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Preface

U.S. military personnel have been engaged in operations in Central Asia and the Middle East
for the past decade. Members of the armed forces also deploy to other regions of the world.
Many aspects of deployments have the potential to contribute to individual stress, such as
uncertainty about deployment time lines; culture shock in theater; fear of or confrontation with
death or physical injury; environmental challenges, such as extreme climates and geographical
features; austere living conditions; separation from friends and family members; and
reintegration after deployment. Service members and their families also manage other military-
related stressors, such as frequent relocations, long work hours, and the additional family
separations associated with unaccompanied tours and domestic training exercises. Some service
members and their families may cope well or even thrive as they overcome adversity and
accomplish challenging tasks. However, some may suffer negative consequences as a result of
military-related stressors, such as physical injury, including traumatic brain injury; depression,
anxiety, or other mood disorders; post-traumatic stress disorder; spiritual crises; substance abuse;
family dysfunction; marital problems and dissolutions; social isolation; and, in extreme cases,
even suicide or suicide attempts. With the aim of preventing such deleterious outcomes rather
than simply responding to them, the study of resilience is of paramount importance.

The Air Force offices of Airman and Family Services (AF/A1S), the Surgeon General
(AF/SG), and the Deputy Assistant Secretary of the Air Force for Force Management Integration
(SAF/MRM) asked the RAND Corporation to help the Air Force develop its programs to
promote resiliency among military and civilian Air Force personnel and their families. This
report is one in a series of nine reports that resulted from that research effort.

The overarching report, Airman and Family Resilience: Lessons from the Scientific
Literature (Meadows, Miller, and Robson, 2015), provides an introduction to resilience concepts
and research, documents established and emerging Air Force resiliency efforts, and reviews Air
Force metrics for tracking the resiliency of Air Force personnel and their families. It also
provides recommendations to support the development of resilience initiatives across the Air
Force. We use the term resilience to refer to the ability to withstand, recover from, and grow in
the face of stressors and fitness, which is related, as a “state of adaptation in balance with the
conditions at hand” (Mullen, 2010).

Accompanying that overarching report are eight supplemental reports that outline the
constructs, metrics, and influential factors relevant to resiliency across the eight domains of Total
Force Fitness:

e medical
e nutritional

e environmental

il



e physical

e social

e spiritual

e behavioral

e psychological.

These supplemental reports are not intended to be a comprehensive review of the entire
literature within a domain. Rather, they focus on studies that consider the stress-buffering aspects
of each domain, regardless of whether the term resilience is specifically used. This expanded the
scope of the reviews to include a broader range of applicable studies and also allowed for
terminology differences that occur across different disciplines (e.g., stress management,
hardiness).

In this report, we identify key constructs relevant to ensuring environmental fitness. After
describing types of environmental stressors and potential workplace injuries, we address research
on preventive and protective factors. Finally, we review documented interventions that could
promote environmental fitness.

The results of these reports should be relevant to Air Force leaders who are tasked with
monitoring and supporting the well-being of active duty, reserve and guard Airmen, and Air
Force civilian employees, as well as their families. The results of our studies may also help
broaden the scope of research on resilience and help Airmen and their families achieve optimal
environmental fitness. The research described in this report was conducted within the Manpower,
Personnel, and Training Program of RAND Project AIR FORCE as part of a fiscal year 2011
study titled “Program and Facility Support for Air Force Personnel and Family Resiliency.”

RAND Project AIR FORCE

RAND Project AIR FORCE (PAF), a division of the RAND Corporation, is the U.S. Air
Force’s federally funded research and development center for studies and analyses. PAF
provides the Air Force with independent analyses of policy alternatives affecting the
development, employment, combat readiness, and support of current and future air, space, and
cyber forces. Research is conducted in four programs: Force Modernization and Employment;
Manpower, Personnel, and Training; Resource Management; and Strategy and Doctrine. The
research reported here was prepared under contract FA7014-06-C-0001.

Additional information about PAF is available on our website:
http://www.rand.org/paf/
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Summary

Environmental fitness, as it applies to Airmen, their families, and Air Force civilians, can be
defined as the knowledge, skills, and behaviors needed to successfully protect against stress
associated with one’s environment or to successfully withstand the stressors that are
encountered. Environmental stressors of particular concern to the Air Force may include those
resulting from temperature, noise, altitude, chemicals, and the workplace. For some of these,
exposure metrics are readily available. For others, such as chemical exposure, measurements are
more difficult to make and may require extensive data or invasive methods (e.g., blood work) to
assess exposure. As a result, the Air Force must carefully consider which metrics are most
appropriate, and most economical, to use.

Key resilience factors for environmental fitness can be grouped into two categories: (1)
prevention of exposure to environmental stressors and hazards and (2) protection against
environmental stressors and hazards. Prevention typically addresses actions that can mitigate
environmental stress before personnel encounter it, whereas protection mitigates environmental
stress when personnel encounter it.

The prevention measures we consider relate to safety culture and climate, safety training and
education, financial incentives to prevent injury, and compliance with safety standards and
regulations. Management commitment to safety is key to positive outcomes. Safety training and
education can have an effect if that training is targeted to specific behaviors (e.g., using safety
goggles). No evidence suggests that financial incentives increase safety or reduce accidents or
injuries. Safety inspections with corporate penalties reduce workplace injuries in the short term,
especially if they are associated with use of personal protective equipment (PPE), but compliance
with safety standards is not always linked to a reduction in workplace injury. The Air Force can
capitalize on this research by ensuring that Airmen are properly educated on using safety
equipment when necessary and that safety inspections are conducted regularly.

The protection measures we consider include use of PPE, acclimatization and tolerance, and
ergonomics. The effectiveness of PPE depends largely on whether it is used properly and if it is
job- or industry-specific. Acclimatization and tolerance can reduce the negative effect of certain
environmental stressors, such as temperature and altitude. Workplace ergonomics is associated
with preventing musculoskeletal problems and reducing injuries.

Appropriate use of PPE is the most directly relevant environmental fitness factor in
preventing workplace injury. A number of determinants influence compliance with PPE
standards, including individual characteristics (e.g., sociodemographics, attitudes and beliefs,
knowledge, and education), job characteristics (e.g., experience level, skill, cognitive demands,
workload, work stress), and organizational characteristics (e.g., training, peer review,
management support, safety and culture climate). The military can influence each of these.

vii



Individuals in the military undergo an indoctrination period, during which they may be taught
proper safety compliance and culture, which the military may also continue to emphasize over
time.

In improving the resilience of Airmen to environmental stressors, the Air Force should first
decide which stressors it wishes to address, including where to prioritize data-collection efforts
about effects. Second, the Air Force should focus on predictors of PPE use that cut across all
types of equipment and jobs and design interventions accordingly. Third, the Air Force can target
some strategies to the most relevant subgroups. All such strategies should help build a
connection between a safety climate, where individuals accept the importance of safety, and a
safety culture, where the institution is committed to safety.
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1. The Context of This Report!

This report is one of a series designed to support Air Force leaders in promoting
resilience among Airmen, its civilian employees, and Air Force family members. The
research sponsors requested that RAND assess the current resilience-related constructs
and measures in the scientific literature and report any evidence of initiatives that
promote resilience across a number of domains. We did not limit our search to research
conducted in military settings or with military personnel, as Air Force leaders sought the
potential opportunity to apply results of these studies to a population that had not yet
been addressed (i.e., Airmen). Further, many Air Force services support Air Force
civilians and family members, and thus the results of civilian studies would apply to these
populations.

This study adopts the Air Force definition of resilience: “the ability to withstand,
recover and/or grow in the face of stressors and changing demands.” By focusing on
resilience, the armed forces aim to expand their care to ensure the well-being of military
personnel and their families through preventive measures and not just by treating
members after they begin to experience negative outcomes (e.g., depression, anxiety,
insomnia, substance abuse, post-traumatic stress disorder, or suicidal ideation).

Admiral Michael Mullen, Chairman of the Joint Chiefs of Staff from 2007 to 2011,
outlined the concept of Total Force Fitness (TFF) in a special issue of the journal Military
Medicine: “A total force that has achieved total fitness is healthy, ready, and resilient;
capable of meeting challenges and surviving threats” (Mullen, 2010, p. 1). This notion of
“fitness” is directly related to the concept of resilience. The same issue of Military
Medicine also reflected the collective effort of scholars, health professionals, and military
personnel, who outlined eight domains of TFF: medical, nutritional, environmental,
physical, social, spiritual, behavioral, and psychological. This framework expands on the
traditional conceptualization of resilience by looking beyond the psychological realm to
also emphasize the mind-body connection and the interdependence of each of the eight
domains.

