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Abstract of Dissertation

Evaluation of the Effects of Exposure to Organic Solvents and Hazardous Noise
among U.S. Air Force Reserve Personnel

Background: Hearing loss affects many workers including those in the military and may
be caused by noise, medications, and chemicals. The purpose of this study was to
evaluate the risk for hearing loss among U.S. Air Force Reserve personnel who have
routine exposures to occupational hazardous noise with and without occupational
exposures to toluene, styrene, xylene, benzene, or JP-8 jet fuel.

Methods: Noise and solvent exposures were ascertained from workplace industrial
hygiene records. Audiogram data were used to determine hearing loss. The study
population included personnel who were enrolled in a workplace hearing conservation
program from January 1, 2001, to December 31, 2007. Risk factors associated with
hearing loss were determined using logistic and linear regression. Stratified analysis was
used to evaluate potential interaction between solvent and noise exposure.

Results: The majority of the subjects were male (94.6%) and 35 years or older on the
date of their first study audiogram (66%). Followed for an average of 3.2 years, 9.2% of
the study subjects had hearing loss in at least one ear. Increasing age at first audiogram
was significantly but weakly associated with hearing loss (OR=1.03 per year of age).
Length of study follow-up time was associated with a substantial increase in the odds of
hearing loss (OR=1.23) for every year increase in follow-up time. Age at first audiogram,
follow-up time, and noise level were associated with hearing loss. Low and moderate

solvent exposures were not associated with hearing loss in the population.
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Conclusion: Hearing loss was associated with age at first study audiogram, length of
follow-up time, and exposure to noise. The results provide insight into the incremental
affects of noise exposure and show that workers who are exposed to increasing levels of
noise gradually lose hearing sensitivity over time. Study demonstrates the effectiveness
of a solid hearing conservation program. Low level exposures to solvents below the
occupational exposure limits were not associated with hearing loss; however, solvent

exposures at higher concentrations could still be a risk factor.
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Chapter 1: Introduction

1.1 Background and Significance

Occupational hearing loss affects many workers in the United States (U.S.) including
those who work in manufacturing, construction, transportation, and the U.S. military." >
Hearing loss in U.S. military service members and veterans has recently received
considerable attention due to a 2005 Institute of Medicine (IOM) report entitled “Noise
and Military Service: Implications for Hearing Loss and Tinnitus.”> The IOM reported
that between 2003 and 2005 auditory disability compensation was “the second most
common type of disability” and “disabilities of the auditory system, including tinnitus
and hearing loss, were the third most common type” paid to veterans. Medical
surveillance data showed that between 1998 and 1999, the rate of noise-induced hearing
loss among male U.S. military service members was 21.2 per 10,000 person-years.*

It is well known that exposure to hazardous levels of noise causes hearing loss—also
called noise-induced hearing loss.” A growing body of literature suggests that exposure
to chemical substances (primarily organic solvents) may be an additional cause of hearing
loss.®*® Current data on the combined effects of exposure to noise and toxic substances
in the occupational or military setting are inconclusive, but suggest a possible interactive
effect.” *° The IOM report states that “evidence from studies in humans was not
sufficient to determine whether noise exposure combined with specific endogenous and
exogenous factors was associated with additional risk for noise-induced hearing loss or
tinnitus.” The report also states that studies were inconclusive about whether or not
exogenous risk factors such as exposures to solvents, carbon disulfide, carbon monoxide,

and whole-body vibration when combined with noise exposure were responsible for the



hearing loss in U.S. military members.’ In addition to organic solvents and asphyxiants
found in the workplace, some metals and drugs are suspected ototoxins—chemicals that

1, 22, 31
damage the ear." **?

Hearing loss may also be caused by drugs such as aminoglycoside
antibiotics and platinum-based chemotherapeutic agents.”'

In the mid-1980s two published studies described a possible relationship between
occupational exposure to noise and organic solvents on hearing loss. The first study in
1984 by Barregard and Axelsson suggested that exposures to both organic solvents and
noise may damage hearing.”> They described four hearing loss cases with simultaneous
occupational exposures to both organic solvents and noise. Based on these findings they
conducted a follow-up study with 30 shipyard spray painters, but could not show an
association between solvents and hearing loss in the group. The study was very small,
lacked a reference population, and did not confirm an interaction between noise and
solvent exposure on hearing loss.

