 6~ 1= 5 ~0,0476 1.,7940 0.4011 =~J.9271 1.3257
82 55TQz0NL 393«8Y3=11=1l=93=3 15-20= 2= 1= 6 0,5843 0.9260 -0,6880 -0.,9271 §,3257
55 DESANIML 333-586~11-1-93-1 9=-19~ 2~ 1=~ 6 -0,6794 0,.7837 =-0,088Q0 -0,9271 11,3257
56 FERTILILZ 3Yy3~oB6=11l=1=93=-9 15~20=- 2=~ 1= 6 0,543 00,9280 ~0.6880 =0.9271 1.3257
93 AATFLUUR 333-786~11=1=42=> g=21=~ 2~ 1= 3 -0.6734 1,0723 -0,6380 -0,3271 1.3257
58 FOSILFUL 393-993=11=1=92=~3 15-21t~ 2= t= 7 0.5843 1,0723 =-0,6880 =0,9271 11,7015
21 MXRAYRAL 333-149-11=4~92¢=2 9-1H= 2= 4~ 7 -0,6794 0.,639¢ -0.6880 1.5353 1.7015
70 wUKETEST 663=989=T3=3=91~9 15-26~10- 3- 8 0.5843 1,7940 11,4901 00,7132 2.0774
68 MITRITE 336=-7d6=11=1=91~1 12-21~ 2= 1= 48 ~0,0476 1.2723 =0.6880 =9,9271 2.9778
54 DEFOREST 696=993-11=-1=J1=Y 21=21=- 2= 1~ 8 1.8479 11,0723 -0,6880 =-0,9271 2.07743
FACTOR 1 MEANS 12,2253 SIQEv= 4,7483
FACTOR 2 MEAN= 13,5099 SIOEV= 6.9288
FACTIR 3 MEAN= 4.9269 Sloev= 3.6710
FACTOR 4 MEAN= 2.1290 Siuevs 1.2179
FACTIR S5 MEAN= ~2.4731 3I0bkvV= 2.6605



APPENDIX D

ALTERNATIVE FACTOR ANALYSES

This appendix provides details of three factor analyses, each of which
modifies the base case technological hazard set in ways that produce substan;iai
change. The three cases are

e 36 energy hazard; alone:

e 57 materials hazards alone;

® 93 technological hazards plus 17 natural hazards,

The results are presented in a manner paraliel to Appendix B. Tables D.1-D.4
give the factor structiie, correlaticon matrix, factor loadings, factor score
coefficients, and factor scores for 36 energy hazards alone; and Fig. D.1
diagrams how the factor structure changes with respect to the base case.

Table D.5-D.12 and Figs. D.2 and D.3 provide corresponding material for 57
materials hazards alone and for 93 technological hazards with 17 natural hazards
added.

Comparison of the factor structures in Figs. D.1-D.3 shows that in all
three cases little remains of the factors obtained in analysis of the 93 techno-

logical hazards. The implications of this are discussed in the main text.



Table D.1. 36 energy hazards: factor structure

FACTOR HAZARD DESCRIPTOR
No. Name Variance Name factor
explained loading
(%)
1. CATASROPHIC 34 spatial extent 0.83
GLOBAL . .
DELAY human mortality (maximum) 0.79
persistence 0.75
recurrence -0.68
2. BIOCIDAL 17 nonhuman mortality (experienced) 0.90
nonhuman mortality (potential) 0.89
intentionality 0.81
3. DELAY 13 delay 0.82
GLOBAL transgenerational effects 0.72
concentration -0.70
4., MORTALITY 10 human mortality (annual) 0.89
GLOBAL . . -
population at risk 0.65
a

Factor loadings are the result of varimax rotation



Table D.2. 36 energy hazards: correlation matrix

DESCRIPTOR 1 2 3 4 5 7 9 6 8 10 11 12
1. Intentionality 1.00
2, Spacial extent 11 1,00
3. Concentration .24 .37 1.00
4. Persistence -.06 .48 .13 1.00
S. Recurrence .17 .50 61 .37 1.00
7. Delay -12 .09 -.34 .04 .31 1.00
9. Human mortality (max.) ~ .32 71 .44 .45 .75 -.13 1.00
6. Population at Tisk 200 .27 -1l .20 -:08 .11 .30 1.00 -
8. Human mortality 28 -.16 .12 -.02  -.14 .02 .11 .35 1,00
10. Transgenerational -.05 -.09 -.32 -.10 -.20 590 -1 .16 .25 1,00
11, Nonhuman mortality (pot.} .67 .44 .23 .28 .42 -.10 .62 .18 .10 -,06 1.00
12. Nonhuman mortality (exp.) .54 .36 W12 .24 .23 -.07 .47 .09 02 -.05 .86 1,00




Table D.3. 36 energy hazards: factor loadings and factor
score coefficients.

DESCRIPTCOR UNROTATED FACTOR LOADINGS FOR FACTOR:
1 2 3 4
1. Intentionality 0.535 0,365 “0,615 =0,028
2. Spacial extent 0.724 =-0,037 0,459 0,027
3. Concentration ’ 0.568 0. 4186 0,122 0.393
4. Persistence 0.497 0,013 0,569 -0,010
5. Recurrence 0.740 =0,372 0.190 0.096
7. Delay =-0,294 0,600 0,429 -0,228
9. Human mortality (max.) 0,880 0.053 0,239 0.13}
6. Population at risk 0.233 0,566 0,198 0.419
8. Human mortality 0.061 0,507 -0,286 0.692
10. Transgenerational effects -0.254 0,084 ‘0,275 0,001
11. Nonhuman mortality (pot.) 0,814 0,321 ~0.,263 0,311
12. Nonhuman mortality (exp.) 0,680 0.317 =0,274 -0,475
DESCRIPTOR SORTED AND ROTATED FACTOR LOADINGS FOR FACTOR:
1 2 3 4
2. Spatial extent 0,834 0,189 ~0,069 =-0,018
9. Human mortality (max.) 0.792 0,367 0,214 0,210
4, Persistence 0,749 0,007 0,092 =-0,019
5. Recurrence 0.684 0,154 ~0,487 «0.,060
11. Nonhuman mortality (pot.) 0,351 0,896 «0,059 0.052
12, Nonhuman mortality (exp.) 0,240 Je892 0.040 «0,100
1. Intentionality -0.,081 0,508 -0,188 0.322
7. Delay 0.045 -),064 0,821 0,045
10. Transgenerational effects -0,028 -0,026 J,717 0.304
3. Concentration 0,362 0,068 0,704 0.182
8. Human mortality 0,152 0.086 =-0,026 0.489
6. Population at risk 0,290 Vo077 D.272 0.652
BESCRIPTOR FACTOR SCORE COTFFICIENTS FOR FACTOR:
1 2 3 4
1. Intentionality =-0,19997 0,37287 -0.08731 0.14710
2. Spacial extent 0,33555 -0,01714 0.06444 ~0.046RK3
3. Concentration 0.07403 -0,09670 =0.35091 0,18395
4. Persistence 0,34550 =0,11549 0,12937 ~-0,03879
5. Recurrence 0,23167 -0.06208 -0,17173 ~0,02741
7. Delay 0.11570 0.,00807 0.43310 =-0.,04259
9, Human mortality (max.) 0.26716 0.ul180 -0,02807 0.10800
6. Population at risk 0.13249 ~0.07537 0.11487 0,42246
8. Human mortality -0,10384 «0,04544 ~0,11296 0,62892
10. Transgenerational effects 0.06033 =0.00013 0.34666 0,14953
11. Nonhuman mortality (pot.) -0,00185 0.38731 0,059131 -0,067844

