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Background

The National Academy of Sciences (NAS) was asked to advise the Department of Defense (DOD)
on a long-term strategy for protecting the health of the nation’s military personnel when deployed to
unfamiliar environments. As part of the academy’s response to this request, the National Research
Council’s (NRC’s) Board on Environmental Studies and Toxicology was asked to develop an analytical
framework for assessing health risks to deployed forces.

Dr. Lorenz Rhomberg of Gradient Corporation (formerly of the Harvard University School of
Public Health) served as the project’s principal investigator. He was assisted by 10 advisers represent-
ing a variety of relevant disciplines.

To assist Dr. Rhomberg and the advisers, six papers were commissioned on topics identified as key
issues: (1) possible scenarios of future deployments and battle considerations, (2) existing risk-assess-
ment methods and their possible application to deployment situations, (3) approaches for collecting and
using personal exposure and biological-marker information, (4) health assessment and risk management
integration for biological agents, (5) toxicologic interactions among agents, and (6) possible paradigms
for incorporating toxicokinetic information in risk assessment. The six papers were presented at a
workshop on January 28-29, 1999 in Washington, DC. Over 60 participants from the military and
scientific communities were present. The sessions were moderated by members of the advisory group,
and the commissioned authors were asked to consider the comments and suggestions that arose during
the workshop in revising their papers. The final papers were also reviewed by two members of the
Commission on Life Sciences: Donald Mattison, March of Dimes and John Emmerson, Fishers, Indiana.

The commissioned papers were used as background for the NRC report A Risk Assessment Frame-
work for Protecting the Health of Deployed Forces, which is being published concurrently with these
proceedings. The findings, conclusions, and recommendations that appear in the workshop papers are
solely those of the authors and should not be interpreted as those of the NRC.
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Strategies to Protect the Health of Deployed U.S. Forces: Assessing Health Risks to Deployed U.S. Forces -- Workshop Proceedings
http://lwww.nap.edu/catalog/9709.html

Collection and Use of Personal Exposure
and Human Biological-Marker Information for
Assessing Risks to Deployed
U.S. Forces in Hostile Environments

by Morton Lippmann’

ABSTRACT

Risk management is especially important for military forces deployed in hostile and/or chemically
contaminated environments, and on-line or rapid turn-around capabilities for assessing exposures can
create viable options for preventing or minimizing incapaciting exposures or latent disease or disability
in the years after the deployment. With military support for the development, testing, and validation of
state-of-the-art personal and area sensors, telecommunications, and data management resources, the
DOD can (1) enhance its capabilities for meeting its novel and challenging tasks;, and (2) create
technologies that will find widespread civilian uses.

This review assesses currently available options and technologies for productive pre-deployment
environmental surveillance, exposure surveillance during deployments, and retrospective exposure
surveillance post-deployment, and introduces some opportunities for technological and operational
advancements in technology for more effective exposure surveillance and effects management options
for force deployments in future years. The issues discussed are (1) information needs for assessing
personal exposures and risks for deployed forces, (2) options for pre-deployment baseline determina-
tions, for collection of personal exposure related data during field deployment, and for post-deployment
personal exposure assessments; (3) maximizing effective personal exposure data resources during and
post-deployment; (4) technical capabilities for personal exposure assessment; and (5) assessing risks.

Advances in information technology have made it possible to envision the collection, maintenance,
and utilization of a deployment data resource that would enable theater commanders and medical staff
to recognize and evaluate environmental health hazards and to manage deployments so as to avoid or

'Human Exposure and Health Effects Program, New York University School of Medicine, 57 Old Forge Road, Tuxedo,
NY 10987
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PERSONAL EXPOSURE AND HUMAN BIOLOGICAL-MARKER INFORMATION 3

minimize those hazards. Such data, together with a deployment sample archive, would also facilitate
future epidemiological studies that could identify additional causal relationships between environmen-
tal factors and health outcomes.

Applications can include (1) on-line access to remote sensing and continuous monitoring data for
tactical planning; (2) data review by medical staff personnel in order to arrange for monitoring military
personnel for possible effects of toxicant exposures, provide countermeasures during deployments, and
prioritize medical examinations and biomarker sample collections and analyses in the early post-
deployment period; (3) additional sampling and/or monitoring, or analysis of archived samples, in
order to be able to resolve ambiguities or conflicts concerning levels of exposure or environmental
contamination, and (4) review of medical and environmental data by epidemiologists post-deployment
in investigations of possible causal factors for delayed illness reports associated with service in a
specific deployment.

Each of these applications could consume large amounts of resources, and the allocations should be
decided according to pre-established priorities by an appropriate panel of peers, including military
users and state-of-the-art research investigators with expertise in the emerging technologies.

INTRODUCTION

Exposure assessment is a key element in risk assessment and risk management, and is especially
important for military forces deployed in hostile or uncharacterized environments. Furthermore, on-line
or rapid turn-around capabilities for assessing exposures can provide military commanders with viable
options for preventing or minimizing exposures that can incapacitate or degrade the on-site capabilities
of deployed forces, or that can result in latent disease or disability in the months and years after the
deployment. Delayed or latent adverse effects resulting from deployment exposures can degrade force
readiness for future deployments as well as cause pain and suffering to force members and/or create
compensatory costs needed to care for the force members and their families. Exposure assessments can
therefore be valuable and cost-effective tools of primary disease and disability protection. The military
could support and mobilize the high-technological resources that will be needed for the development,
testing, and validation of state-of-the-art personal and area sensors, telecommunications devices, and
data management resources. Such investments would not only help the Department of Defense (DOD)
enhance its capabilities for meeting the novel and challenging tasks in deploying forces in the post-cold-
war period, but also create technologies that will find productive new uses in other aspects of occupa-
tional and environmental health protection in the United States and around the world.

The military services have already established a core unit, the U.S. Army Center for Health
Promotion and Preventive Medicine (USACHPPM). It fulfills many of the functions that are outlined
in this paper through its Deployment Environmental Exposure Surveillance Program (DESP), which
was established in July 1996. The scope of this program could be expanded to include a greater
emphasis on personal exposure surveillance and the collection and archiving of environmental and
biological samples for later laboratory analyses needed to resolve emerging questions about expo-
sures and their health effects among deployed personnel. The sample archive envisioned here could
be viewed as an expansion of the Armed Forces Serum Repository established in August 1997 under
DOD Directive 6490.2 for the purpose of joint medical surveillance. The expanded repository would
include blood cells for biological-marker (biomarker) analyses, as well as air-sampling filters and
cartridges and soil and water samples.

Although this paper focuses on disease and non-battle injuries (DNBI), many of the high-techno-
logical capabilities developed for the nuclear, biological, and chemical (NBC) defense programs’ spiral
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system developments can be envisioned as being applicable to force protection from unintentional
exposures to environmental toxicants. This is especially the case for the fully integrated and digitized
joint warning, reporting, and analysis architecture that the NBC program expects to implement in the
next 3 to 5 years. Plans to acquire very light-weight hazard sensors under the NBC program will also
advance measurement technologies that might have eventual applicability to on-site and personal detec-
tors capable of measuring much lower concentrations of agents of concern with respect to DNBI.

This paper introduces and spells out, in a conceptual sense, currently available options and technolo-
gies for productive pre-deployment environmental surveillance, exposure surveillance during deploy-
ments, and retrospective post-deployment exposure surveillance. It also introduces some opportunities
for technological and operational advancements in technology for more effective exposure surveillance
and proposes some risk management options for force deployments in future years. The discussions that
follow cover

* information needs for assessing personal exposures and risks for deployed forces,

» options for pre-deployment baseline determinations,

» options for collection of personal exposure data during field deployment,

* options for post-deployment personal exposure assessments,

* maximizing effective personal exposure data resource during deployment and post-deployment,
* current technical capabilities for personal exposure assessment, and

* assessing risks.

INFORMATION NEEDS FOR ASSESSING PERSONAL EXPOSURES
AND RISKS FOR DEPLOYED FORCES

Environmental Quality Factors at Deployment Sites

The military is obligated to determine identifiable on-site risks whenever possible prior to the
deployment of forces. Contaminated sites, such as abandoned gas works, chemical manufacturing sites
and waste dumps, with the actual and potential risks of personnel contacting hazardous chemical
residues should be avoided whenever mission options permit and less contaminated or noncontaminated
alternate sites compatible with operational necessities are available.

Prescreening of potential deployment sites should be done at the candidate sites by appropriately
trained environmental specialists or industrial hygienists whenever possible. When on-site surveys are
not possible, remote sensors or scanners should be employed to the extent that they are technologically
and operationally feasible. (See NRC 1999.)

Survey personnel should prepare guidance and background data on the extent or potential of site
contamination to the military (or civilian) engineers assigned to site preparation for large-scale deploy-
ments. In turn, the military engineers should take care to prepare the site, to the extent feasible, in ways
that prevent or minimize the potential for exposure to preexisting on-site contamination. Both the site
survey and site preparation teams should create a record trail on on-site contamination that is accessible
to hygienists, medical personnel, and epidemiologists in case subsequent actions or investigations are
needed during on-site deployment or for post-deployment follow-up investigations.

During force deployments, the emphasis should shift to the collection of data on personal exposures
to on-site contaminants, using personal samplers and monitors, as well as the collection of exposure
biomarkers whenever appropriate equipment, sampling opportunities, analytical methods, and proce-
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dures are available. Because it will seldom, if ever, be feasible to collect personal exposure data on all
members of a deployed force, a sampling strategy will be needed to identify suitable and willing
individuals within the force who can serve effectively as representatives of their group for determinating
exposure. There will also need to be plans and procedures to investigate and ameliorate the sources and
extent of detected excessive exposure, as well as procedures for feasible countermeasures for docu-
mented excessive exposures.

Exposure-Reponse Relationships and Exposure Limits for Toxicants

For chemical agents of known toxicity, it is important to have or be able to develop exposure
limits or guidelines to serve as benchmarks of excessive exposure for either short or long-term
exposures. The recently prepared TG230A Short-Term Chemical Exposure Guidelines for Deployed
Military Personnel (USACHPPM 1999a) and the RD230A Reference Document (USACHPPM 1999b)
provide guidance for 1-h inhalation exposures for 43 chemicals, for 1-to 14-day exposures for 91
chemicals, and drinking-water concentration limits for 170 chemicals. Guidance for 1-h inhalation
exposure limits for other chemicals is available from the American Industrial Hygiene Association
(AIHA) in their Emergency Response Planning Guidelines (ERPGs). Currently, the U.S. Environ-
mental Protection Agency (EPA) is supporting a National Research Council (NRC) Committee on
Toxicology program to prepare Guidelines for Community Emergency Exposure Levels that will
gradually be substituted for ERPGs where appropriate. Based upon the AIHA criteria of protection of
“nearly all individuals” against “experiencing or developing irreversible or other serious health ef-
fects or symptoms that could impair. . . abilities to take protective action,” the 1-h TG230A criteria
are all conservative by factors ranging from 2 to 80. The American Conference of Governmental
Industrial Hygenists (ACGIH) threshold limit values and biological exposure indices provide guid-
ance for 15-min exposures and longer-term (8-h) exposures.

Descriptors of Deployed Forces

Deployed forces can be expected to vary greatly in age, ethnicity, genetic susceptibilities, and prior
histories of exposures to toxicants and disease, as well as in possible allergic or stress reactions to
exposures or countermeasures. The information resource that will be used to document known expo-
sures and possible responses to these exposures should contain as much descriptive information on each
person in the force as possible to facilitate primary medical management of individuals who develop
health problems during deployment or post-deployment. It should also serve as a resource for epidemi-
ologists who might be able to utilize population distributions of exposures and responses to establish
criteria and standards that advance the military’s capabilities for optimal force protection. In setting up
a computerized data resource to serve such functions, consideration must be given to limiting access of
sensitive personal information to those with an approved right-to-know.

The activity patterns of members of the force can be critically important determinants of the extent
of the internal doses received as a result of toxicant exposures by dermal contact and inhalation. Dermal
exposures can be significant during field exercises and combat situations, and inhalation doses can be
greatly affected by the amounts of air inhaled, the frequency of respiration, and the depth of penetration
of the air inhaled into the lungs. The selection of force members to serve as exposure sentinels, as noted
previously, should be influenced by their known or expected activities and by the exposures they have
encountered or are expected to encounter.

Copyright © National Academy of Sciences. All rights reserved.
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Descriptors, Locations, and Access to Data Resources

The emerging technological capabilities of the Information Age create opportunities for the effec-
tive collection, storage, and utilization of relevant information on personal exposures, activities, and
constitutional risk factors of kinds and magnitudes that are unprecedented. As a result, relationships
between exposures and health outcomes that had been impossible to establish for individuals might
become apparent when the data from large numbers of exposed individuals are combined. Thus, it
might be possible to derive secondary benefits from the results of deployment sampling and dose
commitments in terms of new knowledge or insights on latent or chronic effects that can be detected
only on a population basis. Consolidation of the diverse data elements needed for such powerful
analyses will require a data-management strategy, that includes a system for reporting essential data
elements in a uniform and consistent manner across the various commands and services in a given
theater of operation.

The full potential of the database envisioned above will require coordination and discipline at all
levels. Its ultimate potential will become manifest when theater commanders can readily access on-line
area and personal monitor measurements for field-deployment decisions, and medical officers can make
timely decisions on the administration of countermeasures to ameliorate the effects of recent exposures
to contaminants. Epidemiologists will be able to optimally construct cohorts in appropriate exposure
groupings for studies of the overall impacts of the deployments on the health status of active and retired
veterans of deployment. Arrangements will need to be made to control access to all of this information
to those with a need-to-know to protect the privacy of medical records and the information on deploy-
ments for military security reasons.

Framework for Data Analyses

To achieve all of the ambitious potential applications outlined above, there will need to be
uniform frameworks for data management. The overall integration of some of the deployment risk-
assessment elements is well illustrated in Figure 1, which appeared in the Deployment Toxicology
Research and Development Master Plan in September 1997 (GEO CENTERS, Inc.). An approach to
combining data resources for developing an overall exposure (and risk) assessment, developed by an
ACGIH-AIHA task group (Lippmann et al. 1996) for occupational exposure applications, is illus-
trated in Figure 2.

OPTIONS FOR PRE-DEPLOYMENT BASELINE DETERMINATIONS

Health Baseline Data

If subtle changes in symptom frequency or physiological functions result from toxicant exposures
during deployments, they will be almost impossible to detect without data on pre-deployment baseline
levels in the same individuals. This is because of the enormous range of baseline values for such
variables, even in the generally healthy young adults in the military services. If conventional batteries
of function tests are performed, along with the collection of questionnaire data on signs and symptoms
prior to deployment, comparisons of comparable data during deployment and post- deployment on a
relatively small cohort of individuals might be sufficient to determine either the short-term effects or the
long-term effects, or both.
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Collection of Biological Specimens for Archive and Future Analyses

For exposures to certain gases and aerosols producing acute responses, personal badges and moni-
tors can provide sufficient exposure information. However, for agents that can penetrate the skin after
dermal exposure, or for agents that are cumulative toxicants producing delayed effects, valuable infor-
mation can best be derived from biological monitoring using samples of blood, urine, or hair. The
analyses of these biological openings for a specific agent, its metabolites, enzymes induced, or adducts
formed in endogenous proteins or DNA can indicate the presence of the agent or its metabolites in the
body. For most, if not all of these analytes, there are likely to be broad variations in baseline levels, and
the analyses can be quite expensive (Zhitkovich and Costa 1998).

Although analyses might be quite expensive, the collection and storage of the specimens is not, and
a prudent precautionary sample collection procedure will permit sensitive determinations of the results
of exposures that occurred during deployments. The process begins with the collection, identification,
and archiving of samples of the biological materials during the pre-deployment clinical examinations.
Comparable samples can be collected and archived during deployment or post-deployment to permit
sensitive intercomparisons of assay results for evidence of changes in biomarkers that might have
occurred as a result of exposures during the deployment, thus documenting the extent of the exposures
or the effects that they produced.

For most purposes, the biomarker analyses will be performed on components of blood or urine. For
other analyses, other biological materials that might be easier to collect in the field can also be useful;
these include hair, fingernails, and sputum. Under some circumstances, other samples, such as exhaled
air, nasal epithelium, and buccal cells might also be useful.

Exposure biomarkers are indicative of delivered toxicant doses and are focused on the early stages
of the continuum illustrated in Figure 3, and tend to have higher degrees of agent-specificity (Table 1).
An important factor in the practical use of biomarkers is a low and consistent background level of the
biomarker response in nonexposed populations. Tight variance in biomarker measurements among
unexposed subjects indicates that the biomarker is not strongly affected by unknown factors associated
with, for example, diet or lifestyle. Sensitivity and low interindividual variability are the most important
parameters influencing the statistical power of a biomarker. Taioli et al. (1994) provide a general
strategy and useful examples as to how variability of biomarkers can be estimated, and offer an equation
to calculate the minimal sample size. For example, DNA adduct-based assays require relatively small
sample sizes, whereas gene expression biomarkers, with very large variability among unexposed indi-
viduals, require much larger populations.

Blood biomarkers are a heterogeneous group of biological measurements, including unmodified
original chemicals, chemical-specific metabolites, stress hormones, modifications of proteins and DNA,
and serum and intracellular components, with half-lives of up to about 10 days. Blood contains large
quantities of hemoglobin and albumin, proteins that can be readily isolated in pure form. Carboxyl,
amino, and sulfhydryl groups are typical sites of adduction by electrophilic compounds. Many protein
adducts are stable under physiological conditions, providing an opportunity to assess cumulative expo-
sure, because the life span of human hemoglobin is approximately 120 days. The biological half-lives
of albumin adducts are shorter, due to a faster metabolic turnover of albumin (DeBord et al. 1992).
Protein adducts, although not mechanistically involved in the pathway leading to disease, can be useful
as long as the relationship between surrogate and mechanistic biomarkers is known.

Peripheral blood lymphocytes are the most frequently used cells to assess biomarkers related to
potential genotoxic exposures. Lymphocytes contain DNA and circulate throughout the human body,
and therefore they are exposed to any circulating genotoxic agent or its metabolites. These cells can
integrate exposure over extended time intervals because they are long-lived (Braselmann et al. 1994)
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FIGURE 3 Relationship between exposure and disease. (Source: Zhitkovich and
Costa 1998)

TABLE 1 Examples of Biomarkers With Different Agent-Specificity

Specificity Biomarkers Exposure
Low Sister chromatid exchanges and chromosomal Clastogens
abberations in peripheral lymphocytes
Micronuclei in buccal cells Clastogens
B-oxo dG in urine or lymphocytic DNA Radiation and many chemicals
N-acetyl-B-D-glucosaminidase in urine Nephrotoxic agents
Mutagenesis at HPRT locus in lymphocytes or Mutagens
glycophoryn A in erythrocytes
Urinary malonialdehyde Agents causing lipid peroxidation
Intermediate Serum or urinary chromium Toxic and dietary forms of chromium
Urinary nitrosoproline Nitrosamines
Immunoassay for PAH-DNA adducts PAH compounds
1-hydroxypyrene in urine
Cholinergic muscarinic receptors or Organophosphorus insecticides
acetylcholinesterase activity
High Original substance in biologic specimens For example, cadmium

Substance-specific metabolite
Chemical-specific DNA or protein adducts

Biologic response characteristic of specific
exposure

For example, S-phenylmercapturic acid for
benzene

For example, styrene-hemoglobin for styrene
exposure

&-Aminolevulinic acid in urine (lead exposure)

Urinary porphyrins profiles (mercury
exposure)

Source: Zhitkovich and Costa 1998
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and do not divide in vivo. Many in vitro studies found that unstimulated lymphocytes have inefficient
DNA repair capabilities (Barret et al. 1995; Freeman and Ryan 1988), permitting these cells to accumu-
late detectable DNA damage from very low exposures. Lymphocytes are also capable of metabolizing
many important xenobiotics such as p-aminohipparic acids (PAHs) to DNA-reactive species (Gupta et
al. 1988).

Measurements of biomarkers in urine samples generally reflect recent exposures, and can be useful
for assessing accidental overexposures and psychological or physiological stresses. Analyses of spot
urinary samples can be used to estimate exposures in populations, whereas individual exposures are best
assessed using 24-h collections. Urinary biomarker measurements are corrected for a dilution factor by
normalizing all determinations for a creatinine content. Most analyses of urine samples are based on
detection of chemical exposure, and involve measurement of an original substance or its metabolite. A
smaller group of urinary bioassays can also estimate a biologically effective dose. Exposure to a
majority of carcinogens results in the formation of DNA adducts that later can be excised by cell-repair
systems. For some chemicals, excised adducts are then excreted in urine, and determinations of these
adducts can provide a measure of biologically effective doses.

Hair samples can provide a temporal history of peak exposures to toxic or trace metals and some
organic species or DNA that are incorporated into the growing hair shaft. For personnel who do not get
frequent military-style haircuts, hair samples can provide good evidence of previous exposure over
periods of many months. In practice, this might apply primarily to female members of the force.

In selecting any biological marker, one should consider the predictive value, specificity, sensitivity,
and occurrence of false positives and false negatives. The factors to consider are:

* Does the test measure or evaluate exposure to an agent?

* Does the test provide reproducible results?

* Is analytical error and biological variability small?

* Is the test quantitatively relatable to the relevant range of exposure?

* Have the convenience and risk factors (associated with administering the test) been considered?

* Are the concentrations of the agent measured quantitatively relatable to an adverse health effect
or stress that could impair performance of critical tasks?

Actual analyses of samples from the archive would be done on a limited number of individuals’
samples when evidence of effects points to the need for such analyses, and would initially be focused on
the specific kinds of biomarkers that are likely to be most informative. Depending on the findings of
such exploratory analyses, and their potential significance to the future health of the force members, a
further expansion of the analysis program might be warranted, looking for other biomarkers and at
samples from other individuals in the cohort. Some analyses might be indicated in the near term
following deployment, and others might be needed far into the future for evidence of delayed chronic
health effects that became apparent from epidemiological follow-ups, or when appropriate and more
sensitive assays become available to answer questions that could not be resolved on the basis of the
original assay analyses.