In 1986 Bergstrom and Nystrom compared workers with noise exposure only to
workers with both noise and organic solvents exposure. They found that hearing loss was
more common in those workers who were exposed to both noise and organic solvents
than those who were exposed to occupational noise only; noise exposure was at a
frequency of 4,000 Hertz (Hz).*® Since then other studies have shown that hearing loss
occurs in workers who are exposed to both noise and solvents such as toluene or
ethylbenzene, particularly when exposed for five or more years."'

A few studies support a possible interaction, but the findings are somewhat

inconclusive on the effects of combined occupational exposure levels to hazardous noise

and organic solvents on hearing.” *° Of the existing studies, some show that



. . . . 13-15.2
simultaneous exposure to organic solvents and hazardous noise affect hearing loss'*'> %’

while others are inconclusive.’” ** Additionally, there are limited data on the
concentration or the duration of organic solvent exposure that may cause hearing loss in
combination with hazardous noise.'* Most of the studies are either cross-sectional or

case-control in design.

1.2 The Problem and Population at Risk

Some military service members who were exposed to occupational noise were
concurrently exposed to different types, concentrations, and mixtures of organic
chemicals including jet fuel (JP-4 and/or JP-8), and solvents such as benzene and
toluene.>* However, most of these chemical exposures were below the established
occupational exposure limit (OEL). In 1999 the Air Force Institute for Operational
Health (AFIOH) conducted personal sampling on three fuel systems workers to
determine their exposure to benzene, toluene, xylene, and ethyl benzene during fuel tank
entry. They found that the mean worker exposures based on an 8-hour time-weighted
average (TWA) to benzene, toluene, xylene, and ethyl benzene were 0.057 milligrams per
cubic meter (mg/m’), 0.115 mg/m’, 22.355 mg/m’, and 0.080 mg/m’, respectively. All of
the sample results for these chemicals were below the established Air Force occupational
exposure limits (OEL) except for ethyl benzene, which has no Air Force OEL. The Air
Force OELs (8-hour TWA) for benzene, toluene, and xylene were 1.6 mg/m3, 188 rng/m3 ,
and 434 mg/m’, respectively.”

Existing occupational exposure levels for many contaminants include the
Occupational Safety and Health Administration (OSHA) Permissible Exposure Limits

(PELs), the National Institute for Occupational Safety and Health (NIOSH)



Recommended Exposure Levels (RELs), and the American Conference of Governmental
Industrial Hygienists (ACGIH) Threshold Limit Values (TLVs). Although recent

14,17,18,21,25,2
research!®!718:21:25.27

suggests that simultaneous exposure to specific organic solvents and
noise may cause hearing loss, neither the current OSHA or the U.S. Air Force
Occupational Safety and Health (AFOSH) standards addressed exposures to solvents or
possible ototoxins as additional risk factors for hearing loss. However, the 2010 edition
of the ACGIH handbook Threshold Limit Values of Chemical Substances and Physical
Agents and Biological Exposure Indices stated that “exposure to certain chemicals may
also result in hearing loss” when combined with noise exposure. The handbook
recommended providing periodic audiograms for those individuals who are exposed to
both noise and specific chemicals that may be ototoxic. The listed chemicals included
carbon monoxide, toluene, lead, manganese, styrene, and xylene.36 Furthermore, the
Department of the Army, Pamphlet 40-501, Hearing Conservation, dated December 10,
1998, required Army hearing conservation programs to consider ototoxic chemical
exposures as part of the hearing conservation program for occupational exposures and
listed the following potential ototoxins: carbon disulfide, carbon monoxide, cyanide, lead
and derivatives, manganese, mercury and derivatives, n-hexane, Stoddard solvent,
styrene, trichloroethylene, toluene, and xylene.” The National Institute for Occupational
Safety and Health states that chemical exposures may have serious implications and
“could alter auditory function by either ototoxicity, neurotoxicity, or a combination of
both processes.” They further emphasize that exposures to ototoxins must be accounted

for in hazard assessment, monitoring and control.'