12. Nonhuman nmortality (exp.) ~0.03761 J.43207 0,11527 ~0.194¢7




Table D.4, 36 energy hazards: factor scores.
ZASE CHISQ/DF CHI1SQ/DF CHISQ/DF  FACTOR  FACTOR  FACTOR  FACIOR
LABEL MO, 12 3 8 1 2 3 4
APPYL 1 0.547 0,363 0.638  0.593 =0.624 0,384 0.751
APPL 2 0.455 0.420 0.473 -0.888 ~0.314 =0,236 0.858
AUTO 3 0.866 1.347 0.626 =0.,882 =0,458 -0,522 2.031
AVIA 4 0.570 0,711 0.649 0.723 =0.626 =0,866 1.088
AVIA 5 1,071 0.218 1.498 0.425 =~0.414 0,278  ~=0.665
AVIA 6 0.774 0.850 0.736 0.131 «0.591 =0.716 1.538
AVIA 7 1,107 0,580 1.370 1.046 =0.624 ~0,104 ~=0.908
BIKE 8 0.234 0.255 0,223 -0.880 =0,212 0.023 0.447
BRID 9 0.657 0.107 0,932 0.465 «0.369 =0,2156 =0.173
CHAL 10 1.866 3.215 1.191 -1.337 2.953 0,487  =~1.453
coaL 11 0.933 0,097 1.351 0,465 =0,350 0,187 =0.122
DAMF 12 2,421 2,805 2,229 2.162 2.184 0.809 ~1.058
DSKI 13 0.426 0.468 0,405 =1.150 «0,009 0,061 ~0.740
DYNA 14 0,361 0,132 0.475 =0,282 =0.213 =0,369 =0.518
ELEV 1s 0.529 0,173 0.707 =0,013 =0.441 «0.553 0,436
FIRE 16 0.360 0.246 0,417 =0.342 =0,130 0,280 =0,772
BAND 17 2.500 2.580 2,461 =1.,552 1.802 =0,943 1.942
HCOMN 18 1.439 1.585 1,366 «0,432° =0,236 ~1,342 =~1,929
HIGH 19 1,395 0.964 1.610  =0.164 =0,092 1.624 - =1.088
LNGE 20 1,658 1.958 2.256 1,952 0.108 =0.433 =0,477
MXRA 2y 2,838 5.173 1.667 -0,163 -0.153 4,182 1.776
4YOVE 22 1.342 0.862 1.582 =0.318 =0.107 1.653 0,777
MOTO 23 0.590 0.560 0,665 =0,967 0,319 ~0,575 0.934
MVEH 24 0.592 0.280 0.748  =0,148 =0.229 0.511 -0.821
MVEH 25 0.343 0.311 0.360 =0,230 =0.351 «0.993 =-0.286
HUKE 26 2.095 4,632 0.827 1.526 ., 3.610 =0,304% 1.533
POWM 27 0.236 0,230 0.233 -0.821 " =0,092 0.182 <0.496
SKAT 28 0.433 0.400 0.450 =1,254 =0,070 0.115  0.091
SKYD 29 0.930 0.805 0.992 =0,793  =0.285 -1.383 =0.7714
SKYS 30 0.834 0.837 0.833 1.575  =0,785 0.200 0.455
SMOK 31 1.428 0.240 2.002 0.519 ~0,633 0.472 0.479
SNOW 32 0.563 0.168 0.761 «0.517 =0.147 0.231 ~0,520
SPAC 33 1.055 1.670 0.748 2.296  =0.925 -0.743 0.056
TRAZ 34 0.288 0,142 0.361 “0.572 -0,206 ~0,182 <=0.408
TRAL 35 0.458 0.180 0.597 0.511 =«0.458 =~0.140 0.481
TRAM 36 0.511 0.283 0.625 -0.380 ~0.154 =0.151 ~0,962




Factor 93 hazards factor structure 36 energy hazards factor structure
1. 12. nonnuman mortality (exp) 2. spatial extent
1. intentionality 9. human mortality (max)
11. nonhuman mortality (pot) f& 7 4. persistence
44 5. recurrence
2. 7. delay \ 12. nonhuman mortality (exp)
10. transgenerational % 11. nonhuman mortality (pot)
4. persistence Ay | 1. intentionality
3. 5. recurrence | ¥ 7. delay
9. human mortality (max) - 10. transgenerational .
3. concentration
4, | 8. human mortality (annual) |- 8. human mortality {annual)
~ ~ 6. population at risk N
5. 6. population at risk o
3. concentration -

2. spatial extent

Fig. D.1. Alteration of factor structure when energy hazards only
are analyzed.



Table D.5. 57 materials hazards: factor structure.

FACTOR HAZARD DESCRIPTOR

No. Name Variance Name factor
. . a

explained loading

()

1. BIOCIDAL 32 nonhuman mortality (experienced) 0.86
nonhuman mortality (potential) 0.83

intentionality . - 0.77

2. CATASTROPHIC 16 nonhuman mortality (maximum) 0.90
DELAY transgenerational effects - 0.80
recurrence 0.77

3. DELAY 13 delay 0.91
persistence 0.61

4. GLOBAL 11 concentration 0.84
spatial extent -0.55

S. MORTALITY 8 population at risk 0.71

GLOBA ’
. .L human mortality (annual) 0.70

a . . .
Factor loadings are the result of varimax rotation.



Table D.6. 57 materials hazards: correlation matrix.

