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PREFACE xi

PREFACE

THE U.S. Air Force is developing a computer model, called the Launch
Area Toxic Risk Analysis (LATRA) model, to assist commanders at Cape
Canaveral and Vandenberg Air Force Base in determining when it is safe to
launch rocket vehicles. LATRA estimates the incidence and types of adverse
health effects that might occur in military and civilian populations exposed to
the ground cloud created by rocket exhaust during a normal launch or during a
catastrophic abort of a rocket that is destroyed near the ground.

This report is intended to assist the Air Force in further development of the
LATRA model to ensure that the toxicity criteria used to predict health effects
are scientifically valid and protective of military and civilian populations. In
this report, the Subcommittee on Rocket-Emission Toxicants of the National
Research Council's Committee on Toxicology evaluates the toxicity data for
three rocket-emission toxicants: hydrogen chloride (HCI), nitrogen dioxide
(NO,), and nitric acid (HNOj;). The subcommittee also evaluates the exposure-
response functions in the LATRA model; the functions translate exposure
estimates into probabilities of health effects in populations near a launch site.

The subcommittee wishes to thank Col. Gene Killan and Mr. Tim Clapp of
Peterson Air Force Base for their support of this project, and Mr. John P. Hinz
and Dr. David R. Mattie of the Armstrong Laboratory at Brooks Air Force
Base, Dr. Lloyd L. Philipson of ACTA Incorporated, Dr. Jeffrey 1. Daniels of
Lawrence Livermore National Laboratory, and Dr. Darryl Dargitz of
Vandenberg Air Force Base for providing the subcommittee with information
on the development and structure of the LATRA model.
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PREFACE xii

This report has been reviewed by individuals chosen for their diverse
perspectives and technical expertise, in accordance with procedures approved
by the NRC's Report Review Committee. The purpose of this independent
review is to provide candid and critical comments that will assist the NRC in
making the published report as sound as possible and to ensure that the report
meets institutional standards for objectivity, evidence, and responsiveness to the
study charge. The content of the review comments and draft manuscript remain
confidential to protect the integrity of the deliberative process. The
subcommittee wishes to thank the following individuals, who are neither
officials nor employees of the NRC, for their participation in the review of this
report: Robert T. Drew of Hague, Va.; Yves Alarie of the University of
Pittsburgh; Richard B. Schlesinger of New York University Medical Center;
Matthew S. Bogdanffy of E.I. du Pont de Nemours; Sati Mazumdar of the
University of Pittsburgh; and Calvin Campbell Willhite of the California
Environmental Protection Agency. These reviewers have provided many
constructive comments and suggestions; it must be emphasized, however, that
the authoring subcommittee and the NRC are responsible for the final content of
this report.

We are also grateful for the assistance of the NRC staff in the preparation
of this report. In particular, the subcommittee wishes to acknowledge Carol A.
Maczka, director of the Toxicology and Risk Assessment Program of the Board
on Environmental Studies and Toxicology; Kulbir S. Bakshi, program director
for the Committee on Toxicology; and Margaret E. McVey, staff officer for the
subcommittee. Other staff members who contributed to this effort are Ruth E.
Crossgrove, editor; Linda V. Leonard, senior program assistant; and Lucy
Fusco, project assistant.

Finally, we would like to thank the members of the subcommittee for their
valuable expertise and dedicated efforts throughout the preparation of this report.

Donald E. Gardner, Ph.D.

Chair, Subcommittee on Rocket Emission Toxicants

Rogene F. Henderson, Ph.D.

Chair, Committee on Toxicology
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LDs, lethal dose for 50% of the test animals

LOAEL lowest-observed-adverse-effect level

LOC level of concern (EPA guideline)

N,O, nitrogen tetroxide

NAS National Academy of Sciences

NHIS National Health Interview Survey

NIOSH National Institute for Occupational Safety and Health

NO, nitrogen dioxide

NOAEL no-observed-adverse-effect level

NOEL no-observed-effect level

NRC National Research Council

OEL occupational exposure limit

OSHA Occupational Safety and Health Administration

PEL permissible exposure level (OSHA standard)

PM-10 particulate matter less than 10 um in diameter

PMN polymorphonuclear neutrophils

RDjy, concentration (or dose) that produces a 50% decrease in
respiratory rate

REEDM Rocket Exhaust Effluent Diffusion Model

REL recommended exposure limit (NIOSH recommendation)

REWG Rocket Emissions Working Group

RTV reference toxicity value

SPEGL short-term public emergency guidance level (NRC guideline)

STEL short-term exposure limit (NRC guideline)

STPL short-term public limit (NRC guideline)

TLV threshold limit value (ACGIH guideline)

TWA time-weighted average

VAFB Vandenberg Air Force Base
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SUMMARY 1

SUMMARY

WHEN deciding to launch a rocket under prevailing weather conditions,
commanders at Vandenberg Air Force Base (VAFB) in California and at Cape
Canaveral Air Station (CCAS) in Florida must evaluate the possibility that toxic
concentrations of wind-blown rocket emissions might reach military or civilian
populations. To assist commanders in estimating the risk of such exposures, the
Air Force is developing the Launch Area Toxic Risk Analysis (LATRA) model.
It contains two major components: (1) a dispersion model that predicts
downwind exposure concentrations and (2) exposure-response functions (ERFs)
that relate the estimated exposure concentrations to expected health effects.

In 1995, the Air Force Air Space Command asked the National Research
Council (NRC) for an independent review of the ERFs in LATRA. The NRC
was asked to focus on the toxicity of the three major rocket emissions—
hydrogen chloride (HCI), nitrogen dioxide (NO,), and nitric acid (HNOz)—and
several characteristics of LATRA-ERFs, including the identification of
sensitive populations; definition of severity of effects; selection of independent
variables in each exposure-response model; choice of appropriate analytic form
for the ERFs (e.g., lognormal or probit); quantification of ERFs for each of the
emissions; and representation and propagation of uncertainties associated with
the LATRA-ERF model. The NRC assigned this project to the Committee on
Toxicology (COT), which convened the Subcommittee on Rocket-Emission
Toxicants to respond to the request. Subcommittee members were chosen for
their expertise in inhalation toxicology, pharmacology, biostatistics, risk
assessment, and environmental health, and they worked without
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SUMMARY 2

compensation in national service, as do all NRC committee members. This
report presents the subcommittee's evaluations, conclusions, and
recommendations.

DESCRIPTION OF THE LATRA MODEL

The LATRA model is designed to estimate the probabilities of mild and
serious health effects from exposing specified human subpopulations to
estimated concentrations of specific rocket emissions. For each emission,
exposure-response functions (ERFs) were developed to relate estimated
exposure concentrations to expected health effects. At present, separate ERFs
are derived for "sensitive" and "normal" segments of the general population. An
EREF is specified by two points: a lower concentration assumed to be associated
with a 1% incidence of a particular effect, and an upper concentration assumed
to be associated with a 99% incidence of a particular effect. An ERF is fit to the
two concentration versus-incidence points using a log-probit model (equivalent
to assuming a lognormal distribution of the probability of effect). The resulting
curve is then used to calculate the expected health effects and the risk profile for
each population subgroup. A different procedure would be used to establish
ERFs for carcinogenic emissions; however, the ERFs currently included in
LATRA are not for substances known or suspected to be carcinogenic.

To set the 1% effect levels for sensitive populations, the Air Force
considered the National Research Council's short-term public emergency
guidance levels (SPEGLs) and other published exposure concentrations
estimated to be safe for exposures of the general public. In establishing the 1%
effect levels for normal populations, the Air Force considered exposure
concentrations independently estimated to be safe for workers. The 99% effect
levels were set 5-fold higher than the 1% effect levels for sensitive populations
and 10-fold higher than the 1% effect levels for normal populations to reflect
the assumed greater range in sensitivity among members of the normal
population.

The subgroups considered sensitive to the rocket emissions modeled by
LATRA are children (less than 15 years of age), the elderly (more than 64 years
of age), and all persons with bronchitis, asthma, or other physiological stress,
especially upper-respiratory ailments. The remainder of the population is
considered normal.
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SUMMARY 3

In the LATRA model, a mild effect is defined as temporary irritation with
no organic damage, and a serious (or severe) effect is defined as organic
damage requiring medical treatment.

The LATRA model operates as a Monte Carlo simulation. A binomial
model is used to simulate the variance (uncertainty) associated with the
predicted number of people affected. The potential for combined effects of
exposure to more than one compound is estimated by developing joint
probabilities of effect from the individual toxicants' probabilities of effect. The
LATRA model estimates of the total number of people at risk of health effects
from a launch are based on (1) the risks associated with a normal launch, (2) the
probability of a normal launch, (3) the risks associated with a catastrophic abort,
and (4) the probability of a catastrophic abort.

THE SUBCOMMITTEE'S CONCLUSIONS AND
RECOMMENDATIONS

In general, the subcommittee found the basic premise of the LATRA model
—using exposure-versus-incidence-of-response models to predict the incidence
of effects in humans—to be reasonable, but the available toxicological data on
the specified rocket-emission toxicants are currently insufficient to support the
ERFs used in the LATRA model. The subcommittee's specific conclusions and
recommendations with respect to the toxicological components of LATRA, and
possible alternative approaches recommended by the subcommittee, are
described below.