The research sponsors requested that RAND adopt these eight fitness domains as the
organizing framework for our literature review. We followed this general framework,
although in some cases we adapted the scope of a domain to better reflect the relevant

! Adapted from Meadows, Miller, and Robson (2015).

% The Air Force adopted this definition, which was developed by the Defense Centers of Excellence for
Psychological Health and Traumatic Brain Injury (DCoE, 2011).



research. Thus, this study resulted in eight reports, each focusing on resilience-related
research in one of the TFF domains, but we note that not all of these domains are
mutually exclusive. These eight reports define each domain and address the following
interrelated topics:
e medical: preventive care, the presence and management of injuries, chronic
conditions, and barriers and bridges to accessing appropriate quality health
care (Shih, Meadows, and Martin, 2013)
e nutritional: food intake, dietary patterns and behavior, the food environment
(Florez, Shih, and Martin, 2014)
e environmental: environmental stressors and potential workplace injuries and
preventive and protective factors (Shih et al., 2015)
e physical: physical activity and fitness (Robson, 2013)
e social: social fitness and social support from family, friends, coworkers/unit
members, neighbors, and cybercommunities (McGene, 2013)
e spiritual: spiritual worldview, personal religious or spiritual practices and
rituals, support from a spiritual community, and spiritual coping (Yeung and
Martin, 2013)
e behavioral: health behaviors related to sleep and to drug, alcohol, and tobacco
use (Robson and Salcedo, 2014)
e psychological: self-regulation, positive and negative affect, perceived control,
self-efficacy, self-esteem, optimism, adaptability, self-awareness, and
emotional intelligence (Robson, 2014)

These reports are not intended to be comprehensive reviews of the entire literature
within a domain. Rather, they focus on those studies that consider the stress-buffering
aspects of each domain, regardless of whether the term resilience is specifically used.
This expanded the scope of the reviews to include a broader range of studies and also
allowed for differences in the terminology used across different disciplines (e.g., stress
management, hardiness). We sought evidence both on the main effects of resilience
factors in each domain (i.e., those that promote general well-being) and on the indirect or
interactive effects (i.e., those that buffer the negative effects of stress).

Because the Air Force commissioned this research to specifically address individuals’
capacity to be resilient, and thus their well-being, our reports do not address whether or
how fitness in each of the eight TFF domains could be linked to other outcomes of
interest to the military, such as performance, discipline, unit readiness, personnel costs,
attrition, or retention. Those worthy topics were beyond the scope of this project.

Some other important parameters shaped this literature review. First, across the study,
we focused on research from the past decade, although older studies are included,



particularly landmark studies that still define the research landscape or where a particular
line of inquiry has been dormant in recent years. Second, we prioritized research on
adults in the United States. Research on children was included where particularly
germane (e.g., in discussions of family as a form of social support), and, occasionally,
research on adults in other Western nations is referenced or subsumed within a large
study. Research on elderly populations was generally excluded. Third, we prioritized
literature reviews, meta-analyses, and on-going bodies of research over more singular
smaller-scale studies.

The search for evidence on ways to promote resilience in each domain included both
actions that individuals could take as well as actions that organizations could take, such
as information campaigns, policies, directives, programs, initiatives, facilities, or other
resources. We did not filter out evidence related to Air Force practices already under
way, as the Air Force was interested both in research related to existing practices and in
research that might suggest new paths for promoting resilience. Our aim was not to
collect examples of creative or promising initiatives at large but to seek scholarly
publications assessing the stress-buffering capacity of initiatives. Thus, in general, this
collection of reviews does not address initiatives that have not yet been evaluated for
their effect.

Building on the foundation of the eight reports that assess the scientific literature in
each domain, RAND prepared an overarching report that brings together the highlights of
these reviews and examines their relevance to current Air Force metrics and programs.
That ninth report, Airman and Family Resilience: Lessons from the Scientific Literature
(Meadows, Miller, and Robson, 2015), provides a more in-depth introduction to
resilience concepts and research, presents our model of the relationship between
resilience and TFF, documents established and emerging Air Force resiliency efforts, and
reviews Air Force metrics for tracking the resiliency of Air Force personnel and their
families. By comparing the information we found in the research literature to Air Force
practices, we were able to provide recommendations to support the development of
initiatives to promote resilience across the Air Force. Although the overview report
contains Air Force—specific recommendations that take into account all eight domains
and existing Air Force practices, some are applicable to the military more generally and
are highlighted at the end of this report.

Our review of environmental-fitness metrics and interventions began by identifying
several key questions, such as “What environmental stressors contribute to poor well-
being in service members?”” and “What kinds of measures can mitigate environmental
stressors?” These questions resulted in several groups of search terms: (1) stress,
resilience, well-being (stress buffer, resilience, fitness, readiness, coping), (2)
environmental stressors (chemicals, injury, occupational health, workplace environments,



acclimatization), (3) programs (Air Force Instruction, Department of Defense [DoD]
Directive, evidence-based programs, prevention, interventions, policies, campaign,
disease management, screening. health education), and (4) terms related to the specific
populations of interest (DoD, military, Air Force, service members, Airmen, children).
We entered combinations of these terms into search engines such as PubMed, Web of
Science, and Google Scholar.

In our search, we prioritized review studies and then empirical studies. To ensure that
we captured as many existing studies as possible, we conducted an iterative search by
examining the reference lists of all retrieved articles. We searched for working papers and
reports published by governmental and nongovernmental organizations, in addition to
peer-reviewed publications.

Using this approach, we organize the remainder of this report around two constructs
of environmental fitness: prevention of exposure to environmental stressors or hazards
(e.g., safety culture and climate, safety training and education, financial incentives, safety
standards), and protection against environmental stressors and hazards already present in
an environment (e.g., use of personal protective equipment [PPE], acclimatization and
tolerance, ergonomics). We focus on these two constructs because they capture the ability
to function in an environment where exposure to potentially deleterious stress is likely to
occur. Although we include education related to PPE and its use, we do not discuss
different brands or models of particular types of PPE (e.g., exposure-specific devices,
such as N95 respirators) because these have specific regulations to determine their
effectiveness.

Neither do we include research on the results of inadequate prevention or protection
or how well one’s body may process exposures. Therefore, we do not include biological
markers that may indicate exposure to environmental toxins (e.g., lead or mercury)
because these are not measures of fitness or resilience. The accompanying reports on
medical fitness (Shih, Meadows, and Martin, 2013) and nutritional fitness (Florez, Shih,
and Martin, 2014) discuss biological stressors within the medical and nutritional
domains.

Existing research on resilience factors in the environmental domain is much less well
established and conclusive than that for many other fitness domains. Currently, no
definitive metrics of environmental fitness exist for service members (O’Conner et al.,
2010; May et al., 2004), and few metrics exist to measure fitness for work among
civilians (Serra et al., 2007).> As a result, this report is more speculative than others in the
series of reports on TFF metrics.

3 Serra et al. (2007, p. 304) define fitness for work as “the determination of whether an individual is fit to
perform his or her tasks without risk to self or others.”



In the next chapter, we preview the contents of this report and briefly discuss
examples of environmental stressors that deployed Airmen, nondeployed Airmen, their
families, and Air Force civilians may face. In the third and fourth chapters of the report,
we discuss factors that are generally linked to environmental fitness and, when necessary,
can be used to mitigate the consequences of exposure to environmental stressors. These
chapters also provide examples of metrics to assess the environmental-fitness factors we
discuss. Finally, we review interventions that have been shown to improve environmental
fitness, focusing primarily on the appropriate use of PPE.






2. Environmental Stressors

“The truly healthy environment is not merely safe but stimulating.”
— William H. Stewart, Physician

Environmental fitness can be defined as, “the ability to perform mission-specific
duties in any environment and withstand the multiple stressors of deployment and war”
(O’Conner et al., 2010, p. 57). Although this definition specifically emphasizes deployed
Airmen and in-theater operations, environmental fitness is also applicable to Airmen who
are not deployed, to Air Force spouses and other family members,” and to civilians
employed by the Air Force. We therefore define environmental fitness to include the
knowledge, skills, and behaviors necessary to successfully protect against stress
associated with one’s environment. In some contexts, organizational practices are also
directly relevant to an individual’s ability to handle environmental stressors and
ultimately promote environmental fitness.

In noting examples of environmental stressors, we focus on those that are most
relevant to Airmen. Other types of stressors are not covered here (e.g., those related to the
deployment experience). For example, the cognitive and emotional repercussions of
deployment stress would fall into the psychological domain (Robson, 2014).