DESCRIPTOR." 1 2 3 4 5 7 9 6 8 10 11 12
1. Intentionality 1.00
2. Spacial extent .13 1;00:
3. Concentration N .26 -.18 1,00
4. Persistence .22 .67  -,01  1.00
5. Recurrence <33 .34 <09 .15 1.00
7. Delay -.10 .33 =11 _ 50 -39 1.00
é. Human mortality t;éx.) ’ .42 .48 .17 .45 .72 -.05 1.00 N
6. Population at risk .18 .24 -,17 L1 .14 W11 22 1.00
8. Human mortality -.07 -.25 .01 -.33 -.02 -.20 -.01 .10 1,00
10. Transgenerational .09 .22 .02 .33 .35 .19 .61 .18 .01 1.00
11. Nonhuman mortality (pot.) .48 .74 .05 .51 .23 .21 .40 320 -,23 .11 1.00
12. Nonhuman mortality (exp.) .61 .31 .24 .38 .13 .09 .19 120 -,10 .04

1.00




Table D.7.
score coefficients.

57 materials uazards:

factor loadings

and factor

DESCRIPTOR UNROTATED FACTOR LOADINGS FOR FACTOR:
i 2 3 4 5
1. Intentionality 0,575 0,370 0,484 0.157 0,052
2. Spatial extent 0.781 -V,.306 -0,184 -0,036 -0,319
3. Concentration 0,102 0,420 0.424 ~0.279 0.580
4, Persistence 0,750 -0.,375 «0.101 =0.,237 0.133
5. Recurrence 0,496 0,669 «0,302 -0,220 -0,293
7. Delay 0.260 «0,163 ~0,086 -0.083 0,424
9, Human mortality (max.) 0,746 0,431 -0,385 0.009 0,096
6. Population at risk 0,309 =-0,191 -0,081 0,796 0,039
8. Human mortality -0.270 0,341 -0.117 0,596 0.201
10. Transgenerational effects 0.464 0.159 -0,602 ) 0.036 0.452
11. Nonhuman mortality (pot.) 0,822 0,160 0,298 0.133 =0,211
12. Nonhuman mortality (exp.)  0.616 0,031 0.626 0.092 0,048
DESCRIPTOR SORTED AND RQTATED FACTOR LOADINGS FOR FACTOR:
1 2 3 4 5
12. Nonhuman mortality (exp.) 0.863 -0,012 0,096 0.168 -0,023
11, Nonhuman mortality (pot.) 0.832 0,193 0.200 «(,278 -0,072
1. Intentionality 0,769 J,194 =0.165 04252 0,097
9, Human mortality (max.) 0.292 0,900 -0,024 -0.006 0,054
10. Transgenerational =0.109 u,799 0.323 0.098 0.210
5. Recurrence 0,190 0,766 -0.486 -0.,064 =0.238
7. Delay 0,019 -0,047 0,914 «0.060 -0,047
4, Persistence 0.391 0,402 0,608 -0,151 0,285
3. Concentration 0.235 0.097 ~-0,016 0.841 -0,087
2. Spatial Extent 0,404 V,112 0.314 -0,553 =~0,22%
6. Population at risk U.306 0,072 0.212 ~0,351 0,711
8. Human mortality’ =0.168 0,024 «0,262 0,131 0,696
DESCRIPTOR FACTOR SCORE COEFFICIENTS FOR FACTOR:
1 2 3 4 S
1. Intentionality 0.33573 =0,02456 =0,12243 0.,17860 0.10857
2. Spacial extent 0.10100 0.08591 0.,02790 -0,36932 -0,14900
3. Concentration 0,08286 0.050456 0,12993 0.67960 -0,04248
4, Persistence 0.03490 0.11785 0.29588 0.,01354 -0,17285
5. Recurrence -0.01037 0.32622 =0.34631 =-0,.11324 =0,20957
7. Delay ~0,07640 -0,02269 0.556085 0.,13102 0.02149
9. Human mortality (max.) -0.02169 0,38411 =-0,03479 0.,03943 0.06748
6. Population at risk 0,13745 -0,02717 0,08021 -0.,22390 0.60127
8. Human mortality -0,02622 0.05636 -0,0171458 0,07079 0.546178
10. Transgenerational effects «0,21575 0.41693 0,25401 0,19341 0,22156
11. Nonhuman mortality (pot.) 0632426 =0,05907 -0,017G3 -0,18072 -0.01383
12. Nonhuman mortality (exp.) 0,38441 =0.,14935 0,00588 0,14H96 . 0402782
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Table D.8. 57 materials hazards: factor scores.