TOXICOLOGICAL DATA BASE

The toxicity data available for HCI, NO,, and HNO; are sufficient to
identify no-observed-effect levels (NOELs) for humans and to indicate varying
differences in sensitivity at low exposure concentrations between individuals
with asthma and healthy individuals. The available data also are sufficient to
estimate thresholds for mild, moderate, and severe effects for HCI and NO,, but
not for HNO;. However, the only exposure-response data useful for predicting
the proportion of individuals that might be affected by exposure to those
compounds appear to be the data on mortality and severe effects in animals
exposed to HCI and
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the data on mortality in animals exposed to NO,. Thus, the subcommittee found
that the toxicity data on HCI, NO,, and HNO; are insufficient to support the
development of separate ERFs for mild and serious effects in sensitive and
normal human populations.

IDENTIFICATION OF SENSITIVE SUBGROUPS

The subcommittee recognizes that interindividual differences in
toxicological responses to chemical exposure are a major area of public-health
concern. The causes of these differences include age, sex, genetic background,
nutritional status, pre-existing diseases, and life style. The subcommittee does
not believe that age (e.g., individuals over 64 years of age) should be the
principal attribute to identify a segment of the sensitive population. The
subcommittee believes that a more accurate assessment of the number of
potentially sensitive individuals in the population near the launch sites can be
obtained by basing sensitivity on the estimated prevalence of health conditions
likely to render a person sensitive rather than by basing sensitivity on indirect
measurements such as age. For adults, information on the age-specific incidence
of diseases likely to increase individuals' sensitivity to rocket-emission
toxicants can be used with information on the ages of the exposed individuals.
Although sensitivity within the adult subpopulation might be due to the
presence of certain diseases rather than to age, children might indeed be a
potentially susceptible population, even when healthy. That potential could be
due to such factors as differences in ventilation rate in children compared with
healthy adults. The National Health Interview Survey (NHIS), available from
the U.S. Bureau of Census, could be used to obtain information on age-specific
disease incidence. The subcommittee recognizes that children might represent a
potential susceptible population, even when healthy.

The LATRA model includes separate ERFs for sensitive and normal
populations. The subcommittee endorses explicit consideration of potentially
sensitive subgroups; however, as mentioned above, it found the toxicity data
available for the rocket-emission toxicants inadequate to define separate ERFs
for the two subgroups. Available data support only the derivation of different
thresholds of effect in sensitive and normal individuals. The toxicity
information available for the three rocket emissions indicates that for short-
duration exposures (i.e., 1 hr or
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less), sensitive individuals begin to respond at lower concentrations than normal
individuals by a factor of 10 for NO,, a factor of 3 for HCI, and a factor of 20
for HNO;.

DEFINITION OF SEVERITY OF EFFECTS

The Air Force asked the subcommittee to consider how best to define three
categories of severity of effects: mild, moderate, and serious. The subcommittee
believes that categorizing specific effects into such severity categories is an
acceptable approach. The subcommittee defined mild, moderate, and serious
effects as follows. Mild effects are reversible within 48 hr and do not interfere
with normal activity or require medical attention. Moderate effects are
irreversible effects that do not alter organ function or interfere with normal
activity, or they are reversible effects that alter organ function or interfere with
normal activity. Persons experiencing moderate effects might seek medical
attention. Severe effects are irreversible effects that alter organ function or
interfere with normal activities. Severe effects usually require medical attention.
Those definitions are specific for exposures to rocket emissions and might not
be applicable to other exposure scenarios or toxicants.

STRUCTURE OF THE LATRA-ERF MODEL

In principle, the LATRA-ERF model is a valid concept, but the
subcommittee does not endorse use of the LATRA-ERF model as it is currently
constructed. The ERFs give the appearance of substantial accuracy; yet, they
are not adequately supported by toxicological information. Consequently, a user
of the LATRA-ERF model might believe that the model is more reliable than it
actually is for estimating risk. In the interim, the subcommittee instead
recommends that the hazard-quotient approach be used to characterize risks for
sensitive and normal populations, as described below. However, if the Air Force
wants to pursue the LATRA-ERF model, there are ways to improve
components of the model, as described below.

The ERFs in the LATRA model are currently based on 1-hr time-weighted-
average concentrations and ceiling values. The subcommittee believes that 1 hr
is too long because of the typical speed with which the
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ground cloud of emissions from a rocket launch passes over a given exposure
location; increments of 10 to 30 min would be more representative of the
exposure situation, covering the total duration of exposure. The LATRA model
is capable of incrementing exposures. The subcommittee endorses the use of
ceiling values for noncumulative effects. It also identified certain effects for
which the product of exposure concentration and time (C x T) would be
appropriate: for example, severe effects and mortality for HCl and NO,. For
effects for which the relationship between effect and the product of C x T is
unknown, the subcommittee recommends that sensitivity studies be conducted
to determine how the selection of the independent variables for the ERF
influences the LATRA model's output. If time-weighted-average concentrations
for 10 and 30 min are used, for example, those results should be compared with
the results of using C x T as the independent variable.

A weakness of the current derivation of LATRA ERFs is that the dose-
response model for predicting incidence (a log-probit model) is based on health-
protective or "safe" levels that have no specified relation to the incidence of
effects. The subcommittee does not believe that it is appropriate to interpret a
safe level as a 1% incidence level for mild effects. The true incidence could be
higher but is likely to be lower and presumably near or at zero. An accurate
ERF could be used to predict the incidence below the 1% level. The
subcommittee also does not believe that it is necessarily appropriate, in the
absence of supporting data, to interpret a concentration that is 5- or 10-fold
higher than that causing a 1% incidence level as the concentration at which all
individuals are likely to show effects. That level provides a relatively steep ERF
that might be conservative above a 1% incidence level, but might not be
appropriate for the more likely scenario of exposure below a 1% incidence
level. Combining the 1% and 99% incidence-versus-exposure values to
construct a model for predicting the incidence is a judgmental process that lacks
any direct measurements from either epidemiological or toxicological data.

To the extent possible, the Air Force should use end-point-specific
incidence data to develop end-point-specific ERFs. However, with the
exception of mortality and a few other end points, incidence data for HCI, NO,,
and HNOj; are not available. Without incidence data on humans or animals, it is
difficult to endorse exposure-response models that predict incidence. Until end-
point-specific data become available for
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HCI, NO,, and HNO;, the Air Force could attempt to validate the model against
other compounds, such as chlorine gas and ammonia, that are likely to have
adequate data on humans.

The subcommittee recommends that the Air Force generate appropriate
toxicity data to calibrate and validate the proposed model. The investments in
appropriate testing procedures, at this time, would be worth the effort by
improving the model's predictibility and reducing the uncertainty. Such studies
should, at a minimum, examine concentration times, time responses, and
include adequate histopathology. Appropriate toxicity data will allow the Air
Force to calibrate its model on the basis of sound data.

Until more data become available or an expert-elicitation process can be
carried out to estimate incidence for end points with no incidence data, the
subcommittee believes that a hazard-quotient model would be more appropriate.
For the hazard-quotient model, estimates of the number of people at risk would
be based on the number of people with exposures above a reference exposure
level that is unlikely to cause adverse health effects. The ratio of the exposure
concentrations to reference exposure levels might also be useful. The hazard-
quotient model could be used to estimate how many people might be at risk of
moderate or severe effects if the Air Force is willing to accept the level of
uncertainty associated with exposure values identified as a threshold exposure
for moderate and severe effects.

Under the LATRA model, separate ERFs are developed for sensitive and
normal populations. However, a properly constructed probit model can portray
a wide variation in human sensitivity within a single exposure-response
function. Moreover, available data are insufficient to quantify different ERFs
for sensitive and normal populations. Thus, the subcommittee cannot support
the use of specific ERFs for sensitive and normal populations, although it does
support the use of different thresholds for effect if the hazard-quotient approach
is used to characterize risk.

In the absence of incidence data to construct ERFs for sensitive subgroups,
the hazard-quotient approach could be used to characterize risk. When deriving
a hazard quotient, the common practice is to use animal or human data to define
a low-or no-effect level. That level is then divided by an appropriate uncertainty
factor to yield an allowable exposure level. The hazard quotient is the ratio of
an observed or predicted
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exposure to an allowable exposure. The allowable exposure level would be set
at a lower value by selecting an uncertainty factor that is sufficient to protect
sensitive individuals.

To avoid embedding value judgments in the scientific exposure-response
analysis, ERFs should be developed first by health end point. After considering
all the end points, decisions can then be made on which exposure
concentrations to associate with mild, moderate, and severe effects. Incidence
dose-response data are lacking for all but severe end points for HCl and NO,
and are altogether lacking for HNOj;. It is possible, however, to estimate a
reference exposure that is unlikely to cause mild effects for all three of the
rocket emissions. In addition, reference exposures for moderate and severe
effects can be estimated for HCl and NO, (see Appendices D and E), although
there are large uncertainties concerning the time-dependence of those estimates.
Those reference exposures could be used with the hazard-quotient model. The
subcommittee suggests that the Air Force be especially aware to avoid making
certain value judgments based on an incomplete or limited data base. Such
limitations make it difficult to evaluate or predict accurately the degree to which
a specific human subpopulation might be more sensitive to air contaminants
than others.