Among Airmen, especially those who are deployed, environmental stressors can be
classified as physical (e.g., temperature, noise, altitude), biological (e.g., food, water,
vector-borne disease), or chemical (e.g., occupational and environmental contaminants)
(see Lounsbury, 2003). Many, but not all, of these stressors can be anticipated, either
before deployment or on entry into the workplace. For those that cannot, Airmen must be
prepared, or environmentally fit. Biological stressors are covered in more depth in
companion reports in this series on nutritional (Flérez, Shih, and Martin, 2014) and
medical fitness (Shih, Meadows, and Martin, 2013). We therefore focus here on chemical
and physical stressors.

* Because most stressors in the environmental domain pertain to job- or occupational-related situations, the
domain is less relevant to children and youths than are other domains (e.g., psychological, social). Yet
children may spend much of their time at school or at child-care facilities and thus be exposed to
environmental stress factors in these locations. Children and older youths may also be exposed to physical
conditions associated with their environments, such as extreme heat or cold, and thus some of the research
that we review may be relevant to them. However, in general we limit our discussion of the environmental
domain to adults in work-related environments.



We consider five types of physical environmental stressors faced by military
personnel: temperature (heat or cold), noise, altitude, chemicals, and workplace
environments in which injuries or death may occur.

Temperature

Of all heat-related illnesses, heat stroke is by far the most serious. Heat stroke occurs
when the body is unable to regulate temperature and the cardiovascular system is
overstressed by the competing needs of thermoregulation and metabolic requirements, in
some cases leading to death (Smith, Manning, and Petruzzello, 2001). In 2005, the U.S.
Army reported more than 1,100 cases of heat injury, including 204 cases of heat stroke
(U.S. Army, 2006).

The physiological causes of heat stroke and other heat-related illnesses are well
known. Environmentally, these disorders are associated with prolonged exposure to
extreme heat or extreme heat and high humidity, which does not allow the body to cool
itself normally. Heat stress can also result from improper use of PPE (Muza, Banderet,
and Cadarette, 2001; Givoni and Goldman, 1972) or lack of heat acclimatization.
Individuals who are not heat acclimated tend to have poor skin blood flow and lower
sweat rates, which lead to increased core body temperatures and heart rate in response to
heat stress (Frisancho, 1993).

Other common sequela of heat-related problems include dehydration, sleep
disturbance, and chronic suffering from more common although less severe symptoms,
such as nausea, vomiting, hyperirritability, dizziness, and dermatological abrasions.
These affect not only physical health but also psychological health and job performance.
The reduction in alertness, concentration, reaction time, and judgment means that when
experiencing adverse reactions to heat, personnel will be more at risk when operating
dangerous machinery or weapons and when driving.

In addition to heat injuries, Airmen involved in operations in desert or mountainous
regions may also experience cold-related injuries, as some locations have large
temperature ranges and fluctuations between daytime and nighttime. This creates a more
complicated environment for the health and performance of Air Force members.

Noise

Chronic exposure to noise at levels above 85 decibels (db) can cause permanent
hearing loss. Higher exposure levels of even a few hours per day cause hearing damage.
An additional auditory issue for deployed service members is the risk of tympanic



membrane perforation resulting from improvised-explosive-device blast overpressure
(Ritenour et al., 2008).

The U.S. Government Accountability Office (GAO, 2011) reported that hearing
impairments were one of the most common reasons for Veteran’s Health Administration
disability benefits, with payments exceeding $1.1 billion per year. In 2009, there were
more than 50,000 awards for hearing loss and more than 70,000 for tinnitus (ringing in
the ear).

Hearing is essential for many military tasks, including the differentiation of friendly
from enemy fire and acting as a warning sense. The negative effects of hearing loss
include greater susceptibility to paranoia and psychotic-spectrum disorders (Zimbardo,
Andersen, and Kabat, 1981; Freeman et al., 2008). The effects of tinnitus vary from mild
to severe and can be permanent. In some cases, hearing loss can be ameliorated with a
hearing aid. A 2002 Institute of Medicine study found that even among service members
enrolled in hearing conservation programs, 10 to 18 percent still experienced a significant
shift in their hearing threshold (Humes, Joellenbeck, and Durch, 2005). This range was
two to five times as large as rates considered to be appropriate in industrial hearing
conservation programs.

Noise is also a common problem for nondeployed Airmen and civilians who work in
certain industrial occupations (Middendorf, 2004). A recent study using data from the
National Health and Nutrition Examination Survey reported that 22 million, or 17
percent, of workers reported exposure to hazardous noise, defined as having to speak in a
raised voice to be heard (Tak, Davis, and Calvert, 2009). One-third of the workers in the
study said that they did not use hearing-protection devices (HPDs). In Great Britain, one
study of 22,000 people 5—64 years of age found that 8 percent had hearing problems
(Palmer et al., 2002), with the prevalence of such problems increasing with the number of
years spent in noisy jobs. In addition to potentially causing hearing loss, high levels of
workplace noise appear to cause more accidents and have been linked to increases in
blood pressure (Suter, 2008).

Altitude

Perhaps a unique physical environmental stressor among Airmen is that of altitude.
As altitude increases, oxygen pressure decreases, making less oxygen available to the
body. Above 8,000 feet, this pressure change can have serious physical and cognitive
consequences for the human body (i.e., hypobaric hypoxia). Altitude-related illnesses
include acute mountain sickness, high-altitude pulmonary edema, and high-altitude
cerebral edema. Although acclimatization can counteract some effects of hypoxia, the
biological and genetic components of serious altitude sickness are still not well



understood (Friedl and Penetar, 2008). Although pilots use oxygen systems at high
altitude, the effects of altitude-related illness also apply to Airmen on bases at high
altitudes or those in noncombat, support, or service-support roles working on the ground
at high altitudes. These Airmen are also vulnerable to hypoxic conditions (Rock, 2002)
and may not be as aware as pilots of the signs and symptoms.

Chemicals

Another physical environmental stressor more prevalent in the Air Force than
elsewhere is jet-propellant (JP) fuel, a complex mixture of numerous hydrocarbon
compounds and additives (Proctor et al., 2011; Maule et al., 2013). Some studies suggest
that JP-8, the primary jet fuel used by the U.S. military, is potentially toxic to the
immune, respiratory, and nervous systems (Merchant-Borna et al., 2011). To date,
numerous protective and preventive strategies (e.g., federal exposure limits; workplace-
procedure protocols; protective gear such as goggles, respirator use, gloves, and
coveralls) have been put in place to minimize acutely toxic exposure levels by the
Occupational Safety and Health Administration (OSHA) and the Air Force Office of
Safety and Health. Specifically, these agencies regulate levels of all petroleum products
including JP-8 in private-sector workplaces and in Air Force workplaces, respectively.
The maximum allowable amount of petroleum products in workroom air during an 8-
hour workday, 40-hour workweek, is 400 milligrams per cubic meter (mg/m"). The
Agency for Toxic Substances and Disease Registry (2008) has derived an intermediate-
duration inhalation minimal risk level (MRL) of 3 mg/m’ for JP-8. An MRL is an
estimate of daily human exposure to a substance over a specific period that is likely to be
without an appreciable risk of adverse effects (e.g., noncarcinogenic).

Several techniques can determine JP-8 exposure levels. These include measuring
exposure through breathing zone samples (Smith et al., 2010), skin samples (Chao et al.,
2006; Chao, Gibson, and Nylander-French, 2005), exhaled breath (Pleil, Smith, and
Zelnick, 2000; Tu et al., 2004), and urinary biomarkers (Serdar et al., 2003; Smith et al.,
2012). However, most of these tests are not widely available and are used primarily for
research

Urinary biomarkers, in particular, may provide a surrogate measure for combined
dermal and inhalation JP-8 exposure. One study found that urinary 1- and 2-naphthol
levels accurately reflect JP-8 exposure during the work-shift and may be useful
surrogates of JP-8 exposure (Smith et al., 2012). Another study that compared three
biomarkers of JP-8 exposure found 2-methoxyethoxy acetic acid to be a more accurate or
appropriate urinary biomarker than S-benzylmercapturic acid and S-phenylmercapturic
acid for measuring JP-8 exposure (B’Hymer et al., 2012).
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Measurement of chemical exposures can be done with exposure modeling and
biomarkers of exposure. Both are proxies for actual, personal exposures. Biomarkers are
imperfect because of differences in the way individuals metabolize chemicals or because
of their personal toxicodynamics. Biomarkers reflect how the body processes, absorbs, or
excretes chemicals after exposures.

To determine individual levels of resilience to exposures, one would need to know
levels of exposure, body burden, and toxicodynamics. Some individuals may absorb
chemicals more quickly, process them more efficiently, or excrete them more effectively.
Others may be more vulnerable to negative health effects because of pre-existing health
conditions.