Environmental Quality

It might be possible to collect samples of air, soil, and surface waters, and to measure levels of
background radiation prior to deployment to determine whether the deployment of forces at a given
location would be unsafe or unwise. If such analyses do not indicate risks of contamination, and
deployment is subsequently initiated, it would be prudent to store pre-deployment environmental samples
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in the deployed forces archive, and to collect and store additional samples during deployment and post-
deployment to be able to determine if contamination occurred during deployment, either as a result of
hostile actions or as a result of the deployment activities themselves. If evidence of such contamination
1s found, a determination will need to be made about whether it is sufficient to warrant decontamination
or investigations of exposures to deployed forces or indigenous populations.

OPTIONS FOR COLLECTION OF DATA DURING
FIELD DEPLOYMENTS

Remote Sensing

Remote sensing of air-contaminant levels and abnormal patterns of ground and vegetation surfaces
associated with the presence of soil or water pollution can occur at various levels of spatial resolution
using current military intelligence techniques and equipment. Civilian-sector technologies for measur-
ing air concentrations in point- source plumes by LIDAR and by long-path infrared (IR) and ultraviolet
(UV) spectroscopy can also be harnessed for air monitoring at deployment sites.

Personal Sampling and Monitoring by Field-Line or Duty Corpsmen

When one wants to know the exposure of an individual to chemical contaminants inhaled in the air,
there is no good substitute for sampling or monitoring the air in the breathing zone of that individual.
The breathing zone is typically defined as the space within about 1 foot (30 cm) of the nose or mouth,
and small sampling heads or passive sampling badges are typically mounted on the lapel to monitor the
breathing zone. When comparisons are made between the concentrations in the breathing zone and
concentrations in the general area of the individual being monitored, personal exposure is often consid-
erably higher than the concentration in the area, especially when the individual is engaged in activities
that release or resuspend the chemicals from soil in the area or from accumulated contamination on the
clothing of the individual. For collecting such samples from field personnel there will need to be well-
trained field-line corpsmen responsible for issuing, collecting, labeling the sample, storing in short and
long-term archives and assuring appropriate means of their delivery to appropriate laboratories for
analysis.

Collection of Biological Specimens by Medical Personnel

Biological specimens collected in the field will also need to be collected by well-trained corpsmen,
nurses, or other medical corps personnel. It is imperative that the samples are not contaminated by soil
on the hands, that low-background sealable containers are used to contain the specimens, and that all
samples are carefully and appropriately identified, for example, by unique bar code. For blood and urine
samples, it is quite important to record the time of day that the collection took place in relation to recent
activities and exposures, and to take appropriate precautions in sample handling and storage to preserve
the integrity of the samples for both transit to a laboratory or preservation in a sample archive.

Collection of Samples of Environmental Media

If pre-deployment samples or direct measurements of air, soil, water, and background radiation
were collected, and their subsequent analyses indicated potentially serious toxicant exposures, then
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comparable samples should be collected at one or more times during force deployment. These should
then be analyzed for the toxicants of concern to assess the effect of deployment activities on the nature
and extent of toxicant exposures to the troops, and the extent of the dispersion of the on-site toxicants
from their initial reservoirs into the environmental media.

If pre-deployment samples did not indicate a serious concern for toxicant exposures during deploy-
ment, it still might be prudent to collect comparable samples for an archive to be able to determine
whether deployment activities either uncovered previously undetected contamination, or created or
released to the environment toxicants that should be cleaned up prior to departure. The samples might
also be needed to document the results of intentional releases of toxicants by hostile forces during the
deployment.

Performance Measures

Neurobehavioral performance measures can be used as biomarkers of exposure and biomarkers of
operationally important responses to exposures. In either case, they can only be properly interpreted as
changes in measures from baseline levels, as discussed previously. Exposures to some solvents, pesti-
cides, and metals might alone, or together, or in combination with vaccines and prophylactic drugs,
produce altered cognitive functions in the absence of clinical signs or symptoms, and signal the need for
confirmatory evidence of exposure through assays of environmental media, air samples, or biological
fluids. The effects produced by exposures to neurotoxicants among military personnel might be espe-
cially important to the performance of their assigned missions and to their ability to effectively and
responsibly manage the weapons at their disposal.

The performance measures that can be quickly self-administered might be the only feasible means
for many individuals in the deployed forces. Hand-held computers can be programmed to (1) administer
appropriate tests of mental capacity, reaction times, or agility; (2) calculate performance indices; and (3)
telemeter the results to a central medical evaluation unit. For further information on the state-of-the-art
for assays of neurobehavioral performance in humans, see Anger et al. (1998).

It should also be noted that the U.S. Geological Survey is engaged in the development of physiologi-
cal and behavioral measures of acute chemical neurotoxicity in aquatic organisms as part of the deploy-
ment toxicology research program, and that the indicators that they have developed could be used to
assess environmental contamination and associated risks at deployment sites.

Use of Protective Measures

The military has carefully developed specifications for the purchase, supply, distribution, and
maintenance of personal protective devices, such as respirators, faceshields and goggles, and protec-
tive clothing, which are issued to deployed forces in anticipation of expected exposures. Records of
their actual use by individuals in the field should be part of their personnel records to facilitate such
retrospective exposure assessments that might be needed in the post-deployment period. On days
when there are indications that potentially damaging exposures might have occurred, it should be
possible to arrange for the collection and archiving of respirator canisters or samples of protective
gear for later laboratory analyses, with appropriate notation of the user’s identification, times and
locations where the protective device was worn or used, and remarks concerning known contaminant
sources or releases relevant to the potential exposure. Analyses of these samples and associated
information could prove invaluable to the military for determining (1) actual exposures of deployed
individuals to specific agents; (2) indications of likely exposure to other individuals in the same
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general operational area who are not being monitored; and (3) the efficacy of the personal protective
gear being provided to the forces for reducing or eliminating the uptake of toxicants from the working
environment.

Records of Activity Profiles

Environmental exposure is an essential determinant of the amount of the contaminant taken up by an
individual in that environment. However, uptake is also dependent on the individual’s activities and the
effect of any barriers to mass transfer from the environment to systemic uptake by the individual.
Uptake of air contaminants is strongly dependent on the volumes inhaled and the lung depths to which
itis drawn, which, in turn, is dependent on the activity level of the individual. It is also dependent on the
use and effectiveness of any respiratory protective device that is supplied to the individual. It should be
recognized that it might not be possible to attain the ultimate protective capacity of a demand-type
respirator under the stress and exertion levels encountered by military personnel in the field.

Similarly, dermal exposure represents a potential for uptake that can be strongly modified by
contact area, contact times, and the integrity of the skin barrier. Ingestion exposure is governed largely
by the amounts consumed, and uptake from any contaminated food and drink that might be consumed
by deployed forces is also affected by the amounts and nature of other elements of the diet. Thus, to the
extent that it is feasible to collect and retain data on daily activities and meals for the deployed forces,
such data might prove to be very useful in determining exposure profiles and estimating toxicant uptake
for retrospective health risk evaluations.

OPTIONS FOR POST-DEPLOYMENT
EXPOSURE ASSESSMENTS

The late deployment and early post-deployment period can be critically important for the collection
of samples and data that can help the military draw the most important lessons about toxicant exposures
that might have taken place during the deployment. This period is usually a time when the military
emergency or urgent situation justifying a deployment is past and there might be time and resources
available during the phase-down for filling data and knowledge gaps that could not be addressed when
there were more urgent priorities and when access to deployed personnel for the collection of biological
samples and activity logs was infeasible.

Collection of Biological Samples

Evidence for toxicant exposures during deployment will often be possible in the weeks and months
after the exposure has taken place for those toxicants that (1) have cumulative effects; (2) accumulate in
the body; or (3) produce metabolites or effects that persist in cells that remain in the blood stream, are
excreted in the urine, or are fixed in growing hair. The results of post-deployment analyses can be of
special significance and value when comparable samples are collected and analyzed or archived before
and during the active phases of the deployment, because baseline values might vary greatly from person
to person.

In any case, post-deployment biological samples that are collected soon after the deployment is
completed could be very useful, even in the absence of pre-deployment reference samples, for analysis
of the population distribution of exposures. A special opportunity to collect large numbers of samples
can arise when the force is relocated on transport ships. Samples could be collected by unit corpsmen
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using the support available from the ship’s facility for sample collection, processing, and storage. For
troops being relocated by air, there might be opportunities for sample collection at intermediate sites
with clinical facilities, or upon arrival at new duty sites.

Collection of Environmental Media Post-Deployment

The collection of samples of environmental media post-deployment can fill several potentially
important needs. By comparison of the analyses of comparable samples collected pre-deployment,
during deployment, and post-deployment, it might be possible to document the extent of unavoidable or
avoidable exposures, due to the presence of background levels of toxicants in the environment. They
may also make it possible to document the extent of environmental toxicant burdens created during the
deployment, and thereby the need for or extent of remediation of deployment sites or following their
return to local control.

Analyses and Comparisons of Pre-Deployment and
Post-Deployment Samples

Sensitive and specific analyses of the contents of all of the biological and environmental samples
that are archived during the pre-deployment, deployment, and post-deployment periods would be un-
economical and unwarranted. A strategic plan that sets priorities in the selection of samples for analysis
will be needed. The priorities will be determined by the information needed to protect the health,
welfare, and readiness of the forces that are deployed.

Samples that might warrant a high priority for early analysis include:

* Pre-deployment environmental media samples needed to determine whether there are likely to be
exposures that could compromise the health of the forces and could be avoided or minimized.

* Biological and environmental samples collected during and immediately following deployment
needed to determine if serious toxicant exposures have taken place, based on evidence such as unusual
illness patterns, alarms sounded by areawide chemical or biological agent sensors, and suspicious
activities by hostile forces.

* Biological samples collected during deployment and the early post-deployment period needed to
investigate any unexplainable health problems that turn up among previously deployed forces, as hap-
pened with Gulf War Syndrome.

Depending upon the results obtained in such screening assays, analyses of additional samples from the
archive, or analyses of additional analytes in the samples, might be warranted to obtain a fuller picture of
the nature, extent, and significance of the exposures that might have occurred during deployment.

In developing a strategic plan for the maintenance and management of a sample archive, consider-
ation must be given to the criteria for the disposal of unneeded samples at appropriate times after the
deployment to be able to accommodate the needs for archiving samples in future deployments.

Analyses of Cumulative Exposures

Acute toxicant exposures and their consequences are expected to be obvious to area commanders
and their medical support staffs. However, the effects of more slowly acting toxicants might not become
evident during the deployment, and the exposure index might be more closely related to cumulative
exposure than to peak exposure. Estimates of cumulative exposure can be derived from biomarker
analyses. For inhalation exposures, estimates can also be derived or established from cumulative
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concentration-time products, with allowance for variable uptake due to activity level and deposition
rates. Because continuous records of ambient air-concentrations are not likely to be available at any
location, let alone for all individuals in the force, exposure models will need to be employed in making
useful estimates of cumulative exposure using air concentration data.

Case-Control Studies

Case-control studies can be powerful forensic tools for elucidating causal relations between out-
comes and exposures when reasonable and plausible exposure groupings can be identified. Unfortu-
nately, this proved not to be possible in the investigations of the Gulf War Syndrome because of the lack
of any useful data on the agents that might have been responsible or the means of retrospectively
determining the exposures to those agents. Should such a mysterious pattern of post-deployment illness
occur in the future, and if archived biological and environmental samples are available as outlined
above, it should be possible to compare indices of exposure in those with illness with those in matched
control populations, without illness, thereby identifying the exposure characteristics most closely asso-
ciated with the pattern of illness.

MAXIMIZING EFFECTIVE USE OF SAMPLE AND
DATA RESOURCES

Information technology developed in both the military and civilian sectors in recent years has made
it possible to envision the construction, maintenance, and utilization of a deployment data resource that
would enable theater commanders and medical staff to recognize and evaluate environmental health
hazards and to manage deployments to avoid or minimize those hazards. Together with a deployment
sample archive, it would also facilitate future epidemiological studies that could identify additional
causal relationships between environmental factors and health outcomes, and thereby stimulate the
development of means of recognizing additional risk factors warranting exposure controls in future
deployments.

To take maximal advantage of these new technological capabilities, it is imperative that the biologi-
cal and environmental samples and data elements that are needed for such applications are collected and
maintained in uniform and readily interpretable forms, and that they are accessible to all authorized
users. Applications will include:

* on-line access of deployment decision-makers to remote sensing and continuous monitoring data
that they could consider in tactical planning;

* data review by medical staff personnel to arrange for monitoring military personnel for possible
effects of toxicant exposure; provide countermeasures during deployments; and set priorities for medi-
cal examinations and biomarker sample collections and analyses in the early post-deployment period;

* on-line access and data review by industrial hygienists and environmental assessment specialists
to arrange for additional sampling and monitoring, or analysis of archived samples, to resolve ambigu-
ities or conflicts concerning levels of exposure or environmental contamination; and

* review of medical and environmental data by epidemiologists in post-deployment investigations
of possible causal factors for delayed-illness reports associated with service in a specific deployment.

However, to accommodate all of these needs in a timely and efficient manner, it will be necessary to
have a flexible system for sample and data management that can be adopted and applied uniformly by all
of the military services. It could be an extension of the Defense Occupational Health Readiness System.
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Constructing a Sample Archive

As noted earlier, USACHPPM’s DESP is a logical repository for an expanded sample archive, as
proposed here. It could incorporate an expanded version of the existing Armed Forces Serum Reposi-
tory, as well as samples of blood cells, urine, hair, air sampling filters and vapor-collection canisters,
soil, and locally available drinking water. Blood cells and urine and hair samples can provide DNA for
future molecular-level biological assays, which might be critical in forensic toxicology investigations of
possible delayed health effects that might occur among deployed force personnel. The strategic aspects
of the design, maintenance, accessibility for sample analyses, minimal analytical efforts justifying use
of the archived samples, and reporting data from the analyses should be established by USACHPPM
staff with appropriate input from an external scientific advisory committee with expertise in exposure
assessment, toxicology, epidemiology, analytical chemistry, molecular biology, and clinical medicine.

Constructing a Data Resource

There are a number of essential features for a data resource that can effectively serve a variety of
primary and secondary users. The primary users must first be satisfied with data format, data reduction
paradigms, and data access because they will be providing the financial and logistical support for data
collection and entry. When the different branches of the military services are engaged in joint deploy-
ments, it is also essential that a harmonized array of data elements are adopted, so that the data sets can
be merged and the results of data analyses can be uniformly interpreted.

In setting up a data-management system and defining a commonly agreed upon set of well-defined
data elements, it is important to also consider the analytical needs of secondary users of the data
resource. They might need more descriptive background information on the geography, topography,
meterology, and history of the deployment sites than do the military command or medical units. Some
of the considerations involved in setting up comprehensive and harmonized databases for personal
exposures that could facilitate primary and secondary data users were described in detail by an ACGIH-
AIHA task group (Lippmann et al. 1996) and by a European Community task group (Rajan et al. 1997)
for occupational exposure data. In the environmental arena, the EPA (1998) has recently described a
major initiative to facilitate increased use of its environmental data resources by secondary users.

In defining its essential data elements and constructing a format and procedure for entering, main-
taining, and accessing its own data on exposure and health outcome related factors, the designers of the
military databases should consider opportunities for commonalities with the database developments
currently under way in the civilian arenas in the occupational health and environmental fields. This
examination of recent ongoing activities should, of course, include the efforts already undertaken within
each of the military services to broaden, expand, and utilize their own data resources on occupational
exposures, and should bring in the perspectives of the services’ own professionals who will be second-
ary users of the data resource.

Engaging Industrial Hygiene Expertise for
Cumulative Exposure Assessments

There might need to be a component of the data resource devoted to the assessment of the cumula-
tive exposure of each member of the deployed force to each of the toxicants encountered during the
deployment that might account for excess illness observed among the cohort in the post-deployment
period. Such assessments will involve the combination of measurement data, exposure models, and
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expert judgments. It might also involve the selection of air, biological, or environmental samples from
the archive for follow-up analyses to fill in data gaps that limit such assessments. Thus, the creation of
files on cumulative exposure assessment might be an iterative process that involves collaboration among
hygienists, toxicologists, and epidemiologists.

Engaging Toxicological Expertise for Interpreting Biomarker Data

Currently, there are relatively few biomarkers that are specifically identified with toxic agents or
stresses likely to be encountered during military deployments, and therefore few environmental or
biological samples collected prior to, or during, a deployment are likely to be analyzed routinely. Most
samples will be retained in the archive, to be analyzed when it is necessary to confirm or quantify
exposures that are suspected of causing adverse effects. In deciding which samples to analyze and what
analyses are appropriate and feasible, there will need to be input by toxicological experts, who will also
be needed to interpret the analytical results obtained. They will need access to other parts of the
database in forming their judgments about the extent and significance of the exposures indicated from
the biomarker analyses, and the lessons they learn from each analysis might be useful in iterative
upgrades of the data elements in the overall database and in its management.

Engaging Epidemiological Expertise for Data Analyses

Because the envisioned database is expected to be an unprecedently bountiful resource for military
epidemiologists, it should be provided with significant input into the selection and format for certain of
its data elements by them. This will be especially important for the construction of appropriate summa-
ries of exposures for use in the exploration and definition of exposure-response relationships.

CURRENT TECHNOLOGICAL CAPABILITIES FOR
PERSONAL EXPOSURE ASSESSMENT

Personal exposures can be measured continuously on-line for a limited number of gases and vapors,
determined from time-integrated samples that are subsequently analyzed for a much broader array of
agents in both gaseous and particulate forms, and inferred, albeit with greater uncertainty, from mea-
sured exposures to others in the same general area or from exposure models utilizing measured environ-
mental levels and activity patterns within the monitored area. Estimates of personal exposure can also
be developed from biomarker measurements when consideration is given to systemic uptake from the
environment, knowledge of metabolic fate in relation to times of exposure and sample collection, and
other knowledge about retention sites and half-lives in internal organs.

Personal Air Sample Collection

The technology for collecting personal air samples over periods ranging from hours to days is
relatively well developed, and reliable devices for such sampling are widely available and relatively
inexpensive. The easiest to use and most unobtrusive devices are the passive samplers for gases and
vapors that collect the agent penetrating a diffusion barrier onto an adsorption surface at a rate depen-
dent only on concentration and diffusion coefficient. The devices are small and easily worn on a lapel.
Recordkeeping requirements for sample collection are limited to the person wearing the device, the
times when the cover of the sampler is opened and closed, and the activities of the wearer during the
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time it was open for sample collection. In many cases, the samples can be analyzed subsequently in a
field laboratory. In others, more sophisticated central laboratory analyses might be required. When the
rate of sample collection is too low to determine the concentrations of the agent interest, active samplers
that collect samples at higher rates might be needed.

An active sampler requires a battery-powered air mover and a flow meter as well as a sampling
substrate, all of which increase the cost and complexity of the sampler and the burden on the wearer by
at least a few pounds. However, active samplers sample air at much higher rates (up to ~ 5 L/min),
permitting more sensitive assays with a broader range of analytes. Gases and vapors can be collected on
adsorptive granules packed within presealed tubes or on chemically pretreated filters, and particles can
be collected on a filter disc compatible with the analyses to be performed. Membrane filters are used to
collect samples on their surfaces and are scanned by microscopy, x-ray fluorescence, or radioactivity,
for viable organisms after incubation in an appropriate growth media. Aerosol samplers can also have
an inertial precollector to collect samples restricted to specific aerodynamic particle sizes based on
deposition probabilities in functionally distinct regions of the human respiratory tract. In any case,
industrial hygiene or other field personnel will be needed to dispense and collect personal samplers and
to check out the validity of sample start and end times, flow metering (if active sampling), the temporal
and spatial coordinates of the sampling intervals, and the notation of relevant conditions and activities.

Personal Monitors With Electrical Signal Outputs

Opportunities to use personal sensors and transducers to identify gaseous chemical exposures of
deployed forces will be increasing in the near future as the inherent capabilities of miniature sensors,
circuits, and telecommunications devices mature and are developed in the form of conveniently usable
hardware. Recent symposia have highlighted applications of miniaturized electrochemical sensors and
interferometers to make sensitive and specific concentration measurements that can be telemetered,
along with spatial location coordinates, to central sites, such as military command posts and medical
commands, for their surveillance and appropriate responses. Position transducers are already available
commercially, whereas the chemical sensors will need further refinement and validation before they are
ready for widespread use by military forces.

Biological Sample Collection

The collection of biological samples, such as blood, urine, and hair, is best done under controlled
conditions in which scrupulous sanitary and contamination-free control conditions can be exercised.
For regularly scheduled collections in noncombatant environments, this might be possible for troops
who are accessible to medical personnel. For those in more remote locations, it might be necessary to
equip a military ambulance to go to the vicinity of the troops for sample collections and to have the
facilities within them for sample identification, processing, and storage. The personnel collecting the
samples must also be sensitive to the need to carefully collect the coordinate data on the recent activities
and experiences of the individual providing the samples to help interpret the results of any analyses that
are performed on the sample.

Temporal Considerations of Analytical Laboratory Capabilities

For each deployment, there will need to be at least one laboratory that collects and processes
samples of air, soil, water, and biological fluids for either on-site analyses or transferral to theater-area
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labs in mobile army hospitals, modular field medical units, or hospital ships offshore, or to more remote
central laboratories. For samples that can be adequately processed in the theater-area, the results can be
fed back, within days, to field personnel for guiding further sampling, relocation of personnel or
activities, or therapeutic interventions.

For analyses that require more sensitive or sophisticated laboratory facilities or specialized analy-
ses, the turn-around time will be longer, and there will be fewer opportunities for prompt feedback to
deployed forces for additional timely sample collection or reduction of ongoing exposures. There will
be, however, significant advantages in terms of documenting the full nature and extent of agents that
were present at very low concentrations.