FAZTOR

2ase CHISQ/DF CHISU/0F CHISG/DE  FASIIR  FACTOR FACTOR  FAZTIR
LASEL  NO. 12 5 7 1 2 3 4 3
ALCO 1 1.314 1,444 1.217  =0,355 =0.704 =2,113 =0.464 1.393
ALC 2 0.746 1.015 0.554 =1,075 =0,059 0.263 0.614% 1.3561
ANTI 3 0.558 1.023 0.226 1.219  =-1.078  =0,491 1.025 1.394%
ASBE 4 0.638 0.349 0.844 =0.801 =0.610 0.073 0.674 =0.522
ASBE 5 0.671 9.399 0.866 =0.660 =0,824 0.122 =0.872  =0.331
AsP1 6 0.470 0.594 0.379  ~0.756 ~0,077 =0,282 0.886 1.244
AUTO 7 1.123 0.461 1.597  =0,734 =0.150 =0,806 ~=0.693 0.781
AUTD 8 0.636 J.216 0.936 0.383  =0.167 0.877 -0.186 0.321
THDH 9 0.4738 0.257 0,628 0.18¢ =0.144 1.012  -0,338 =0,38)
CAFF 10 0.433 0,173 0.619 -0,824 =0,180 0.111 0.138 0.351
coAL 11 0,927 0.417 1.292 0,794  =0.336 0,021 =0.633 0.325
CaAL 12 2.964 1.023 0.921 1.063  ~0.961 =0,498 =1,2838 1,374
£JaL 13 0.831 0.275 1.228  =~0.847 -~0.684 =0,206 =~0,107 0.36%
CONT 14 G.624 0.443 0,75¢ =0.624 =0,579 =0,081 0.986 =0,715
cosT 15 9.362 0.382 .0.349 =1.138 ~0,109 0.399 0.277 9.303
DARV 16 0.582 0.049 0.534 -0,914 0.049  =0,302 1.196 0.941
DOT 17 0.901 t.07s 0.776 1.995  =0,091 0.636 0.941  «0,32)
DEFQ 18 1.099 1.524 e.581 1.606  =0,994 0,640  =2,240  «0,350
DESA 19 0.659 0.339 0.887 ~=0.987  =0,256 0.539 =0.437 0.117
FERT 20 1.099 v.827 1.293 0.079  ~0,124 0.706  -1.838 =0,112
FLUD 21 1.282 0,396 1.851 D.615 ' =0.562 0.841  -0.770 =0.35)
FOSI 22 1.019 1.572 0.658 0.376  =0.653 0.913 =2,456  =0,5313
HAIR 23 1.052 0,166 1.472  -0.937  =0.289 0.379 1.033 0.222
HEXA 24 0.639 0.932 0.430 1.125 =1,210 =0,733 1.080 0.475
HOME 25 9.411 1.683 0,189  =0,600 =0.45%9 =2,536 =1.050 0,337
LAET 26 0.656 0.089 0.632 =0,757 ~0,752 =0.739 0.258  ~1.302
PBPA 27 0.520 0.189 0,777 ~0.558  =0.5R2 0.260 0,143 0.355
MERC 28 0.755 0.2062 1.108 0.242 0.301 1.072 0.052 0.281
MIRE 29 0.644 0.735 0.579 1.167 0.063 0.685 0.974  =0.31%
NERV 30 1.913 1.571 2.157 1.611 1.069  ~1.537 - 0.829 =0.367
NERY 31 1.503 2.559 0.781 2.119 2,176 =1.901 0,257 0.522
NITR .32 1,449 0.277 2.355  ~=0.450 -0.256 0.344 -0,817 0,303
NUKE 33 1.276 1.551 0.865 =0,553 2.935 -0,322  ~0.401  =-3.i17
NUKE 34 2.115 1.494 2.555  ~0.093 1.831 0.326 -1.94) 0.300
NUKE s 2.094 2.962 1.474 1.645 3.151 _ =0.035 0.723 1.285
NUKE 36 2.088 1.225 2.704  ~0,870 1.579 1.278 =1.113 0.302
OILT 37 1.724 2.519 1,086 0.149  =0.095 =1,282 =0.002 =3.343
ch 38 0.925 9.321 1.357 0.499 0.335 1.9040 0,333  =-0.130
PEST 39 0.804 1.307 €.444 2.059  =0,341 0.918 0.971 0.523
PVC 40 0,818 0.381 1.130 =0.837  -0,036 0.562 0.846 0.313
RECO 41 1.867 2.259 1.587 =0.088 3.261 =0.253 =0.552 ~=0.5335.
RECS 42 0.985 1.994 0.264 =0,589  -0,243 =2.735 =1,182 0.331
RUBB 43 0.996 0.804 1.133  =0,994 0,295 1.057 1.219  =0.33%
SACC 44 0.601 0.493 0.678  =-0.906 =0.187 0.636 1.095 0.272
SHOK 45 1.137 1.395 0.953  =1,097 =0,014 0.203 0.571 2.293
5570 46 0.495 1.230 0.655 0.104 =0.678 0.852 =2.118 =0.359
TACO 47 0.679 0.820 0.578 0.591 =0.739 0.838 0.474  ~1,309
THAL 48 1.500 2.554 0.747  =1,342 0.513  =1.113 1.558  =2.547
TRIC 19 1.015 3.103 1.454  -0.391  =0,483 0.917 0,436 =3.772
TAO4 S0 0.518 0,649 0.434 1.243 0.048 0.730 0,850  =0,512
IFTY 51 1.205 2.562 0.235  =0,757  -0,122 =2,805 =0.6R1 =1,372
URAN 52 1.119 0.963 1.227 =1.337 1.062 1.339 0,171 -0.323%
VACS 53 1.606 Vodt+ 2.407 1.115  =0.613  =-0,587 0.050 0.575
VALL 54 0.349 U.320 0.224  =0,856 =0,02) 0.083 1.982 0.348
WARF 55 0.595 0,803 0.448 1.230 ~1.090 =0,568 0.975 -0.194
AATC 56 1.029 V.ods 1.306 1.317  ~1,070 0,230 0.525 0.)33
WATF 57 0.579 O.5bu 0.537 ~0.934  -0,043 0,723 =1.175  =0,253
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Factor 93 hazards factor structure 57 materials hazards factor struct.

1. 12. nonhuman mortality (exp) hem
1. intentionality ‘
11. nonhuman mortality (pot)

. nonhuman mortality (exp)
. nonhuman mortality (pot)
. intentionality

2. 7. delay . human mortality (max) Ik
10. transgenerational . transgenerational
4. persistence . recurrence
3. 5. recurrence delay
9. human mortality (max) . persistence
4. 8. human mortality (ann) rf-d 3. concentration
. i & 2. spatial extent .
5. 6. population at risk &. population at risk
3. concentration 8

. human mortality (ann.)

g

| 2. spatial extent

Fig. D.2. Alteration of factor structure when only materials hazards
are analyzed.
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Table D.9. 93 technological hazards plus 17 natural hazards:
factor structure.

FACTOR HAZARD DESCRIPTORS
No. Name Variance Name factor
N . a
explained . loading
(%)
1. BIOCIDAL 30 nonhuman mortality (potential) 0.89
GLOBAL nonhuman mortality (experienced) 0.86
spatial extent . 0.64
2. DELAY 20 transgenerational effects 0.87
delay 0.85
persistence 0.77
3. CATASTROPHIC 11 human mortality (maximum) 0.89
recurrence 0.87
4. GLOBAL 10  concentration 0.82
BIOCIDAL intentionality 0.64
5. MORTALITY 9 population at risk 0.82
GLOBAL human mortality (annual) 0.64

Factor loadings are the result of varimax rotation.



Table D.10.
correlation matrix.

D -

93 technological hazards

13

plus 17 natural hazards:

DESCRIPTORS 1 2 3 4 S 7 9 6 8 10 11 12
1. Intentionality "1.00
2. Spacial extent .10 1.00
3. Concentration .25 -.11 1,00
4, Persistence .21 .58  ~,02 1.00
S. Recurrence .12 .32 .19 -.14 1,00
7. Delay .11 .22 -.08 .70 -.50 1.00
9. Human mortality (max.) .28 .47 .26 .15 .71 -.21  1.00
6, Pupulation at risk . .18 .21 -.16 .08 13 .10 .20 1.00
8. Human mortality -.13 -.31 .01 ~.26 -.13 -.13 ~-.09 .14 1,00
10. Transgenerational .16 .18 .01 .51 -.09 .58 .23 .15 -.03 1,00
11. Nonhuman mortality (pot,) .41 .72 .04 .51 .26 .17 .42 19 -2 11 1.00
12, Nonhuman mortality (exp.) .38 .45 .07 .39 W22 .05 .29 .09 -.17 .00 .75 1,00




Table D.11.
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factor loadings and factor score coefficients.