Both OSHA and the Air Force standards require employers to enroll personnel who
are routinely exposed to occupational noise at or greater than an 8-hour time weighted
average (TWA) of 85 decibels A-weighted (dBA) in the workplace hearing conservation
program. However, exposures to suspected ototoxins, and exposure levels, are not part of
OSHA’s or the Air Force’s criteria for enrollment in the hearing conservation program or
for performing annual audiometric examinations.”” **

Because no standard or recommended occupational exposure levels or action levels
exist for most chemicals as ototoxins, especially when combined with noise, it has been
difficult to determine when personnel should be enrolled in a hearing conservation
program or when to conduct medical surveillance such as audiograms based on the
exposures to potential ototoxins.

Nor is it known how much occupational hearing loss disability is attributed to exposures
to hazardous noise and/or other exogenous risk factors such as exposures to organic
solvents (e.g., toluene and ethylbenzene), carbon monoxide, smoking, recreational noise,
etc. Specifically, it is not known what levels of occupational exposure to commonly used
organic solvents such as toluene increase the risk of hearing loss when combined with
routine exposure to hazardous noise.

Occupational exposure levels (OELs), recommended exposure levels (RELs), and
threshold limit values (TLVs) exist for most of the solvents that are considered potential
ototoxins. However, these levels are based on other toxic endpoints such as
hepatotoxicity and neurotoxicity and it is not known if these standards are protective
enough to reduce or prevent hearing loss, especially when combined with hazardous

noise.”” In general, TLVs are established based on an exposure to a single chemical and



do not take into account combined exposures with other chemical or physical agents.
The combinations of various substances may increase or decrease an expected
pharmacodynamic effect of a specific substance.*

In 2006 the Air Force (AF) updated the Air Force Occupational, Safety, and Health
(AFOSH) Standard 48-20, Occupational Noise and Hearing Conservation Program, to
provide the mandatory requirements for conducting an effective occupational hearing
conservation program in the Air Force and Air Force Reserve Components. The standard
is applicable to all AF civilian and military personnel including aircrew members who are
routinely exposed to hazardous noise (> 85 dB). Understandably, the new standard does
not address any potential exposures to ototoxins, because it is difficult to require or
implement controls and medical surveillance when no OELs exist for suspected
ototoxins.

Employers evaluate occupational health hazards by measuring the actual or potential
exposures in the workplace, comparing sampling results to existing standards, and then
recommending the appropriate controls to eliminate or reduce the exposures to an
acceptable level. For example, when workplace noise levels exceed the OSHA
permissible noise exposure levels, employers must take actions to control or reduce the
level to an acceptable level. When feasible, employers should first try to eliminate the
noise source, and if that is not possible they should use engineering and/or administrative
controls to reduce the level of or exposure to noise. When elimination or controls are not
feasible or fail to reduce the risk of exposure to hazardous noise, then employers must
provide appropriate personal protective equipment such as ear plugs to reduce the sound

levels to a permissible level.’’ In the absence of OELs for contaminants that are known



or potential ototoxins, it is difficult to establish policies for controlling or reducing these

types of exposures in the workplace.

1.3 Purpose of the Research

The purpose of this research was to examine the risk of hearing loss in personnel who
were exposed to hazardous occupational noise and/or specific organic chemicals

identified by previous research as suspected ototoxins.

1.4 Objectives

The primary objective of the research was to evaluate the risk for hearing loss in
personnel who were routinely exposed to occupational hazardous noise with and without
occupational exposures to the study chemicals of interest (toluene, styrene, xylene,
benzene or JP-8 jet fuel).

The secondary objectives were to: (1) determine if a dose-response relationship
existed for standard threshold shifts (a decrease in hearing) in the presence of different
levels of organic solvents in the workplace, and (2) recommend actions for employers to
enhance occupational hearing conservation programs to protect hearing and prevent

hearing loss.

1.5 Hypotheses

The study included two null hypotheses. The first hypothesis was that there was no
difference in hearing loss between personnel who were and were not routinely exposed to
the study chemicals of interest (toluene, xylene, styrene, benzene, or JP-8), controlling
for noise exposure.