Detection Limits of Analytical Laboratory Capabilities

The practical detection limits for a given sample depends on a number of factors whose influences
will vary greatly from agent to agent and from one analysis to another. These factors relate to analytical
sensitivity and specificity, the interferences produced by co-contaminants in the samples and compo-
nents of the sampling substrates, the level and constancy of background readings of the sensing ele-
ments, the frequency and reliability of periodic recalibrations for span and zero readings, and the care
taken to avoid sample and equipment contamination by the analysts. Thus, it is essential that the
quality-assurance and quality-control procedures of the laboratory meet the highest standards of good
laboratory practice.

Interpretation of Biomarker Changes

Exposure of biomarkers offer so many potential advantages over direct measures of exposure that
they must eventually become more routinely used and more readily interpretable. However, it is
essential that those relying on biomarker-based exposure estimates are fully aware of their inherent
strengths and their fundamental limitations.

One major strength of biomarkers, especially for military deployment applications, is that they are
influenced by past exposures, as opposed to direct measures of exposure over a given sampling interval.
Thus, biomarker samples that are collected shortly after a suspected exposure has taken place can be
used to “look back in time” to establish whether, in fact, the exposure actually occurred for the indi-
vidual providing the sample and, by implication, for other individuals in the same group or area.

Another, sometimes realized, potential strength of biomarker analyses is the high degree of sensitiv-
ity that is possible. This is especially true for biomarkers based on characteristic responses to the
exposure rather than the exposure agent itself. Highly sensitive tests for immunological responses and
changes in DNA or protein structure are often much more sensitive than chemical analyses, and are
longer lasting indicators of past exposures. A further potential advantage of exposure biomarkers is the
relative absence of concern about stray contamination of the sample by the original exposure agent
during the sample collection in the field. When reaction products are being measured, it is less likely
that they will be produced during the sample processing or laboratory analysis. However, they might
not be compound-specific.

The major limitations of biomarkers as indices of exposure involve the issues of the interpretability
of the measurements that are made. One major potential limitation can be the absence of a benchmark
or background level of the index being measured. This need not be a major problem for personnel in
military deployments when pre-deployment background biomarker samples are collected, properly
stored, and accessible for comparative evaluations.
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In the absence of pre-deployment biomarker samples, the utility of biomarker samples collected
during post-deployment will depend on the kinds of information that might be needed. If background
levels of the biomarker of interest are very low, or if exposures are very high, the absence of a pre-
deployment sample will not be important. For the more typical situation in which relatively low levels
of exposure to an agent that can produce long-term chronic disease are known or suspected, there are
several possibilities. One is to confine the analysis of the exposure to those individuals who have
provided pre-deployment samples, and use their biomarker changes as indicative of others believed to
be similarly exposed. Another possibility is to compare the distribution of biomarker levels in a large
number of members of the deployed force with the distribution of levels in a matched population that
has not been engaged in the same deployment. In this case, the level measured in a given member of the
deployed force might not provide a personal index of disease risk, but the analyses might still provide
valuable information on the average exposure of the deployed population and some indication on its
distribution. The population approach might only be feasible, however, for assays that are reasonably
inexpensive.

One unavoidable limitation of biomarker samples, however, is the fact that they are inherently
“grab” samples collected at specific points in time. This is a relatively manageable problem for
interpreting a brief peak exposure that occurred over a known time interval and in which the metabolic
and translocation times are known, but it can be a major problem when the temporal pattern and extent
of the relevant exposure is unknown. This is because the measured parameter can be highly variable
over time and there is only one measurement made of a sample collected at an unknown time after the
exposure. Thus, the analysis might be adequate to establish that an exposure took place, but unable to
characterize the level of exposure. The problem is most severe for intermittant peak exposures whose
timing is otherwise unknown, and least severe for steady-state exposures on which internal biomarker
levels reach relatively stable levels.

ASSESSING RISKS FROM PERSONAL EXPOSURES

Within the broad spectrum of risks encountered by deployed U.S. forces on foreign soil, this paper
has focused on the risks related to exposures to chemical compounds in environmental media at deploy-
ment sites. It has not dealt with chemical warfare agents for which the military services have long had
plans for force protection and countermeasures. As a result of this distinction, the risks are generally
more likely to be less obvious to the forces on the ground and more likely to produce delayed health
effects than promptly observable effects. When delayed effects are seen, they are likely to be nonspe-
cific in origin or causation and the search for causality might require careful sifting through records
relating troop activities to areas having environmental contamination and personal exposures and relat-
ing those exposures to nonexposed or less-exposed matched control populations. The nature of the
risks, and their often unanticipated relationships to exposures on foreign terrains, accounts for the
emphasis in this paper on sample and record collection and retention for follow-up investigations to
establish causal, dose-related relationships.

Combining Exposure Data with Exposure-Response Relationships

When sample analyses or environmental monitoring data indicate exposures to agents of known
toxicity having established exposure limits, the risk analysis is relatively straightforward. If exposures
exceed established standards or guidelines for such agents, the medical management of overexposed
individuals should also be relatively routine. However, for exposure to agents that produce effects that
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have not previously been well characterized and whose long-term prognosis is uncertain, then prudent
concern for the future health of the deployed force members warrants careful study and follow-up by
military and Veteran’s Department medical personnel and epidemiologists. Depending on the nature of
the effects and their progression over time, this might require regularly scheduled clinical examination,
biomarker sample collections, questionnaire responses, checks on vital status and, for the deceased,
cause of death.

Research Needs

This paper envisions a long-term iterative process of exposure and health-status monitoring to
identify and characterize health risks to military personnel during noncombat deployments on sites
where characteristics of chemical agent exposures are unknown or poorly known. Initially the techno-
logical means for pre-deployment environmental or on-line personal exposure assessments are expected
to be limited to the detection and characterization of a limited number of chemical toxicants, and
quantitative exposure assessments will be delayed by the time it takes for sample collection and labora-
tory analyses, and by the sensitivity and specificity of the analyses that can be performed.

Table 2, from the Deployment Toxicology Research and Development Master Plan of September
1997 (GEO CENTERS, Inc. 1997), provides a thorough inventory of the technical challenges of
exposure assessment for deployed forces and the kinds of advances that could be made through invest-
ments in research. Investments in further technological developments in miniature chemical sensors,
microprocessors, and telecommunications devices could lead, within a relatively few years, to much
greater technological capabilities for long-path area measurements and personal monitoring of a broad
range of toxic gases and vapors, which would provide military commanders with options for force
deployment that prevent or at least reduce times of exposures to toxic agents.

Investments in biomarker research, development, and validation could provide extraordinarily sen-
sitive means of documenting exposures to toxicants as well as aspects of the biological responses to such
exposures. To the extent that measured biomarker responses lie along a pathway leading directly to
long-term changes and chronic disease, then it might be possible to prescribe therapeutic interventions
that prevent, forestall, or ameliorate such late effects of the exposures.

Investments in the creation, management, and utilization of accessible sample and data archives
related to exposures and their health consequences are also needed for various analytical and research
purposes. These include (1) use of on-line exposure information for deployment decision-making; (2)
use of on-line and sample analyses data for early actions on further sample collection needs and medical
interventions for overexposed personnel; (3) identification of military personnel acccording to exposure
category for future clinical or epidemiological follow-up; (4) identification of agents for which new
sampling or analytical techniques are most urgently needed for risk-assessment purposes; and (5)
identification of archived samples and sample analyses that can resolve issues that might arise from
delayed reports of unusual illness patterns following deployments.

Each of these categories of research could consume large amounts of resources, and the allocations
should be decided according to preestablished priorities by an appropriate panel of peers, including
military users and state-of-the-art research investigators with expertise in the emerging technologies.
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TABLE 2 Exposure Assessment Issues and Near- and Far-Term Capabilities

Technical Issues and Challenges

Capabilities (Near-Term)

Long-Term Vision

Personal Samplers and Monitors
Instantaneous
Grab
Periodic
Real-time/Continuous
Passive
Area Samplers and Monitors
Real-time results
Remote vs. Local
Media Sampled (air, water, soil)
Statistical considerations
Data Transfers
Relevance to human uptake
Hand-held
Biomarkers of Exposure
Simple vs. Complex
Recent vs. Past vs. Continuous
Validation—biological relevance
Sample: breath, urine, blood,
dermal, transcutaneous, hair,
etc.
Contaminant
Form: gas, vapor, particulate,
aerosol, fume, dissolved,
suspended
Mixtures
Stability/Transformation
Relevance of form to toxicity
Sources of exposure
Rates and Distance
Changing compositions
Exposure vs. Dose
Exposure route contributions
Absorption factors and rates
Differential uptake or deposition
Individual characteristics
Respiratory rates/Activity
Exposure elimination
Countermeasures vs. performance
decrements
Military-unique exposure standards
Predeployment screening
Retrospective exposure tracking

Sensor Technologies
Miniaturization
Weight reduction
Biosensors
Artificial nose
Passive dosimeters
Ultrasonic Flexural Plate Wave

Devices

ELFFS
Computer Tomography/FTIR
Mini GC/MS

Computer Hardware
Greater capacity and speed
Miniaturization
Portability

Computer Software
Modeling and Simulations
Artificial intelligence
Available catalogs/databases

Networks & Communications
Linking for data collection,
transfer, and analysis
Remote/stand off capability
Ready access to experts and
databases
On call/on demand data

Molecular Biology
More and better biomarkers of
exposure

Exposure models to extrapolate from
limited exposure measurements
to large study populations and
incorporate short-duration, high
intensity exposures.

Improved field methods for
characterizing simultaneous
exposures.

Personal monitoring online
Personal to population extrapolation

Combined risk information systems
Warning
Summary statements
Risk avoidance

Relationships of exposures to
indicators of health effects
database (extensive)

Single biomonitoring device
integrating measures of
exposure and dose

Exposure-Dose models that can
anticipate associated problems
with introduction of new
chemical and bio toxins

Personal Status Monitor (PSM):
physiological stress indicators

Genetic engineering for sensitive
populations

Universal micro-environmental suits

Validated methods for measuring
relevant exposure and total dose
data directly from biological
samples taken by non-invasive
techniques

Replacement breathing systems

Biologically-based exposure
assessment systems

Technological advances that measure
low concentration of chemicals
and biomarkers in biological
specimens linked to internal
dose concentrations at target
origins

Source: GEO-CENTERS, Inc. 1997.
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Characteristics of the Future
Battlefield and Deployment

by Edward D. Martin’

ABSTRACT

In an era of unprecedented change, the military planner of today must prepare for contingencies
involving operations by forces of a very large size to forces for special operations and operations other
than war which may involve just a few soldiers, sailors, or airmen. The entire spectrum of geographic
features and weather conditions must be accounted for in the plan. The typical linear battlefield will be
replaced by a combat situation with a 360-degree threat, the potential for new high tech weapons, the
use of chemicals and biologicals, and the use of non-traditional forces and terrorism.

With the gradual urbanization of the world’s population, future battles will inevitably be fought
within city limits geometrically compounding the planner’s problem and the force commander’s op-
tions. In addition to the threat from the opposing force, the field commander will face structural
damage, local industrial hazards, and loss of mobility and degradation of communication links.

Combined, the future battle field and force deployment scenarios will, in spite of extensive training,
provide for extremely high levels of stress. The threats from emerging bacteria and viruses, chemical
weapons and industrial compounds and the urban battlefield will additionally inhibit and stress combat
forces. Changes in force structure, national demographics, and the greater reliance on women in
combat roles, will require minimal changes in force protection.

Natural or weaponized disease, non-battle injury, to include industrial hazard exposure, and stress
will continue as the major threat to deployed forces in the future. Military and industrial intelligence of
contested areas, modern equipment and extensive training, pre and post deployment health studies will
provide the most successful means of force protection.

INTRODUCTION

The purpose of this paper is to briefly discuss the probable characteristics of future battlefields and
deployment. In an era of unprecedented change in global economics and politics, military doctrine, and
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the rapid deployment of new and different technologies for use by combat forces and their support
personnel, one could easily assume there would be great change in the nature of threats to combat forces
when deployed. However, in spite of changes to military roles, missions, and technical capabilities,
there will be more threats to deployed forces that will be the same as those threats experienced in the
past.

TYPES OF WARFARE

Military planners will be required to continue to plan for the entire spectrum of warfare from two
simultaneous major theater wars (MTWs) to the insertion and extraction of a very small tactical unit
assigned to do a specific task in support of our National Command Authority. The former is possibly the
easiest situation, in general terms, in which to protect deploying forces, due to the extensive planning
and substantial deployment of assets involved.

In addition to the objectives and goals of each deployment, there will be specific risks to the
deployed forces depending upon the geography and environment of the area in which the deployment is
to be accomplished and the relative hostility and capability of the opposite force. Numerous contin-
gency plans exist to cover operating in the varied environmental conditions experienced in most of the
world’s political hot spots and areas of potential conflict. These environmental conditions include arctic
conditions, oppressive desert heat, flatlands and rolling hills, impassable mountain terrain, arid and
dusty landscapes, and tropical rain forest and jungles. Due to the varied environmental and climatic
conditions, a wide spectrum of military capabilities will be required, ranging from a large standing and
well-trained force to special operations units trained to handle terrorist units. Whether any of the current
plans will continue to be valid or even useful in 10 to 15 years is certainly debatable. What can be said
for sure for the foreseeable future is that contingency planning will require constant updating in re-
sponse to political, environmental, technical, and fiscal considerations. In general terms, the following
will be the most likely major considerations:

A. Weaponry for U.S. Forces will become more accurate, mobile and lethal through the use of
technology. The use of these weapons will require very specific and intensive technical and operational
training and will require U.S. Force commanders to rely on seamless interoperability of multidisciplinary
and multiservice forces.

B. Whenever possible, and particularly in an MTW, the deployment or insertion of ground forces
into hostile areas will be preceded by an air campaign. The air campaign composed of United States and
Allied Air and Naval Forces will initiate hostilities with appropriate standoff weaponry such as air and
sea launched cruise missiles. If and when air superiority or air supremacy are established, and at the
appropriate time in the battle plan, there will be maximum use of stealth and conventional aircraft for
precision bombing of specific targets. Fighter aircraft and those carrying anti-radiation missiles like the
HARM missile used in today’s scenarios will provide cover for these attacks, followed by aerial and
satellite reconnaissance to assess bomb damage. The risks for environmental contamination and disease
for these airmen, seamen, and their support personnel will be, with very few exceptions, precisely the
same as those found when flying from their normal garrisons. In fact, it is likely that many of the initial
missions will be flown from the continental United States or from air bases that are frequently used by
U.S. or Allied Air Forces. In most cases, existing and standard environmental health programs, in
compliance with military, U.S. Occupational Safety and Health Administration (OSHA), and U.S.
Environmental Protection Agency (EPA) standards, coupled with contingency training and command
discipline, should provide the airman and sailor with the necessary environmental or disease protection.

Copyright © National Academy of Sciences. All rights reserved.



Strategies to Protect the Health of Deployed U.S. Forces: Assessing Health Risks to Deployed U.S. Forces -- Workshop Proceedings
http://lwww.nap.edu/catalog/9709.html

26 STRATEGIES TO PROTECT THE HEALTH OF DEPLOYED U.S. FORCES: WORKSHOP PROCEEDINGS

One major exception to the rule would be the risk to the airman if his plane is damaged or shot down and
he is forced to eject or land at an alternate field.
A successful air campaign will, by definition, result in the destruction in some or all of the enemy’s

* command, control, and communications capabilities;

* industrial base for the production of weapons, power, fuels, and war-fighting materials; and

* infrastructure for the production of power, distribution of water, handling of waste material, and
transportation capabilities such as roads, bridges, railheads, and docks.

This will not only put the enemy at risk for industrial hazards, but will also put any future occupying
force on the ground at that same risk.

C. In most scenarios, however, ground forces will still be required to occupy specific territories at
some time in the deployment. To fully utilize the mobility and technical advantage of weaponry, forces
will be deployed in smaller functional units with highly reliable and secure communications and posi-
tioning equipment. Although there will be some individual battles directly facing an enemy in a linear
fashion, the overall battlefield, or theater of operations, is likely not to be present in a linear fashion.
Deployed forces, as such, must be aware of their location relative to friend and foe and must be prepared
to move and fight in any direction.

D. Although it is unlikely, due to fiscal constraints, that large forces will be issued highly technical
individual equipment by the year 2010, there will be some units issued the equipment available in today’s
development laboratories because of their special missions or their likelihood to be the first deployed in a
variety of scenarios. In the Army’s Land Warrior Program, for example, the individual soldier will be
provided with lightweight protective material and a myriad of highly sophisticated equipment for physi-
ological sensing, threat presentation, weapons control, and communications. Although each individual
piece of equipment will be as light as possible, the amount of equipment that the individual might be
required to carry, in addition to his or her weapon, is likely to increase. The resulting weight will require
superb physical conditioning to prevent the most common musculoskeletal injuries and strains.

Additionally, through the use of this improved and new personal equipment, the individual soldier
will be presented with data akin to that of an air traffic controller at O’Hare International Airport and
will be required to assimilate and react to that data. The soldier will also be required to have the
situational awareness to protect the lives of unknown airline passengers or airline flight paths, as well as
their own lives, the lives of other members of their unit, and their mission objectives. New types of
intensive individual training in simulators and in field combat conditions will therefore be an absolute
necessity prior to the deployment of forces with this type of equipment, not only for technical purposes,
but to minimize the possible stresses inherent in data overload.

E. The nonlinear battlefield, for a variety of sound and proven military reasons, will force com-
manders into ordering a greater dispersion of forces rather than concentrating their available forces near
a specific point for the purposes of supply or support, including medical care. Additionally, again for a
variety of reasons, some of which will be political and economic, the use of overwhelming force against
an enemy in a linear fashion will often be replaced by the use of expeditionary forces tailored to the
specific needs of the force commander and his tactical and strategic objectives. These forces will
generally be smaller and more specialized than forces used in the overwhelming-force scenario and
might well be less resilient relative to support forces, lines of supply, battlefield reserves, and medical
units. In a 360-degree battlefield, a commander might not be able or willing to concentrate forces at a
single point of attack. He might use the dispersion of his forces as a means to get greater utilization of

Copyright © National Academy of Sciences. All rights reserved.



Strategies to Protect the Health of Deployed U.S. Forces: Assessing Health Risks to Deployed U.S. Forces -- Workshop Proceedings
http://lwww.nap.edu/catalog/9709.html

CHARACTERISTICS OF THE FUTURE BATTLEFIELD AND DEPLOYMENT 27

modern weaponry and to disallow the enemy a simple targeting solution. This fact alone will be a
source of increased anxiety for the individual soldier. Also, while in the dispersed location, data will be
presented to the individual relative to his position on the battlefield, the positions of other elements of
the friendly forces, the enemy’s location and weapon array, and his order of battle. Because of the
constant chatter or rapidly changing data presentations on communications links and his or her reliance
on buddy care for injury rather than on an immediately available medical unit, the individual might
experience further anxiety, a sense of isolation, and information overload degrading his ability to
process the information presented to him.

F. For centuries, military planners have been careful not to bring the battle into the confines of cities
when other means of movement, occupation of the area, or defeats of the enemy are possible. History
is replete with great campaigns that ended with laying siege to or isolating the enemy’s capital or major
cities. Although most of these actions brought the final destruction of the enemy’s force or government,
some did not (Stalingrad). All did have in common great destruction, considerable causalities, and
much loss of life. Today 50% of the world’s population lives in urban areas. Demographers predict that
by the year 2020 about 70% of the world’s population will live in cities and at least 70% of these cities
will be located within 300 miles of the world’s coastlines. Thus, it is highly likely that specific
operational capabilities and operations in urban areas will unfortunately be a requirement of ground
forces. The U.S. Marine Corps has already begun specific training for that eventuality.

There are many good reasons as to why a military planner would wish to avoid fighting in a city, not
the least of which is that urban warfare quickly equalizes the relative abilities of a small defending force
opposing a large attacking force. This assumes, of course, that the attacking force does not wish to
completely destroy the city with an air campaign or artillery. The ability for the defending force to use
the cover of a city for sniper fire and similar operations can quickly demoralize an attacking force.
Normal field operations for the attacking force, such as the use of rapid tactical mobility, the use of
armored vehicles, logistic resupply, messing, and medical care, are restricted, whereas the defending
force is presented with excellent fields of fire. A few of the obstacles, all of which can be experienced
in exposures in buildings, streets, and alleyways, include structural damage, falling debris, building
fires, the resulting smoke and poor visibility, booby traps, mines, use of nonlethal incapacitants, and
civilian refugees. Such conditions will certainly limit the attacking force’s progress and might be the
cause of considerable injury and stress. Most important, with the attacking force highly dependent upon
immediate and effective communications links and technologies, the city, in the best of circumstances,
will degrade those communications links and, in some cases, make them ineffective and unusable. Tall
structures, although providing the defending force with tactical advantage, will severely hamper locat-
ing the enemy force, limit the routes of attack for the occupying force, and severely restrict the location
and evacuation of injured and wounded for both combatants. One can imagine trying to find a casualty
in a modern tall building and, if found, carrying that casualty down 30 or 40 flights of stairs on a
standard litter, all the time under the threat of constant attack from a hidden enemy. In addition to the
difficulty of vertical evacuation down from a skyscraper, the tactical evacuation will encounter diffi-
culty in moving over rubble-strewn streets using current vehicular technology.