Hazardous Workplace Environments

Deployed Airmen are not the only individuals who may encounter environmental
stressors. Civilians, especially those with certain occupations (e.g., stock and material
handlers, nursing aides and orderlies, truck drivers, police officers, construction laborers),
and those who work outdoors are also exposed to potentially hazardous environmental
conditions in the course of their jobs. One of the few ways to measure exposure to
environmental stressors associated with employment is to focus on occupational injuries
and deaths.

Workplace injuries are not themselves environmental stressors but are often thought
to be the result of such stressors. Workplace-injury prevalence rates may indicate
environmental fitness at a group (e.g., unit) level. In lieu of primary data analyses of
restricted datasets such as those comprised in the Total Army Injury and Health
Outcomes Database, we reviewed publically available data on injuries. The Census of
Fatal Occupational Injuries by the U.S. Bureau of Labor Statistics (BLS, 2012) reports
that fatal occupational injuries for resident armed forces in 2012 were mostly attributable
to transportation incidents.

One major measure of the incidence of nonfatal occupational injuries in the United
States is the annual Survey of Occupational Injuries and Illnesses (SOII), also conducted
by the BLS. OSHA requires that employers record three types of injuries: (1) all injuries
that involve days away from work (DAW cases), (2) cases with restricted work activity
or job transfer (DART?), and (3) cases with only medical treatment (beyond first aid).
The BLS collects these injury and illness records from a sample of establishments (about
200,000 in recent years) to calculate national rates and state rates (for all but eight states)

> The DART describes the number of recordable injuries and illnesses per 100 full-time employees (FTEs)
that resulted in days away from work, restricted activity at work, or a job transfer during a given period of
time.
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by major industry categories. For DAW injuries, the BLS also publishes data about injury
causes and nature, part of body affected, and the type of equipment involved, along with
some demographic information about those injured and the median number of days lost
for different categories. Table 2.1 shows the number and rate of nonfatal occupational
injuries reported to BLS through the OSHA system for the seven occupational groups
with the most DAW injuries.

Table 2.1. Occupations with the Most DAW Cases and Leading Event or Exposure

Incidence
Number per Leading Event
Occupation of Cases 1,000 FTE (% of Total)
Laborers and freight, stock, and 64,910 41 Contact with equipment (32%)
material movers Overexertion (32%)
Nursing aides, orderlies, and 50,620 4.6 Overexertion (48%)
attendants Fall on same level (17%)
Janitors and cleaners (except maids 48,180 3.2 Overexertion (29%)
and housekeeping) Contact with object/equipment (21%)
Truck drivers: heavy and 47,790 3.3 Overexertion (23%)
tractor-trailer Contact with object/equipment (20%)
Police and sheriff’s patrol officers 35,590 6.0 Assaults/violent acts (23%)
Transportation incidents (18%)
Truck drivers: light or delivery services 32,210 4.1 Overexertion (28%)
Contact with object/equipment (16%)
Construction laborers 26,690 3.8 Contact with object/equipment (43%)

Overexertion (17%)

SOURCE: BLS (2009).

The occupations listed in Table 2.1 experienced 25 percent of all DAW cases in the
United States (excluding federal-government employment). Their rates far exceeded the
national DAW rate of 1.2 per 100 FTEs. The most common cause of DAW injuries is
“overexertion,” accounting for 23 percent of the total. This category includes injuries
resulting from lifting, bending, stretching, pushing, and pulling. These injuries, along
with those caused by repetitive motion, are musculoskeletal injuries that might be
addressed by ergonomic measures. However, OSHA does not have any standards that
address these hazards, and its effort to promulgate an ergonomics standard was
overturned in early 2001.

Some researchers claim that the SOII substantially undercounts injuries, perhaps by
as much as 50 percent (Boden and Ozonoff, 2008), but analysts at the BLS claim that the
problem is much smaller (Boden, Nestoriak, and Pierce, 2010). Certain biases in the
reporting are clear, however. First, smaller establishments are more likely than larger
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establishments to underreport (Mendeloff et al., 2006). Second, states in the South and
Appalachia underreport accidents more than other states, whereas states in the Northwest
underreport less (Mendeloff and Burns, 2012).

There is no way to establish the “true” number of nonfatal injuries. The number of
reported injuries is affected by cultural, economic, and social questions (Azanoff,
Levenstein, and Wegman, 2002). For example: Are injuries viewed as work-related? Do
workers face sanctions for reporting injuries? What is the cost-benefit calculus for taking
time off work? Reported lost workday injuries are about 15 percent higher in states that
compensate workers after three days off work than in states that compensate only after
seven days or more (LaTourette and Mendeloft, 2008).

The Census of Fatal Occupational Injuries, also conducted by BLS, reports on the
causes of occupational deaths. In 2012, transportation incidents accounted for 39 percent
of fatal occupational injuries, and violence accounted for 17 percent (BLS, 2012). Most
violence-related deaths were homicides committed during robberies, although shootings
by disgruntled employees typically receive the most media coverage.

The more traditional occupational causes of death span a wide spectrum. Falls,
especially in construction, are the most distinct category, but electrocutions, fires and
explosions, and toxic exposures are also reported. Many other deaths occur as a result of
diseases with occupational causes. Almost all of these are diseases with long
development or latency periods, so current diseases usually reflect past exposures more
than current ones. Estimates of the number of such diseases vary widely. With a few
major exceptions (e.g., asbestosis, mesothelioma), diseases are not uniquely occupational
in origin. Thus, estimates must be made through epidemiological studies of the risks
faced by exposed workers relative to those unexposed. Several studies have suggested
that the proportion of cancer deaths resulting from occupational exposures ranges from 2
to 5 percent (Rushton et al., 2010; Doll and Peto, 1981). Estimates on heart-disease
deaths caused by work are even more speculative (Suter, 2008).

BLS also collects information on exposure to harmful substances or environments
that are associated with loss-of-time injuries. Most of the top 15 causes for loss-of-time
injuries on private-sector jobs in 2009 (excluding agriculture) resulted from failure to
wear protective equipment. These causes included contact with hot objects, exposure to
radiation (e.g., ultraviolet radiation absorbed in the cornea of an eye through welding),
inhalation of toxic substances, contact with electricity, contact with heat, exposure to
noise (single incident), and contact with cold or cold objects (BLS, 2009). These data
suggest that proper use of PPE could reduce workplace injuries.
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Summary

Our work focused on key environmental stressors—including temperature (heat or
cold), noise, altitude, chemicals, and workplace environments—in which injuries or
deaths may occur. It was outside the scope of this report to review all possible
environmental stressors that Airmen may experience. Of course, there are other stressors
related to the general environment of serving in the military (e.g., being deployed,
working long hours, separation from family and other forms of social support) and many
of these other stressors are addressed in other reports in this series.

Our review of the literature found that, for some specific types of environmental
stressors, exposure metrics (e.g., heat stroke, hearing gloss, injuries per FTE) are readily
available. However, others, such as chemical exposure, are more difficult and require far
more data and invasive methods (e.g., blood work) to assess exposure.

The Air Force must carefully consider which metrics are most appropriate, and most
economical, to collect and use. Unfortunately, these measures can only indicate whether
an Airmen has already been exposed to a potentially negative stimulus, situation, or
stress. We next discuss what the Air Force and Airmen might do to prevent negative
exposures and maximize environmental fitness (i.e., resilience resources in the
environmental-fitness domain).
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3. Key Resilience Factors: Prevention

Several individual and organizational factors can both prevent and protect individuals
from environmental stressors. Preventive measures are those that reduce the risk of
experiencing an environmental stressor before it is encountered. A protective measure is
one that, when a stressor is present, can counteract its negative effects. The distinction is
important because not all environmental stressors can be prevented, even if precautionary
measures are taken. In this chapter, we focus on preventive measures, including safety
culture and climate, safety training and education, financial incentives to prevent injuries,
and compliance with safety regulations. The following chapter focuses on protective
measures.

Safety Culture and Climate

The concept of safety culture has been developed to describe an organizational
commitment to safe practices for preventing injuries and exposures to potentially
dangerous workplace situations (e.g., chemical exposures). Safety culture generally
focuses on overt and tangible management commitment to safety, its transmission to line
supervisors, and the involvement of employees.

Pidgeon (1997) defines safety culture as organizational features that seek to prevent
“complex” accidents, e.g., those requiring external investigation rather than internal
handling. Others view the term as more widely applicable to all types of safety
performance. Safety culture became a more prominent issue after the Baker
Commission’s highly critical 2007 report on British Petroleum after an explosion at its
Texas City, Texas, refinery.