The second hypothesis was that routine solvent exposures do not modify the effect of

routine exposure to occupational noise on hearing.
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1.6 Institutional Review Board

The George Washington University Medical Center (GWUMC) Institutional Review
Board (IRB)/Office of Human Subject Research exempted the study from IRB review
and provided an approval to begin the study in February 2008. Additionally, the Air
Force Medical Support Agency/Research and Compliance Office (AFMSA/SGRC)
reviewed the study and agreed with the GWUMC/IRB approval. The AFMSA/SGRC is
the Air Force administrator for Institutional Assurances of Compliance and coordinates,
approves, and monitors assurances for all human research conducted or supported by the

Air Force.

1.7 Challenges

Data collection was difficult due to the geographical locations of the study sites,
travel costs, and availability of site personnel for scheduling record reviews. Because
this study was unfunded and no travel funds were available, the researcher had to ensure
data collection dates and times were well coordinated. Additionally, two sites with the
same type of aircraft and mission were required, in order to assure adequate sample size.
At the time of the study, few differences were expected between the hearing conservation
programs at the sites because all AFRC units/sites followed the same guidelines and

standards for the implementation of the hearing conservation program.



Chapter 2: Literature Review

2.1 The Ear

The ear or the hearing organ is a sensory organ where physical sound is converted
mechanically into hydraulic energy and then to neural energy. The anatomy of the ear is
described in the Council for Accreditation in Occupational Hearing Conservation Hearing
Conservation Manual.*! Briefly, the ear is anatomically divided into three areas, the
outer ear, the middle ear, and the inner ear. The outer ear or the external ear is the visible
flesh-covered cartilage of the ear. The function of the outer ear is to direct physical
sound waves into the ear canal and to help determine the location of sounds. The ear
canal contains glands that produce cerumen (earwax), hair, and sebaceous glands that
produce lubricant to protect the middle and inner ear from foreign objects. *!

The outer ear and middle ear are divided by the tympanic membrane or the eardrum.
Sound waves enter the ear canal and travel to the eardrum. When sound waves strike the
eardrum, three tiny bones in the middle ear (ossicles) vibrate. The ossicles—also called
the malleus (hammer), incus (anvil), and the stapes (stirrup)—conduct the vibrations
from the eardrum into the inner ear, and convert the mechanical (physical) energy into
hydraulic energy. The stapes contacts the upper opening (the oval window) of the bony
wall of the inner ear. *!

The inner ear, the cochlea and the three semicircular canals, which is connected to the
brain by the eighth cranial nerve, contains the sensory mechanisms for hearing and
balance. This is where neurologic signals are transmitted to the brain. The cochlea is

lined with delicate cilia or “hair cells” that create the neurologic impulse. The outer hair



cells in the cochlea are the most vulnerable to noise, and damage to these outer hair cells

causes a common form of sensorineural hearing loss."!

2.2 Hearing Loss

Hearing loss is defined as “partial or total; unilateral or bilateral; and conductive,
sensorineural, or mixed (conductive and sensorineural).” Sensorineural hearing loss is
the most common type of hearing loss that occurs due to noise and is characterized as
damage to the receptor hair cells of the cochlea or in the nerves that carry impulses to the
brain. Changes in the receptor hair cells may occur in one ear (unilateral) or both ears
(bilateral) and are often permanent and irreversible.*' Conductive hearing loss is usually
caused by an obstruction (such as ear wax) or impediment for the conduction of sound in
the external (outer) or middle ear."!

Hearing sensitivity, or the ability to hear, is measured in pure tones, which are sounds
that consist of one frequency. Frequency is determined by the number of cycles per
second, called hertz (Hz). Audiometric tests use pure tones set at 500, 1000, 2000, 3000,
4000, and 6000 Hz. Some audiometric tests also include 8000 Hz. The human range of
hearing sensitivity is approximately 20 Hz to 20,000 Hz.*!