93 technological hazards plus 17 natural hazards:

DESCRIPTOR UNROTATED FACTOR LOADINGS FOR FACTOR:
1 2 3 4 s
1. Intentionality 0.490 ~0,.110 0.429 =0.107 0,512
2. Spacial extent 0.804 -3,038 =-0.324 0,157 -0,242
3. Concentration 0.051 =3,309 0,590 -0,521% 9.143
4, Persistence 0.726 0.927 =0,035 «0,152 -0,097
5. Recurrence 0.317 -0,305 0,020 =0,038 -0.365
7. Delay 0.359 0,847 0,117 =-0.148 =0,054
9. Human mortality (max) 0.588 ~0,5513 0,311 0,143 0,369
6. Population at risk 0,251 U,132 0.235 0.787 0.143
8. Human mortality =0.,370 =J,007 0,426 0.430 D.112
10. Transgenerational effects 0.407 0,500 0.474 -0,012 =0.428
11. Nonhuman mortality (pot.) 0.866 =0,122 -0,193 0,065 0,248
12. Nonhuman mortality (exp.) 0,701 =-0.,183 -0.193 -0.008 - 0,455
/
DESCRIPTOR SORTED AND ROTATED FACTOR LOADINGS FOR FACTOR: -
1 2 3 4 5
11. Nonhuman mortality (pot.) 0,888 0,161 0.231 0.02% 0,004
12. Nonhuman mortality (exp.) 0.861 =-0,035 0,072 0.144 0,016
2, Spacial extent 0,638 0,336 0,444 -0.340 =0,077
10. Transgenerational effects =0,101 0,868 0,173 0.104 0.142
7. Delay 0.128 0,849 ~0,382 «0,020 ~0,036
4. Persistence 0,476 0.767 0,033 -0,049 =0,143
9, Human mortality (max.) 0,232 0,112 0.886 0.179 0.145
5. Recurrence 0.131 =-0,268 0.873 0,086 =0,157
3. Concentration =0.,069 0.005 0.196 0.820 -0.165
1. Intentionality 0.497 U.0906 0,008 0,642 0.204
6. Population at risk 0.235 0,142 0.052 =0.156 0,820
8, Human mortality 0,346 -0.149 =0,075 0,101 0.635
DESCRIPTOR FACTOR SCORE COEFFICIENTS FOR FACTOR:
1 2 3 4 5
1. Intentionality 0.22152 «0,03966 =0,15292 0,49913 0,17452
2. Spacial extent 0.16349 V,09041 0,20014 ~0,31595 =0,05685
3. Concentration ~0.,09224 0.05588 0,04934 0,62660 =0.13359
4, Persistence 0,09498 3,291465 -0,03391 -0,02885 =0,12635
5. Recurrence ~0.07214 -0,060393 0.,458134 -0,02699 -0,11335
7. Delay -0,01834 0.36272 -“0,16353 0,23556 =0,25085
9, Human mortality (max.) -0,09134 0.,10562 0.47647 0,05041 0,12294
6. Population at risk 0.,09886 0.00670 0,01537 «0.12769 0,6548B5%
8. Human mortality ~0.,11508 -0,03279 0.,00371 0,09039 0,51068
10. Transgenerational effects «=0,25001 0.42183 0.20711 0.08186 0,039561
11. Nonhuman mortality (pot.) 0.36096 «0,06293 ~0,0329) -0,01424 0,01879
12. Nonhuman mortality (exp.) 0.41618 -0,117053 -0,15556 0,09287 0,00722

s



Table D.12.

factor scores, part 1 of 2.
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93 technological hazards plus 17 natural hazards:

JASE CHISJ/DF CHISU/DF CHISQ/DF FAZTOR FACTOR FAZIOR FACTIR FAZIIOR
LABEL NO. 12 S 1> 1 2 3 4 3
DOwH 1 0.523 0,480 0,554 =0.722 -1.061L ~-0.526 ~0.549 ~0.4193
DYNA 2 0.418 0.352 0.465 -0.,775 -0.882 0.180 -0.098 -0,582
FIRE 3 0.460 0.433 0,479 ~0,462 =-1.011 =0.244 -0,928% -0.114
NUCL 4 2,130 2,837 1.625 1.675 ~0.936 1,584 2.441 0.782
HAND S 2.5717 2.451 2.668 0.38)0 -1.298 ~0.,691 2.355 2,393
COAL 6 0.589 0.364 0.749 ~0.,918 -0.583 0.706 -0.343 -0.155
SNOW 7 0.325 0.439 0.245 ~0.651 ~1.068 -0.366 -0.730 =-0.125
ELEC 8 3.350 U.598 0.173 -0.741 =-1.015 =-0,440 -0.014 1.102
SMOK 9 0.47Y U.231 0.056 -0,800 ~0,423 -0.106 0.078 0,553
LARG 10 0.841 0,654 0.967 0.982 -0.791 1.255 -0,387 0,272
RAIL 11 0.324 0.544 0.168 -0.,784 -0,810 0.831 -0,523 0.595
FARM 12 0.245 0,360 0.163 =0.702 -1.037 =0,039 -0.434 -0,193
HICR 13 1.003 0,279 1.521 -0.491 -0,225 =0,302 -0,430 ~0.136
SKAT 14 0.543 0.533 0.551 =0,732 =1.061 -0.5696 =0.538 0.478
AUTO 1S 0.852 1.1890 0.617 -0,895 -0,979 =0.506 0.368 1.335
LNG 16 0,862 1.065 0.717 ~0.303 =-0.635 2,158 -0.236 ~0.343
OIAG 17 2.029 1.669 2.286 =1.457 1.304 =0,308 -0,743 1,363
ELEC 18 0.392 0,349 0.423 =0,.73% -0,516 0.182 -0,132 0,343
GEHE 19 0.829 0,697 0.924 =0.8256 -0.827 0.352 0.384 1.353
BICY 20 0.385 0.504 0.299 =-0,655 ~0.988 -0.577 -0.402 0.1789
HMOTO 21 0.026 0.539 0.688 -0.917 =0.959 =-0,528 0.447 0.575
COMM 22 0.654 0,735 0.597 -0.871 ~0.805 1.201 0.305 0.358
POWE 23 0.379 0,431 0.342 -0.593 -1,019 -0.133 ~0.759 =0.234%
BRID 24 0.510 0,4v1 0.587 -0.608 -0,.623 0,873 -0.402 0,188
CHAIL 25 1.186 1,020 1.305 1.111 =-1.305 -1,213 0.559 ~0.123
ELEY 26 0,468 0,397 0,516 -0,769 ~0.925 0.519 0.122 0.503
HIGH 27 1.4061 2,787 0.513 -1,196° =-0,979 0.569 1.231 =3.115
HIGH 28 1,095 0.329 1.641 ~0.484 ~0.191 -0.828 -0.542 -0,528
AUTO 29 0.297 0.644 0,050 ~1.002 -0.906 0.518 0.723 =3.73%
. SK¥YS 30 0.420 0.352 0.469 ~0.706 =0.416 0,864 -0.317 0,492
ORBI k31 1.244 0.935 1.466 -0,703 =0,453 1.949 0.353 =0.227
SPOR 32 0.741 1.427 0.250 -1.185 -95.9838 0.142 1.305 -1.741%
TRAM ‘33 0.477 0.446 0.499 -0.631 -1.033 0.141 ~0.524 ~0.587
AUTO 34 0.645 0.351% 0.855 ~-0.721 0.458 -0.247 -0.672 0,716
NUCL EL) 2.414 2.311 2.488 0.335 2.004 1.534 -2.021 0,398
RECO 36 2.169 3.754 1,036 -0.353 .2.348 4, 3,517 -0.131 -03224
ALCO 37 0.647 0,712 0.600 ~0.677 -0.774 =-0.561 =0.077 . 1,313
PEST 38 1.115 1.774 0.644 7 2,094 0.806 -0.989 1.548 0.573
SMOK 39 1.320 1,403 1.218 ~1,426 0,833 ~0.589 0.395 1.365
HUCL 40 1.576 3.036 0.533 ~0,.783 2.382 2.968 -0.289 -0.203
COAL 41 1.218 3.546 1.698 1.023 0.558 =-0.455 =0.509 0.352
ASPI 42 0.604 0.709 0.529 -1.149 0.631 -0.476 0.839 0.343
NERYV 43 2,257 1.548 2.764 1.124 0,460 0.669 2,381 -0.382
pCcB' . 44 0.939 0.472 1.273 0.616 1.385 0,054 0.209 -0,121
CAD4 45 0.528 0.515 0.466 0,557 1.239 =0.700 -0.615 =0.4346
LEAD 46 0.750 0.241 1.085 -0.601 0.369 =0.949 0,031 ~0.260
AUTO 47 0.666 0.440 0.799 0.666 1.123 ~0.684 ~0.337 0.338
MERC 48 0.6606 0.434 0.831 0,484 1.371 -0.143 -0.183 0.3638
COAL 49 1.123 0,301 1.710 =0.749 0.149 =0.317 =0,247 0.142
URAN 50 1.253 1.55u 1.041 =-1.127 2.422 0.167 -0.416 ~0.542
RADI 51 2.305 1.973 2.542 =0.450 2.557 1.975 -1.396 0.113
ALCO 52 0.874 1.09% 0.717 -1.326 0.862 ~0.593 0.417 1.523
SACC 513 3.757 0,009 0,819 -1,023 1.037 -0,.651 0.795 =0.397
VALI 54 0.484 U.099 0,330 -1.182 0.849 -0.550 0,919 0.478
JRAL 55 0,464 0.503 0.393 =1.102 0.988 -0.748 -0.018 0.253