The subcommittee does not recommend using the binomial model in
LATRA to address uncertainty. The binomial model generates a variance that
underestimates the variance associated with fitting the ERF to response data.

If an adequate data base becomes available to support the development of
ERFs, sensitivity analyses should be conducted to investigate the assumptions
and procedures used to construct the ERFs.

The subcommittee recommends that the Air Force evaluate potential health
effects resulting from simultaneous exposure to more than one toxic rocket
emission, assuming the potential for additive effects. That could be
accomplished by using the hazard-index approach (i.e., adding the hazard
quotients for individual chemicals) to characterize risk.

Given the complex nature and extent and pattern of injury in the
respiratory tract from exposure to airborne chemicals, it is important to
understand interspecies differences in their response to inhaled substances. The
ability to make interspecies dosimetric comparisons is critically important for
judging the applicability of various toxicological results to human exposure
conditions. Selected dosimetric experiments
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involving laboratory animals and humans can provide valuable data on the
variability in uptake according to species and the specific region within the
respiratory tract where the chemical might target. New experimental dosimetric
approaches, such as those involving isotope ratio mass spectroscopy and
cyclotron generation of gases, offer promise for improving the ability to make
scientifically defensible predictions. The subcommittee recommends that the
Air Force consider including interspecies dosimetric correction factors when
applicable.

Instead of presenting one risk estimate for a launch that combines the risks
of a normal launch and a catastrophic abort, the subcommittee believes that it
would be more appropriate for the Air Force to present separate risks for normal
and aborted launches or to provide separate conditional risks and combined risks.

The Air Force should ensure that any time-weighted-average exposure
estimate used to determine risk is the maximum value possible. For example,
the maximum 30-min time-weighted-average concentration passing over an
exposure location should be compared with a 30min ERF or a reference
exposure unlikely to cause an adverse health effect.

The subcommittee also recommends that the Air Force evaluate the
relative accuracies of the exposure estimates from the rocket-exhaust dispersion
model and the estimates of incidence of effects from the ERFs (or reference
exposures as suggested here). If the Air Force can determine whether the
exposure component or the effects component of the LATRA model is the more
serious limit to the model's accuracy in predicting risk, it can invest effort in
improving the less accurate component.

In summary, the LATRA-ERF model is a valid concept, but the current
lack of toxicological data makes its implementation problematic. Some specific
deficiencies have been noted above by the subcommittee, and some
improvements in the LATRA-ERF model might be possible. In the interim, the
subcommittee suggests that a hazard-quotient hazard-index approach be
considered as a possible alternative. This approach would allow an estimate of
the number of people exceeding a reference exposure level below which health
effects are unlikely to occur. This approach would not attempt to estimate the
incidence of health effects in an exposed population.
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1
INTRODUCTION

THE Air Force has developed a probabilistic health-risk model, the
Launch Area Toxic Risk Analysis (LATRA) model, to assist commanders in
determining the risks to military personnel and civilians from exposure to
emissions from normal and failed missile and space rocket launches. The model
estimates the mean number of persons who might experience mild or serious
health effects and the probability of exceeding each possible number of affected
individuals. The Air Force Space Command requested that the National
Research Council (NRC) independently review the toxicological components of
LATRA to ensure their appropriateness. Specifically, the NRC was asked to
focus on the toxicity of the three major rocket emissions—hydrogen chloride
(HCI), nitrogen dioxide (NO,), and nitric acid (HNO;)—and several
characteristics of the exposure-response components of LATRA, including
identification of sensitive populations; definition of mild, moderate, and severe
health effects; selection of independent variable in the exposure-response
model; choice of analytic form for the exposure-response model (e.g.,
lognormal or probit) for each of the emissions; quantification of exposure-
response model for each of the emissions; and representation and propagation
of the uncertainties associated with the models. The NRC assigned this project
to the Committee on Toxicology (COT), which convened the Subcommittee on
Rocket-Emission Toxicants to respond to the request. Subcommittee members
were chosen because of their expertise in inhalation toxicology, pharmacology,
biostatistics, risk assessment, and environmental health. This report presents the
subcommittee's evaluations, conclusions, and recommendations.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/6205.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

unctions for Rocket-Emission Toxicants

INTRODUCTION 11

The remainder of this chapter provides a brief background of the
development of LATRA and describes the organization of this report.

DEVELOPMENT OF LATRA

To assist commanders in making decisions on whether to launch a rocket
given the weather conditions at the time of launch, the Air Force developed an
atmospheric dispersion computer model, the Rocket Exhaust Effluent Diffusion
Model (REEDM), which simulates the dispersion of a rocket's emissions under
prevailing weather conditions. Specifically, REEDM predicts an isopleth, or
"footprint," of the concentrations of specific emissions at ground level
downwind of the specific launch site.

Initially, the Air Force compared the exposure concentrations predicted by
REEDM for each of the emissions with acceptable human exposure levels,
called tier limits. Three different tier limits were developed for military and
civilian base personnel and for the communities located around the launch
centers. The derivation of those tier limits is described in more detail in
Appendix A. If REEDM predicted that specific populations would be exposed
at concentrations higher than the appropriate tier limits, the commander would
be advised to hold the launch. The Air Force later decided that acceptable
human exposure levels should not exceed one tenth of the National Institute for
Occupational Safety and Health (NIOSH) immediately dangerous to life and
health (IDLH) levels, for occupational exposures on base, and short-term public
emergency guidance levels (SPEGLs) developed by the NRC, at the breathing
zone for the public (U.S. Air Force 1994). (See Appendix B for definitions of
IDLH and SPEGL values.)

That policy remained in effect untii November of 1994, when a
Peacekeeper launch was delayed several times, and then postponed, because
REEDM predicted, based on forecasted lift-off weather conditions, that a
nearby town would be exposed to HCI at concentrations that would exceed the
SPEGL. That cancellation cost the Air Force hundreds of thousands of dollars.
The Air Force subsequently estimated that the use of the 1-hr SPEGL of 1 ppm
as a maximum allowable concentration (i.e., a ceiling limit value) for HCI
reduced the probability of
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a rocket being launched as scheduled from nearly 100% (prior to 1994) to about
27%, substantially increasing the overall costs of rocket launches. That
information resulted in a reevaluation of the HC1 toxicity criteria and increased
emphasis on implementing a probabilistic model, LATRA, to replace the simple
comparison of acceptable human exposure levels with REEDM isopleths.

The LATRA model is designed to estimate the probabilities of various
adverse health effects from exposing specified human populations to specific
toxic emissions during rocket launches. It includes two major components: (1) a
version of REEDM to predict downwind exposure concentrations and (2)
exposure-response functions (ERFs) that relate the estimated exposure
concentrations to expected health effects. LATRA estimates the mean number
of people affected and the complete risk profile (the curve of the probability of
exceeding each possible number of individuals affected) resulting from the
rocket emissions from normal and failed rocket launches.

ORGANIZATION OF THIS REPORT

The remainder of this report is organized in six chapters with
accompanying appendices. Chapter 2 describes the LATRA model and issues
concerning its exposure-response components in more detail. Additional
information on the rocket emissions, the derivation of the Air Force tier limits,
and the relationship of those limits to the toxicity values used to develop
LATRA are described in Appendix A. Definitions of established toxicity
reference values that the Air Force considered in developing LATRA are
provided in Appendix B. Chapter 3 provides the subcommittee's evaluation,
conclusions, and recommendations concerning the identification of sensitive
populations in light of the data available for the three rocket-emission toxicants
and similar compounds. Chapter 4 provides the subcommittee's evaluation,
conclusions, and recommendations concerning the definition of severity of
effects. (Appendix C provides supplementary information for Chapter 4).
Chapter 5 provides the subcommittee's evaluation of the structure of the
LATRA-ERF model with respect to the characteristics the Air Force identified
for review (noted above) and identifies possible alternative approaches to
establishing exposure-response relationships or estimating incidence of
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effects. Chapter 5 concludes with suggestions for improving the LATRA-ERF
model and for alternative approaches to estimating health risks for rocket
emissions. Chapter 6 provides examples of implementing the suggested
alternative approaches for developing ERFs for HCl, NO,, and HNO; on the
basis of the available exposure-response data for those compounds, which are
presented in Appendices D, E, and F, respectively.
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2

DESCRIPTION OF THE LAUNCH
AREA TOXIC RISK ANALYSIS
(LATRA) MODEL

As noted in Chapter 1, the LATRA model is used to define human health
risks associated with rocket-launch scenarios (i.e., normal launches with
different rocket-fuel types and accident scenarios). Coupling source
characteristics of the toxic agents under consideration—HCI, NO,, and HNO; —
with real-time meteorological data, a dispersion model (REEDM) is used to
simulate exposures (i.e., to predict concentration-time profiles at receptor
locations). The exposure-response functions (ERFs) in LATRA translate
exposure estimates from REEDM into probabilities of health effects in specified
severity categories in the human population. At present, separate ERFs are
developed for two segments of the population: "sensitive" and "normal"
populations. Within each segment, the model incorporates separate ERFs for
"mild" and "serious" health effects. The ERFs included in LATRA at present
are lognormal for noncarcinogenic substances and linear, passing through the
origin, for carcinogenic substances. When sufficient data are available to
support a nonlinear ERF for a carcinogen, the Air Force should consider
modeling such data.