Safety climate is defined more narrowly than safety culture and from the perspective
of the employee. Safety climate includes employee perceptions of organizational safety
policies and practices (Zohar, 1980, 2010). The military has the unenviable position of
teaching its members to overcome fear and engage in risky situations (e.g., combat),
often without regard to personal safety, while promoting safe work environments and
reducing risk.

One important impetus for a safety climate has been the search for “leading
indicators” for safety and health (i.e., indicators that can be quickly monitored, assessed,
and used as feedback in decisionmaking). These are posed in contrast to the traditional
measures of safety and health performance (e.g., deaths, injuries, and illnesses that have
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occurred in the past), which typically have a very long lag time between the safety event
and calculation of the indicator.

Leading indicators of safety climate could provide very valuable guidance for
improving environmental safety policies and practices. Leading indicators can also
provide more timely feedback on a firm’s safety program and its direction. Safety-climate
metrics could become a surrogate for those based on injury outcomes, which are not
known immediately and are subject to random variation, making it difficult to learn
whether safety is improving and which policies, practices, or initiatives contributed to its
improvement.

The most recent and careful meta-analysis of safety climate studies has helped to
clarify the research in several ways. Beus et al. (2010) examined three categories of
studies. The first used injuries to predict individual ratings of safety climate, management
commitment to safety, management safety practices, coworker safety, safety
communication, safety training, and housekeeping. The second used injuries to predict
organization-level safety climate and suggested that general safety policy and safety
procedures are promising measures that contribute to safety climate. The third used
organizational-safety climate, particularly management commitment to safety and safety
reporting, to predict injuries. Some studies within each of these three categories examined
the role of effect modification variables, or variables that could exacerbate or buffer
relationships between injuries and the individual safety climate. These studies suggest
that metrics of safety climate should incorporate measures of management commitment,
one of the most robust effect modifiers (also referred to as moderators).

Beus et al. (2010) also found that the predictive value of the organizational-safety
climate for injury rates declined sharply as the length of time used to calculate injury
rates increased. In other words, organizational-safety-climate measures of data are better
at predicting the injury rate when they are based on the preceding 12 months than when
they are based on the preceding 24 months. This finding is consistent with the notion that
the safety-climate measure is a “snapshot.”

It is often useful to get judgments on the quality of a safety effort in a simple fashion.
The Institute for Work and Health (IWH, 2011, p. 5) has designed a tool for collecting
information on a firm’s commitment to safety that one company informant can complete.
Its eight items ask informants whether the following statements are true:

1. Formal safety audits at regular intervals are part of our business.

2. Everyone at the organization values ongoing safety improvement in this
organization.

3. The organization considers safety at least as important as production and
quality in the way work is done.

4. Workers and supervisors have the information they need to work safely.
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5. Employees are always involved in decisions affecting their health and safety.

6. Those in charge of safety have the authority to make the changes they have
identified as necessary.

7. Those who act safely receive positive recognition.

8. Everyone has the tools and/or equipment they need to complete their work
safely.

This study’s examination of the validity of the questionnaire, across roughly 650
firms whose injury rates were tracked over four years, found that firms with summary
scores in the highest quartile, had, on average, a 25 percent lower injury rate than the
firms in the bottom quartile. A promising feature of the questionnaire was that summary
scores were similar across industries and across size categories of firms, suggesting that it
has high construct validity. However, injury data here preceded the judgments about the
firm, and thus the issue of whether injuries are indeed “leading” indicators of safety is
moot.

There is no consensus on how to conduct safety-climate surveys, other than that
employees should complete them and describe their views of how well the firm carries
out various safety functions and how strong its commitment to safety is. Some surveys
are a census of all employees but others use random samples. Some surveys generate a
single measure for the whole establishment, or even for the whole firm, whereas others
develop measures for work groups. The number of questions can vary from 10 to more
than 50. Some firms conduct safety surveys annually; others conduct cross-sectional,
one-time surveys. The National Safety Council, which has conducted hundreds of safety-
climate studies, uses an instrument with 50 items covering such topics as senior
management leadership and commitment, supervisory participation, employee
involvement, safety programs and activities, and safety and organizational climate
(National Safety Council, 2011).

Although there is little consensus on how to measure the safety climate, the
involvement of managers or leaders in the military to establish it remains important. If
Air Force leaders are not directly involved in enforcing measures to protect safety, the
rest of the organization will not follow.

Safety Training and Education

One of the clearest findings in the safety literature is that inexperienced workers are at
greater risk of injury (Breslin and Smith, 2007). This suggests that employers should
place a high premium on safety training for new hires or for employees taking on new
jobs. For the Air Force, this means that junior enlisted personnel may be more vulnerable
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to injury and that the greatest emphasis on safety and supervision should be placed on
those at the lowest skill levels.

Unfortunately, the literature on safety training provides little guidance on program
quality. A systematic review by IWH and the National Institute for Occupational Safety
and Health (NIOSH) found a lack of high-quality, randomized-control trials on safety
training and effectiveness (Robson et al., 2010). The report focused on 14 studies of
varying populations, interventions, and outcomes, making it difficult to reach clear,
generalizable conclusions. For three of the four outcomes examined—knowledge,
attitudes, and health—the strength of evidence to assess the effects of training was judged
“insufficient,” meaning that the methodological quality of the reviewed studies was low,
there were few studies to review, and reported effects were inconsistent (i.e., both
positive and negative). Thus, the review found that occupational health and safety
training on its own did not have a direct effect on health by reducing the number of
injuries or symptoms. Nevertheless, the review found that training had a “strong” positive
effect on targeted behavior, suggesting that there is an indirect link between it and health.
The review found insufficient evidence to determine whether level of engagement or
intensity of training (i.e., single versus multiple training sessions) was more effective.

Financial Incentives for Injury Prevention

Some organizations use financial incentives to increase workplace health and safety
and to reduce injures. Financial incentives for employees can include rewards for groups
of workers who have no reported injuries for a specific period of time. Supervisor and
manager salaries or bonuses may be directly pegged to the safety outcomes reported for
the units they oversee. Firms as a whole may also benefit financially from savings in
workers’ compensation premiums and in reductions in other related costs of injuries.

At the same time, financial incentives could unintentionally encourage employees to
underreport injuries to capitalize on the incentive program. Many Air Force installations
have a “mishap-free” day tally, but not many have an incentive program. Although the
military is prevented from offering monetary rewards for safety, it can use other
incentives, such as a pass or liberty (day off) or recognition through awards. Partnering
with outdoor recreation or other base services may also provide incentives for safety.

The Air Force currently employs OSHA’s Voluntary Protection Program, an award
program for exemplary safety and health management systems (see, for example, Wright-
Patterson Air Force Base, undated). The Federal Aviation Administration uses voluntary
reporting programs such as the National Aeronautics and Space Administration’s
Aviation Safety Reporting System and a Voluntary Self-Disclosure in which mistakes or
violations can be reported with immunity from civil penalties. The use of these
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nonpunitive programs has been cited as improving air safety (U.S. House Committee on
Transportation and Infrastructure, 2007).

Studies that have evaluated the value of nonvoluntary or incentive programs have
shown mixed results. A 1998 study commissioned by OSHA examined nine incentive
programs with awards based on injury outcomes and 16 with awards based on observance
of safety procedures and injury outcomes; it found no good evidence that the programs
had any effect (OSHA, 1999). However, a study of the U.S. construction industry
suggests that safety-incentive programs, particularly those with tangible awards (e.g.,
cash, gifts, prizes), improved several safety-performance metrics including fewer lost
workdays and recordable incidence rates, and declines in these incidence rates were
greater over a two-year period. When only tangible awards (cash, lottery, gifts, prizes)
were offered, safety performance was better and incidence rates were lower than when
both tangible and intangible items (trophies, certificates, time off, parties) were offered.
Yet the construction industry also offers some evidence on how incentive programs can
lead to underreporting of injuries. Contractors responding to a survey by Hinze (2005),
asked why employees would not report injuries, were most likely to say, “The workers
wanted to get the safety incentive associated with their incident rate,” or “The workers
felt pressure from other workers not to report injuries.” However, this survey had a low
response rate, suggesting that it may not accurately represent the construction industry or
have results that generalize to other industries.