o
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Table D.12. 93 technological hazards plus 17 natural hazards:
factor scores, part 2 of 2.

CASE CHISQ/DF CHISU/DF CHISG/DF FACTOR FACTOR FAZTOR FACTIR FAZII3R
LABEL NO. 12 5 7 1 2 3 4 S
DARY 56 0.650 0,733 0,562 =1.337 0.6935 =0,503 1.064 0,323
MIRE 57 0.730 1.303 0.338 1.245 1.100 =0.562 1.529 -1.343
WATZ 58 0.634 0.899 0.445 -0.402 1.345 =0.491 ~1.489 ~0.2586
POLY 59 0.740 0.577 0.867 -0.985 1.117 -0,408 0.559 -0,333
CAF¥F 60 0,684 0.355 0.918 -0,820 0.843 -0.502 -0.009 0.143
coaL 61 1.077 0.603 1.412 ~1.095 0,829 -0.627 0,815 -0.307
VACCT 62 1.652 0,837 2.234 1.153 0.123 ~1.243 0,912 2,573
ooT 63 1.093 1.544 0.770 2,075 0,782 =0,.,635 1.526 =0.263
RECR 64 0.768 0,529 0.870 =0.791 -0,923 0,068 -0.711 1.3863
LAET 65 J.707 0,785 0.652 -0.646 ~0,063 -0.927 0,159 -1.518
ROME 66 0.505 0.459 0.539 -0.730 ~0.908 -0.202 -0.548 0.533
FOss 67 1.676 1.6138 1.716 1.302 0,891 =0,650 -2.271 -0.143
ANTX 68 0.848 1.381 0.325 0,917 =0.383 ~1.502 1.844 1.122
CHLO 69 1.154 0,992 1.270 1.3756 0.059 -1,283 1.186 - 0,103
0=C3 70 J3.837 1.316 0.581 1.095 =0.344 -1.477 1.744  =0.291
DES 71 0.835 0,537 1.043 =-0.730 1.022 ~0,762 =0,577 0.262
NITR 72 1.630 1.063 2.031 Q.745 1.269% -0,192 =1.771 0,375
HEXA 73 0.794 1,384 0.37¢ 0,889 =0.567 =1,491 1.865 0,359
IUD* 74 0.888 0.649 1,060 =0.725 0.300 =0.937 0.842 ~1.213
NITR 7s 1.048 0,623 2.380 -0.121 1.090 -1.145 =0.337 0,357
RUBB 76 1.032 1,094 -0.984 -1,039 1.601 -0.484 0.743 =1.,232
SST 77 14560 1.245 1.785 1.218 0.818 =0.611 -1.315 -0.177
2,4, 73 3.624 1.149 0.249 1.306 1.104 =0.553 1.451 =0.333
TRIC 79 1.243 0,450 1.808 =~0.245 0.893 -0,803 0.21b ~0.333
UNDE 80 0.758 l.134 0.490 ~0,747 -0.810 0.314 =0.429 =2.2043
ASBE 81 0,913 0.502 1.216 -0,778 0.339 0,887 0.434 =0.332
AVIA 52 1.073 2,221 1.691 =0.259 -0.581% -0.319 ~0.616 -0.285
AVIA 813 0,817 U.319 1.173 ~0.434 =0.626 0.237 -0.234 ~0.343
MVEZ 84 2.661 0.432 0.825 =0.303 -0.821 -0.539 ~-1.046 ~0.332
FLUQ as 1.905 U.485 2.919 1.020 0.824 -0, 148 -0,543 =0,155
THAL 86 1.739 3.167 0.719 =1.551 0.558 0.176 1,256 -3.38)9
COAL 817 1.096 1.050 1.130 1.386 -0.279 ~0,820 -0.911 1.321
NUKE 84 2,348 3.796 1.315 1.241 2.320 2.734 2,013 0.723
NERV 89 1.921 2.910 1.215 1.371 0.651 2,209 2.218 1.564
aILT 90 1.940 2.1753 1.359 0.554 ~0.068 -0.,027 -0.033 =3.355
DEFO 91 1.545 2,085 1.160 2.530 . 0.480 =1.256 -1.150 0,285
TACO 92 0.898 1.007 0.820 0.955 ° 0.579 =0.972 0.258 ~1.365
AS3E 33 0,751 0.433 0,978 -0.24% 9.316 | «0,947 =0.996  =0.341
AVAL . 94 0.469 0.459 0.476 0.507 -1.039 0.536 0,107 "=0.735
C0As 95 2.156 l.140 2.878 1.599 ~0.416 -0,723 -0.879 =1.305
DROU 96 2.110 1.900 2.260 2.481 ~0.367 =-0.278 -1.758 ~0.203
EART 97 0.8b4 0.714 0.968 0.459 ~0.879 1.602 -0.103 0.14)
FLOO 98 0,739 U.362 1,009 0.375 -0.818 0.967 -0.124 =0.218
FLOO 99 1.098 1.215 1.014 2.011 ~0,931 0.306 =0.997 ~0.278
FROS 100 0.77S V.905 0,683 1.105 =0.551 =0.1396 -1.,577 ~0.117
HAILL 101 2.704 0.950 0.524 1.018 ~1.1286 =0.179 =1.550 -0.212
HURR 102 0.672 0.721 0.638 0,608 ~0.680 1.506 ~0,574 0,117
HURS 103 2.903 0,563 1.072 0.828 -0.941 1,302 -0.231 0.123
LAND 104 0.581 0.2006 0,806 0,697 -0.698 0,428 0.008 -0.114
LIGH 105 1.106 0.807 1.320 0.129 -1.114 0.680 1.113 1.313s
TORN 106 0.500 0.466 0.525% 0,412 -0.883 1,025 0,075 0.570
TSuN 107 J3.9%05 v.907 1.007 0.804 -1.045 1.485 -0,242 -0.729
URBS 104 0.722 U,d19 0,652 0,744 ~0.491 0.305 ~1.169 1.35¢%
vOoLZ 109 1.223 1.509 1.019 0,833 -1.013 1.491 0,276 -1.375