At each receptor location modeled by REEDM, the ERFs are applied to the
number of individuals estimated from census data to be present in both
population subgroups at that location. For each severity category, the ERF is the
probability, Pg per individual of an effect, Y, exceeding a given severity
category, S (mild or serious) given an exposure concentration and duration.
That is,
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P (S,CT)=P(Y2S/C,T),

where Pg(S,C,T) is the ERF for an exposure characterized by
concentration, C, and time or duration of exposure, 7, and is equal to the
probability of the severity equaling or exceeding a given severity category, S, at
a specified exposure concentration, C, and duration, 7.

As indicated in Chapter 1, the task of the subcommittee was to review and
provide recommendations on several issues surrounding the exposure-response
components of the LATRA model. Further description of the model and issues
surrounding those components is provided below.

TOXICITY OF ROCKET EMISSIONS

The toxicity reference values originally used by the Air Force in the
LATRA-ERF model to represent a 1%-effect level for HCl, NO,, and HNO;,
had been established by other groups almost a decade earlier (e.g., NRC
1987,1991). The toxicity data for those substances needed to be reevaluated
with respect to sensitive populations, severity of effect, and the availability of
dose-response information. Those reevaluations are presented in Appendices D,
E, and F, respectively. Use of that information to derive ERFs for LATRA is
explored in Chapter 6.

IDENTIFICATION OF SENSITIVE POPULATIONS

The LATRA-ERF model divides potentially exposed populations into at
least two population subgroups, sensitive and normal, and develops separate
ERFs for each subgroup. Sensitive populations are defined as children (less than
15 years of age), the elderly (more than 64 years of age), and all persons with
bronchitis, asthma, or other physiological stress, especially upper-respiratory
ailments (Gene Killan, U.S. Air Force Space Command, personal commun.,
May 6,1996). Under LATRA, the remainder of the population is considered
"normal" and is assumed to be composed of healthy adults. Census data are
used to determine the
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locations of the sensitive subgroups around a launch site (e.g., in nursing homes
and schools). Because the ERFs for sensitive individuals are applied only to
such locations identified by census data and only to the proportion of the
population considered sensitive at these sites, they do not not protect sensitive
individuals within the larger community. Sensitive subgroups are assumed to
respond to the rocket-emission toxicants at lower concentrations than the
normal population and to exhibit less variation in response, showing a steeper
increase in incidence of response with increasing exposure concentration than
does the normal population. How the ERFs are actually quantified for LATRA
is discussed later in this chapter in the section Quantification of the Exposure-
Response Functions.

Although this approach requires quantifying separate ERFs for each
population subgroup, the Air Force pointed out that it allows them to apply the
EREF for healthy adults to all locations where sensitive subgroups are not found.
The more conservative ERFs for sensitive individuals need be applied only to
those locations where the census data indicate that there are sensitive subgroups
and only to the proportion of the population considered sensitive at those
locations.

Based on information supplied to the subcommittee, it appears that the Air
Force adopted the elderly age cutoff of more than 64 years from an EPA
definition that was used by CDC (1993) investigators when estimating
populations at risk in communities that have not attained one or more National
Ambient Air Quality Standards in the United States (Poitrast 1993).

The subcommittee considered several questions when evaluating the
sensitivity component of the LATRA-ERF model: What characteristics are
likely to make an individual more sensitive to the specific rocket emission
toxicants? What is the magnitude of the difference in sensitivity between the
more-sensitive members and the more-average members of the population? Is
the difference in sensitivity between those groups reflected in the concentration
representing a threshold for response, the severity of response for a given
concentration, the variability in response, or some combination of those
attributes? What considerations for hypersensitive individuals might be
appropriate? The subcommittee's evaluation, conclusions, and recommendations
regarding these questions are provided in Chapter 3.
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DEFINITION OF SEVERITY OF EFFECTS

The LATRA model has three health-effect severity levels, as listed below:

Mild: no damage to body organs; temporary irritation.

Significant (or severe or serious): damage to body organs; treatment
required.

Fatal (considered unacceptable) (Philipson et al. 1996).

The LATRA considers two categories of severity—mild and worse and
serious and worse—with separate ERFs for each.

The Air Force asked an inter-agency advisory panel, the Rocket Emissions
Working Group (REWG) (see Appendix A), to identify what signs or symptoms
would be expected to accompany mild and severe effects. For an acute (minutes
to 1 hr) exposure to irritant gases that are relatively soluble in aqueous solution
(e.g., HCl), REWG identified a mild response to be a transient irritation of the
eyes, skin, and upper airways (nasopharyngeal and upper tracheobronchial tree)
(Gene Killan, U.S. Air Force Space Command, personal commun., May 6,
1996). REWG identified likely responses as sneezing, nasal catarrth (i.e.,
inflammation of mucous membrane), unpleasant smell or taste, throat soreness,
smarting of the eyes, and lacrimation (tearing). REWG identified a severe
response to be a reversible or irreversible response that might require medical
intervention, especially when the central airways of the tracheobronchial tree
are involved. REWG identified signs and symptoms of severe effects as
coughing, sputum, pain, chest constriction, bronchospasm, shortness of breath,
and wheezing.

The subcommittee evaluated the approach of categorizing health effects by
severity and of developing separate ERFs for each severity category. Also,
because the Air Force stated that a category reflecting moderate effects would
assist in making launch decisions, the subcommittee evaluated how to define
three levels of effect severity—mild, moderate, and severe—in a way that is
both scientifically sound and meaningful to an Air Force commander. The
subcommittee's evaluation, conclusions, and recommendations concerning the
approach and definition of severity categories are presented in Chapter 4.
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SELECTION OF THE EXPOSURE-RESPONSE MODEL AND
INDEPENDENT VARIABLE

The ERFs included in LATRA at present are lognormal for
noncarcinogenic substances and linear, passing through the origin, for
carcinogenic substances. (Note: ERFs have not been developed for any
carcinogenic substances to date (Philipson 1996)). ERFs for noncarcinogenic
substances are actually represented by a log-probit model applied to either the
maximum 1-hr time-weighted-average (TWA) concentration (Cy,y, 1-hr) or to
the ceiling concentration (Cy,,). Because the log-probit model is equivalent to a
cumulative lognormal distribution function, the LATRA ERF can be
characterized generically as a model for predicting

Pi(S,C,T)=P(Y 2 S/C,T) =lognormal. [ Cpax, 1-hr,11(S),s1(S)],

where lognormal.,; [Ciax. 1-hr,11(S),s1(S)] is the cumulative lognormal
distribution function with mean natural logarithm of concentration, 1n(C), equal
to 11(S) and standard deviation in In(C) equal to s;(S). When a ceiling
concentration is used instead of the 1-hr TWA, then the term "C,,,, 1-hr" is
replaced by "C,.,, " representing the ceiling concentration.

This distribution expresses the probability that a randomly selected
individual within a population experiences an effect of at least severity S when
the distribution of likelihood of response in that population is such that half the
population will experience an effect at

Cinax» I-hr = exp(u(S)),

and where the geometric standard deviation (GSD) of this distribution of
effects of severity S is given by

GSD(S) = exp(s:(S)).

The GSD expresses the implicit variation in the probability of response per
individual based on the assumed set points for concentrations corresponding to
the 1% and 99% incidence rates.

The log probit has a sigmoidal shape. Special graph paper can be used that
converts incidence (proportions or percentages) to probits so that a straight line
plot of probits versus log dose is obtained. The slope
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of that line is the reciprocal of the geometric standard deviation. Specific
examples are illustrated in Chapter 6.

Separate ERFs are used for the 1-hr TWA and the ceiling values; the
higher probability of effect from the two curves is then used in computing the
number of people likely to be affected. The REEDM dispersion model
contained within LATRA does not reliably predict instantaneous peak
concentrations, however. Averaging times of at least 30 min are considered the
most meaningful model output (Stokes 1994), although the model does analyze
exposures down to 5-min increments. The documentation supplied to the
subcommittee did not specify, however, how maximum peak or TWA exposure
concentrations are derived from the REEDM output for comparison with the
toxicity values.

The subcommittee considered whether the two different independent
variables included in LATRA—a 1-hr TWA value and a ceiling value—are the
most appropriate, given what is known about the rocket-mission toxicants and
given the likely duration and frequency of exposure. The subcommittee also
considered what type of exposure-response model would be most appropriate
for the ERFs for the three rocket-emission toxicants under evaluation and for
the types of risks that LATRA is attempting to estimate. The subcommittee's
evaluation, conclusions, and recommendations regarding those issues are
provided in Chapter 5.

QUANTIFICATION OF THE EXPOSURE-RESPONSE
FUNCTIONS

The lognormal ERFs for noncarcinogenic rocket emissions are specified at
present by two symmetric percentiles: the 1 and 99 percentiles. Specifically, the
values py(S) and s;(S) associated with the GSD are determined by assigning to
the 1% effect level of the distribution a safe exposure concentration and by
assigning to the 99 % effect level an assumed ED;, value (dose assumed to
cause an effect in 100% of the population). Thus,

PE(S:C,T) = PE(S’COI’l_hr) = lognormalcml [Cmax = C01,1‘hr»M1(S), SI(S)]s

where
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Coy,1-hr = 1-hr SPEGL or other measure of safe dose,

Pg(S,C.T) = Pg(S, Cog,1-hr) = lognormal [ Crpax = Coo, 1-hr,p1(S), 51()],

and Cyg,1-hr = 1-hr ED .