Because none of these facts will be lost on the individual soldier, once again he or she will have the
sense of isolation and separation from his or her combat unit in spite of specific training for this type of
warfare. The city will present the attacking force with the additional potential for disease and industrial
contamination from the destruction of the city’s infrastructure. Fortunately, however, large urban areas
more likely have been mapped in detail and surveyed for industrial production, and that information will
have been provided to the attacking commander at some point prior to the attack.
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OPERATIONS OTHER THAN WAR

It has become increasingly obvious from recent history that U.S. forces will continue to be deployed
and used for operations other than war (OOTW), such as peacekeeping, natural disaster recovery, and
other humanitarian support. In these roles, very small, and often very technical or specific capabilities,
such as medical or engineering units, will be deployed with varying degrees of logistic support and will
most likely represent the major role of U.S. forces in the foreseeable future. The lack of major logistic
support for this type of deployment might result in the use of local resources for food, water, and
supplies. Because of the unpredictability of such deployments relative to their timing and location,
OOTW might also represent the most dangerous scenario for deployed forces relative to disease, non-
battle-injury, environmental hazards, and even hostile action. Forces might be required to face situa-
tions ranging from very hostile and lethal nonuniformed guerrilla forces to exposure to unusual diseases,
and often will face massive natural destruction and environmental conditions that will task their ability
to perform the mission. Because this type of deployment is “on call” and will most likely be to areas not
usually considered likely future deployment areas, there might be little time for commanders to obtain
accurate intelligence on disease prevalence and the industrial base or to evaluate the host nation’s
infrastructure, such as water supplies, sanitation, and insect control. These deployments might well be
to parts of the world considered “third world” and to areas of the globe where the emergence of new
strains of bacteria or viruses is common. As such, it is imperative that global medical and industrial
intelligence continue to be collected and shared by agencies such as the Central Intelligence Agency, the
Defense Intelligence Agency, the World Health Organization, and the Centers for Disease Control and
Prevention (CDC). These collections must be categorized, analyzed, and packaged for use by deploying
force commanders and their medical personnel by the Armed Forces Medical Intelligence Center
(AFMIC).

NON-TRADITIONAL WEAPONS

Although research on technologies such as lasers, microwaves, sonics, and microbiological and
gene therapies (e.g., the development and use of antisense oligonucleotides) is generally intended to
improve the human condition, it can be used to do just the opposite. In general, however, these are not
the types of technologies that can be exploited in other than sophisticated laboratories. Additionally, the
exploitation of these technologies requires resources, such as special equipment or unusually high
amounts of electrical power, all of which will assist intelligence agencies in their discovery and identi-
fication. This is not to say that with determination and unlimited fiscal resources countries or political
groups could not purchase one or all of these technologies in some type of operative or usable form.
That said, the transfer of these advanced technologies into weapons to be used against a large deploying
force, other than as a single-use terrorist weapon, will require an industrial base and infrastructure that
today is limited to just a handful of potential enemies.

Although U.S. forces, by policy, will not bring nontraditional weapons to the battlefield, the use
of nuclear weapons and chemical and biological agents, delivered as weapons or by acts of individual
guerrilla or terrorist elements, cannot be ruled out. With the exception of nuclear weapons, the
production of this type of threat is not limited to countries or organizations with extremely sophisti-
cated technologies or infrastructures; their delivery to an area as a combat or terrorist weapon depends
only upon the determination and will of the offending organization. U.S. forces have been trained to
operate in the nuclear, chemical, and biological environment, but they can handle the situation best
when the chemical or biological agent has been identified and its source is known. Operating
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continually in chemical-biological protective gear, even with fielded and forthcoming improvements,
moderately to severely degrades the effectiveness of the deploying force, and this will be especially
true in the urban or climatically severe environment. Today, the rapid identification of the presence
of an agent of a biological or chemical nature, from a weapon or an industrial source, or in a field of
combat, a city, or a specific building, is, at best, modestly successful. To prevent deploying forces in
the future from the requirement for passive protection, continued commitment and emphasis on
research on detection systems is an absolute requirement to provide that type of information immedi-
ately to the force commander.

For the foreseeable future, U.S. forces and their allies will continue to use obscurants to hide tactical
movements, smoke to signal locations of friendly forces, and chemicals for pest control and sanitation.
All of these, when properly applied, should not pose a major immediate health threat to ground forces,
but will inhibit visibility, cause minor eye or respiratory irritation, and might cause long-term effects yet
unknown.

Although appalling to most of the world’s cultures, the use of nuclear devices as a tactical or
political weapon is still possible and, in the view of some planners, even likely. The outcome of the use
of this type of weapon is well known and, depending upon the location and timing of the detonation,
might well cause massive casualties that would instantly overwhelm existing medical services and be an
extremely effective psychological weapon for the remaining fighting or recovery force. Additionally,
there will be a political response of some type, either in the United States or the United Nations, that
could result in the additional use of nuclear weapons and additional support to deployed forces.

Although the debate continues as to the long-term effects of the military vaccination program in the
face of an increasing number of potential new agents, there is little doubt that future deployed U.S.
forces will be vaccinated against biological agents known to be endemic to the area of deployment.
Vaccination would also be used against those agents known to be available for use as weapons if and
when that threat is identified and a safe vaccine exists. However, vaccinating troops against all known
and emerging types of biological and viral threats will be practically impossible. Therefore, data,
particularly on emerging disease agents, obtained from various intelligence sources and compiled by
AFMIC and CDC, must therefore be immediately shared with industry and the academic community to
provide for the basic research necessary in epidemiology, vaccine development, and treatment options.
Because OOTW are “on call,” starting the process of study when the deployment is eminent will be of
little value.

Forces deployed and prepared to fight in high-threat chemical environments will require accurate
and reliable intelligence of opposing forces and their ability and willingness to use chemicals as a
battlefield weapon. Additionally, an in-depth knowledge of the industrial base of the areas to which
U.S. forces will be deployed will be an absolute requirement prior to deployment for protection against
inadvertent chemical exposure at toxic or subtoxic levels. This will be particularly true for forces
deployed in OOTW and for forces required for operating in the urban environment. Force commanders
must have the information necessary to select and destroy targets of military importance without putting
their own forces at risk for chemical or industrial contamination and, if the risk is unavoidable, to
prospectively protect their forces during and after the attack.

PHYSICAL EFFECTS

The physical conditioning of U.S. forces prior to deployment has generally never been better.
Active-duty forces are maintained in excellent physical and dental health and this state will be abso-
lutely required, as previously mentioned, as new technologies are brought to the battlespace. The trend
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in downsizing the standing forces and relying more on National Guard and Reserve Forces will require
continuing emphasis on the physical and dental health of those forces that the Department of Defense
(DOD) is addressing. An increasing proportion of deployments now include coalition forces, which
require a great deal of medical and support capability from U.S. forces and in which the composition and
capabilities of those forces is quite heterogeneous and often different from U.S. forces. Increasing use
and dependence upon DOD contractor personnel will require an assessment of the characteristics of
these additional personnel deployed, such as age, health status, fitness, past medical treatment and
records, training proficiency, and possible stress level associated with separation.

The disease non-battle-injury rate (DNBI) in the Desert Shield and Desert Storm operations was the
lowest recorded in history and continued a trend for U.S. forces in major deployments. However, there
were major special circumstances (no alcohol use and extremely limited contact with the local popula-
tion) associated with that deployment, and thus the low DNBI rate is unlikely to be repeated in future
deployments. An excellent and extensive report of this experience appears in the Institute of Medicine
(IOM 1996) publication on the Health Consequences of Service in the Persian Gulf War.

In yet-to-be-published data on the Bosnia-Herzegovina deployment, where surveys and data were
collected on 10,000 deployed troops and some 170,000 environmental samples were taken, a low 8.1
medical encounters per 100 soldiers per week was reported. The most frequently cited causes for visits
to medical facilities paralleled the Desert Storm experience in spite of considerably different geographi-
cal and climatic conditions: injuries and orthopedic conditions (27%), respiratory disease (26%), mis-
cellaneous “other” medical conditions (13%), dermatological disorders (12%), and dental disease (10%).
Interestingly, perhaps because of controlled food and water supplies, the incidence of gastrointestinal
disease was lower than that found in Desert Storm (2%). With the added emphasis on physical condi-
tioning and the use of mechanized equipment and improved repair procedures, routine industrial injuries
continued their downward trend, with sports injuries providing the largest portion of musculoskeletal
injury (21.0%). Battle injuries in the future, as in the past, will be directly related to the intensity of the
conflict, the geography of the site of deployment, and the capability and size of the opposing force.

In Bosnia-Herzegovina, there were very serious concerns about the environmental hazards for our
forward-deployed troops. At this time, more is known about Bosnia-Herzegovina, from a toxicological
or an environmental health point of view, than is known about most U.S. military bases. Environmental
health specialists, based at a forward-deployed laboratory that was almost as sophisticated as most
laboratories in the United States collected over 170,000 specimens of air, water, and soil. A very
sophisticated clinical laboratory was also forward-deployed. Enormous apprehension about the envi-
ronment and very substantial efforts by the command structure to protect U.S. personnel from environ-
mental and other hazards resulted in the net effect of a DNBI rate in Bosnia significantly below that for
U.S. garrison troops stationed in the United States.

This level of very considerable attention and effort requires an enormous effort on the part of the
command structure and the line commanders, not the medical staff, to maintain the level of awareness
and sensitivity. If you had 20 to 30 such deployments under way across the world, it would become very
difficult.

PSYCHOLOGICAL EFFECTS

Modern telecommunications technologies have added a new element to the deployed experience, at
least at fixed positions and on ships, with the availability of instant access to the news of the day in
living color from sources such as CNN. Additionally, readily available telephone service and video
teleconferencing with loved ones keeps the deployed force bonded to the home environment. Although
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on the surface these technologies are advantageous to troop morale and well being, they can also have
the opposite effect and be an additional source of anxiety and depression. Access to these telecommu-
nications technologies will certainly be easier and more common in future deployments.

In general, U.S. forces are psychologically prepared to deploy and fight. They are further prepared
by knowing the objective of the deployment and the estimated length of the engagement. Troops react
differently, however, when the goals and objectives of the deployment change, they do not engage the
enemy upon arrival in the deployed area, and they have an open-ended or changing term of deployment.
This was observed in Desert Shield where boredom and separation from family took its toll on morale
and the combat edge of the deployed forces during the last few months of Desert Shield.

Smaller dispersed units, increased utilization of technology, information overload, and less reliance
on massed forces will all change the psychological environment and stress the psychological state of the
deployed force in spite of intense prior operational training. Urban combat, terrorism, sniper activity,
360-degree threats, industrial pollution, and the handling of civilian (noncombatant) populations will
further stress the ground force. The perceived and actual limits of medical support and reliance on one’s
self and buddy care will tend to increase combat stress. As such, in the immediate future there will be
unprecedented psychological and physical stresses on deployed troops, particularly in units deployed in
OOTW, that might have significant short- and long-term effects on deployed forces. A predeployment
study of the Bosnia-Herzegovina activities identified individuals in the survey who had psychological
conditions, which prevented their deployment. This in-depth, predeployment psychological screening,
initiated for the Bosnia-Herzegovina deployment, will be an important and effective tool in the preven-
tion of long-term psychological diseases.

LONG-TERM AND REPRODUCTIVE EFFECTS

All wars and engagements have resulted in long-term physical and psychological health effects.
The most recent major deployment, the Desert Shield and Desert Storm operations, was no exception
with reports of unusual and unexplained illnesses documented in the IOM (1996) report. Reproductive
difficulties following deployments, however, have had little emphasis until recently when the press
reported on numerous problems with birth defects and miscarriages in couples in which one of the pair
served in the desert operations. Although these claims were later proven to be within expected limits for
the population at risk and, thus, not related to the deployment as such, a lack of baseline data in the
deployed forces, and the general population for that matter, makes the conclusion somewhat less than
completely satisfactory.

The same is true for studies of unexplained physical and psychiatric illness. What has not been
documented, until recently, is the mental and physical health of the deployed force prior to deployment.
DOD has aggressively initiated programs to correct this deficiency, not only as a basis for further study,
but to have the data to use as a baseline for follow-on care and compensation when necessary. Specifi-
cally and significantly missing in the predeployment survey required in the December 4, 1998, Joint
Chiefs of Staff Memorandum on Deployment Health Surveillance and Readiness, however, are any
questions relative to the reproductive history of the deploying member or his or her spouse. To be of any
value in post-deployment studies to identify injury or degree of compensation for injury, these questions
must be asked in great depth and the data preserved to protect privacy. In a predeployment survey of the
type required, the military procedure of only having the deploying member fill out a form will not be
satisfactory.

Overseas Clearance Forms, used for years in the military system, have been notorious for their
inaccuracy and lack of data. Depending upon the individual’s motivation for the assignment, the forms
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were filled out to provide the best situation for the individual’s deployment agenda. (Even the term
“normal” was not well defined. An example is an individual who arrives overseas with a Down’s
Syndrome child and asks for special schooling and medical care. When reviewing the Overseas Clear-
ance Form, the health of the child was checked as normal—normal in the view of the deploying member
for a child with Down’s Syndrome.) Therefore, every deploying member should have to have an in-
depth interview with a skilled health professional to get reliable reproductive history for a baseline.
Only then can comparative pre- and post-deployment studies be of any value. However, until further
data prove otherwise, there is no indication that the risks for reproductive health in future deployments
will be any greater than those found today.

Post-deployment health studies for forces known to be at risk from a known specific agent, such as
that of the Ranch Hand group that studied the effect of dioxin and related compounds on troops in
Vietnam, will continue to be utilized in specialized and routinely deployed forces.

CHARACTER OF DEPLOYED FORCES

Although the current armed forces do not represent the ethnic, racial, and gender mix of the general
population (approximately 32% minorities and 14% women), a condition exacerbated by the end of the
military draft and the institution of the all-volunteer force, it is debatable whether there will be much
movement to bring forces closer to the racial and ethnic mix of the nation in future deployments. Major
players in this situation will be the nation’s economy and employment opportunities as well as the
associated training and educational benefits resulting from military service. The recently announced
considerations by Congress to markedly improve veterans’ benefits, including a college education and
stipend after 4 years of service, will play an important role in the mix of future deployed forces.

There is general agreement on one trend. As the relative supply of young men decreases in society,
women will increasingly be brought in to the battlespace and play increasingly more important roles in
combat and OOTW. With the exception of additional supply requirements for female deployed forces
(birth control, female specific medications, and feminine hygiene supplies) and their different reactions
to deployment stresses, women have proven that they are effective personnel and easily integrated into
a well-commanded unit. The use of women in deployed forces will, nonetheless, continue to require
major special considerations in future operations relative to their unique health risks, not the least of
which is the potential for, or actual, pregnancy. Again the predeployment health assessment must play
a significant role. Women in deployed forces must have easy access to the supplies mentioned above,
as well as the means by which to detect pregnancy while deployed. Depending upon the type of
deployment, its location, and the potential for operations in hazardous chemical or industrial environ-
ments, policies for the evacuation or movement of pregnant personnel out of the risk area must be
developed, clearly enunciated, and strictly enforced.

CONCLUSIONS

The future battlespace will most likely be characterized by considerable structural and industrial
damage, force dispersion, smaller tailored force structures, new personal equipment, data links to the
individual soldier, an urban environment, a 360-degree threat, and a nontraditional enemy force struc-
ture. Nontraditional weapons, particularly chemical and biological agents, and weapons developed
from future technological advances are likely, and the location of the deployment will not have been
planned for in any detail. In spite of rapid and significant changes in technology, equipment, operational
tempo, operations, and force size, disease non-battle injury and psychological stresses will remain as the
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most important threats to future deployed forces in all scenarios. The long-term effects of: toxic and
subtoxic levels of chemicals; unknown or evolving bacteria and viruses; the potential for misuse of
evolving biologicals and therapies; new weapon technologies; training symposia and techniques; and,
the psychological effects of stresses in the deployment and in combat will need continued emphasis and
research to provide for prophylaxis prior to deployment, study following the deployment, and treatment,
when needed, upon return to garrison or civilian employment. It will be only through this type of
research that deployed forces might be protected from all the potential dangers of the future battlespace.
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The Nature of Risk Assessment and
Its Application to Deployed U.S. Forces

by Joseph V. Rodricks’

ABSTRACT

An analytical framework applicable to the assessment of the wide range of risks to health and safety
potentially encountered by U.S. forces deployed to unfamiliar environments is presented as a guide to
experts involved in the evaluation of diverse information on specific hazards. Adherence to the guid-
ance should ensure that risk assessment results are clearly and consistently presented, and that they are
suitable for practical, risk management decision-making. The analytical framework presented is that
first described by the National Research Council in 1983 and long in use for assessing risks of hazard-
ous conditions, substances, and agents (referred to collectively as “stressors”). This paper attempts to
describe how the analytical framework can be applied in diverse situations, and to many types of
stressors (pathogens, toxic chemicals, physical hazards, etc.). The framework for risk assessment, as
originally conceived by the NRC, is a guide to the organization and evaluation of information and its
attendant uncertainties, and does not require specific methodologic approaches; the methodologies
used should be those appropriate to the relevant scientific disciplines (e.g., toxicology, microbiology,
etc.). The framework offered in the paper includes a means for reduction of complex information to
usable formats. It recognizes that the purpose of the risk assessment process is not to set standards that
can be used for “yes-no” decision-making. Rather, in the current context its purpose is to allow DOD
decision-makers sufficient information to examine a range of risks that might arise in rapidly changing
deployment conditions, and to balance competing risks so that overall risks to deployed forces can be
minimized.

INTRODUCTION

The National Research Council (NRC) is undertaking a project with the objective of providing
advice to the Department of Defense (DOD) regarding strategies to protect the health of military

IThe Life Sciences Consultancy, 750 17th Street, NW, Suite 1000, Washington, D.C., 20006.
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personnel when they are deployed to unfamiliar environments. Such deployments might result in the
exposure of U.S. forces to chemical and biological agents of war, and to other substances released by
enemy forces with the intention of causing harm. Moreover, U.S. forces might also become exposed to
a variety of infectious agents, environmental contaminants, and conditions of stress not necessarily
arising from battle but nonetheless associated with the environments to which they are deployed.

Protection of deployed forces requires an understanding of the risks of disease and injury they face
and the development and implementation of strategies to mitigate those risks. The necessary under-
standing of health risks arises out of the process of risk assessment. Development and implementation
of strategies to mitigate risks falls within the domain of risk management. This paper offers a descrip-
tion of the conceptual and scientific basis for risk assessment, the types of knowledge and data necessary
for its conduct, the accommodation of scientific uncertainties within its conduct, and the various ways in
which risk-assessment results can be used in risk-management decision-making. In addition, the paper
describes the specific problems encountered in the application or risk-assessment methodologies to the
evaluation of risks faced by deployed forces. The overall purpose of the paper is thus to provide a broad,
analytical framework for the assessment of the wide range of health risks potentially encountered by
forces deployed to unfamiliar environments. The framework is expected to serve as a guide to experts
involved in the organization and evaluation of diverse information on specific threats. The purpose of
having such a guide is to ensure that risk-assessment results are clearly and consistently presented, and
that their means of presentation are suitable for practical, risk-management decision-making. It is noted
here, and discussed more fully below, that the analytical framework for risk assessment to be presented
is not intended to replace the scientific evaluations and judgments of experts in the specific technical
areas coming under discussion. Rather, it is only to serve as a guide for the systematic organization and
evaluation of technical information and uncertainties, so that clarity, consistency, and practicality are
achieved in the manner in which risk-assessment results are presented.

The paper is concerned with risk management only to the extent that it offers a discussion of how
risk-assessment results might be used to achieve various degrees of health protection. Issues such as the
options available for achieving risk-management objectives are outside the scope of this paper. Guid-
ance documents for risk management have been developed by several branches of the DOD (Naval
Safety Center 1996; Department of the Air Force 1998; Department of the Army 1998). The concepts
and terms adopted in those various documents are broadly consistent with those used in this document.

The basic analytical framework presented in this paper is one long in use for assessing health risks
of hazardous conditions, substances, and agents (NRC 1983, 1994). It will be seen, however, that under
this framework, risk-assessment results might be expressed in different ways. Because risk assessment
is a tool for practical decision-making, the specific means for describing results should be those most
helpful to the ultimate users of the information, the risk managers. This paper proposes an approach that
would seem to be suitable for decision-making in the context of troop deployments, but it would be
recognized that alternative approaches, under the same analytical framework, exist. It is expected that
some modifications in the approach offered here are expected as the NRC project develops, and as
alternative risk-management options come under review.

GENERAL NATURE OF RISK ASSESSMENT

Basic Definitions and Concepts

Risk is the probability that adverse effects will occur under specified conditions. In the context of
risks to human health, adverse effects manifest themselves as specific diseases or as injuries to the
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structure or function of the human organism. The nature and magnitude of the risks associated with
substances in the environment vary both with the nature of the substance and with the conditions of
exposure to it. The conditions of exposure that determine risk usually include the magnitude, duration,
and frequency of exposure to the substance, and often also includes the route of entry into the body. In
the present context, and for ease of exposition, the term “stressor” will be used to describe any and all
chemical, biological, and physical entities in the environment that might, singly or in combination, pose
risks to deployed forces.

Risk assessment is the process through which an understanding of risks is acquired (NRC 1994).
The term might be used in two somewhat different contexts. First, it might be used to describe an actual
scientific investigation of a group of individuals exposed to a specific stressor for the purposes of
determining whether the individuals are at excess risk and, if so, the magnitude and nature of their risk.
Second, it might be used to describe the attempt to predict risks in individuals that are not the subject of
study, but who might become exposed to stressors that, under other conditions, are known to pose risks.
Predictive risk assessment, which is the subject of the present paper, necessarily involves the use of risk
information collected under one set of conditions (including information collected in experimental
settings), together with a number of science-based inferences, to describe risks that might exist under
other conditions (e.g., under conditions expected to be experienced by deployed forces). Predictive risk
assessment is necessary if the goal is to protect human health. It is the only means available to describe
the conditions of exposure that should be avoided if human health is not to be put at significant risk, or
to understand the nature and magnitude of the risks created when exposures become excessive. Human
health protection can be achieved only if knowledge of these conditions is acquired in advance of
exposure (Rodricks 1994).

Risk management is the term used to describe all activities involved in the development and
implementation of risk-mitigation strategies. It involves decisions regarding risk acceptability and
trade-offs in specific circumstances, risk avoidance goals, and the technical means for achieving them.
Risk management relies upon the results of risk assessments, but involves consideration of other factors,
including new risks that might arise when decisions are made to avoid certain risks (risk trade-offs).
Risk management is a very large subject, and a complete discussion of it requires detailed understanding
of the circumstances under which specific populations (in this case, deployed U.S. forces) might face
risks. As such, it is largely outside the scope of this document.