Compliance with Safety and Health Standards: OSHA Enforcement

Roughly two dozen published studies have examined the effect of OSHA inspections
or enforcement of safety and health standards since OSHA was created in 1971. Some of
these studies examined whether workplaces inspected early in the year had lower
workday-injury rates than those inspected late in the year (Smith, 1979; McCaffrey,
1983). They typically found no other statistically significant effects of enforcement or
inspection, although they also found that inspections may have had a greater effect at
establishments with fewer than 100 employees (Smith, 1979). Other studies have found
that more frequent inspections reduced noncompliance and that repeated inspections in
particular reduced noncompliance from the first to the second inspection at an
establishment (Bartel and Thomas, 1985; Weil, 2001; Gray and Jones, 2001; Ko,
Mendeloff, and Gray, 2010).

Scholz and Gray (1990), in linking OSHA inspection data from 1979 to 1985 with
BLS survey data, found that inspections that levied penalties were followed by a 20
percent decrease in the number of workdays lost to injuries in the subsequent two to three
years.
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Some studies have examined the relationship between the type of standards cited in
an inspection and the subsequent change in different types of injuries. Both Mendeloff
and Gray (2005) and Haviland et al. (2010) found that, among five OSHA standards
examined, only inspections citing the general requirements for personal protective
equipment (1910.132) helped prevent injuries. Inspections citing machine guarding
(1910.212), electrical wiring (1910.0303), powered industrial trucks (1910.0178), and
fire extinguisher standards (1910.0157) showed no effect on subsequent injuries.

In summary, it appears that inspections that levy penalties (which are certain if there
are serious violations) are followed by substantial reductions in the rate of injuries, but
these effects decay and are no longer identifiable after about two years. Some hazards
surely have more effect on injuries than others, but the only clear finding is that citing
PPE violations reduces injuries whereas violations of other OSHA standards show no
effect on reductions in related injuries. The effects of inspections are greater at smaller
workplaces (Gray and Mendeloff, 2005; Smith, 1979), perhaps because larger ones have
better compliance beforehand or respond more positively to prior inspections.

Air Force inspections and compliance assessments typically occur more often than in
the civilian sector, with few units going more than a year without some assessment.
Nevertheless, to save costs, many visits from higher authorities or other inspection and
assessment agencies have been combined, which may increase the time between
evaluations and decrease compliance. The Air Force may need to revisit its scheduling of
visits to ensure that they are frequent enough to maintain compliance.

A noted limitation to the above studies is that they are relatively few in number,
almost all exclusive to the manufacturing sector, to measures of DART injuries, and to
workplaces with more than 100 employees. We should be wary of drawing conclusions
about programs based on a small number of studies. This is especially true because
effects may change over time, either from changes in the regulated community or in the
regulator’s behavior. State worker-compensation program changes, such as increasing the
ease of obtaining benefits or the size of the benefits, can also increase the number of
reported injuries (Butler and Worrall, 1983; Hirsch, Macpherson, and Dumond, 1997).
Other state regulation effects may also affect injury reporting. For example, Mendeloff
and Burns (2012) found that, for the construction sector, states with the highest fatality
rates have the lowest nonfatal injury rates, and those with the highest reported injury rates
have the lowest mortality rates). Given the reliability of the fatality data, this suggests
that the states reporting high fatality rates are underreporting nonfatal injuries more than
other states do.
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Summary

Our review included four types of practices for preventing environmental stressors.
These are promoting safety culture and climate, safety training and education, financial
incentives to prevent injuries, and compliance with safety regulations.

Unfortunately, there are few rigorous, high-quality studies of these practices. The
reviews we cited indicate that management commitment to safety is key, particularly at
high levels; safety training can affect specific, targeted behaviors; inexperienced workers
are at greater risk of workplace injury; and safety inspections with penalties reduce
injuries, albeit with strongest effects when inspections are related to the use of PPE.
Compliance with safety standards is not always linked to a reduction in the number of
injuries, but there is some evidence that inspections lead to improved compliance at the
company level. There is no evidence that financial incentives improve workplace-injury
rates. The Air Force can capitalize on this research by ensuring that lower-skilled Airmen
are supervised and compliance inspections emphasizing PPE use are regularly scheduled.

The Air Force may wish to strengthen measures of safety culture and climate in
routine climate-assessment surveys at all levels of the organization (e.g., unit and above);
assess or quiz Airmen, especially junior enlisted, on their knowledge of workplace-safety
procedures and reward correct knowledge; and use routine, periodic safety inspections to
manage short-term compliance with safety rules and regulations. Such survey,
assessment, and safety-inspection data could then be linked with exposure to
environmental stressors.

In the next chapter, we discuss ways the Air Force may improve environmental
fitness given that exposure may have occurred.
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4. Key Resilience Factors: Protection

We now turn to protective practices that may mitigate the harmful effects of exposure
to environmental stressors. We focus on PPE, acclimatization and tolerance, and
ergonomics, as these have received the most attention in research and are most often the
target of interventions to promote environmental fitness, as discussed in the next chapter
of the report.

Personal Protective Equipment

As noted in the last chapter, Mendeloff and Gray (2005) and Haviland et al. (2010)
found that the citing of manufacturing employers for violations of the PPE standard led to
reduced injury rates. This OSHA standard cited in these studies (1910.132) is the one that
applies generally to PPE for head, eye and face, hands, and feet, which does seem a
plausible explanation for a reduced number of injuries, such as those to the eyes from
grinding or welding or those to the feet from falling objects. We discuss below examples
of two other types of PPE—respiratory and noise—and lessons they offer for mitigating
environmental stressors. Unlike other environmental stressors, noise is one in which
identifying risk exposure and prevention is of primary importance, rather than
acclimatization and tolerance.

Respiratory-Protective Equipment

The value of PPE depends on its effectiveness when worn and the frequency with
which it is used, as may be demonstrated by research on respiratory-protective equipment
related to a separate OSHA standard (1910.134). A BLS and NIOSH (2003) survey of
private-sector respiratory-protection programs found that the required use of respirators
varied widely by industry, with 0.2 percent of printing firms having such a requirement,
compared to 36.9 percent of chemical firms. For manufacturing as a whole, 6.7 percent of
establishments required respirator use.

Unfortunately, the BLS/NIOSH survey was not able to measure exposures at the
workplaces and thus was not able to determine how many establishments were, according
to OSHA standards, required to provide respirators and ensure that workers wore them.
In one study that compared the number of establishments cited for a respiratory-program
violation to the number of establishments targeted for a health inspection, roughly one-
third of all establishments requiring respirator use had some deficiency in their
respiratory-protection program (Mendeloff and Kopsic, 2008). The lack of proper use
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indicates a potential not only for injuries but also for lost productivity and treatment
expenses. From 1999 to 2006, OSHA inspectors cited respirator program violations in 12
percent of all inspections (Mendeloff et al., 2013). For OSHA health inspections (as
opposed to safety inspections), the figure was 22 percent. Workplaces that receive health
inspections are more likely to need respirator programs, so the latter figure may be a
better indicator of the rate of noncompliance.

The most common OSHA violation was the failure to carry out proper fit-testing
before requiring respirator use. Among the violations dealing with the respirator itself,
the most common was the failure to evaluate the environment before choosing a
respirator.

As a federal government agency, the Air Force has more stringent guidelines for the
use and availability of PPE, including respiratory equipment. Given its combat mission,
the military requires fit-testing of gas masks before deployment, and this information
must be annotated on mobility paperwork. The same diligence should be applied to
home-station PPE, such as that required when working with fuels and other potentially
dangerous items or procedures.

Noise Reduction

Noise exposures can be reduced by engineering controls (e.g., sound-baffle systems),
administrative controls (e.g., rotating employees out of the exposed area), and HPDs.
HPDs, such as earmuffs and plugs, are considered an acceptable option with which to
control exposures to noise but less desirable than effective hearing-conservation
programs (Verbeek et al., 2012; U.S. Department of Labor, 2015). HPDs are less optimal
because employees often report discomfort or communication problems when using
them. In addition, HPDs must be properly fitted to be effective. In the military, unique
situations, such as the need to also use a combat helmet or gas mask, may limit the ability
to wear hearing protection comfortably—even though such situations may be those when
hearing protection is most needed.

In 1983, OSHA promulgated a very detailed standard that required hearing-
conservation programs at all workplaces where noise exposures exceed 85 db (Federal
Register, 1983). Such programs include requirements for noise monitoring, baseline and
annual audiograms, training, and provision of HPDs. Although OSHA has a permissible
exposure limit for noise of 90 db, it adopted a policy of not requiring engineering controls
unless exposures exceeded 100 db given the expense of engineering capabilities and the
capability of HPDs to reduce noise exposure to less than 90 db. As a result, reliance on
HPDs is very widespread, but the extent of reliance on administrative controls to reduce
exposures is unknown.
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DoD and the Services have had hearing-conservation programs since 1978 (GAO,
2011). In most respects, these resemble OSHA’s standard. As with OSHA, DoD states
that engineering controls should be the primary means of eliminating potentially harmful
exposures, but the degree to which cost and feasibility issues limit the use of engineering
controls is not known. The use of and adequacy of HPDs in combat situations is harder to
appraise and likely to be lower. DoD observes a permissible exposure limit of 85 db
rather than the OSHA limit of 90 db. Allowable exposure time is also more stringent
under DoD requirements.