Under those constraints,

11 (8)=(Cy; x €99)"2, and

51(S) = [In(Cy1)-In(Cgo)1/(2 x 2.33).

The lognormal curves are cut off to zero below the 1 percentile to reflect a
threshold for noncancer effects and raised to 1.0 above the 99 percentile to be
conservative. The assumption is that the 1% effect level represents exposures
below which "essentially no one" would experience each specified severity of
effect. The 99% effect level represents exposures above which "essentially
everyone" would experience the specified severity of effect (Philipson 1996).

The Air Force considered SPEGLs and other established exposure
concentrations considered safe for the general public when setting the 1% effect
levels for sensitive populations. Similarly, the Air Force considered established
exposure concentrations considered safe for workers in setting the 1% effect
levels for normal populations. The 99% effect levels were set 5-fold higher than
the 1% effect levels for sensitive populations and 10-fold higher than the 1%
effect levels for normal populations (Philipson 1996). The documentation
provided to the subcommittee did not explain the rationale for those values;
however, L. Philipson (ACTA Inc., personal commun., Jan. 15-16,1997)
indicated to the subcommittee that the range of variability in response among
individuals in a normal subgroup was assumed to be twice the range of
variability among individuals in a sensitive subgroup. There also was
consideration of NIOSH (1994) immediately dangerous to life and health
(IDLH) values in developing the tier limits considered dangerous and
consideration of the tier limits in identifying appropriate toxicity values for the
99% incidence values (see Chapter 1 and Appendix A). Table 2-1 lists the
exposure concentrations associated with the 1% and 99% incidence values for
sensitive and normal populations and mild and serious effects for the three
rocket-emission toxicants.
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The subcommittee evaluated the appropriateness of this approach to
quantifying the chemical-specific ERFs, including the appropriateness of using
"safe" levels to represent the 1% effect level, the approach for identifying a
99% effect level, and the assumed difference in slope of the log-probit function
between sensitive and normal populations. The subcommittee also considered
alternative analytic models to the logprobit model and what types of chemical-
specific information or data are most appropriate to use for each approach.
Those evaluations, and the subcommittee's conclusions and recommendations,
are also presented in Chapter 5.

REPRESENTATION OF UNCERTAINTIES

The ERFs represent a deterministic relationship between exposure
concentration and the proportion of an exposed population that would exhibit an
effect at a specified severity level. At each receptor location where a
concentration for each rocket-emission is estimated, the number of people
affected in the population at that location is calculated from the probability Py
using a binomial distribution. That is, the number of individuals in each
subgroup who suffer at least an effect of severity S at the given receptor
location is estimated as

n(N,S,C,T) =sum(i =1, 2,... N ){i X Ppoli, N,Pg (S,C, T )1},

where n is the expected number of individuals with effects of at least
severity S in a population of size N, exposed to concentration C for duration 7,
and Py, is the binomial distribution function that expresses the probability of
observing i effects in a population of size N, when the probability of effect per
individual is Pg(S,C,T ). In the current LATRA model, all of those binomial
distributions are combined by adding their means and variances to obtain the
mean and variance of the total number of people suffering effects of a given
severity at all receptor locations. To derive a complete risk profile, the
binomials are usually approximated by Poissons to obtain a total Poisson
distribution for all possible numbers of affected individuals.

LATRA estimates the total number of people at risk from the launch on the
basis of: (1) the risks associated with a normal launch, (2) the probability of a
normal launch, (3) the risks associated with a catastrophic
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abort, and (4) the probability of a catastrophic abort. Depending on the toxicity
criteria used, as well as the quantity of propellants onboard, meteorological
conditions, proximity of population centers, and so forth, far greater health risks
generally are expected for catastrophic aborts than for normal launches. As a
consequence, the total risk estimate produced by LATRA generally reflects the
risks estimated for a catastrophic abort because the risks estimated for a normal
launch usually are much lower.

The potential for combined effects of exposure to more than one
compound at the same time is estimated after the risk profiles for individual
compounds are estimated by "developing joint probabilities of effect from the
individual toxics' probabilities of effect (assuming their independence)”
(Philipson et al. 1996). This assumption was considered conservative because of
the high level of correlation expected among exposures to the individual toxic
emissions. The mode of action of the various toxicants needs to be considered.
Such an investigation might provide support for response additivity or dose
additivity of the constituents in a mixture.

The subcommittee considered the relative importance of the various
uncertainties associated with the LATRA-ERF model, evaluating how well the
important uncertainties are represented in the model and how they should be
used to qualify the risk estimates. Those evaluations and the subcommittee's
conclusions and recommendations also are provided in Chapter 5.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/6205.html

not from the

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

unctions for Rocket-Emission Toxicants

SUBPOPULATIONS SENSITIVE TO AIR CONTAMINATION 24

3

SUBPOPULATIONS SENSITIVE TO
AIR CONTAMINATION

THIS chapter presents the subcommittee's evaluation of the Air Force's
definition of sensitive subpopulations. The subcommittee investigated whether
some population subgroups are likely to be more sensitive to the rocket-
emission toxicants than the general population and, if some are, (1) how much
more sensitive they are and (2) how they can be identified.

This chapter is divided into six sections. The first section presents the
subcommittee's evaluation of the literature reviews on populations sensitive to
air pollutants published in recent years. In the second section, the subcommittee
reviews the available qualitative and quantitative data on the variation in human
sensitivity to specific air pollutants, including the three major rocket-emission
toxicants discussed in this report. In the third section, the subcommittee
identifies several limitations of those studies for purposes of risk assessment. In
the fourth section, the subcommittee describes common practices for accounting
for sensitive subpopulations in human health risk assessments when data on
sensitivity are lacking. In the fifth section, the subcommittee evaluates the Air
Force criteria for defining sensitive subpopulations. In the sixth section, the
subcommittee presents its conclusions and recommendations.

LITERATURE REVIEW FOR SENSITIVE SUBPOPULATIONS

The subcommittee consulted several recent reviews focusing on variations
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in individual susceptibility (i.e., sensitivity) to pollutants (Brain et al. 1988;
WHO 1992; NRC 1993; ATS 1996a,b).

The NRC (1993) report concluded that profound differences exist between
children and adults. Because infants and children are growing and developing,
they are different from adults in composition and in certain metabolic,
physiological, and biochemical processes. Before full maturation, damage to a
specific organ or organ system might permanently prevent normal physical
maturation and increase the incidence of a variety of diseases. That possibility
has been demonstrated in studies showing children's sensitivity to the
irreversible effects of lead and mercury (Calabrese 1986; Klaassen et al. 1996),
enhanced susceptibility to certain radiation-induced cancers (Calabrese 1978),
and enhanced risk from a number of carcinogens, e.g., vinyl chloride-induced
angiosarcoma (Drew et al. 1983; Calabrese 1986). In addition, certain
populations of children might be more sensitive than other children to the
effects of chemical agents because of physiological and biochemical factors,
such as genetic predisposition, general health status, low socioeconomic status,
and possible interactions with certain medications. For certain types of toxicity,
children might be more resistant to certain chemical agents, and in such cases,
adults might be at greater risk.

Brain et al. (1988) provided a comprehensive analysis of the general
principles for variations in human sensitivity to inhaled air pollutants. In that
review, Brain et al. (1988) focused primarily on the effects of genetic factors,
age and nutrition, gender, smoking, and pre-existing disease states on
sensitivity. Non-neoplastic and neoplastic pulmonary diseases were discussed.
The analysis was limited, however, to the effects of comparatively low-
concentration, long-term exposures to common air pollutants and did not
provide substantial guidance relevant to short-term exposures or to the specific
compounds—HCI, NO,, and HNOs;—examined in this report.

In 1992, the World Health Organization (WHO) reviewed human health
effects caused by brief episodes of air pollution and provided some information
on the special needs of sensitive populations (WHO 1992). WHO stated that
people with pre-existing lung disease or circulation problems usually are more
affected by episodes of increased “winter-type” (sulfur dioxide and particulates)
pollution than are healthy individuals. On the other hand, for “summer-type”
pollution (mostly nitrogen oxides and ozone), WHO could not identify any
specific
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group of individuals that is more likely to be affected than other groups,
although some individuals might suffer more severe responses than others.

The American Thoracic Society (ATS) analyzed the human health effects
caused by air pollutants in general, including ozone, nitrogen oxides, carbon
monoxide, lead, particulates, sulfur oxides, and acid aerosols (ATS 1996a,b).
On balance, thorough evaluation of available epidemiological and controlled-
chamber studies did not provide much evidence that adverse health effects
caused by exposure to common air pollutants would be substantially more
serious in potentially sensitive subpopulations (i.e., asthmatic individuals,
children, and the elderly) than in the remainder of the general population.

In summary, the Brain et al. (1988), WHO (1992), and ATS (1996a,b)
reports do not offer much guidance on possible safety factors or considerations
that should be incorporated in exposure scenarios and risk assessments to
ensure protection of sensitive subgroups. In the NRC (1993) report Pesticides in
the Diets of Infants and Children, it was recommended that an uncertainty
factor up to 10 be considered when evidence of postnatal developmental
toxicity exists and when toxicity data relevant to children are incomplete.