These definitions and concepts were first proposed in 1983 by a committee of the National Research
Council, which issued a report entitled Risk Assessment in the Federal Government: Managing the
Process (NRC 1983); another committee of the NRC, in a report issued in 1994, Science and Judgment
in Risk Assessment, reaffirmed these concepts. The definitions and concepts are now widely recognized
in the risk-assessment community, and, as will be shown, are applicable to the problem at hand.

Framework for Systematic Organization and
Evaluation of Knowledge and Data

Risk assessment, in its predictive mode, does not create new data and knowledge. Rather, it is the
attempt to organize existing information and knowledge in useful and clear ways, so that inferences
regarding risk can be made. It draws upon knowledge and data developed within the basic scientific and
technical disciplines—epidemiology, toxicology, pathology, microbiology, medicine, and biostatistics,
and also all of the disciplines involved in evaluating human exposures to environmental agents—and
seeks to organize that information in systematic ways, consistent with the standards of those disciplines.
Scientific evaluation of that organized information is left to experts in the relevant disciplines, although
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risk assessment requires that the bases for conclusions reached regarding the available data be explicitly
justified and described. Risk assessment also requires that all significant scientific uncertainties in the
available information be described and accounted for.

Risk assessment does not require any specific methodological approach to data evaluation, but it
does require explicit justification of data choices, methodologies, and of the treatment of scientific
uncertainties (NRC 1994). Most of the remaining sections of this paper are devoted to a discussion of
how these goals can be achieved, drawing upon precedents established in other areas in which risk
assessment has been used in decision-making, but with due consideration of the special needs of the
present context.

General Content of Risk Assessment

As described by the NRC (1983, 1994), all risk assessments, irrespective of the stressors and
situations to which they are to be applied, contain the same types of information and analysis. The NRC
also proposed that, for the sake of clarity, the information should be organized in a specific way. Thus,
all risk assessments involve, as a first step, a careful description of the specific stressors of concern, and
the specific groups of individuals that might become exposed to those stressors. Once the stressors and
population groups that are the subject of the risk assessment are specified, information is collected
regarding the following questions (see Figure 1):

The Stressor Population(s) Exposed
to the Stressor

Steps 1 and 2
Hazard Identification
- What adverse effects?
- Has causation been established?
Dose-Response Evaluation
- How do severity and incidence of adverse
effects change with exposure conditions?

Step 3
Exposure Assessment

- What exposure conditions are experienced
by the population(s)?

Yy

Step 4
Risk Characterization

What are the expected adverse effects (responses)
in the exposed population(s)?

What uncertainties?

FIGURE 1 Risk assessment involves systematic organization and evaluation of data.
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Step 1: Hazard Identification. What types of adverse effects have been shown to be associated with
exposure to the stressor? For each effect, how well has a causal association been established? If hazards
have been identified in experimental (animal) models, are the findings likely to be relevant to humans?

Step 2: Dose-Response Evaluation. For each type of adverse effect (hazard) associated with
exposure to the stressor, how do the severity and incidence of those effects (responses) change as the
conditions of exposure (dose)? to the agent change?

Information regarding these first two steps is specific to the stressor, and is typically to be found in the
scientific and medical literature. The results of the hazard identification and dose-response evaluations
are then integrated with the results of:

Step 3: Human Exposure Assessment. Under what conditions are the individuals of concern
exposed or potentially exposed to the stressor? “Conditions” includes consideration of those factors
(dose size, duration, frequency, route of entry) that, based on Step 2, are known to relate to response.

The result of the integration of results from Step 3 with those from Steps 1 and 2 is a description of the
risks of adverse effects in the exposed population—the nature, severity, and incidence (probability) of
adverse effects expected in the population under its actual or expected conditions of exposure. The NRC
chose to label this fourth step in the assessment process as a risk characterization, because this term best
reflects the fact that accurate and precise quantitative estimates of risk, though desired, are rarely achiev-
able because of limitations in knowledge and data (NRC 1983). The NRC envisioned that risks would be
described quantitatively, when possible, but always accompanied by qualitative descriptions of factors not
readily quantifiable. Indeed, in some cases only qualitative characterizations of risk will be possible.

Although all assessments contain these four steps, they need not proceed in the order shown in
Figure 1. This matter will be further discussed in connection with the discussion of the uses of risk-
assessment results.

Need to Deal with Scientific Uncertainties

Although the logic in the organization of information for risk-assessment purposes is apparent, the
difficulties encountered in attempts to complete a risk assessment are often formidable. Indeed, many of
the questions that need to be considered to complete an assessment cannot be completely answered with
available knowledge and information. Typical questions include the following:

1. How do hazard and dose-response data collected in one population group apply to population
groups having a different range of susceptibilities to the agent?

2. How do hazard and dose-response data collected in experimental systems apply (if at all) to
human populations?

3. How do hazard and dose-response data collected over a given period of exposure, or a given route
of exposure, apply to populations exposed over different time periods or exposure routes?

4. Is it possible to predict response (risks) at doses that are lower than the minimum dose at which
risks can be measured? (All risk measurement systems have limited detection power, and cannot detect
many small-to-moderate-sized risks.)

2The NRC, and now common usage, refers to this step as a dose-response evaluation, but it is clear that the term “dose”
is intended to be applied broadly, to include all measure of exposure relevant to the response. A more descriptive term might
be “exposure-risk evaluation.”
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5. What measures of dose (what conditions of exposure) provide the most accurate prediction of
response (risk)?

6. How can population exposures be described based on data limited to discrete segments of the
population, or limited to specific points in time?

It is often the case that well-documented answers to questions such as these are not available. Because
it is not possible to complete risk assessments without providing answers to such questions, it must be
recognized that risk-assessment results are necessarily uncertain, and specific assessments are uncertain
in rough proportion to the number of unanswered questions that arise in the course of their conduct
(Bogen 1990; Finkel 1990).

The NRC (1983) has emphasized that any attempt to provide answers to questions for which there
is limited empirical support must be recognized as at least partially based on what was called a “science
policy” choice. The NRC committee promoted the use of science policy choices, as long as the specific
choices to be used were explicitly described, and used consistently in all risk assessments; such choices
thus become “default options,” to be used when knowledge or information is highly limited.

Regulatory agencies such as the U.S. Environmental Protection Agency (EPA) have prepared
guidelines for risk assessment that describe the defaults to be used. Some critical regulatory defaults are
presented in Text Box 1 (Barnes and Dourson 1988; EPA 1996). Many of the defaults presented in Text
Box 1 are used by agencies such as EPA and the Food and Drug Administration (FDA), when their
concern is the general population. For occupational groups, additional considerations enter the picture
and often lead to somewhat difference choices (discussed later).

The insertion of specific factors to account for uncertainties—such as the factors of 10 used to deal
with variability in responses to toxicity (Defaults 4 and 5, Text Box 1)—has become common practice
in risk assessments. These uncertainty factors, and the criteria for their selection, are critical compo-
nents of any risk assessment (Barnes and Dourson 1988), and they will require considerable discussion
within the context of risks to deployed forces. The examples given in Text Box 1 are not all relevant to
the risk questions posed in this paper, and are presented only to make clear the need to consider such
factors. A final point on the issue of uncertainty in risk assessments is that the regulatory defaults listed
in Text Box 1 are offered in the absence of data relevant to specific stressors. Thus, in all specific cases,
actual data, when sufficient, override defaults (also discussed later).

TYPICAL USES OF RISK-ASSESSMENT RESULTS

General Nature of Decision-Making Based Upon Risk-Assessment Results

Heretofore most decision-making based on risk-assessment results has taken place in the context of
the regulation of chemical and radiation risks. Both the general population and occupational popula-
tions have been the subjects of such regulations. In most cases risk-management decisions have resulted
in some type of numerical standard, usually limiting the allowed concentration of an agent in a specific
environmental medium. With respect to the use of risk-assessment results in such regulatory standard-
setting, the process is generally the following (NRC 1983):

1. Risks under current exposure conditions are estimated.

2. A risk-reduction goal is established.

3. The exposure level that corresponds to the risk goal is estimated.

4. The level estimated in Step 3 is the maximum level of exposure allowed in the population to be
protected.
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TEXT BOX 1
Some Defaults Used by Regulatory Agencies for Toxicological Risk Assessments.

1. In the absence of data demonstrating their irrelevance, animal toxicity data will be used to
estimate human risk.

2. In the absence of data demonstrating their irrelevance, data from the most sensitive animal
model will be used.

3. Human data are preferred to animal data for purposes of human risk assessment, but only if
those data are adequate (i.e., sufficient to establish causation, and sufficient to provide
quantitative dose-response data).

4. In the absence of data suggesting another factor, average humans will be assumed to be ten-
fold more sensitive than experimental animals (not used for carcinogens, see below).

5. In the absence of data suggesting another factor, the “most sensitive” humans will be as-

sumed to be ten-fold more sensitive than the “average” human.

. All forms of toxicity other than carcinogenicity will be assumed to exhibit thresholds.

In the absence of data to the contrary, all carcinogens will be assumed to pose risks at all

nonzero exposures, and their risks will increase in direct proportion to cumulative lifetime

dose.

N o

Descriptions are those of the author. Many defaults listed here are meant to apply to the general
population, not to occupational populations. (See text for references.)

5. Standards, expressed as concentrations in air or water or food or soil, or in all of these media, are
calculated so that the maximum allowable exposure level is not exceeded in populations exposed via
these media. (Discussions of how these goals are to be achieved, and how compliance with them is
measured, are outside the scope of this paper.)

It can be seen that the first two steps—the conduct of the risk assessment and the risk-reduction
goals—are the critical components of this process. In the context of regulations, it is possible to make
certain generalizations about these two steps. First, risk assessments for the general population have
often involved different uses of available data and different default assumptions than have risk assess-
ments directed at occupational groups (NRC 1994). It has been assumed that, because they generally
involve healthy adults and do not include the most vulnerable segments of the general population,
occupational populations are likely to display less variability in response to hazardous agents than do
members of the general population. Second, with respect to risk-reduction goals, regulators have sought
to ensure that none of the adverse effects of the agent will occur in the populations to be protected and
accordingly, have sought to reduce risks to levels thought to be negligible or insignificant (Rodricks
1992). Finally, in many cases, the selection of risk-reduction goals is influenced by considerations other
than public health protection—technical feasibility, costs—that are dictated by the requirements of
applicable laws.

The model for using risk-assessment results described above is not the only possible one, and is
probably not the most useful one for decision-makers who are asked to protect the health of deployed
forces.
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Mode! | (NRC 1983)

Model Hl (Alternative)

Assess risks of current exposures.
l
Determine whether risk is excessive.
If yes, identify risk-reduction goals.
1
Estimate maximum allowable exposure
levels, based on identified risk reduction
goal.
1
Establish standards (limiting concentrations)
so that maximum allowable exposure levels
are not exceeded

First,

Anticipate exposure to identified stressor.

l
Conduct hazard and dose-response
evaluation

l

Record hazard, dose-response evaluatian

in readily usable format.

Second,
Estimate expected dose® of stressor in
population.
1

Compare dose estimate to hazard, dose-
Response information recorded above.
!
Determine risk expected in population.
l
If relevant, compare risks of different actions.
t
Determine action to be taken to minimize
overall risk.

aDose is short hand for all conditions of exposure expected to determine risk.

FIGURE 2 Two models of risk-based decision-making.

Alternative Decision-Making Models Based on Risk-Assessment Results

The model for decision-making described above is applicable when populations are already exposed
to a source of risk, and a determination is made that current risks are excessive and need to be reduced
to insignificant levels, that is, levels that are likely to protect against any of the adverse effects of a
stressor. An alternative model is designed to deal with anticipated, not current, exposures. In such
circumstances (which arise in some regulatory contexts in which premarketing approvals for certain
products are required), the hazard identification and dose-response evaluation steps of a risk assessment
are completed for the agent of concern. These steps of the assessment yield a description of the nature
of the adverse effects associated with exposure to the agent and the relationships between the severity
and incidence of those effects (response) and the dose (conditions of exposure).

This information can be presented to risk-management decision-makers. These decision-makers are
then presented information on the conditions of exposure experienced by the populations of concern:
their exposure conditions might be estimated based on anticipated modes of contact with the agent, or
based on actual data pertaining to such contact. Faced with information on conditions of exposure
(either anticipated or actual), risk-management decision-makers can refer to the hazard and dose-
response assessments and determine the nature and extent of risk to be incurred by the population they
are charged with protecting. At this stage, decision-makers might then evaluate various options for risk
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mitigation, and (in the ideal case) choose that which provides the greatest degree of health protection,
given the circumstances in which the decision needs to be made.

The two models for risk-based decision-making are outlined in Figure 2. As discussed in the next
section, it is the second model (Model II, Figure 2) that would appear to be the most applicable to the
problem of risks to deployed forces.

RISKS TO DEPLOYED U.S. FORCES: OVERVIEW OF
PROPOSED ASSESSMENT AND MANAGEMENT FRAMEWORKS

Forces deployed to unfamiliar environments might face a range of battle-related risks, including
those related to chemical and biological warfare agents, and additional risks of infectious disease,
exposure to chemical contaminants in air, water, food, and soil, and a variety of physical threats,
including those associated with accidents and explosions, and with certain forms of ionizing radiation,
and with excessive heat, cold, and noise. Even certain medical treatments designed to protect forces
from certain risks might, themselves, pose other kinds of health threats (Medical NBC Battlebook, U.S.
Army Center for Health Promotion and Preventive Medicine). Forces might be exposed to some of
these sources of risk only infrequently but in other cases might be exposed continuously through the
period of deployment. Several sources of risk might be experienced simultaneously. Actions taken to
avoid certain sources of risk might result in exposure of forces to other sources. The situation is
complex, and can be managed effectively only if suitable risk-based decision models are in place and
their characteristics understood by decision-makers.

The risk-assessment framework described in the foregoing is, it will be suggested, suitable for
organizing and evaluating all of these many types of health threats to deployed forces. It will also be
suggested that Model II of risk-based decision-making, described in Figure 2, will be most useful for the
protection of deployed forces.

Following is a broad overview of how the risk-assessment framework and decision-making model
might be applied to each of the types of threats that might be encountered by deployed U.S. forces. Later
sections will detail each of the steps outlined here. In outline form, the proposed framework is as follows:

1. Identification of all stressors of possible concern, and elaboration of their sources and pathways
to deployed forces.

2. Development of hazard and dose-response information for each stressor, and presentation of
information in a usable format.

3. Development of methods for estimating doses? of stressors anticipated for or incurred by de-
ployed forces.

4. Estimation of risks to deployed forces and application of decision-making criteria developed with
the goal of maximizing health protection, consistent with the circumstances under which risks are
encountered.

The guidance offered here pertains to the requirements of risk assessment, and does not deal with
specific methodologies that properly fall within the fundamental scientific disciplines upon which
risk analyses depend. The emphasis in risk assessment is on clarity and completeness of presentation,
explicit consideration and accommodation of scientific uncertainties, and usable presentation of risk

3As in the earlier text, the term dose is used for ease of exposition. In the context of discussions of specific stressors, its
characteristics are influenced by whatever measures of exposure are relevant to the risk being assessed.
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results. The guidance is thus offered to ensure consistency, explicitness, and usability; the quality of
the underlying scientific information and knowledge, and the appropriate methods for evaluating it
are judgments reserved for experts in their particular, relevant disciplines. Those experts, it is hoped,
will not see risk assessment as a rigid methodology requiring specific methods of scientific evalua-
tion, but rather as a systematic framework for organizing information and for forcing a high degree of
explicitness in the treatment of that information and the uncertainties in it, and for producing usable
results.

STRESSORS OF CONCERN AND THEIR SOURCES AND
PATHWAYS TO DEPLOYED FORCES

Definition of Stressors

For ease of exposition, stressor has been adopted to apply to all entities and environmental condi-
tions that might threaten deployed forces. No single term is clearly appropriate to describe all such
entities and conditions, but this term is arbitrarily selected for convenience. A list of the types of agents
of concern as potential threats to deployed forces is presented in Table 1. The types of hazards usually
associated with each stressor are also listed; further descriptions of the process of hazard identification,
the first step of the proposed risk-assessment framework, is offered in the following section. Implemen-
tation of the risk-assessment strategy proposed here requires a listing of all specific stressors of concern,
and not simply the broad categories listed in Table 1.

Sources of Stressors and Pathways of Human Exposure

Under the risk-assessment framework presented here, complete evaluations of how and to what
extent deployed forces might become exposed to these types of stressors are conducted within the
exposure assessment step, described more fully later. It is important, however, that some characteriza-
tions of the sources of these stressors, the possible pathways by which deployed forces might become
exposed, and the nature of their expected exposure accompany their initial listing. It is also advisable to
list stressors in approximate order of the frequency with which deployed forces are expected to encoun-
ter them, and in order of their degrees of danger. This initial listing is a useful guide to the hazard and
dose-response evaluations. It can be used to set priorities for the conduct of hazard and dose-response
evaluations, so that efforts at information gathering and analysis are first directed at what will likely be
the highest risk stressors and exposures.

In addition, these initial characterizations of exposure will assist in identifying the types of hazard
and dose-response information most relevant to the expected conditions of exposure. Thus, for ex-
ample, little effort need be devoted to inhalation toxicity data for chemicals that are likely to reach
deployed forces only through drinking water, and little effort need be expended researching for chronic
hazard information for stressors that forces are likely to encounter only rarely and for very limited
periods of time.

DOD has already assembled much information regarding stressors, their sources, and the ways in
which forces might encounter them (The Medical NBC Battlebook, The U.S. Army Center for Health
Promotion and Preventative Medicine). This information is no doubt the appropriate starting point for
the proposed risk assessment. As steps are taken to complete the hazard identification and the dose-
response evaluation, it becomes necessary to ensure that risk-assessment criteria for organizing and
drawing inferences from data are met.
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TABLE 1 Types of Stressors That May Pose Health and Safety Risks to
Deployed U.S. Forces

Stressors? Hazards to be Considered

Chemicals Toxicity, flammability, explosivity, radiation
Pathogens Infections, infectious diseases

Toxins? Toxicity

Medicines Side effects

Physical structures Traumatic injuries from accidents

Moving vehicles Traumatic injuries from accidents
Environmental conditions Physical, psychological stresses

aThe term “stressors” is the author’s, used for convenience (see text).

bToxins are chemicals produced by microorganisms, plants, and animals and are typi-
cally large (and often not very stable) molecules such as peptides and proteins; it might be
necessary to treat them separately from other chemicals, because of the pathways by which
they might reach deployed forces.

Source: The Medical NBC Battlebook, The U.S. Army Center for Health Promotion
and Preventive Medicine.

HAZARD IDENTIFICATION

Definition

Under the risk-assessment framework proposed here, the hazard identification step involves a
description and critical scientific review of the available data concerning the types of adverse health
effects (diseases or injuries) that have been associated with exposures to the stressor under consider-
ation. All stressors in the environment can, under some conditions, cause harm to health (i.e., pose
hazards) and most can cause different types and degrees of hazard as exposures change. Whether one or
more of the hazardous properties of a stressor will be expressed in groups of deployed forces can be
ascertained only after the remaining steps of a risk assessment are completed. The purpose of this first
step is to describe and catalog for each stressor of interest the types of hazards that have been associated
with it, under any conditions; such a thorough catalog ensures that no hazard potentially relevant to risk
assessment will be overlooked.

The Problem of Causation

The ease with which a causal relationship between a stressor and a particular health hazard can be
established depends upon many factors, including the nature of the stressor (whether it is a well-
characterized single substance or a complex mixture), the nature of the hazard (whether it is one that
appears immediately after an exposure, or only after a long delay), and the extent and nature of scientific
investigation it has received (whether information derives from case reports, from epidemiological
studies, or from experimental studies). A few stressors have received significant and intensive study,
most have received limited study, and some have not been studied at all. All of these factors are to be
considered in judgments regarding the evidence for causation.

Many scientific disciplines are involved in the study of the wide variety of stressors of potential
concern to deployed forces: epidemiology, clinical medicine and toxicology, experimental toxicology,
microbiology, physiology, psychology, and pharmacology, among others. Within these various disci-
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plines, there are ordinarily agreed-upon criteria used to assemble relevant literature and to evaluate it,
and to ascertain whether causal relationships have been adequately documented. In many cases, causal
relationships might have been well established in experimental systems (e.g., in laboratory animals), and
judgments will need to be made regarding the relevance to human causation (Calabrese 1983). Simi-
larly, in the case of data from epidemiological studies, professionals usually apply certain criteria to the
available evidence (e.g., The Hill Criteria, [Hill 1965]) to establish the likelihood of causation.

It is not the purpose of this paper to establish or suggest criteria for causation, but rather to ensure
that each hazard identification that is undertaken conclude with a discussion of causation for each of the
hazards that have been associated with the stressor. The criteria applicable to the disciplines relevant to
the particular stressor under review are to be applied by experts in those disciplines. Associations that
might not satisfy causation criteria should also be described.

Sources of Information

Most information pertaining to hazard identification comes from case reports, epidemiological
studies, and laboratory studies. Depending upon the disciplines involved, and precedents established
therein, differing weights might be given to these different sources of information. In many cases,
detailed investigations of the biological mechanisms underlying the production of disease or injury
might be available; information from such investigations might often aid in the establishment of causa-
tion, or of the relevance of animal data to humans (EPA 1996).

The specific sources of information relevant to stressors of concern to deployed forces include the
publically available scientific and medical literature, and information developed by the DOD and other
governmental agencies. The means for collecting this information is not within the scope of this paper,
but it is suggested that search strategies that ensure comprehensiveness be developed and applied.

Content of Hazard Identification Narrative

The successful application of the risk-assessment framework proposed here requires that all avail-
able hazard information for each stressor be systematically assembled, and that a narrative description
of that information be prepared. To be maximally useful, it is advisable that narratives for all stressors
be organized in approximately the same way. The structure shown in Text Box 2 is suggested, although
there are other useful ways to organize data, and discussions among future participants might lead to
alternative structures. It is suggested that a relatively uniform approach be developed for all stressors.