WIt0 110 O.d08 U.odl 0,383 0.862 -0.813 0,563 -0,335 0.382
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93 technological hazards plus

Factor 93 hazards factor structure 17 natural hazards, factor struct.
1. 12. nonhuman mortality (exp) 11. nonhuman mortality (pot)
1. intentionality v 12. nonhuman mortality (exp)
11. nonhuman mortality (pot) r—--- 2. spatial extent
2. 7. delay . transgenerational

10. transgenerational

. delay
4. persistence

. persistence

3. 5. recurrence

7 . human mortality (max)
9. human mortality (max)

. Yecurrence

. concentration -
. intentionality

4. | 8. human mortality (ann)

5. 6. population at risk
3

. population at risk
. concentration

._human mortality (ann)

1_2. spatial extent

Fig. D.3. Alteration of factor structure with the addition of 17 natural
hazards to the base case of 93 technological hazards.
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APPENDIX E

ANALYSIS OF PERCEPTION

This appendix provides the background and analysis for the rating by
lay subjects of 81 technological hazards on our descriptor scales. As
the main text indicates, one descriptor (concentration) and 12 hazards had
to be eliminated from testing because pretests indicated that lay subjects
have difficulty comprehending the needed concepts.

Table E.l gives the instructions for rating the remaining 11 descriptors.
As can be seen, these instructions follow closely the construction used for
defining the descriptors for the purpose of scientific estimates (Table 2
and Table A.l).

Table E.2 gives mean descriptor ratings assigned by 34 lay subjects over
the sample of él technological hazards (33 energy and 48 materials). The
form of this table is comparable to that of Table 3 of the main text, except
that the data columns are not in the same order.

Fig. E.l gives correlation plots between lay and scientific estimates
over the 81 technological hazards rated by the lay subjects. The figure shows
a high positive correlation between lay and scientific estimates, as already
discussed in the main text. Different descriptor scales show different degrees
of scale compression, indicated by regression iines of slope less than unity.

Fig. E.2 gives correlation plots between lay descriptor estimates and
the global variable "perceived risk." These correlations suggest that our
hazard descriptors can explain a large fraction of the variance in perceived

risk,



Table E.1. PRating scales used in perception experiments with 34 student sub-
Jects. The scales have been adapted from the descriptor definitions given

in Table 2 of the main text and Table A.1 of Appendix A. The variable "con-
centration" has been omitted, and the variable "perceived risk" has been added.

02 : Spatial Area of Impact

Some hazards do their damage in a small, confined region (e.g., the
body of one individual). Others have impacts that extend over wide geo—
graphic areas. Please rate the geographic or spatial extent of a single
incident or release of toxic material. Where a range of impact or

dispersal is possible, rate the maximum spatial area. Use the following
scale.

1: 1 square meter 5: Small region (city)
2: 1-100 square meters (e.g., up to the 6: Region (County)
size of a small house) 7: Subcontinental (state, country)
3: 100-10,000 square meters (a city block) 8: Continental
4: Neighborhood (part of a city) 9: Global

04: Persistence Over Time

Rate the persistence over time of the damage-producing activity or
substance. For example, collisions or explosions usually last one min-
ute or less. TFer environmental pollutants, persistence time is the
length of time they remain active in the environment. For prescrip-

tion drugs, rate the time they remain in the body. Use the following
scale.

Less than 1 minute 6: 1 week - 2-1/2 months
1-10 minutes 7: 25 momths-2 years
10-100 minutes 8: 2 years-20 vears

9

2 hours-17 hours : More than 20 years
: 17 hours-1 week

s se 44

WS W N

05: Frequency of Recurrence

Rate the average time interval between significant (not necessarily
fatal) events in the United States. TFor machinery, the minimum significant
event would be an accident or collision. For substances, it would be a
release into the environment. Use the following scale.

Less than 1 minute
1-10 minutes
10-100 minutes

2 hours-17 hours
17 hours-1 week

¢ 1 week-2-1/2 months
: 2% months~-2 years
2 years-20 years
More than 20 years

O 00~ O

[V I S VA B L

Another way of thinking of this is as "on the average, a significant

event happens more frequently than once a minute" or "every 1-10 minutes,"
etc.




Table £ .71, part 2

Cl : Delay of Consequences

Rate the typical delay between exposure to the hazard and the onset
of consequences. Where the process leading up to a critical incident
is lengthy (e.g., wearing out of a mechanical component leading to the
incident), rate only the time lag between the critical Incident itself
and the consequences.

¢ Less than 1 minute 6
1-10 minutes ) 7
10~100 minutes 8
* 2 hours-17 hours ‘ 9
17 hours-1 week

: 1 week-2-1/2 months
: 2} months-2 years

: 2 years-20 years

: More than 20 years

UL~ wnN =

C2: Maximum Potential Killed

Rate the maximum credible number of people that could be killed
or severely injured from a single incident. Credible means not only
the maximum you could imagine, but the maximum you seriously expect
to occur within your lifetime. Think only of a single incident., Al-~
though repeated release of some toxic substance might cause great damage
over a long period of time, consider the effects of each individual re-
lease. Note that fer hazards that are so frequent as to be almost
continuous a single release is unlikely to kill anyone (e.g., emission
of some air pollutant).