CHEMICAL-SPECIFIC VARIATION IN HUMAN SENSITIVITY

To evaluate the potential for variation in human sensitivity to the rocket
emission toxicants specifically, the subcommittee examined data for HCl, NO,,
and HNO; and for two additional compounds for which extensive data on
variation in human sensitivity are available—ozone and sulfur dioxide (SO,).
Data for these compounds were evaluated because the human studies allow a
comparison between responses in selected groups of sensitive populations and
in healthy individuals. However, the subcommittee recognizes that ozone and
SO, are not specifically of concern to the Air Force, and the conclusions drawn
from the effects of those agents cannot be assumed to apply to HCI, NO,, or
HNO;, for which no similar data are available.

HYDROGEN CHLORIDE

Humans with respiratory problems have been presumed to be more
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sensitive to HCI; however, no data are available on HCI that directly support
that hypothesis. Data presented in Appendix D suggest that 2 and 5 ppm might
represent no-observed-effect levels (NOELs) for sensitive and healthy
populations, respectively.! On the basis of the work of Stevens et al. (1992)—
who showed that a 1.8-ppm HCI exposure to young asthmatic adults for 45 min,
including two 15-min exercise periods, was without effect—2 ppm can
represent a NOEL for sensitive individuals for a 45-min exposure. On the basis
of general occupational experiences, industrial hygienists suggest that slight
symptoms might occur at exposure concentrations around 5 ppm (see
Appendix D). Thus, the human data on HCI suggest that if individuals with
asthma are more sensitive, the exposure concentration associated with a
threshold for response in sensitive individuals is perhaps only 2- to 3-fold lower
than the concentration associated with a threshold for response in healthy
individuals.

NITROGEN DIOXIDE

The data available to judge the potential impact of NO, on particularly
sensitive subgroups are not consistent (see Appendix E). NO, is emitted in the
home environment by gas cooking and has been reported to increase
susceptibility to respiratory-tract infections in young children (Melia et al.
1979; Hasselblad et al. 1992; EPA 1993). However, that effect is believed to
result from long-term exposures, which are not applicable to rocket-launch
situations. Short-term exposures of human volunteers to NO, have generally
provided conflicting results. The ATS (1996b) compiled a list of nine controlled
NO,-exposure studies of asthmatic subjects published since 1980. For seven of
the studies, no changes in pulmonary function or airway responsiveness were
reported. One study (Bauer et al. 1986) showed that exposure of asthmatic
subjects to NO, at a concentration of 0.3 ppm potentiated exercise-induced
bronchospasm and airway hyperactivity after cold-air provocation. By

' In this report, the phrase no-observed-effect level (NOEL) is used instead of no-
observed-adverse-effect level (NOAEL) throughout because mild effects of concern to
the Air Force often would not be considered adverse. Definitions of mild and adverse
effects are presented in Chapter 4.
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comparison, exposure of healthy humans at concentrations up to 4 ppm usually
failed to affect pulmonary function (ATS 1996b). However, in another study, no
significant lung-function alterations could be found in asthmatic subjects
exposed at 0.3 ppm NO, for 1 hr (Morrow and Utell 1989). Mohsenin (1987)
found heightened airway reactivity in asthmatic subjects exposed to NO, at 0.5
ppm for 1 hr. However, Linn et al. (1985) observed no effects in asthmatic or
healthy individuals exposed to NO, at concentrations up to 4 ppm for 1.25 hr;
that observation was attributed to potential adaptation of the subjects who lived
in an area with frequent increases in common air pollutants. Morrow et al.
(1992) found responsiveness to a 4-hr exposure to NO, at 0.3 ppm to be slightly
greater in patients with chronic obstructive pulmonary disease (COPD) than in
elderly healthy subjects. Interindividual variation in responsiveness also was
substantially greater in elderly subjects than in the other groups (Morrow et al.
1992). Thus, some study comparisons suggest that the NO, concentrations at
which individuals begin to respond are approximately 10-fold lower in those
with asthma or COPD than in healthy individuals; other comparisons suggest no
difference in the exposure concentration representing a threshold for effects in
the two subgroups.

NITRIC ACID

There are few human studies available for HNO; (Appendix F). A study by
Aris et al. (1993) identified a NOEL for exposure of healthy humans to HNO;
at 0.2 ppm for a period of 4 hr. The studies with human asthmatic subjects have
shown that this portion of the population might be more sensitive to HNO; than
healthy individuals, but the data are equivocal. Two studies by Koenig et al.
(1989a,b) provide somewhat different results but suggest that some asthmatic
individuals under some conditions might experience a mild, reversible increase
in respiratory resistance when exposed to HNOj; at concentrations as low as
0.05 ppm for 40 to 45 min. Applying Haber's rule to the 4-hr NOEL of 0.2 ppm
for healthy adults would yield a 1-hr NOEL of 0.8 ppm, or a 45-min NOEL of 1
ppm. Comparing that NOEL with the LOEL of 0.05 ppm for individuals with
asthma, both for 45 min, suggests that individuals with asthma might begin to
respond at doses as much as 20-fold lower than healthy adults.
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OZONE

Data are conflicting concerning the relative sensitivity of healthy adults
and individuals with asthma or COPD to ozone. Several epidemiological studies
strongly suggest that individuals with asthma are more sensitive to episodes of
increased ozone air pollution than individuals without asthma. In controlled
chamber studies, however, exposure to ozone generally resulted in only small
changes or no changes in the lung function of subjects with asthma as compared
with controls (Kreit et al. 1989; ATS 1996a). Similarly, the effects were not
more severe in people with COPD than in people without (Linn et al. 1982;
Solic et al. 1982).

SULFUR DIOXIDE

SO, (and sulfuric acid aerosols) can elicit more severe responses in
individuals with asthma than in healthy individuals. A controlled-exposure
study has shown that asthmatic subjects begin to show responses at
concentrations of SO, (1 ppm) that are 5-fold lower than the concentrations at
which healthy individuals respond (5 ppm) (Sheppard et al. 1980). In another
study (Linn et al. 1987), healthy and atopic subjects showed practically no
changes in pulmonary function when exposed to SO, at 0.6 ppm, whereas some
moderately to severely asthmatic subjects responded even at 0.2 ppm, a 3-fold
difference. Those asthmatic subjects responded with an increase in specific
airway resistance up to 20 times higher than the healthy subjects. Those with
asthma also have been found to be more sensitive to the effects of inhaled
H,SO, aerosols, and exposure to those aerosols is linked to increased
nonspecific airway hyperactivity (Linn et al. 1989). Another function affected
by inhalation of H,SO, is mucociliary clearance, which usually slows in
response to exposure to SO, (Spektor et al. 1989). That effect could be more
detrimental to people with respiratory-tract infections or immunodeficiencies
than to healthy individuals.

LIMITATIONS OF EXISTING STUDIES

Several limitations of the available data make it difficult to evaluate the
degree to which specific human subpopulations might be more sensitive
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to air contaminants than healthy adults. One limitation is that most studies
report only the mean values for pulmonary-function measurements; however,
interindividual variation might be considerable. For example, Linn et al. (1987)
reported a difference in total symptom scores of up to 10-fold or higher among
moderately to severely asthmatic individuals exposed to SO,. In fact, in an in-
depth analysis of the effects of NO, in humans, Morrow and Utell (1989) found
that among those with asthma, there appeared to be an even more-sensitive
(hyperasthmatic) subpopulation.

A second limitation is that sensitive members of the population cannot be
studied in a controlled setting. It is neither feasible or ethical to recruit people
with severe cardiac or pulmonary disease or severe asthma into controlled
exposure experiments, particularly those involving exercise. Thus, although
controlled-exposure studies might confirm the suspicion derived from
epidemiological studies that a more-sensitive subpopulation exists, they do not
include the extremes in sensitivity that might in fact exist. It is also not feasible
or ethical to conduct controlled exposure studies using infants or small children.
The few epidemiological studies in which effects in children were compared
with effects in adults failed to show differences (i.e., in response to acute
exposures to ozone; Spektor et al. 1988; Berry et al. 1991).

A third important limitation is that studies involving human volunteers
would necessarily involve exposures to comparatively low concentrations of
pollutants. Because clinical studies cannot be conducted using high exposure
concentrations, reliable data are lacking on the magnitude of such differences in
the proportion of people affected and in the severity of response at high
exposure concentrations. At higher exposure concentrations, such as those that
might occur during a catastrophic abort of a rocket launch, young children or
elderly people with compromised pulmonary and cardiovascular health might
be disproportionately more affected than healthy individuals and show more
severe responses.

Finally, experimental studies on humans measure only a few aspects of the
effects of air pollution: pulmonary-function-test changes and, on occasion,
minor signs of inflammatory events in airways and lung parenchyma. Such
effects are considered minor and certainly not a serious threat to health, in
contrast to the serious problems observed during episodes of high air pollution
(i.e., increased hospital admissions and increased morbidity and mortality).
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COMMON RISK-ASSESSMENT PRACTICES FOR SENSITIVE
SUBPOPULATIONS

The specific issue of how to estimate risks for sensitive subpopulations
was the topic of a recent symposium (Mattie 1996). An entire session was
devoted to presentations discussing how to incorporate variations in human
sensitivity in risk assessments. In particular, Grassman (1996) emphasized that
failure to consider differences in susceptibility could result in the propagation of
standards that are not protective for highly susceptible segments of the
population. The subcommittee agrees in principle with that conclusion.
However, Grassman (1996) used examples that cover a wide variety of disease
states, from cancer to neurotoxicity, and that cover numerous individual agents.
Most of those toxicants illustrate the importance of interindividual variations in
metabolism and pharmacokinetics. Although the subcommittee found the
information discussed in the symposium to be useful in general, it did not find
any specific data relevant to the three rocket-emission compounds under
consideration or to acute inhalation exposures.