Generally, the hazard identification narrative and the final hazard characterization section (Text
Box 2) will include an extensive discussion of the specific conditions of exposure under which specific
types of hazards are produced. It is critical that all such information be captured in the hazard identifi-
cation step, and that it be summarized, preferably in an easily usable, tabular form. Such information
will be necessary for completion of the next step in the risk assessment. In the context of risks to
deployed forces, it is particularly important to note any data suggesting delayed effects. Such effects
might be those coming long after exposure, or they might occur only after long-term repeated exposures.

Data Limitations and Gaps

It is seen in Text Box 2 that the final section of the proposed narrative format concerns data gaps. All
data characterizing hazards are expected to have limitations, and their elucidation should be contained
within the critical components of the hazard narrative. Data gaps are different. The phrase as used here is
intended to apply to exposure conditions for which there are no usable data concerning hazards.
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TEXT BOX 2

Proposed Organizational Structure for Hazard Identification Narrative
1.0 Identification of stressor
2.0 Chemical and physical properties
3.0 General description of conditions under which deployed forces
may come into contact with stressor
4.0 Routes of entry into body or modes of contact with body
5.0 Behavior in the body
6.0 Case reports relating to hazards
7.0 Epidemiological studies
7.1 Acute exposures
7.2 Repeated exposures, up to __ days
7.3 Repeated, chronic exposures
8.0 Experimental studies
8.1 Acute exposures
8.2 Repeated exposures, up to ___ days
8.3 Repeated, chronic exposures
9.0 Data available concerning interactions among stressors
10.0 Mechanisms of disease or injury
11.0 Characterization of hazards: tabulation, critical discussion,
causation
12.0 Gaps in available data

When such circumstances are encountered, it could mean that there is no identifiable hazard associated
with a specified condition of exposure, or it might mean that no attempt has been made to identify the
hazard. In any case, all such data gaps should be noted; some might be highly relevant to deployed forces,
and might thus seriously hinder attempts to assess risk, whereas others might be only marginally relevant.
Elucidation of data gaps is a helpful guide to research, as is elucidation of other data limitations.

Mixtures and Interactions

Data relevant to the combined effects of two or more stressors of concern to deployed forces should
be included in the hazard identification narratives of each of the stressors involved. Such descriptions
should include the conditions of exposure under which interactions can occur, the likelihood that such
conditions could occur under the conditions experienced by deployed forces, any evidence that the
adverse effects are simply additive, or that they arise out of some different type of interaction (antago-
nistic or synergistic) (see paper by Yang in these proceedings).

DOSE-RESPONSE EVALUATION

Definitions of Dose and Response

The second step of the risk-assessment framework is the dose-response evaluation. This phrase
arose out of the fields of epidemiology and toxicology, where its meaning is generally understood. It is,
however, not a fully descriptive phrase, and might seem awkward for some of the stressors of concern
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to deployed forces. For purposes of the present discussion, the phrase conditions of exposure is more
apt. This phrase encompasses one or more of the following:

» the magnitude of exposure to the stressor;
* the frequency and duration of such exposure; and
* the routes of such exposure (i.e., inhalation, ingestion, dermal, other).

In some cases the physical or chemical forms of the stressor might vary (e.g., amphorous versus
crystalline silica), and these variations might affect its hazardous properties; when these forms are
important they are also components of the conditions of exposure. As in the use of the term stressor, the
term dose will be used in the following as a convenient shorthand for conditions of exposure.

Response is the term used to describe the hazards produced at various doses. The response is thus
a description of the risk. Response (risk) generally includes:

* a description of the nature of the disease or injury;

* adescription of its severity;

 adiscussion of whether the disease or injury is reversible, and, if so, the typical rate of reversibility;
* adescription of the incidence of disease or injury; and

* a discussion of whether the hazard is immediate or delayed.

The dose-response evaluation thus entails the development of a description of the relationship between
dose of stressor and response, over a range of doses.

Measures of Dose

The doses of the wide variety of stressors of concern to deployed forces are measured in many
different ways. Under the criteria for sound risk assessments, it is recommended that whatever mea-
sures of dose are used, they should be those measures that are known to relate to response. It is
important that the dose-response evaluation include a discussion of the reasons for the selection of
specific measures of dose.

The ultimate evaluation of risk will require that the doses likely to be incurred by deployed forces be
measured and expressed in ways that are directly relevant to the measures of dose that are determinants
of response (risk). The means for ensuring that proper measures of dose are used will be discussed in the
next section. In some cases it will be possible to express dose measures quantitatively, but in other cases
it might not be possible to do so. It is expected, for example, that environmental conditions leading to
excessive physiological or psychological stress will be described in largely qualitative ways; such
descriptions are encompassed within the broad definition of dose within the risk-assessment framework
proposed here.

The risk-assessment framework described here allows for evaluations of the risks of physical
trauma and injury from accidents, explosions, fires, floods, and for evaluations of physical and psycho-
logical stress. The use of the term dose is no doubt awkward for these types of risk, and might not be
well received by experts in these subjects. It is not a significant defect in the risk-assessment framework
proposed here that its terms of reference are not readily adaptable to these types of risk. Experts in the
relevant disciplines, using suitable descriptive terms, will nevertheless be asked to arrive at some usable
description of the conditions (dose) under which deployed forces are likely to be at risk from these
various Stressors.

It is generally useful, and in fact convenient, to present dose-response evaluations separately for
different exposure durations. It is proposed here to use three categories of exposure duration: acute,
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intermediate, and chronic. The term acute is used here in its conventional sense of a one-time exposure,
although it is recognized that, for different agents, the one-time exposure might extend from a few
minutes to many hours. In the field of chemical toxicology, acute is often subdivided into periods of 15
minutes, 1 hour, 8 hours, and 24 hours, because the magnitudes of exposure that produce adverse
effects, and the severities of those effects, can, for some agents, vary considerably with these relatively
small changes in exposure duration. Acute exposures might occur more than one time in the life of an
individual; exposures are to be considered acute only if they are sufficiently separated in time to ensure
that any effects produced are not additive or cumulative (NRC 1986).

The terms intermediate and chronic are more ambiguous in meaning, and there appears to be no
single definition involved in the evaluation of the wide range of stressors of interest here. The three
categories of acute, intermediate, and chronic exposure durations will be used here with the recognition
that precise and consistent definitions can be identified only after all participants in the risk assessment
are able to discuss these usages and their appropriate definitions.

Response Measures and Their Relationship to Dose

Responses to various doses of hazardous stressors come in many forms. These responses will have
been tabulated, discussed, and critically reviewed in the hazard identification step. Out of the informa-
tion set forth there, dose-response profiles can be developed for acute, intermediate, and chronic expo-
sure conditions.

There are many ways in which responses can be expressed. For present purposes, it is proposed that
four categories of response be developed and their relationships to dose described as mortality; severe,
irreversible (or slowly reversible) injuries or diseases; minor, readily reversible injuries; and no adverse
effects (Table 2).

Other categories can be envisioned and, within each of the above categories, information concern-
ing the incidence of these effects within a population might also be included. It is suggested, however,
that these four categories, together with the further categorizations of doses as of acute, intermediate,
and chronic duration, will provide sufficient and readily usable information for risk-management pur-
poses. The information proposed here, together with the information to be provided about doses to be
incurred by deployed forces in different circumstances, will allow risk managers to determine whether
deployed forces are at risk (will incurred doses exceed the maximum no-effect dose?). Methods to be
considered in the development of these types of dose-response profiles for stressors of concern to
deployed forces will now be considered. It is recognized that adjustments might need to be made in the
proposed approach for different categories of stressors, but it is suggested that the general goals of the
evaluation, and the framework into which it fits, should not need to be significantly altered.

The Presentation of Dose-Response Information

It is proposed that, for each stressor of concern, a tabular presentation of dose-response information
be developed; the suggested format is shown in Table 2. The tabular presentation should be accompa-
nied by a narrative description of its basis, synthesized from the hazard identification narrative, and with
an additional description of the reliability and representativeness of the data available relating to dose-
response. Extensive discussion will follow later, on the development of the dose information.

The notes to Table 2 define the Ds consistently with the descriptions given previously. With Table
2, risk managers can, for example, see that for the particular stressor reviewed, acute exposures from
zero up to D1A are likely to be without adverse effects; doses in the range from D1A to D2A are likely
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TABLE 2 Suggested Format for Presentation of Dose-Response Information for Each “Stressor” of
Concern to Deployed Forces

Responses Doses (for different exposure durations)
(Adverse Effects,
Immediate & Delayed) Acute (A) Intermediate (I) Chronic (C)
Mortality D3A D3I D3C
Serious, Irreversible D2A D21 D2C
Minor, Reversible DIA DI1I DIC
No Effect Likely D=0 D=0 D=0
Notes

1. Ds are the doses at which adverse effects, either immediate or delayed, are expected to occur. Generally, D3>D2>D1 and
DA>DI>DC.

2. D3 = min. dose for mortality; D2 = min. dose for serious, irreversible effect; and D1 = min. dose for the most minor
effect.

3. Some Ds can be expressed only qualitatively, as a set of conditions (e.g., conditions leading to physical or psychological
stress). The Ds are expressed in the terms or units that are relevant to the responses.

4. Ds are derived by considering the nature of the data upon which they are based, the nature of the population whose risk is
being assessed, and sources of variability and uncertainty in the data and the population under assessment.

5. Table to be accompanied by narrative description of its scientific basis.

6. In the typical regulatory use of this framework, health protection standards fall somewhere between D=0 and D1.

to cause only minor, reversible effects (e.g., irritation of the eyes, airways, or skin); and doses above
D2A might be highly hazardous; and doses above D3A are likely to be lethal. Again, the measurement
of dose will vary according to the stressor.

For some stressors, to which deployed forces might be exposed by more than one route, it might be
necessary to develop a separate dose-response profile for each route. The risk assessor will need to
determine whether specific responses are restricted to a specific route (in which case doses incurred by
that route are to be considered independent of doses incurred by other routes) or whether doses from all
relevant routes are to be combined. If the latter is the case, some means will have to be found to limit
the allowable Ds by each route, so that combined exposures by several routes do not exceed the total
allowable D. Finally, it should be emphasized that for some stressors, the Ds can be expressed only
qualitatively, or semi-quantitatively, as a set of environmental conditions. Some means will have to be
found to define such Ds in usable ways—a simple, narrative statement for example—that can be
included as footnotes to the table.

Considerations in the Development of Dose-Response Information for Table 2

Thresholds

For many if not most of the stressors of concern, there will be some dose (broadly defined to include
all relevant conditions of exposure) that must be exceeded before even minimal adverse effects are
produced. The so-called threshold dose will vary among stressors, with different effects of the same
stressor, and will also vary among individuals in a population. The doses labeled D1 in Table 2 are
intended to represent minimum-effect doses, and thus will lie just above the threshold dose. Just as
threshold doses will vary among members of a population, according to their individual sensitivities, so
will the D1s and all the other Ds in the dose-response table. One challenge for risk assessment is the
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problem of estimating Ds for populations having the characteristics of deployed forces, when the data
from which they are to be estimated derive from different human populations or from experimental
animals (Dourson et al. 1996).

The Possibility That Some Stressors Do Not Display Thresholds

It might be the case that some stressors, particularly biological and chemical agents designed as
weapons of war, have threshold doses and minimum effective doses that are so small that it is practically
impossible to avoid seriously harmful exposures. For such stressors, it might be that all doses are to be
considered harmful, and the critical assessment of risks comes only in the exposure assessment step,
where the probability of exposure becomes the determinant of risk.

Some chemical carcinogens and forms of radiation are thought to pose risks at all nonzero exposures
(NRC 1994, EPA 1996). In the regulatory context, described earlier, it was seen that carcinogenic
chemicals and radiation are assumed to pose risks at all exposures greater than zero, and that their risks
increase in proportion to dose. The adoption of linear, no-threshold models to describe low-dose risks
for carcinogenic substances is based in part on biological evidence and in part on science policy
assumptions and public health dictates that involve the precautionary principle (NRC 1994).

It should be emphasized that with respect to such carcinogenic agents, it has not been consid-
ered necessary to reduce exposures to zero (to ban products) to protect public health. Rather, the
approach has been to reduce exposures to those corresponding to low levels of risk (as estimated
using linear, no-threshold models). The Occupational Safety and Health Administration (OSHA)
and the Nuclear Regulatory Commission have, in a relatively large number of decisions, not forced
lifetime risks for occupational carcinogens to levels below about 1 in 10,000 (Rodricks 1992,
1994). Standards for carcinogens established by these agencies are, it should be noted, often
accompanied by warnings to workers and other protections to ensure that excessive exposures do
not occur, or occur only rarely.

It is likely that some of the stressors to be encountered by deployed forces will be carcinogenic. In
many, if not most cases, these exposures will be limited in duration and will often occur only intermit-
tently. The occupational groups of concern to the OSHA and the Nuclear Regulatory Commission are
usually exposed every working day, and for a working lifetime. It is possible that exposures to carcino-
gens of the type expected for deployed forces will pose little or no risk because of their limited duration.
Some such stressors (e.g., those that are direct-acting, genotoxic substances) might pose risks of cancer
even after a few exposures (EPA 1996).

Other mechanistic considerations enter the picture. It is now widely recognized that not all carcino-
gens operate by the same mechanisms, and that, irrespective of the exposure duration, some of these
carcinogens are likely to operate by threshold mechanisms, and so their dose-response evaluation might
proceed as it does for other threshold stressors (see paper by Rozman in these proceedings).

Judgments regarding the appropriate approach of low-dose risk assessment for such stressors, in the
context of the exposures to be experienced by deployed forces, will have to be left to experts in
toxicology and carcinogenicity, and case-by-case decisions will have to be made. If threshold and
minimum effect doses (Ds) can be identified and justified, then their estimation will proceed as with
other threshold stressors. If there are some stressors that are thought to present risks at all nonzero
exposures, then a decision will have to be made regarding the level of risk that is to be considered
minimal. Precedents from the OSHA and the Nuclear Regulatory Commission might be useful to guide
such decisions (Rodricks 1992).
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FIGURE 3 Hypothetical dose-response relationships for exposure to a hazardous stressor. Curve A is a compos-
ite relationship derived from the available date relating to Dobs to response. In most actual cases, information for
different portions of Curve A will derive from different studies or sources. Curve B is the relationship intended to
apply to deployed forces. UFs are uncertainty factors applied to deal with uncertainties in the observed data. UFs
vary as a function of the nature, quality, and representativeness of the observed data. The Ds are expressed in
whatever units or terms are relevant to the response for the particular agent under review. Dldep, D2dep, and
D3dep are transferred to table format in Table 2.

Estimating Critical Risk Doses (Ds) for Deployed Forces

Figure 3 displays two hypothetical dose-response curves for a stressor of concern. The response
axis is divided into the four categories of adverse effects already discussed. Along the dose axis are a
range of increasing doses expressed in units or terms appropriate to the stressor. Curve A represents the
dose-response relationship for the agent and, as discussed earlier, one curve will be developed for acute
exposures, another for intermediate exposures, and a third for chronic exposures. It can be seen that the
available evidence suggests that no effects are expected until the dose labeled D10bs is reached, and that
effects become increasingly serious as the dose is increased to D2obs and D30bs.

This observed dose-response relationship might not, indeed is likely not, to come from any single
study. It is more likely to represent a composite of data from several studies, some involving human
subjects and some involving experimental animal subjects. For some stressors, data might not be
available to describe such a relationship in full; in fact, incomplete data are likely in many cases. For the
present, it will be assumed that the evidence will allow estimation of a relationship approximating Curve
A in Figure 3.
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It must now be considered that the data supporting Curve A will in most cases be derived from
studies in population groups that might or might not represent the range of sensitivities expected in the
population of deployed forces. Moreover, in many cases, the observed data will have been derived from
animal studies. As in all areas of risk assessment, it must be decided how well the observed dose-
response data represent the population—in this case deployed forces—that is the subject of the risk
assessment.

It is the general practice in risk assessment to evaluate potential differences in response between the
subjects studied and those that are the subjects of the risk assessment (NRC 1994; Dourson et al. 1996).
As a starting point, deployed forces represent a segment of the human population that is generally the
healthiest and, therefore, the least vulnerable to the adverse effects of environmental stressors. In this
respect, they are like many other occupational cohorts—children, the aged, the infirm, and individuals
with debilitating health conditions are generally excluded. The importance of these observations lies in
the fact that not only are deployed forces likely to be less sensitive or vulnerable to the adverse effects
of stressors in the environment, but the range of variability in response is also likely to be much smaller
than it is for the general population.

Deployment is, it should be emphasized, an unusual situation that most individuals never have to
face. It is possible that normally healthy individuals, who should be the most resistant to the effects
of environmental stressors, might, under conditions of deployment, become more vulnerable than
would ordinarily be expected. This subject requires more review and analysis by participants in the
risk-assessment process. It should probably not be assumed, without further investigation, that
deployed forces are no more vulnerable to environmental stressors than are ordinary occupational
cohorts.

Within the context of risk assessment, it is necessary that experts make some judgment regarding
how well the population studied represents the population of deployed forces. Once this judgment is
made, uncertainty factors (UFs) are introduced to estimate critical doses applicable to deployed forces.
These are noted in Figure 3 as D1dep, D2dep, and D3dep, and Curve B represents an approximation of
the dose-response relationship for deployed forces. No particular UF is to be inferred from Figure 3,
although UFs of differing magnitude, including UFs of magnitude 1, are possible, depending upon the
nature of the database used to develop the composite Curve A.

Text Box 1 presented some UFs commonly used by regulatory agencies for assessing variability in
thresholds for toxic chemicals among humans and differences in response between experimental ani-
mals and humans. It should be emphasized that the specific UFs listed in Text Box 1 are intended to
apply to the general population, in which more individuals of greater sensitivity will be present than in
the population of deployed forces, and in which a wider range of sensitivities is expected. No similar
standardized UFs have been established for occupational groups; rather, case-by-case judgments have
been made. It is expected that such case-by-case judgments will also have to be made in the context of
risks to deployed forces, taking into account the ways in which such populations might differ from their
ordinary occupational cohorts.

It should also be pointed out that there are often uncertainties other than those related to variabilities
in response between experimental animals and humans and variabilities among members of the human
population. UFs have been used to compensate for other types of data limitations (e.g., for the absence
of data relating to chronic exposures, or for the absence of data on the minimum effective dose [D1]).
Within the field of toxicological risk assessment, it is accepted practice to introduce UFs, in the manner
described above, as long as some justification is given for their use. It is not clear that such precedents
exist in other areas of risk assessment, so that further discussion of this important issue will be needed
before appropriate methodologies can be described.
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Creating Dose-Response Tables and Narratives

The derivations of estimated critical doses for each stressor and for each of the three different
exposure durations, as depicted in Figure 3, lead to the estimates necessary to create Table 2. It is
proposed that Table 2 be accompanied by a narrative statement of its basis. With this table and
statement, the hazard identification and dose-response steps of the risk assessment will be complete.

Relationships to Existing Standards

OSHA, EPA, the American Conference of Governmental Industrial Hygienists, and other organiza-
tions have published chemical and biological exposure guidelines for many chemical and some biological
stressors. Several compilations of recommended exposure limits for short-term exposures are also avail-
able for some chemicals (USACHPPM 1999; see references therein). These various recommended expo-
sure limits were developed in a variety of contexts, and for a number of reasons might not be directly
applicable to the risk-assessment goals presented here. Some elaboration of this point is necessary.

First, it should be recognized that most existing occupational exposure guidelines are intended to be
applied as lines of demarcation between safe (risk free) and unsafe (risky) exposures. They were derived
to provide risk managers with a simple yes-no decision model. (Although the developers of these various
limits recognize that occasional excursions above them are not necessarily harmful, they are nevertheless
applied as if such excursions should be avoided.) This yes-no approach is suitable for situations in which
risk mangers are in a position, through careful planning, to control exposures (in a regulatory context), and
to ensure that when (in the case of accidents) exposures cannot be controlled, individuals can be removed
from affected areas. The yes-no model is most useful in circumstances such as these.

The circumstances in which deployed forces might become exposed are often not controllable in the
same way, and in many cases some degree of harm will not be avoidable. The type of information on
risk proposed here, as expressed in Table 2, provides decision-makers far more information on the
likelihood, magnitude, and seriousness of the risks that might arise under different conditions.

Most existing occupational and general population standards are also intended to represent expo-
sures that are not likely to pose any discernible risk. They thus fall somewhere in the no-effects-likely
zones of Table 2 and Figure 3. Their relationships to the minimum-effective dose (D1) is ascertainable
by reference to the data upon which those standards are based, but cannot otherwise be known. In the
context of exposures incurred by deployed forces, it is not sufficient for decision-makers simply to be
aware of the no-likely-risk exposure, but rather it is necessary that such decision-makers have knowl-
edge of the exposure at which adverse effects are first expected (D1), and the levels at which serious
effects are likely to occur (D2 and D3). (It is recognized that recent efforts by EPA and the NRC are
directed at developing the type of dose-response information for acute exposures that is proposed here,
although with the intention that they be applied to the general population.)

Other differences between available occupational standards and those to be developed for deployed
forces need to be considered. For example, occupational standards are generally applicable to workers
exposed 8 hours a day and 5 days a week, for a working lifetime. Deployed forces might be exposed to
some stressors for 24 hours a day, and on every day, but are not likely to be exposed for a working
lifetime. Some stressors for which there are inhalation occupational standards might be present as
contaminants of the food or water of deployed forces. For these several reasons and more as well, great
care must be taken in using available occupational standards, and certainly in using standards developed
by EPA or FDA to protect the general population, without considering their relevance to the nature of
the population of deployed forces and their applicability to the risk-assessment requirements depicted in
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Table 2. No doubt some of the information used to develop available occupational standards can be
used for assessing risks to deployed forces, but wholesale adoption of such standards without critical
review will lead to a wholly different and far less useful risk-assessment model. The earlier point, that
deployed forces might not be similar in sensitivity to ordinary occupational cohorts, needs also to be
considered.