1: 0-10
2: 10-100

3: 100-1,000

4: 1,000-10,000
5: 10,000-100,000

100,000-1 million

1 million-10 million
10 million-100 million
More than 100 million

O 00~y O
*s o5 ve ee

C3: Population {U.S.) at Risk

Rate the number of people in the United States who are exposed
or potentially exposed to the hazard (say, within one year). Note:
this is the number of people at risk and not the number actually
harmed. Also, remember that the population of the U.S. is approximately
220 million. Use the following scale.

1. 1-10 6: 100,000~1 million

2: 10-100 7: 1 million-10 million
3: 100-1,000 8: 10 million-100 million
4: 1,000-10,000 9: More than 100 million
5

10,000-100,000




Table E.1, part 3
C4: Arnual Mortality (U.S.,)

Rate the actual or estimated number of deaths due to the hazard
in an average year in the United States. WNote that there are about
220 million people in the U.S. It may help you to know that the total
number of deaths in the U.S. from all causes averages about 2 million
per year and that auto accidents take about 50,000 lives a year. Use
the following scale.

1: 1-10 6: 100,000-1 million

2: 10-1Q0 7: 1 million-10 million
3: 100-1,000 8: 10 million-100 million
4: 1,000-10,000 9: More than 100 million
5: 10,000-100,000

C5: Transgenerational Effects

Rate the potential effects on future generations due to current
exposure to the hazard. Use the following rule.

3: No transgenerational effects . .

6: Potential effects on one subsequent generation (including effects
on fetuses) )

9: Potential effects on more than one subsequent gemeration

C6 : Nonhuman Species Mortality: Maximum Potential

Rate the maximum potential threat to the life of nonhuman species.
Note that this is the maximum potential and not the actual mortality.
Use the following scale.

: None

Appreciable killing of animals, plants, or micro-drganisms
Speciles extinction

OO W
- e

C7 : Nonhuman Species Mortality; Experienced

Rate the actual killing of nonhuman species that has been experienced
with the technology. Use the following scale.

3: None

6: Appreciable killing of plants, animals,or micro-organisms
9: Species Extinction

T1 : Intentionmality of Hazard

Some activities and substances are dangerous by design. That is,
they are intended to be harmful to someone or something, Please rate
each of the 87 items using the following scale of intentionality.

3: Not intended to harm any organism (e.g., bicycles).
6: Intended to harm nonhuman aspecies (e.g., pesticides).
9: Intended to harm humans (e.g., handguns).



Table EZ2. Mean ratings obtained for 11 descriptors and perceived
risk in experiments with 34 student subjects. The data columns are
presented in the following order: 7. delay, 9. human mortality (max),
6. population at risk, 8. human mortality, 10. transgenerational,

11. nonhuman mortality (pot.), 12. nonhuman mortality (exp.),

2. spatial extent, 4. persistence, 5. recurrence, 1. intentionality,
and “"perceived risk." ‘

HAZARD ) MEAN DESCRIPTOR RATINGS

ENERGY HAZARDS

1. Appliances ~ fire
2. Appliances ~ shock

3., Aduto - crashes

4., Aviation - ccmmercial - crashes
5, Aviation « private - crashes

6. Bileycles -~ crashes

7. Bridges - collapse

8. Chainsaws ~ accidents

9. Coal-mioing - accidents

10. Dams - failure

11. Downhill skiing - falls

12. Dynanite blasts - accidents

13. Elevators - falls

14. Fireworks — accideats

1S. Handguns - shootings

16. High construction - falls

17. High voltage wires - electric field
18. ING - explosions

19, Medical x-rays - radiation

20, Microwave ovens -~ radiation
21. Motorcycles - accidents

22. Motor venicles — racing crashes
23. Nuclear war - blast

24. Power mowers - accidents

2%. Skateboards -~ falls

26. Skydiving - accidents

27. Skyscrapers - fire

28. Smoking ~ fires

29. Snoumobiles ~ collisions

30. Space vehicles -~ crashes

31. Tractors - accidents

32. Trains - crashes

33, Trampolines - falls

. .
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MATERIALS HAZARDS

34, Alcohol - accidents

2.0 1.5 7.2 3.5 3.5 3.5 3.4 1.9 1.9 3.3 3.4 18.6
35. Alcohol - chronic effects 7.4 1,5 7.6 4.0 4.7 3.1 3.0 1.8 7.7 3.2 3.6 40.4%
36. Antibiotics - bacterial resistance 5.0 1.6 7.5 1.9 4.8 3.3 4.2 2.4 5.5 3.6 5.2 30.5




Tab1e_E.Z{ part 2

MEAN DESCRIPTOR RATINGS

HAZARD
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6.4 3.9 8.6 1.9 8.8 8

- Toxic effects
Pesticides - human toxicity

Nuclear reactor - radiation release
PVC - human toxicity

Nuclear tests - fallout
Two, 4,5-T herbicide - toxic effects
Underwater construction - accidents

Uranium mining - radiation
Vaccines - side effects

Valium - misuse
Water chlorination - toxic effects
Water fluoridation - toxic effects

Recreational boating - drowning
Rubber manufacture - toxic exposure
Trichloroethylene - toxic effects

Nitrite preservative - toxic effects
Nuclear waste - radiation effects
Recombinant DNA - harmful release

DES - animal feed - human toxicity
Fertilizer - NOyx pollution

Fossil fuels - COp release
Mirex pesticide - toxic effects

Contraceptive pills - side effects
Darvon - overdose
Nerve Gas - accidents

ODT - toxic effects
Lead paint - human toxicity

Mercury - toxic effects
Smoking - chronic effects
Warfarin - human toxicicy

Hexachlorophene - toxic effects
SST - ozone depletion

Hair dyes - coal tar exposure
Home pools - drowning

Laetrile - toxic effects

Saccharin - cancer

Contraceptive IUD's - side effects
PCBs

Asbestos insulation - toxic effects

Aspirin -~ overdose
Auto - CO pollution

Auto - lead pollution
Coal Burning - NOx pollution

Cadaium -~ toxic effects
Caffeine - chronic effects
Coal mining - black lung

65.
66
70.
71
72,
73
74.
75
76.
77
78.
79.
80
81.

S7.
58.
SS.
67
68.
69

37.
38.
39.
40.
41.
42,
43,
44 .
45.
46.
47.
48.
49,
50.
51.
52.
S3.
54
SS.
56.
60
61
62.
63
64
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