The military has seen longer-serving members suffer greater levels of hearing loss;
more than 25 percent of those serving in the Army for more than 17 years experienced
some hearing loss, compared to 5 percent of those who served less than 3 years (Smith et
al., 2003).

The GAO (2011) reports that the Army’s concern with hearing-related injuries in
Operation Iraqi Freedom led to the requirement that soldiers who did not meet the
hearing readiness standard could not be deployed. This readiness standard required up-to-
date audiograms and provision of combat-arms earplugs (see also Tufts, Vasil, and
Briggs, 2009). Audiograms in the Army increased from 168,000 in 2003 to almost
440,000 in 2006, largely as a result of this policy (GAO, 2011).

Yet GAO (2011) also noted some important shortcomings in the services’ hearing-
conservation programs. Perhaps the most important was the failure of information
systems to track program implementation and effects on hearing loss. Zohar and
colleagues (1980) showed that information feedback could promote use of ear protectors.
More recently, NIOSH has been field-testing a device that provides real-time
measurements of the actual degree of noise attenuation by HPDs (Rabinowitz et al.,
2011).

Aircraft and weapon noise are two significant contributors to hearing loss in the Air
Force, but some personnel may not wear hearing protection in emergency or contingency
situations. One reason may be the incompatibility of HPDs with other gear, such as
helmets and gas masks. The Air Force could engineer new facilities to reduce noise
pollution. It can also rotate manpower so that the same personnel are not always on the
shifts with the greatest amount of noise. Alternatively, it could break up shifts to reduce
exposure times.

Acclimatization and Tolerance

Acclimatization is an adaptive process that reduces the physiological strain produced
by constant environmental stress. Tolerance typically refers to the result of
acclimatization at the cellular level, by which individuals adapt to and are protected from
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environmental stressors. Cross-tolerance occurs when exposing an individual to one
stressor results in tolerance of other, novel environmental stressors. Measuring whether
an individual has become acclimatized to a specific environmental stressor is often
difficult. One way to measure acclimatization to environmental stressors is to simply ask
a person if they are uncomfortable under certain conditions, such as extreme heat or high
altitude (Hellon et al., 1956). Unfortunately, subjective measures of comfort or stress are
highly unreliable. More recent indicators of acclimatization focus on biochemistry and
cellular markers of efficient cellular performance that indicate whether acclimatization
has led to heat (Horowitz, 2007) or altitude tolerance (Murray, 2009). However, such
measures may be expensive and burdensome to collect from individuals routinely in real-
time, outside laboratory settings. Predeployment training in the Air Force could be
optimized to achieve acclimatization if the training site environmentally mimics the
deployed location.

Below, we provide specific examples of how acclimatization and tolerance help
protect individuals against specific physical environmental stressors caused by extreme
temperature or altitude conditions.

Temperature

NIOSH (1986) has recommended the monitoring of core body temperature, skin
temperature, sweat, and heart rate as appropriate indicators of heat strain. Core
temperature pills (wireless transmitters ingested by subjects) to monitor heat stress may
be inaccurate because of ingested fluids present when the pill is still in the upper portion
of the gastrointestinal tract (Wilkinson et al., 2008). By contrast, another metric that
combines two indicators is the Physiological Strain Index (PSI), developed by Moran,
Shitzer, and Pandolf (1998). The PSI has demonstrated efficacy in identifying individuals
with heat strain in both dry and wet environments, with or without PPE (Moran, 2000).
By continuously measuring PSI to identify “at-risk” individuals, one can eliminate the
need for continuous core temperature monitoring and measures that can be influenced by
drinking behavior (Buller et al., 2008). The military typically identifies potentially
dangerous heat conditions, temperature, and humidity combinations by tracking the wet-
bulb temperature and issuing warnings as needed. Unit leaders must then institute
appropriate work-rest cycles and hydration breaks while carefully monitoring those with
prior heat injury,” Unfortunately, prior heat injury is usually known only through self-
reports because medical records are not shared with deployed commanders, and
deployment paperwork does not flag personnel with such history.

6 . . . . . . .
For more information on hydration, see the companion report on nutritional fitness (Florez, Shih, and
Martin, 2014).
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Understanding and preventing the negative effects of cold exposure is also important,
although this issue has been of less concern in recent conflicts. There are currently no
measures that assess resiliency to cold. Nevertheless, certain behavioral considerations,
including adequate diet and fluid balance, clothing, use of PPE, and training in cold
weather, can help increase acclimatization to cold and prevent injuries from it.

Altitude

Measuring whether an individual has achieved a level of tolerance for high altitudes
and hypoxic conditions must be done at the cellular level. Generally, acclimatization to
altitude includes some mix of exposure and recovery (Hetzler et al., 2009), although
some evidence suggests that even if a standardized procedure is followed, acclimatization
may still not occur (Howald and Hoppeler, 2003; Pfeiffer et al., 1999). Other research
suggests that certain genetic and biological markers may indicate who is more (or less)
likely to suffer from altitude-related illnesses (Friedl and Penetar, 2008; Mairbaurl et al.,
2003). For example, retrospective studies that examined individuals who did and did not
develop high-altitude pulmonary edema found that those who did were more likely than
those who did not to have human leukocyte antigen, or HLA-DR6 and HLA-DQ4
antigens (Hanaoka et al., 1998) and differences in single nucleotide polymorphisms of the
angiotensive II type 1 receptor gene (Hotta et al., 2004). Nevertheless, this research is far
from conclusive in terms of using genetic markers to measure altitude resilience.

Ergonomics

Ergonomics is the study of designing equipment and devices that fit the human body,
its movements, and cognitive abilities (International Ergonomics Association, 2011). The
two simultaneous goals of ergonomics are to promote the health and well-being of
workers and to maximize productivity. The key to accomplishing both goals is preventing
injury, both short and long term. In practice, ergonomics focuses on the “fit” between
individuals and the tools they need to do their jobs. For example, employees who spend
hours in front of computer screens should have a workspace that reduces eye strain,
provides lumbar support for the back, and allows the wrists to be straight over the
keyboard. The military is known for its template approach to office work and not for its
ability to ergonomically accommodate its workers. This is especially true in deployed
environments.

A recent review of participatory ergonomic (PE) interventions (i.e., those in which
individuals performing work must engage in problem-solving to reduce injury-related
risks) found some evidence that such interventions can reduce musculoskeletal
symptoms, injuries and workers’ compensation claims, and days lost to injury or sickness
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(Rivilis et al., 2008; Amick et al., 2006, 2009; Brewer et al., 2006). However, another
recent review by Van Eerd et al. (2011) suggests that there is no one ideal approach to PE
interventions, although the authors note several key elements of effective PE programs.
These include use of teams to address ergonomic issues, involvement of appropriate
personnel in the process (e.g., supervisors, specialists, advisors), explicit definition of
participants’ responsibilities (such as problem identification or solution development),
use of group decisionmaking procedures, providing ergonomic training, and addressing
key facilitators or barriers.

Summary

PPE, acclimatization and tolerance, and ergonomics may all mitigate the effects of
environmental stressors on health and well-being. The value of PPE depends on whether
it is used properly and worn at the appropriate times. Acclimatization to specific
conditions, such as heat or altitude, can reduce the negative effects of exposure, but much
more research is needed both to understand how that adaptation process works as well as
on how to measure acclimatization. Recent reviews of workplace ergonomic programs
suggest that they can reduce musculoskeletal problems, injuries and workers’
compensation claims, and loss of work days to illness or injury, although the most
effective ergonomic practices and policies may be job- or industry-specific. Flagging
personnel with prior heat-stress injuries and ensuring that all PPE is compatible with
deployment and emergency gear can also increase the Air Force’s ability to protect its
personnel from environmental stressors. In the next chapter, we focus on how the Air
Force can use PPE to promote environmental health and the well-being of Airmen.

28



5. Interventions to Promote Environmental Fithess: The Role
of Personal Protective Equipment

Because federal, state, and local governments, as well as private-sector firms, have
focused a great deal of time and resources on establishing and validating workplace
health and safety requirements, DoD and the Air Force have well-established procedures
for preventing injuries and other negative outcomes related to environmental risks.
Indeed, the military may have the most stringent health and injury-prevention policies
and practices of all employers. From this perspective, the most important policy question
becomes which interventions, besides health and safety standards, can help promote
environmental health and well-being?