The U.S. Army Center for Health Promotion and Preventive Medicine (ACHPPM) has developed in
an undated draft form, a set of Short-Term Chemical Exposure Guidelines for Deployed Military
Personnel. These guidelines were developed for air and water contaminants, and are intended to cover
a range of exposure durations, from 1 hour to 14 days (air), and from 5 days to 2 weeks (water).
Considerable effort and thought has gone into the development of the guidelines, and ACHPPM has
drawn from the work of the NRC and other expert regulatory and scientific authorities. The guidelines
are, however, conceptually similar to regulatory standards, and do not present the more thorough dose-
response and long-term exposure information envisioned herein. It is, however, a possibly usable model
for yes-no decision-making.

ASSESSMENT OF EXPOSURES OF DEPLOYED FORCES

Using the Results of the Hazard and Dose-Response Evaluations (Table 2)

Referring to Figure 2, and the model proposed herein for decision-making (Model II), it can be seen
that it is now necessary to discuss the problem of assessing the exposures to stressors expected or
incurred by deployed forces. Health risks to be expected or incurred can be identified only if such an
exposure assessment can be completed. In effect, the purpose of the exposure assessment step is to
estimate the doses (Ds) of the stressor to be expected or incurred by forces under the circumstances of
deployment. Such estimates will allow risk managers to understand the extent and severity of the
expected health risk by reference to the proposed dose-response (Table 2). A discussion of some of the
issues that need to be resolved to develop adequate exposure information for use in risk assessment, as
well as a discussion of the various options for risk-management decision-making, follows.

Measurement or Estimation of Doses

For some stressors of concern, analytical methods are or will be available to measure directly the
doses to which deployed forces might be exposed. In other cases, methods are or will be available to
measure concentrations of stressors in the various environmental media to which deployed forces might
be exposed; these measurements of concentrations might or might not be direct measurements of the
relevant doses, and means will have to be developed to convert concentration information to dose
information. The subject of the availability of reliable analytical methods for measuring stressor doses
or concentrations is not discussed in this paper. It is assumed that such methods are or will become
available. Without such methods, it will not be possible to understand the nature or magnitude of the
risks expected or incurred by deployed forces.

This paper is concerned, instead, with the methods for evaluating exposure information for purposes
of use in risk assessment. Two approaches to acquiring relevant dose estimates are available:

1. Estimation of doses expected to be incurred under various deployment scenarios, in advance of
deployment; and
2. Measurement of doses during deployment (real time measurement).
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Both of these approaches have value. The first can be used for planning purposes, and can guide risk
management on the stressors expected to be of greatest concern during specific deployments. The
second can provide direct measurement data during deployment; by quick reference to the dose-re-
sponse information, immediate knowledge of potential health risks can be acquired.

As previously discussed, there are some stressors that are so extremely hazardous that there
might be no practical means to ensure health protection of exposure were it to occur. For such
stressors, the exposure assessment would take the form of an estimation of the probability of
exposure expected under various deployment scenarios; the availability of such estimates would
allow appropriate safeguard planning in advance of deployment. The use of this approach for
some stressors falls within the framework for risk assessment proposed in this paper; it simply
recognizes the fact that exposures to certain extremely dangerous stressors must be prevented if
health is to be protected, and uses projected estimates of the probability of exposure as a guide to
risk management.

The Need for Commensurate Measurement of Dose

For each stressor it is necessary that the measurement of dose expected or incurred by deployed
forces be the same as that in which its risk information is presented in Table 2. Thus, the experts
involved in the estimation or measurement of doses need to have knowledge of the requirements for risk
assessment. In many cases there will be little difficulty meeting these requirements. Risk doses for
chemical contaminants of air, for example, will ordinarily be expressed in units of air concentration
times duration (c X t); analytical methods for such contaminants can readily provide the same data for
deployed forces. Similarly, the dose information for risks of contaminants of drinking water can be
expressed as drinking-water concentrations, based on the incorporation of knowledge of the daily water
consumption rates of deployed forces.

Food contamination presents a somewhat more difficult problem, because it might be difficult to
predict the specific dietary component that will become contaminated with a given stressor. Rates of
consumption of different components of the diet vary greatly, so that contamination of a greatly con-
sumed component at a given concentration of a stressor will result in a larger dose than does contamina-
tion (at the same concentration) of a little-consumed item. The most conservative approach for food is
one that assumes that each component of the diet constitutes the total daily diet, but such an approach
might lead to large overestimates of risk in many situations. Further discussion of the question of the
appropriate expressions of dose for food contamination will be necessary before the problem can be
resolved.

The greatest exposure assessment difficulty arises when a given stressor might contaminate all
environmental media. In those instances in which the dose-response evaluation demonstrates that
risks by one route of exposure are different from and independent of risks resulting from other
routes, then the problem is somewhat simplified, in that air exposures can be evaluated separately
from exposures through food and water (and possibly soil), as can dermal exposures. Even in this
simplified case, it will still be necessary to express risk doses as concentrations in food and water
(and perhaps soil) to ensure that the total oral dose from all sources can be estimated. Thus, data or
assumptions regarding relative rates of consumption of food and water will have to be incorporated
into the evaluation. Clearly, if risks are additive across all exposure routes, the problem is even
more difficult. The problem can be at this time only pointed out, but it cannot be resolved without
discussions among the risk-assessment experts during the evaluation of specific stressors (Lioy
1997).
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Risk Characterization and Decision-Making

Completion of the exposure assessment step for deployed forces provides the information necessary
to assess risks. At this stage, estimated Ds incurred by deployed forces are evaluated by reference to
Table 2 that is applicable to the stressor of concern. In the ideal, risk managers would have an
understanding of each of the risks faced by deployed forces in a given deployment situation and would
also have an understanding of the new risks that might arise should various actions be taken to alter the
circumstances of deployment. The availability of all this risk information would presumably allow the
best possible decisions, given the deployment circumstances and the alternatives available, to minimize
overall risks to health. The risk-assessment framework proposed here, although identical to that ordi-
narily used in regulations, is not intended to yield results that are used only to establish standards.
Rather, they are intended to give DOD decision-makers sufficient information to examine a range of
risks that might arise in rapidly changing deployment conditions, and to balance competing risks. It
recognizes that a simplistic yes-no decision-making model is inadequate to deal with the circumstances
under which forces are deployed, and that in many cases some risks will have to be incurred. The
framework offered here provides decision-makers sufficient understanding of the range of exposures
over which risks of differing severity might occur (Table 2), and thus maximizes the likelihood that the
most serious hazards can be avoided.
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Future Health Assessment and Risk-Management
Integration for Infectious Diseases and
Biological Weapons for Deployed U.S. Forces

by Joan B. Rose’

ABSTRACT

The health of the United States armed forces has been viewed as a critical component of the
strength, readiness, and effectiveness of the military’s ability to meet various degrees of threats to
peace, human rights abuses, and other global disasters in the United States and the world. Compared
with any other country or entity in the world, the U.S. military has one of the best surveillance and
monitoring systems for assessing the risk of infectious disease globally. The monitoring is broad-based,
specific for a large list of pathogenic agents, but includes generic symptomology that might be due to a
multitude of current, emerging, or reemerging microorganisms, the monitoring is also timely. Gas-
trointestinal illness and respiratory and skin infections remain a problem for deployed troops.

It is now well known that microbial infections can result in chronic outcomes associated with heart,
neurological, and immunological disorders. Therefore, hospitalization data will no longer suffice as
the sole measure of severity and lost effectiveness to the troop force at large. Better assessment of
antibiotic-resistant bacteria, coxsackieviruses, and Legionella and an evaluation of the underdiagnosis
and underreporting of protozoa such as Cryptosporidium are needed. New microorganisms are being
reported every year that might be associated with many of these illnesses, and prospective surveillance
might be needed using new techniques to better understand the infection rates and asymptomatic
infections.

Risk-assessment methods can now be used to quantify the risk of microbial infections and to address
exposure and potential outcome from naturally occurring microorganisms and biological weapons.
Hazard identification includes the identification of the microbial agent as well as the spectrum of human
illnesses ranging from asymptomatic infections to death. The host response to the microorganisms with
regard to immunity and multiple exposures should be addressed here, as well as the adequacy of animal
models for studying human impacts. Endemic and epidemic disease investigations, case studies, hospi-

1Department of Marine Sciences, University of South Florida, 140 7th Ave., S., St. Petersburg, FL, 33701; email:
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talization studies, and other epidemiological data are needed to complete this step in the risk assess-
ment. The variables need to be carefully defined and the data quantified as ratios. The dose-response
assessment is the mathematical characterization of the relationship between the dose administered and
the probability of infection or disease in the exposed population. Dose-response assessments have been
referred to as probability-of-infection models, which are developed from mostly human volunteer stud-
ies. The exposure assessment determines the size and nature of the population exposed, the route,
concentrations, and distribution of the microorganisms, and the duration of the exposure. The descrip-
tion of exposure includes not only occurrence based on concentrations but also the prevalence (how
often the microorganisms are found) and distribution of microorganisms in space and over time.
Exposure assessment is determined through occurrence monitoring and predictive microbiology. Quan-
titative risk characterization should estimate the magnitude of the public health problem, and demon-
strate the variability and uncertainty of the hazard, using four distributions: (1) the spectrum of health
outcomes; (2) the confidence limits surrounding the dose-response model; (3) the distribution of the
occurrence of the microorganism; and (4) the exposure distribution. Assessments of occurrence and
exposure can be further delineated by distributions surrounding the method of recovery and survival
(treatment) distributions.

The risk-assessment framework already fits into the Department of Defense’s (DOD’s) programs
associated with risk management. The critical need will be the development of databases that can be
used in the decision and management process. Although health outcomes and morbidity and mortality
statistics are available from numerous databases and surveillance programs, the data lacking are often
the long-term assessments and chronic outcomes. The exposure assessment, particularly during de-
ployment, is more suspect to uncertainty, especially in terms of quantitative evaluations. Geographic,
climatic, seasonal, dose-response, and exposure scenarios can be used to develop tools for setting
priorities for assessment of predeployment risks. Risk models can be evaluated for plausibility during
outbreak investigations or disease surveillance operations. Exposure and health outcomes must be
better assessed.

The use of quantitative assessments allows one to begin to build exposure scenarios in which
thresholds associated with ineffectiveness in the troops in a given time frame can be determined for
specific agents. For biological weapons, dose-response models should be developed and time and
concentration exposure and consequence scenarios should be built and evaluated.

Finally, the formal expansion of DOD’s mission on emerging infectious diseases in June 1996 by
Presidential Decision Directive NSTC-7 now includes global surveillance, training, research, and
response. One of the major assets in implementing this new directive is the overseas research labora-
tory system that is currently in place: the DOD Infectious Disease Research Laboratories. At a
minimum, each laboratory staff should be trained in risk-assessment methods, should have molecular
capabilities (polymerase chain reaction [PCR]), and be trained in the use of the global information
system (GIS) for maintaining and analyzing the databases.

INTRODUCTION

The health of United States armed forces has been viewed as a critical component of the strength,
readiness, and effectiveness of the military’s ability to meet various degrees of threats to peace, human
rights abuses, and other global disasters in the United States and the world. Much effort has gone into
the development of frameworks for addressing the hazards that the military might face, particularly
when deployed to hostile and foreign environments. A deployment of U.S. troops is defined as a
“movement resulting from a Joint Chiefs of Staff /unified command deployment order for 30 continuous
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days or greater to a land-based location outside the United States that does not have a permanent U.S.
military medical treatment facility” (Memorandum for Under Secretary of Defense for Personnel and
Readiness, Office of the Chairman, The Joint Chiefs of Staff, December 4, 1998).

There has been a tremendous change throughout the twentieth century in the types of health risks
that the armed forces might face, and in the ability to identify and monitor these risks and to manage or
control them. Health surveillance has improved and there is an enhanced ability to monitor the environ-
ment for hazardous exposures. Despite these gains, as the twenty-first century nears, the world is faced
with the emergence and reemergence of infectious diseases. Disease surveillance at the global level has
identified, in addition to endemic levels of diarrhea and respiratory disease, new bacteria, parasites, and
viruses. These have been identified through dramatic outbreaks such as Legionnaire’s disease from the
bacterium Legionella and hemorrhagic fevers associated with the Hanta virus and other types of viruses;
specific studies associating peptic ulcer disease and Helicobacter; epidemic levels of bloodborne and
sexually transmitted HIV; and outbreaks of Cryptosporidiosis from drinking water and Escherichia coli
0157:H7 from food (Lederberg 1997). In addition, antibiotic resistance has emerged, causing a threat to
the control of old-world killers such as tuberculosis.

There is currently a greater appreciation of the diversity, adaptability, and evolutionary complexities
associated with infectious diseases, and much of this appreciation has been gained through research and
studies with new molecular techniques. The technological advances in the study of microbiology,
infectious disease, and molecular biology have also paved the way for a potential increased risk associ-
ated with the development and use of biological weapons.

Force Health Protection (FHP) is a framework that describes procedures for assessing the types of
hazards, the exposure and populations at risk, and the monitoring of the health of all personnel deployed.
FHP and other force protection plans have adapted various versions of the National Research Council’s
(NRC’s) risk-assessment paradigm and integrated this assessment into management strategies to ad-
dress the health of troops before, during, and after deployment and to protect defense personnel from
hazardous chemicals and toxic materials. The use of this type of framework for biological and infec-
tious agents is relatively new.

Risk-assessment methods following the NRC paradigm were initially used on a limited scale for
judging waterborne pathogenic microorganisms (Haas 1983; Gerba and Haas 1988; Regli et al. 1991;
Rose and Gerba, 1991; Rose et al. 1991; Haas et al. 1993). Haas (1983) was the first to look quantita-
tively at microbial risks associated with drinking water based on dose-response modeling. Rose et al.
(1991) used an exponential model with quantitative risk assessment in the development of the Surface
Water Treatment Rule to address in particular the performance-based standards for the control of
Giardia as part of the requirements under the Safe Drinking Water Act (EPA 1989). Currently, risk
assessment is being used for assessing food protection programs.

In a study for the U.S. Army, Cooper et al. (1986) attempted to quantify the risks of water-related
infection and illness to Army units in the field. They reviewed the literature on infectious dose and
clinical illness for potential waterborne pathogens. Using this information, the probability of infection
was assessed using logistic, beta, exponential, and lognormal models. A generalized model was then
developed incorporating expected pathogenic concentrations, consumption volume, and risk of infec-
tion for different military units. The study attempted to incorporate organism concentrations, effective
treatment, and risk of infection. This attempt, however, was hampered by a limited existing database on
microbial concentrations and infectious dose.

Quantitative microbial risk assessment (QMRA) has now gained wide acceptance in the evaluation
of waterborne and foodborne disease. Methods and databases for development of QMRA for microbial
agents associated with airborne, vectorborne, and dermal exposure have received less attention. How-
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ever, the data on health, exposure, and dose-response, although limited, might be sufficient for under-
taking preliminary risk assessments. The development of QMRAs along with improved methods for
environmental monitoring will likely lead to more effective management and prevention strategies for
U.S. deployed troops.

The purpose of this report is to:

* summarize the emerging infectious diseases and microbiological contaminant risks that U.S.
deployed troops might face currently and in the future;

* briefly examine the various health disease databases that are available; and

» address quantitative research and data needs for integration of the microbial and biological risks
into DOD risk-assessment and risk-management frameworks.

REVIEW OF PAST INCIDENCES AND FUTURE RISKS

Disease and Non-Battle-Injury Reports

Health promotion and disease prevention in the field are seen as critical to deployed troops, because
illness can significantly compromise the objectives of the mission. Surveillance of infectious disease
risks are determined by measured rates, usually as the number of people who have disease X per 1,000
or 10,000 people per some unit of time. In U.S. health databases, the rates are usually reported on an
annual basis per 10,000 or 100,000 people. It is important to understand that most infections and
diseases are underreported because of the failure of individuals to seek medical attention, laboratories to
conduct proper tests, and the reporting system.

The identification of disease (or illness) is made by one of several methods (Table 1). The differ-
ence between disease and illness is minor in some cases. Disease is defined as the process or mechanism
that ultimately results in an illness or a condition that impairs vital functions. An individual could have
a disease without initially having any symptoms. Symptoms are effects of the illness that can be
described by the individual who is ill, also known as self-reporting (e.g., headache, diarrhea, stomach
cramps, vomiting, fatigue). Clinical assessment of the illness is generally defined by a measurable
description of the illness (e.g., fever, bloody stool). Infection is colonization of the microorganism in
the body and might result in disease and symptoms, which is the initial step in the microbial disease
process. However, this can also result in asymptomatic, or subclinical, infections. Symptoms and
clinical descriptions (fever, rash, inflammation) can be very specific, as with measles, which is associ-
ated with one specific agent, or they can be generic, as with diarrhea, which is associated with many
different types of microorganisms.

The second means of identification is clinical diagnosis, which is the detection of the specific micro-
organism in a host specimen (e.g., laboratory identification in a liquid stool of an enteric pathogen). This
requires the collection of a specimen (sputum, feces, blood, biopsy) and a specific diagnostic test (specific
growth, biochemical tests, stains, genetic or protein markers, microscopic identification). This also means
that there is some understanding of the agents that might be responsible for the disease symptoms and the
process of disease resulting in the infection of specific cells or organs in the body. Infection without the
individual reporting symptoms (an asymptomatic infection) can be detected by clinical diagnosis.

The final method of identification is associated with the response of the host system to infection that
elicits an antibody response that can be detected in blood or, in some cases, saliva. This antibody
response might be associated with past or current exposure, and in some cases, depending on the type of
antibody and amount, one can determine the approximate timing of the exposure and infection. Expo-
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TABLE 1 Methods for Diagnosing Infections and Disease

Method Approach Advantages and Disadvantages

Symptoms and clinical ~ Based on individual’s feelings Can easily diagnose, or identify individuals;

descriptors (headache) and measurable impacts however is not generally agent specific but more
(fever, rash). generic (e.g., diarrhea).

Clinical diagnosis Based on testing specimens (sputum, Can specifically identify agent; however
feces or blood) for presence of the individual must deliver a specimen and there
agent.4 must exist a test method for the agent.

Antibody response An indirect test (blood or in some Is specific to the agent and in some cases might

(serological testing) cases saliva) for the presence of be able to determine the timing of the exposure

antibodies that the body produces as a  and infection. Test method must exist.
result of infection.?

4 Asymptomatic infections can be detected.

bAntibody response may or may not be protective from subsequent exposure and infection and does not usually
occur without infection.

Source: Haas et al. 1999.

sure without infection rarely causes an antibody response, except in the case of repeated exposure to
very high concentrations of the agent, such as occurs with some vaccinations.

The Disease and Non-Battle-Injury (DNBI) reporting system is a tool used at the unit level to assess
the “vital signs of the unit.” This system is set up to evaluate the health of individuals predeployment,
during deployment, and post-deployment. The primary function of the DNBI reports is to bring imme-
diate attention to unacceptable high rates of illness, and thus to provide better prevention, treatment, and
intervention in a timely manner.

During predeployment, health is evaluated on self-reporting of symptoms; only a few specific tests
are undertaken. Blood samples were rarely collected until the Bosnia deployment. Readiness is
addressed through education and management approaches and immunizations:

* Health assessment undertaken based on self-reporting of symptomology. Testing for specific
type of microbial agent only with referral.

» Specific tests: HIV (within 12 months) and tuberculosis skin test (within 24 months).

* Education on known biological, chemical, and physical hazards (providing known countermea-
sures, e.g., insect repellant).

* Immunizations: Required are tetanus-diphtheria, influenza, hepatitis A virus (HAV), measles-
rubella/measles-mumps-rubella (MR/MMR), and polio. Others might include yellow fever, hepatitis B
virus (HBV), typhoid, and plague.

During deployment, the DNBI reports are made weekly. The tracking of disease is summarized
weekly and reported at measured rates in percentages based on the number of patients seen divided by
the average troop strength deployed. These reports are based on self-reporting illnesses of a serious
enough level to require a visit to the medical staff. Primary complaints and final diagnoses are included
in the report, as well as days of light duty, lost work days, and admissions. Text Box 1, from the
Memorandum for Under Secretary of Defense for Personnel and Readiness, Office of the Chairman,
The Joint Chiefs of Staff, December 4, 1998, has the list of infectious agents that are reportable.
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TEXT BOX 1
Tri-Service Reportable Medical Event List
Amebiasis Hemorrhagic Fever Poliomyelitis
Anthrax Hepatitis A Q Fever
Biological Warfare Agent Hepatitis B Rabies, Human
Exposure Hepatitis C Relapsing Fever
Botulism Influenza Rheumatic Fever, Acute
Brucellosis Lead Poisoning Rift Valley Fever
Campylobacter Legionellosis Rocky Mountain Spotted
Carbon Monoxide Leishmaniasis (All) Fever
Poisoning Leishmaniasis. Rubella
Chemical Agent Exposure Cutaneous Salmonellosis
Chlamydia Leishmaniasis. Schistosomiasis
Cholera Mucocutaneous Shigellosis
Coccidioidomycosis Leishmaniasis. Smallpox
Cold Weather Injury (All) Unspecified Streptococcus. Group A,
Frostbite Leishmaniasis. Visceral Invasive
Hypothermia Leprosy Syphilis (All)
Immersion Type Leptospirosis Syphilis. Congenital
Unspecified Listeriosis Syphilis. Latent
Cryptosporidiosis Lyme Disease Syphilis. Primary/
Cyclospora Malaria (All) secondary
Dengue Fever Malaria. Falciparum Syphilis. Tertiary
Diptheria Malaria. Mmalariae Tetanus
E.coli 0157:h7 Malaria. Ovale Toxic Shock Syndrome
Ehrlichiosis Malaria. Unspecified Trichinosis
Encephalitis Malaria. Vivax Trypanosomiasis
Filariasis Measles Tuberculosis. Pulmonary
Glardiasis Meningococcal Disease Tularemia
Gonorrhea Meningitis Typhoid Fever
H. Influenzae, Invasive Septicemia Typhus Fever
Hantavirus Infection Mumps Urethritis. Non-gonococcal
Heat Injuries Pertussis Vaccine, Adverse Event
Heat Exhaustion Plague Varicella, Active Duty Only
Heat Stroke Pneumococcal Pneumonia Yellow Fever
Source: Memorandum (MCM-251-98) from Chairman of the Joint Chiefs of Staff dated 04 December 1998.