In developing guidelines for setting community emergency exposure levels
(CEELs) for hazardous substances, the NRC (1993) recommended
consideration of the criteria for identifying sensitive subpopulations set by EPA.
EPA (1994) noted that human populations, as opposed to experimental animals,
react more heterogeneously to toxic agents, and defined sensitive individuals as
those who experience an adverse health effect earlier or at a lower dose than the
average individual. EPA (1994) recommended the use of an uncertainty factor
to account for variation in sensitivity among individuals when calculating
inhalation reference concentrations, intended to be safe for the general
population, on the basis of data from healthy humans or animals. Specifically,
the exposure concentration identified as a no-observed-adverse-effect level
(NOAEL) for effects in healthy adult populations is divided by an uncertainty
factor of 10 to estimate a NOAEL for potentially more-sensitive subgroups. The
NRC has previously concluded that this practice is reasonable (NRC 1986,1993,
1997). That uncertainty factor applied to a NOAEL, however, is intended to
derive a "safe" exposure level (or concentration) below which adverse health
effects are not expected even in sensitive subpopulations; it has no meaning for
the shape or slope of the exposure-response curve. The default value of 10
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is used for a wide variety of noncancer toxic end points and exposure routes, as
described by Grassman (1996), not just respiratory effects resulting from an
inhalation exposure.

DEFINING SENSITIVE POPULATIONS

As described in Chapter 2, the Air Force considers the sensitive subgroup
to include children (less than 15 years of age), the elderly (more than 64 years
of age), and all people with bronchitis, asthma, or other physiological stress,
especially upper-respiratory ailments (Gene Killan, U.S. Air Force Space
Command, personal commun., May 6,1996). The subcommittee finds the
phrase "physiological stress" to be too vague to be useful, is not aware of data
supporting the particular age cutoffs specified, and does not support the use of
age cutoffs in general for identifying sensitive subgroups. The subcommittee
believes that disease state should be the principal attribute used to define
sensitive subgroups. Age should be used as an attribute only to the extent that it
correlates with disease states or other physiological conditions that could give
rise to greater sensitivity. Selection of the exact ages for the cutoff is arbitrary
and difficult to defend against claims that the age was adjusted to influence the
size of the sensitive subgroup. Instead, site-and age-specific prevalence of
cardiopulmonary diseases, such as asthma and COPD, together with the age
distribution of the population should be used to define the sensitive subgroups;
that is, in each age group (less than 15,15 to 64, more than 64), the number of
individuals estimated from U.S. Census data to be in the population near the
launch site should be multiplied by the prevalence of relevant cardiopulmonary
disease. The sum of those products over all age categories provides a less
arbitrary (although still quite uncertain) estimate of the number of individuals in
the sensitive subgroups. Where site-specific data are not available, a default
prevalence from a relevant data set could be used. If it is not feasible to provide
a more rigorous justification and definition of sensitive subgroups, the
subcommittee questions the need for separate ERFs for sensitive and normal
subgroups.

The U.S. Bureau of Census has been compiling national health data
continuously since 1957. The National Health Interview Survey (NHIS)
multistage probability design is intended to provide estimates of the health
status of the civilian, noninstitutionalized population of the United
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States (Kovar and Poe 1985). Demographic and personal data collected for each
survey subject include household composition, date of birth, age, sex, service in
armed forces, education, race, origin, current occupation or industry, marital
status, income, hospitalization history, limitation of activity, disability days, 12-
month bed days, doctor contacts, general health status, height, and weight.
Participants are asked questions regarding chronic health conditions of various
body systems, including the skin (since 1969), the respiratory system (since
1970), and the cardiovascular system (since 1972). Conditions identified in
questions concerning the respiratory-system include bronchitis, bronchiectasis,
asthma, hay fever, sinus trouble, emphysema, pleurisy, tuberculosis, lung
abscess, and work-related respiratory conditions. Conditions identified in
questions about the cardiovascular-system include rheumatic fever, rheumatic
heart disease, arteriosclerosis, congenital heart disease, coronary heart disease,
hypertension, stroke or cardiovascular accident, brain hemorrhage, angina
pectoris, myocardial infarction, other heart attacks, damaged heart valves,
tachycardia, heart murmur, other heart trouble, and aneurysm. The
subcommittee considers any of the cardiovascular and pulmonary conditions
listed above as likely to render an individual more sensitive to the effects of
rocket-emission toxicants than members of the population without those
conditions.

CONCLUSIONS AND RECOMMENDATIONS

DEFINING SENSITIVE SUBGROUPS

Epidemiological studies strongly suggest that some individuals within any
given population might be more sensitive to some air pollutants, such as NO,,
ozone, or SO,. During episodes of heavy air pollution, most of those who seek
or should get medical attention are those with asthma or the elderly suffering
from COPD or other cardiopulmonary problems (ATS 1996a,b). The
subcommittee recommends that disease status be used as the principal attribute
for identifying sensitive subgroups rather than age cutoffs. The subcommittee
believes that a more accurate assessment of the number of potentially sensitive
individuals in the populations near the launch sites can be obtained by basing
sensitivity on the estimated prevalence of health conditions likely to render a
person sensitive rather than by basing sensitivity on indirect measurements
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such as age. An extensive database created by the NHIS could be used to
characterize the population near launch sites by identifying the proportion of
individuals in specific age categories with specific conditions that might render
them more sensitive. The U.S. Census data can be used by the Air Force to
obtain the age structure of the communities near launch sites.

QUANTIFYING THE DEGREE OF DIFFERENCE IN
SENSITIVITY BETWEEN SENSITIVE AND NORMAL
SUBGROUPS

Figure 3-1 illustrates three ways in which an exposure-versus-incidence
curve for HCI, NO,, and HNO; for nonimmunologically mediated effects might
differ between sensitive and normal populations: (1) the threshold for response
for the sensitive subgroups might be lower, but the slope of the curve is similar
to that for the normal population; (2) both subgroups exhibit the same threshold,
but the slope of the curve for the sensitive subgroup is steeper than that for the
normal population; and (3) a combination of relationships 1 and 2 also is
possible. The ERFs included in LATRA assume that case 3 applies; in other
words, sensitive subgroups begin to respond at lower concentrations than the
normal population, and the slope of the exposure-versus-incidence curve is
steeper for the sensitive subgroup than for the normal population.

Although a lower threshold and steeper slope of the exposure-versus-
incidence curve for the sensitive subgroup seems reasonable, as described
above, data that would allow quantifying a difference in both intercept
(threshold) and slope between sensitive and normal populations are limited.
There is no information for any of these toxicants relevant to the slope of an
incidence-versus-exposure dose-response curve. The number of subjects
included in the studies is too small, and the controlled experiments are not
designed to determine how the proportion of individuals responding increases
with increasing exposure concentration. There are some data relevant to the
threshold for response, however. For NO,, the data are equivocal. Some studies,
but not others, suggest that individuals with asthma might begin to respond at
an exposure concentration up to 10-fold lower than do normal healthy
individuals. For HCI, young children or people suffering from asthma or COPD
might respond at lower concentrations, but only 3-fold lower, than healthy
adults. For HNO3, the data from the few studies available
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are equivocal as to whether individuals with asthma respond at lower total
exposures than healthy individuals, but the difference in threshold might be as
high as 20-fold.

Data from SO, and ozone do not show dramatic differences in sensitivity
between individuals suffering from pre-existing lung diseases such as asthma or
COPD and those without. Clinical studies with controlled SO, exposure suggest
that moderately to severely asthmatic individuals might show functional
changes, on average, up to 20-fold more severe than those seen in controls but
that asthmatic individuals begin to respond at a concentration no more than 5-
fold lower than healthy individuals. For ozone, no similar data are available,
and the few studies with people suffering from COPD have shown no
differences either in the threshold or severity of response.

Data for all the inhalation toxicants discussed above, however, are for
comparatively low exposure concentrations. Conceivably, at higher exposure
concentrations, young children or individuals with compromised pulmonary or
cardiovascular health might be more severely affected than healthy individuals.
The subcommittee concludes that, in the general population, some individuals
have pre-existing conditions that are likely to make them more sensitive to NO,,
HCI, and HNOj; than healthy individuals both in the severity of response at a
given exposure concentration and in the exposure concentration and duration
required to initiate a response. Given that in the general population surrounding
the launch sites, individuals are likely to be found who are more sensitive to the
rocket-emission toxicants than healthy adults, the subcommittee believes that
provisions should be made to ensure their protection. Where the data are
equivocal, the subcommittee believes that the worst case possibility should be
employed. Thus, the subcommittee recommends using the assumption that for
short exposure durations (i.e., 1 hr or less), sensitive individuals begin to
respond at lower concentrations than normal individuals by a factor of 10 for
NO,, a factor of 3 for HCI, and a factor of 20 for HNO;.
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4
EFFECT SEVERITY

THIS chapter presents the subcommittee's evaluation of the definition of
severity categories for LATRA. In the first section of this chapter, the
subcommittee reviews several precedents for severity descriptors, including the
concept of severity as used by toxicologists, and the severity descriptors used
by the U.S. Environmental Protection Agency (EPA) and the American
Thoracic Society (ATS). The relationship between severity and sensitivity also
is discussed. In the second section of this chapter, the subcommittee evaluates
the LATRA model severity categories in light of those precedents. The last
section provides the subcommittee's conclusions and recommendations on how
severity categories can be used and how to define mild, moderate, and severe
effects.