We suggest that appropriate use of PPE is the most promising means to prevent
environmental injury. The literature on PPE use is vast and spans a variety of specific
PPE used to protect individuals against specific risks in specific occupations and
industries. Although this literature is informative, from a policy perspective it may be
more useful to synthesize the important predictors of PPE use that span all types of
equipment, jobs, and industries.

At its core, the use of PPE is about compliance. A number of researchers have
developed models of human behavior change and, more specifically, of compliance (e.g.,
Deloy, 1986, 1996; Gielen and Sleet, 2003; Green et al., 1980; Sulzer-Azaroff, 1987).
Figure 5.1 depicts an adapted version of the model of compliance behavior proposed by
McGovern et al. (2000) for health care workers.

In the model, there are three groups of determinants of compliance, or, in this
example, the appropriate use of PPE. The first set of determinants is individual
characteristics. These include sociodemographic characteristics (e.g., age, gender),
attitudes and beliefs (e.g., about the use of safety equipment), knowledge (e.g., about the
risks involved in not using safety equipment), and education (both level of attainment and
on how to use safety equipment). The second set of determinants is at the job level. These
include level of experience, skill, cognitive demands, workload, and work stress. The
third set of determinants is at the organizational level. These include training, peer review
(of safety practices), management support, and the safety culture and climate of the
workplace.
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Figure 5.1
Model of Determinants of Appropriate Use of PPE

Individual-Level Factors
Sociodemographics, attitudes,
beliefs, values, knowledge, and

education

Job-Level Factors
Experience, skill,

cognitive demands, »
workload, work stress

Organizational-Level
Factors

« Training, peer review,
management support,
safety climate/culture

Corresponding/

Conflicting
Demands

Pd d

APPROPRIATE USE OF PPE

SOURCE: Adapted from McGovern et al. (2000).

Individual, job, and organizational determinants all operate in tandem to influence
whether an individual chooses to use PPE, as represented by the rectangle at the bottom
of Figure 5.1. For example, if an individual is aware of the risk of not using PPE, has the
knowledge and skills to appropriately use PPE for a specific task, and works in an
environment where management supports the use of PPE, then the likelihood of an
individual appropriately using PPE is high. If the individual does not have access to
appropriate PPE, does not see or is unaware of the health benefit in using PPE, or does
not know how to use PPE, then the likelihood of appropriate PPE use is low. These inputs
may conflict, such as when an individual is aware of the risks of not using PPE but does
not do so because of possible stigmatization.

One of the most appealing aspects of this model is that it can be applied to any PPE,
any environmental stressor, and any job or occupation. By contrast, the vast majority of
the literature on appropriate use of PPE is industry- or job-specific. For instance, an
evaluation of positive influences affecting respiratory-protective equipment use among
hazardous-waste workers included concern about work exposure, fit-testing, and training,
and negative ones were communication, personal comfort, effect on vision, structural
environment, and fatigue (Salazar et al., 2001). Similarly, a review of 29 studies of health
care worker safety that addressed the psychometric properties of “safety climate”
questionnaires suggested that the most valid assessments of safety climate should include
questions about positive perceptions of organizational safety (Flin et al., 2006). But at the
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same time, this study acknowledged that testing the validity of worker safety measures is
often done by linking the measures with outcomes. In the case of health care workers, the
outcome is usually both patient safety (through the worker’s use of PPE) and worker
injury. That may not be applicable to other industries and worker activities.

Unfortunately, at present, what the literature does not contain is any systematic
overview of the results from all of these very specific studies. Thus, although the model
is intuitively appealing, it has not yet led to the same rigorous interventions and
evaluations that can be found in some of the other TFF domains explored in this series of
documents. As such, it is important to consider both self-reported measures of PPE use
and also organizational measures of safety-climate characteristics.

Regarding specific interventions to increase workplace self-protective behavior,
Deloy (1996) suggests focusing on four stages of behavior: hazard appraisal,
decisionmaking, initiation, and adherence. For an individual facing an environmental
stressor, or hazard, the first stage in behavior response is to appraise the hazard. A
number of individual-level determinants depicted in the model in Figure 5.1 (e.g.,
attitudes, beliefs, knowledge) affect this stage. In the second stage, individuals engage in
a decisionmaking process, weighing the costs and benefits of possible actions and
assessing whether they can perform certain actions (given that self-efficacy is an
important aspect of self-protective behavior).” In the third stage, initiation, environmental
and organizational characteristics can support or affirm the results of the decisionmaking
phase. For example, positive feedback from coworkers and managers help behavioral
intentions become actual actions. In the last stage, adherence, both environmental and
organizational, can again influence long-term compliance.

The military is in a unique position with respect to both the model of PPE use
presented in Figure 5.1 and DeJoy’s (1996) model. An individual’s first years in the
military are considered an indoctrination period, when nearly all aspects of the person’s
life is influenced by the organization. The Air Force is responsible for most technical
training of its members and, consequently, greatly influences the initiation stage,
regardless of individual background or job characteristics. Further, as long as the Air
Force maintains a culture and climate of safety, with appropriate checks on compliance
and high-level leadership support, its organizational characteristics should help Airmen
continue to use PPE appropriately.

7 For a more detailed discussion of self-efficacy, see the companion report on psychological fitness
(Robson, 2014).
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6. Conclusion

This report has focused on one domain of TFF, environmental fitness, which is
defined as the knowledge, skills, and behaviors necessary to successfully protect against
stress associated with one’s environment. We identified two main constructs in which to
categorize environmental fitness factors: prevention of exposure to environmental
stressors or hazards and protection against environmental stressors and hazards already
present in an environment.

Prevention practices include safety culture and climate, safety training and education,
financial incentives to prevent injuries, and compliance with safety regulations.
Unfortunately, little high-quality, rigorous research has been done on these practices.
Nevertheless, the research that does exist suggests that management commitment to
safety is key for workplace safety. Safety training can affect specific, targeted behaviors;
and safety inspections with penalties reduce injuries, particularly in the short term and
when inspections are linked to the use of PPE. There is also some evidence that
inspections lead to improved compliance by companies, but compliance with safety
standards is not always linked to a reduction in the number of injuries. Thus, measures of
management commitment to safety and of safety inspections should focus on use of PPE
and associated outcomes after program implementation.

For protective practices, we reviewed the literature on PPE, acclimatization and
tolerance, and ergonomics. The value of PPE depends on whether it is used properly and
worn at the appropriate times. Acclimatization to specific conditions, such as heat or
altitude, can reduce the negative effects of exposure, but much more research is needed to
understand how that adaptation process works. Recent reviews of workplace ergonomic
programs suggest that they can be effective at preventing musculoskeletal problems,
reducing injuries and workers’ compensation claims, and reducing work days lost to
illness or injury. Much like PPE, the ergonomic practices and policies that are most
effective are often job- or industry-specific.

The Air Force has many opportunities to put to use the research reviewed in this
report on environmental fitness. What should the Air Force do and measure to make sure
that (1) it knows the environmental stressors Airmen face, (2) it prevents environmental
stressors and exposures when possible, and (3) it protects Airmen from stressors and
exposures that cannot be avoided?

First, the Air Force must decide which stressors most affect environmental fitness.
We prioritized a key set of environmental stressors, including temperature (heat or cold),
noise, altitude, chemicals, and workplace environments in which injuries or deaths may
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occur. There are numerous ways to measure exposure to these (and other environmental)
stressors. Some are well established, and relatively noninvasive, inexpensive, and easy to
administer or collect. Others are not. The Air Force must therefore also decide where to
prioritize data-collection efforts.

Second, the Air Force may wish to focus on predictors of PPE use that cut across all
types of equipment and jobs to prevent exposures of all types (not just for specific
occupations and industries, which is the focus of the bulk of literature on PPE use).
Compliance, and the factors that influence it, is paramount. Interventions designed to
increase workplace self-protective behavior should address the various stages of behavior
that affect whether an individual will use a protective device.

Third, the Air Force can target evidence-based strategies to mitigate the negative
outcomes of exposure among the most relevant subgroups. For example, among young
Airmen new to the military, predeployment training can help acclimatize them to
deployment conditions and thereby mitigate temperature and altitude injuries. Ultimately,
the Air Force should create a safety climate regarding environmental stressors. But the
connection between a safety climate, where individuals accept the importance of safety,
and a safety culture, where the institution is committed to safety, is very important.
Workplace injuries can be reduced through a safety culture but only if both senior and
mid-level leaders are visible participants and advocates.
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