Suggested reference rates are rough general guidance numbers (acceptable limits); rates above these
rates might indicate a problem. Expert judgment is used to make final decisions regarding the imme-
diacy of the risks and the actions to be taken in further assessment and control. Temporal trends of
illness are also tracked. Table 2 shows suggested limits for categories of general illnesses.

Upon post-deployment, health evaluations are again made by self-reporting of symptoms. Positive
responses are followed up. However, no testing is undertaken routinely.

It is generally accepted that surveillance systems greatly underestimate the level of disease in any
given community and, although providing a picture of past risk, thus might not accurately reflect future
risk. This becomes problematic for emerging pathogens for which there is no established procedure for
testing patients, and surveillance systems rarely address the various exposure or transmission pathways.
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TABLE 2 Weekly DNBI Report for Category of Illness and
Suggested Acceptable Levels

Category Suggested Reference Rate?
Combat/operational-stress reactions 0.1% (1/1,000)
Dermatological 0.5% (5/1,000)
GI, infectious 0.5%
Gynecologic 0.5%

Heat/cold injuries 0.5%

Injury: recreational/sports 1.0% (10/1,000)
Injury: motor vehicle accidents 1.0%

Injury: work/training 1.0%

Injury: other 1.0%
Ophthalmologic 0.1%
Psychiatric, mental disorders 0.1%
Respiratory 0.4% (4/1,000)
STDs 0.5%

Fever, unexplained 0.0%

All other medical and surgical

Total DNBI 4.0% (40/1,000)

“Time frame is weekly assessment.
Source: Memorandum (MCM-251-98) from Chairman of the Joint
Chiefs of Staff dated 04 December 1998.

TABLE 3 Advantages and Limitations of the DNBI Report

Advantages Limitations

1 Reports on generic symptoms 1. Excludes Helicobacter and most enteric viruses.
(GI, respiratory). 2. Relies primarily on self-reporting; clinical diagnosis might not be routine

2. Large number of agents (e.g., are all diarrhea specimens examined for Cryptosporidium?) and
that are reportable (Textbox 1). antibody assessments (seroprevalence data) are not routinely included

3. Weekly reporting. (only in specialized reports).

4. Severity data recorded (days lost, 3. Report is indication of past exposures and might not indicate the route of
hospitalization). exposure.

4. Data on the unknown etiologies category are not included in the sum total.

In addition, outcome might be assessed by mortality in the extreme case or without identification of
consequence (e.g., severity of the illness, number of days sick, medical care).

The advantages of the DNBI reporting system over most systems are in the broad scope of the
specific and generic assessments made and the timeliness of the reporting. The DNBI systems might
then identify unknown pathogens or microorganisms that cause more than one type of symptom in
those exposed. There are a few limitations; for example, ulcers from the gastrointestinal infections
are excluded, although it is now recognized that Helicobacter is a cause of this type of illness (Taylor
and Blaser 1991). In addition, because most illnesses are exhibited after an incubation time ranging
from 1 day (bacteria), 7 days (parasite), to 21 days (HAV), the DNBI record is a record of past
exposures (Table 3).
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Burden of Disease 1996
Burden of Disease 1997
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FIGURE 1 Conditions reported by the Defense Medical Surveillance System, Jan.-Dec., 1996 and 1997 (MSMR
1997a, 1998a).

The Defense Medical Surveillance System reports all DNBI data on a monthly basis. The follow-
ing is a brief review of the cumulative 1997 and 1998 reports, followed by some summaries and
conclusions.

Figure 1 shows the disease reports for 1996 and 1997 within the military for four main categories of
illnesses by route of transmission (sexually-transmitted disease [STD], fecal-oral, vectorborne, and
respiratory). These data come from 7,061 case reports in 1996 and 10,007 case reports in 1997. STDs
accounted for 88% and 87% of the cases in 1996 and 1997, respectively (chlamydia, gonorrhea, urethri-
tis, herpes, and then syphilis). Fecal-oral agents were second, contributing to 8.6% and 6.1% of the
cases for the two years, respectively. Included in the top four in descending order were Salmonella,
Campylobacter, Shigella, and Giardia in 1996, and Salmonella, Shigella, Campylobacter, and Giardia
in 1997. Guillain-Barré syndrome, a neurological complication associated with Campylobacter infec-
tions was reported in both years (3 and 4 cases, respectively). This outcome has also been related to
reactions to immunizations (Medical Surveillance Monthly Report (MSMR) 1995). Viral meningitis
could likely be due to enteric viruses and should be considered fecal-oral (41 and 92 cases, respectively).
Respiratory illness contributed to 2.5% and 2.0% in 1996 and 1997, respectively, with varicella contrib-
uting to most other cases, followed by influenza and tuberculosis. Vectorborne diseases were associated
with 1.1% and 1.2% of the cases for 1996 and 1997, respectively. Malaria, leishmaniasis, and Lyme
disease were the top microbial pathogens in this category.

Hospitalization records and days lost from effective work were used to evaluate the severity of the
outcomes. When muscular and joint problems were excluded (which are the number one cause of
reported hospitalizations) the top five causes of hospitalizations were diseases of the digestive system,
followed by respiratory diseases, genitourinary diseases, infectious and parasitic diseases, and diseases
of the skin and subcutaneous tissue (Figure 2).

These data are for all troops stationed in the United States, Europe, Pacific, and other regions (e.g.,
Korea). No discernable differences were noted geographically for the STDs. Although STDs are
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FIGURE 2 Severity based on active-duty hospitalization rates, U. S. Army (MSMR 1998b).

problematic, the attendance by a physician, diagnosis, and reporting are likely much greater than many
of the other types of infections; thus, the infectious disease risks based on this reporting system appear
skewed. These data might be particularly misleading regarding the risk for deployed troops outside the
United States. The completeness of reporting is dependent on the etiological agent; for example, for the
two militarily important tropical infectious diseases, malaria and leishmaniasis, reporting was 67% and
81% complete. Reporting of varicella and Lyme disease was 20 to 25% complete. For diseases such as
hepatitis, dengue, and campylobacteriosis, 0% were reported of those that were reportable. Therefore,
underreporting is likely a problem for many of the fecal-oral and respiratory agents.

Respiratory disease is one that continues to plague the troops. Recruits, trainees, and those upon
initial deployment appear to be at greater risk. Immunizations are available for adenovirus Type 4 and
Type 7 and the influenza viruses (Table 4). However, outbreaks of influenza continue to occur due to
the variety of subtypes that exist throughout the world. In an outbreak of influenzalike illness in an
aviation squadron in Hawaii, the efficacy of the vaccine for preventing the illness was only 16.7%
(MSMR 1998c). Therefore, use of year-round vaccination and treatment has been able to reduce the
respiratory disease but has not been able to eliminate it.

The military’s surveillance program for respiratory disease includes 14 sentinel bases (seven foreign
bases, Germany, Guam, two in Japan, Korea, Turkey, and United Kingdom, and seven U.S. bases,
Alaska, California, Colorado, Mississippi, New Jersey, and two in Texas). Throat swabs are obtained
from those who meet a case definition; therefore, asymptomatic cases are not detected.

Transmission of respiratory agents can be person to person through hands (thus handwashing can
facilitate prevention) or through contaminated fomites (surface disinfection might prove useful for

Copyright © National Academy of Sciences. All rights reserved.



Strategies to Protect the Health of Deployed U.S. Forces: Assessing Health Risks to Deployed U.S. Forces -- Workshop Proceedings
http://lwww.nap.edu/catalog/9709.html

68 STRATEGIES TO PROTECT THE HEALTH OF DEPLOYED U.S. FORCES: WORKSHOP PROCEEDINGS

TABLE 4 Results of the 1995-1996 Respiratory Surveillance Program

Microorganism Number Isolated Treatment/Vaccine Comments
Streptococcus A 86/1,071 Benazthine
Beta hemolytic 8% Penicillin
Chemoprophylaxis
Total viruses 512/1,634
31.8%
Influenza A 358/1,634 Vaccines Nov. -Jan. peak
22%
Influenza B 56/1,634 Vaccines Mar. -May peak
3.4%
Enteroviruses ~52 None
3.2%
Adenoviruses ~27 Vaccine for Types 4 and 7
1.6%
Parainfluenza ~12 None
Types 1, 2, and 3 0.7%
Herpes simplex virus ~8 None
0.5%

Source: MSMR 1996a.

prevention), and enteroviruses (coxsackieviruses) might account for some of the dramatic spread of
infections through troops. Respiratory transmission (aerosolization) is the final route, although in some
cases the pathway is not very well defined. Interestingly for Group A streptococci, Ferrieri et al. (1972)
have proposed a sequence of spread from skin infections to the nose and throat (Figure 3). This
bacterium is one of the major causes of impetigo and has been associated with infections after scratches
and bites from insects, which can be controlled to some extent through the use of antibacterial lotions
applied to the abrasions. The seasonality of diseases such as influenza has been hypothesized to be a
result of animal reservoirs and survival potential of the pathogenic agent.

For those on active duty, coming from field sites, Adult Respiratory Distress Syndrome (ARDS)
apparently is common. Studies have reported on individual cases of ARDS (MSMR 1997b); however,
the etiologies, trends, and rates have not been reported, although studies are under way. Therefore,
unknown respiratory illnesses are likely the majority of the reported cases of ARDS.

Fever of unknown origin (FUO) is a term described for those experiencing elevated temperature that
could not be ascribed to any specific agent. Studies on the more severe cases (those hospitalized for 1
day or more) reported a rate of 2.68/100,000 (0.03/1,000) per month. Of these cases, 45% were
diagnosed upon primary assessment as FUOs and in 12.7% that was the only diagnosis (total of 1,437
hospitalizations from 1990-1997 (MSMR 1998d). Vaccine reactions were found to be contributing to
5.3% of these FUQOs, and other types of unknown infections, throat (7.4%), respiratory (2.1%), and
gastrointestinal (4.9%), accounted for much of the remainder. Infantry men more than any other
military occupational group were found to be at a greater risk among those hospitalized three days or
longer where vaccine reactions were eliminated. The diagnosis and reporting of FUOs has been
inconsistent for those FUOs of shorter duration (1 to 2 days); trends and unusual occurrences are more
difficult to ascertain due to the high variability. The more severe illness, which lasts for more than 3
days, shows much less variability.
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Reports on deployment surveillance have shown that gastrointestinal and respiratory risks are the
most significant cause of immediate acute outcomes associated with clinic visits and hospitalizations.
Trends also demonstrate a decrease in the number of cases with time. Therefore, the greatest burden of
illness is reported early on in deployment.

Gastrointestinal illness was the leading cause of morbidity among U.S. troops in the Persian Gulf
deployment during 1990-1991 (Hyams et al. 1995). Parasitic infections were not found to be a signifi-
cant cause of disease. Although Escherichia coli and Shigella sonnei were the primary pathogens
identified, of great concern was the high level of antibiotic resistance identified (20 to 80% of the
isolates were resistant). Outbreaks of the Norwalk virus and other unknown etiologies likely to be
viruses were common. Serological investigations (antibody testing) found 6% of the combat units
might have been infected with the Norwalk virus. The source of the diseases was associated primarily
with vegetables and fruits imported from neighboring countries. It is clear from the identification of the
Shigella and Norwalk agents that human fecal wastes and perhaps untreated sewage were the cause of
much of the contamination.

Diarrheal disease was also quite high in an exercise in Thailand, and risks there were also associated
with consumption of indigenous foods (MSMR 1998e). Gastrointestinal outbreaks have been associ-
ated with both food and water. A United Nations deployment to Haiti in June 1995 experienced a
suspected waterborne outbreak due to the consumption of unapproved bottled water. The rate ranged
between 15 to as high as 94 cases per 1,000 per month, with a high weekly rate seen in the third month
(40/1,000/wk).

Common cold and upper respiratory complaints were common during deployment. Studies found
that troops living and working in tightly constructed air conditioned buildings were at greatest risk.
Possible causes of this, such as Legionella, were not investigated.

Comparing hospitalizations with clinic visits demonstrates that the level of disease in a force is
likely to be 50 to 100 times greater than what is reported by hospitalization rates. This has been shown
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TABLE 5 Examples of DNBI and Hospitalization Rates Associated With Deployments

GI Respiratory Time Frame
Bosnia hospitalization trends 8.76/1,000 2.85/1,000 Cumulative incidence (48 weeks)
Gulf War outpatient visits 1 to 39/1,0004 1 to 22/1,000° Range of weekly rates of outpatients in
40,000 troops (31 weeks)
Thailand clinic visits 12/1,000 9/1,000 Average visits per week

@Highest rates seen in the fourth to fifth week associated with fresh fruits and vegetables.

bHighest rates seen in the first two weeks and a second peak seen during U.S. Marine Expeditionary Forces
deployment.

Sources: Hyams et al. 1995; MSMR 1997¢, 1998e.

in numerous outbreaks where hospitalizations and case data were compiled (see following section on
building databases). Although mild diarrhea might not affect the individual’s activities to any great
extent, it is more than likely that 1 to 3 days of effective time were lost. Table 5 shows some examples
of DNBI and hospitalization rates associated with deployments (Hyams et al. 1995; MSMR 1997c;
MSMR 1998e). Notice that the rates during the Bosnian deployment for the severe cases are reported
over the complete time frame, whereas the rates for the Persian Gulf and Thailand deployments are
reported for a range and an average of weekly clinic visits. It is most appropriate to report both visits
and hospitalizations for comparisons over the time of the deployment. The disease levels from one
deployment to another need to be examined in light of exposure tied to sources, season, and geographic
locale, as well as changes in policies that factor in decreasing the risks.

Vectorborne diseases have also been shown to emerge during deployment. During Operation
Desert Shield/Storm in eastern Saudi Arabia, 12 cases of viscerotropic and 20 cases of cutaneous
leishmaniasis were identified (697,000 allied soldiers deployed; cumulative rate of 0.017/1,000 and
0.03/1,000 cases, respectively; 4.3/1,000 cases of cutaneous leishmaniasis seen in the Colombian
Army) (Martin et al. 1998). The parasite is transmitted through bites from the sand fly. Domesti-
cated animals can serve as reservoirs, and in Italy two cases of this disease in children of active-
duty members might have been due to the high prevalence of the disease (15-50%) in dogs (MSMR
1998f). Attack rates of the disease in other deployments have been as high as 60%, with exposures
of only 6 hours.

Physical protection, such as using nets, DEET lotion, and treating bedding and clothing, is seen as
paramount to control. Education and predeployment training as well as better entomological surveil-
lance will provide better preparedness. Clearly one of the lessons learned during Operation Desert
Storm was that previous reports on the geographic areas at risk had missed this part of Saudi Arabia. In
addition, chronic effects that might be exhibited post-deployment as a result of such exposures will need
to be considered.

A combined U.S.-Australian military operation in Queensland, Australia, in March 1997 exhibited
the successful approach that is used by the military for control of vectorborne diseases (MSMR 1997d).
Arboviruses were endemic to the region and the exercise corresponded to the seasonal peak of transmis-
sion of the Ross River virus (RRv). Entomological surveys found RRv in four mosquito species. Out
of the 9,000 troops who were engaged in ground operations, six cases of the disease were confirmed
through serological testing and clinical manifestations (0.67/1,000 cases). The use of personal measures
that protect against the mosquito were reinforced, and in fact it was found that protective measures were
not adhered to by those who became ill.
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Twelve cases of malaria associated with those who had served in Korea were reported, and seven
cases of leptospirosis, all in children, were reported in the Pacific region (MSMR 1997¢; MSMR 1996b;
MSMR 1998g). Malaria is caused by a mosquitoborne protozoan and leptosporosis is spread through
contact with water contaminated with urine from infected animals.

Emerging Infectious Agents

Worldwide, the leading cause of death remains the variety of infectious diseases that plague human
beings. In the United States, the risk of dying from an infectious disease rose from fifth place to third
place just in the last decade due to emerging and reemerging microorganisms. It is also clear that acute
end points of disease are inadequate to describe the risks, and many chronic diseases, heart disease,
neurological disorders, and cancer are due to microbial infections (Table 6). New microorganisms are
identified each year and well-recognized pathogens have reemerged (Figure 4). Health outcomes and
the ability to diagnose diseases as well as the potential for exposure will ultimately influence the
assessment of these microbial agents.

Fecal-Oral Agents

Fecal-oral agents can be transmitted through person to person contact and contaminated water and
food, as well as through surface contact. Zoonotic potential is a critical issue and in some cases
transmission through the food chain, such as Salmonella enteritis in eggs, needs to be identified as the
key risk. Microorganisms are excreted in feces in high numbers, survive in the environment, are
resistant to many conventional treatment processes, and cause infections at low exposure levels. Given
that most of the world fails to treat human and animal wastes prior to discharge in water, the risk of
exposure remains significant.

Enteric Viruses

There are several hundred enteric viruses that have been identified and new types are being reported.
Some of the key concerns with these viruses includes issues regarding health outcome and exposure
assessment include:

* New viruses are being discovered (picobirnaviruses).

* Chronic health outcomes are now known.

* Groundwater contamination and potential exposure is high.

* Survival during cooking has been documented (e.g., shellfish).

Hepatitis A virus is considered to be endemic in most Latin American and Caribbean countries
(Craun 1996). Although the risk of exposure is high, there is a vaccine available. The symptoms of
hepatitis A include fever, nausea, anorexia, and malaise, often with mild diarrhea. The liver cells are
ultimately infected causing cytologic damage, necrosis, and inflammation of the liver. Illness usually
lasts from 1 to 2 weeks but might last several months. A new and emerging concern worldwide is other
types of viral hepatitis.

Devastating waterborne disease outbreaks of the hepatitis E virus (HEV) have occurred in some
parts of the world but not in others. In Kanpur, India, in 1991, there were 79,000 cases of HEV due to
sewage contamination of the drinking water. Children are often asymptomatic and the mortality rate is
between 0.1 and 4% (Grabow et al. 1994). In pregnant women in their third trimester, the mortality rate
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TABLE 6 Acute and Chronic Health Effects Associated With Various Microorganisms

Agent

Acute Effects

Chronic or Ultimate Effects

Bacteria
E. coli O157:H7

Legionella pneumoniae

Helicobacter pylori

Vibrio vulnificus

Campylobacter

Salmonella

Yersinia

Shigella

Cyanobacteria
(blue-green algae)
and other toxins

Leptospirosis

Aeromonas hydrophila
Parasites
Giardia lamblia

Cryptosporidium
Toxoplasma gondii

Acanthamoeba

Microsporidia
(Enterocytozoon
and Septata)

Viruses

Hepatitis viruses

Adenoviruses

Caliciviruses

(small round structured
viruses, Norwalk virus)

Coxsackieviruses

Echoviruses

Diarrhea

Fever, pneumonia
Gastritis

Skin and tissue infection
Diarrhea

Diarrhea

Diarrhea

Diarrhea

Diarrhea

Fever, headache, chills,
muscle aches, vomiting
Diarrhea

Diarrhea

Diarrhea

Newborn syndrome
Hearing and vision loss
Mental retardation
Diarrhea

Eye infections
Diarrhea

Liver infection
Eye infections, diarrhea
Diarrhea

Encephalitis
Aseptic meningitis
Diarrhea
Respiratory disease

Aseptic meningitis

Adults: death (thrombocytopenia)
Children: death (kidney failure)
Elderly: death

Ulcers and stomach cancer

Death: Guillian-Barré Syndrome
Reactive arthritis

Reactive arthritis

Reactive arthritis

Potential cancer

Weil’s Disease, death (not common)

Failure to thrive

Severe hypothyroidism

Lactose intolerance

Chronic joint pain

Death in immunocompromised host
Dementia and/or seizures

Liver failure

Heart disease (myocarditis), reactive
insulin-dependent diabetes

Source: CDC 1997.
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FIGURE 4 Examples of new and reemerging diseases (Fauci 1998).

can exceed 20% (Gust and Purcell 1987). There has been speculation HEV is endemic in various parts
of the world, and subclinical cases might be contributing to the spread of the disease.

The coxsackieviruses now need to be considered separately as one of the enteroviruses that might be
related to more significant risks (Bendinelli and Friedman 1988).

Diarrhea has been one of the risks associated with many of the enteric viruses such as Norwalk
virus, but more serious chronic diseases have now been associated with viral infections and these risks
need to be better defined. Studies have now reported that coxsackie B virus is associated with myocardi-
tis (Klingel et al. 1992). In other recent studies, enteroviral RNA was detected in endomyocardial
biopsies in 32% of patients with dilated cardiomyopathy and 33% of patients with clinical myocarditis
(Kiode et al. 1992). In addition, there is emerging evidence that coxsackie B virus is also associated
with insulin dependent diabetes, and infection with this virus might contribute to an increase of 0.0079%
of these diabetes cases (0.079/1,000) (Wagenknecht et al. 1991).

Coxsackieviruses should be diagnosed serologically and clinically. Clinical conditions are associ-
ated with many systems including:

» Respiratory

* Central nervous system
* Cardiovascular

* Muscle and joints

* RE system and glands
* Gastrointestinal
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Symptoms can include everything from general fatigue, headaches, and diarrhea to a fever.
Other concerns associated with coxsackieviruses are:

* Asymptomatic infections can lead to chronic outcomes (myocarditis).

* A multitude of symptoms can be seen in a population after exposure (heterogeneous outcomes).

* Coxsackie B viruses are commonly found in sewage.

* Concurrent exposure to the virus and other contaminants (e.g., metals) has demonstrated in-
creased risk.

New viruses are continually being discovered and characterized, such as astroviruses, toroviruses,
and small round structured viruses all associated with fecal-oral transmission and diarrhea. Although
at one time the viruses were thought to be host-specific, the potential for zoonotic transmission from
animals does exist. The picobirnaviruses (PBV) are unique double-stranded, bi- or tri-segmented
RNA viruses, and are found in people and animals, including chickens (Chandra 1997). They have
been shown to be a cause of acute diarrhea in 