PRECEDENT FOR SEVERITY DESCRIPTORS

The concept of severity of effect is commonly used in toxicology and other
health sciences. Sometimes, ratings, such as mild, moderate, and severe, are
used to describe the severity of a particular outcome of exposure. In other
instances, the term "adverse" is used to distinguish between outcomes that are
detrimental to an organism and outcomes that are temporary physiological
responses with no detrimental impact. The reversibility of an outcome is often
related to severity; generally, an outcome is considered more severe if it is
irreversible. The remainder of this section describes how toxicologists, EPA,
and the American Thoracic Society, have used severity descriptors.
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SEVERITY OF EFFECT IN TOXICOLOGY

In toxicology, two types of dose-response curves are used (Eaton and
Klaassen 1996). One type relates dose to the incidence of an effect in a group of
subjects. For each subject in the group, the effect either occurs or does not occur
(binary response). The second type of dose-response curve relates dose to the
severity of response of an individual subject. The severity of response of a
subject is "graded" according to objective or subjective criteria. Objective
severity descriptors can be obtained by direct measurement (e.g., degree of
cholinesterase inhibition by organophosphates). Subjective grading can be
performed by an investigator, or in human experimentation, the subject might
be asked to judge the severity of response. Examples of responses that often are
subjectively graded are erythema and eye irritation. Toxicologists generally are
referring to the second type of dose-response curve when discussing severity of
effect.

Figure 4-1 illustrates the two types of dose-response curves and shows
how more-and less-sensitive individuals are depicted in each type. To
incorporate severity into an incidence dose-response curve, health effects would
need to be categorized into discrete categories so that an individual could be
classified as either showing that severity of effect or not. Figure 4-1A depicts
that approach using three severity levels for coughing: mild, severe, and
incapacitating. The proportion of individuals experiencing a given severity of
coughing is plotted against dose. More-sensitive individuals are at the lower-left
end of the curve for a specified severity of coughing, and less-sensitive
individuals at the upper-right end of the curve. The curves are likely to be
overlapping; some of the more-sensitive individuals might experience severe
coughing at doses that only produce mild coughing in others.

For a severity dose-response curve (Figure 4-1B), severity of response is
represented as a continuum. In this case, more-sensitive individuals are
represented by curves starting at lower exposure concentrations, and the
population is represented by a series of individual severity dose-response
curves. The individual curves might be parallel (i.e., equal slopes), or the slope
of the dose-response curves might be more steep for more-sensitive individuals.
In either case, the severity of response in a sensitive individual would be greater
than the severity of response in a normal individual at a given dose, as was
shown for SO, in Chapter 3. The proportion of the population experiencing a
given
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severity of effect at a given dose could be determined by identifying the
severity level on the y-axis, the dose on the x-axis, and determining the
proportion of the total number of curves representing individuals in the
population that fall to the left of that point, assuming such data were available.
It is more likely that a relationship between severity of response and dose would
be established from a sample of individuals by regression analysis (severity of
response against dose). The proportion of the population responding would be
reflected in the variance of the response around the mean response predicted by
the regression line. Estimating the proportion responding from that model is
awkward, however, and in general, toxicologists do not use severity dose-
response curves to estimate the incidence of effects.
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FIGURE 4-1 (A) Incidence dose-response curve. (B) Severity dose-response
curve.
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EPA DEFINITION OF ADVERSE EFFECTS

Describing exposure effects as adverse or not adverse is a discrete severity
scale for rating outcomes according to their degree of interference with an
organism's normal functioning. Although carefully defining the criteria for
classifying the effects of exposure to toxic substances is desirable, such severity
descriptors often are loosely applied. For instance, the Clean Air Act of 1970,
Section 108A, uses the term "adverse health effect" when referring to the
consequences of air-pollution exposure without defining the term "adverse." To
clarify this issue, EPA proposed that eye, nose, and throat irritation associated
with urban smog or photochemical oxidant exposure are not medically
important and, thus, should not be considered an adverse health effect (see ATS
1985). EPA developed a spectrum of biological responses ranging from the
trivial to the fatal as follows: pollutant burdens, physiological changes of
uncertain significance, pathophysiological changes, morbidity, and, finally,
mortality. EPA considered the last three of those five categories to represent
adverse responses (see ATS 1985).

AMERICAN THORACIC SOCIETY DEFINITION OF
ADVERSE EFFECTS

To provide guidance in interpreting the epidemiological literature, the
American Thoracic Society (ATS) defined adverse respiratory health effects as
"medically significant physiologic and pathologic changes generally evidenced
by one or more of the following: (1) interference with normal activity of the
affected person or persons, (2) episodic respiratory illness, (3) incapacitating
respiratory injury, and/or (4) progressive respiratory dysfunction” (ATS 1985).
ATS also listed respiratory health effects from most severe to least severe, as
shown in Appendix C.

Several aspects of the ATS discussion are particularly relevant to brief
exposures, such as those possibly encountered from release of rocket
propellants. First, the ATS considers certain reversible effects to be adverse. For
instance, ATS considers asthmatic attacks to be adverse because they interfere
with a person's normal activities, but ATS does not consider a small, brief
reduction in pulmonary function to be adverse. Some measurable changes in
pulmonary function due to exposure might be so slight that they are not
noticeable, even for those with asthma, and ATS considers those changes to be
medically insignificant.
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Coughing or excess phlegm production are considered generally annoying
and would be considered adverse effects only in extreme cases.

LATRA'S USE OF THE TERM "'SEVERITY"

In keeping with risk estimates for other types of launch hazards of concern
to the Air Force (e.g., explosions with flying debris), LATRA is designed to
predict the incidence of effects, i.e., how many people would suffer an effect.
To provide information to the wing commander on the seriousness of effects,
the LATRA model estimates the incidence of at least mild effects and at least
serious effects separately. (The definitions of mild and serious effects for
LATRA are presented in Chapter 2.) Thus, in LATRA, severity of effect is
incorporated in discrete categories (similar to the paradigm depicted in
Figure 4-1A) rather than in a continuum from mild to severe as might be
expressed by a single individual (as depicted in Figure 4-1B). In that way, the
number of people likely to suffer at least a mild effect and the number of people
likely to suffer at least a severe effect can be estimated.

This use of severity descriptors is fundamentally different from those used
by toxicologists. In toxicology, the severity of a subject's response is graded for
a single health effect (e.g., mild-to-severe coughing; see Figure 4-1B). In the
LATRA paradigm, diverse potential health end points (e.g., tearing, coughing,
or bronchospasm) are identified with specific severity categories. To link
specific health effects with specific severity categories, the Air Force made
value judgments to determine the relative significance of various health effects,
but the rationale for those judgments has not been documented.

In evaluating the Air Force's use of severity descriptors, the sub-committee
considered the relation between the definition of the signs and symptoms of
mild and serious effects (see Chapter 2) and ATS's definition and examples of
adverse effects (Appendix C). The subcommittee noted a few inconsistencies.
For example, some of the responses categorized by the Air Force as severe
(e.g., coughing and excess sputum) are categorized as adverse by ATS only if
they are extreme. Also, many of the responses categorized as mild for LATRA
are considered adverse by ATS if they either interfere with normal activities or
require medical attention. Those inconsistencies point out that a specific sign,
symptom, or effect by itself is not a good indicator of severity unless
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qualified by phrases such as "interferes with normal activities" or "requires
medical attention."

CONCLUSIONS AND RECOMMENDATIONS

The subcommittee agrees that categorizing health effects into severity
categories is possible and offers several advantages. The subcommittee
recommends, however, a somewhat different approach to categorize effect
severity than the one currently used in LATRA.

In the LATRA-ERF model, all relevant health end points are categorized
as either mild or severe and grouped accordingly. That approach provides
several advantages for risk communication. Those who must ultimately use the
results of LATRA are not health professionals. Thus, the use of severity
categories translates the risks of specific outcomes (e.g., bronchoconstriction) to
more easily understood response levels (e.g., mild response). In addition, the
aggregation of data for many different health end points into a few severity
categories increases the amount of data available to derive each ERF relative to
the amount of data available to derive an ERF for a single end point (e.g.,
coughing). (How the ERFs are developed for each severity category is
evaluated in Chapter 5.)

The subcommittee believes, however, that effect-severity descriptors are
best defined by (1) the impact on a person's ability to perform normal activities,
(2) the impact on organ function, (3) the need for medical attention, and (4) the
reversibility of the effect. Although some health end points are restricted to one
severity category, they more often can span all severity categories. For instance,
bronchoconstriction can range from mild to severe depending on its intensity.
The term "adverse" has been use