Sound level is the intensity of the noise and is measured as a sound pressure level in
decibels (dB). When occupational and environmental sound pressure levels are measured
using a sound level meter, they are described as decibels using an A-weighted scale
(dBA). The decibel scale is logarithmic and the “arbitrary” zero reference level is
“roughly equal to the weakest sound pressure the human ear can hear at the frequency of
greatest sensitivity, which is between 3000 and 4000 Hz.”*' The sound pressure level

doubles for every 10 increases in sound pressure. Industrial hygienists use the
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logarithmic scale to determine noise levels in workplaces with multiple noise sources
instead of adding the noise levels together.**

Hearing loss is most often caused by routine exposures to hazardous noise at or above
85 decibels (dB), but can also be caused by aging (known as presbycusis),”" ** exposure
to ototoxic substances, blunt head injury,’ vibration, ** and radiotherapy.*® Exposures to
antibiotics, and diseases such as measles, mumps, or Neisseria meningitides, inner ear
infections, smoking, and genetic factors may also cause hearing loss.*’™'

The effects of long-term exposure to occupational noise as a cause of hearing loss are
well established, and date as far back as the Middle Ages. Blacksmiths, miners, or
church bell ringers were known to suffer from noise-induced hearing loss.”> In 1996 the
National Institute for Occupational Safety and Health (NIOSH) established that as many
as 30 million workers are exposed to occupational noise at levels that can damage

. 1,44,53,54
hearing."**>>?

2.3 Noise

As defined by the general industry noise standard (OSHA 29 Code of Federal
Regulation (CFR) 1910.95) and the Hearing Conservation Amendment (HCA), a
permissible exposure level (PEL) for noise is a dose that would result from a continuous
8-hour exposure to a sound level of 90 dBA.*” The Air Force has a more protective
standard of 85 dBA for an 8-hour time weighted average (TWA).*®

The 8-hour TWA is the sound level that would produce a given noise dose in decibels
if an employee were exposed to that sound level continuously over an 8-hour workday.
The OSHA action level for implementing an occupational hearing conservation program

is a noise exposure at 85 dBA for an 8-hour TWA. The OSHA standard prohibits
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exposures to a steady sound level above 115 dBA regardless of duration. However,
sound levels above 115 dBA must be included to calculate the TWA if found during the
workplace noise survey. When workers are exposed to the noise at or above the action
level (85 dB), the employer is required by OSHA to implement a hearing conservation
program (HCP) and select the best control methods to protect the workers from exposures

to occupational hazardous noise. *">*

2.4 Ototoxins

An ototoxin is described as a chemical that can cause hearing loss or damage to the
ear, however, the mechanism is largely unknown.” Aromatic solvents such as toluene,
styrene, and some paint solvents have been shown to directly affect hearing and auditory
functions, but it is not known if all aromatic solvents are ototoxic.”> These materials
enter the body by inhalation, ingestion, and absorption and target other organs in addition
to the ears. Additionally, when exposures include both ototoxins and noise, the debate
on the effects on hearing is two-fold: whether ototoxins and noise act independently,
producing additive effects; or whether ototoxins only produce an effect in the presence of
noise, that is, interaction. Other materials in addition to some organic solvents that are
suspected ototoxins are carbon disulfide, mercury, arsenic, lead and manganese.®

Based on the ACGIH 2010 recommendation for periodic audiograms for personnel
exposed to specific organic solvents such as toluene, xylene, and styrene,’® the following
chemicals were included in this study as solvents of interest: toluene, xylene, styrene,
benzene, and JP-8 (jet fuel), which contains small amounts of benzene and other

hydrocarbons.
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The Department of Defense (DoD) applies the term “occupational exposure limit” to
all exposure limits; this limit refers to the health risk to workers from an exposure to a
hazard. Occupational exposure limits include but are not limited to DoD standards,
OSHA PELs, Service standards, military exposure guidelines, environmental health
limits, ACGIH TLVs, and NIOSH RELs.”” For most chemicals, the DoD and Air Force
adopt the most stringent regulatory or recommended exposure limit. When no exposure
standard exists, the occupational exposure limit is based on a health risk assessment
conducted either by the site industrial hygienists and/or the Air Force Institute for

Occupational Health.

2.5 Benzene and Jet Fuel

Benzene, an aromatic hydrocarbon, is derived from petroleum and is found in jet
fuels such as JP-4 and JP-8, usually less than 0.05% by volume in the fuel.”® At the time
of this study, the Air Force OEL and the OSHA PEL for benzene were 1.6 mg/m’, 8-hour
TWA, and 3.2 mg/m’, 8-hr TWA, respectively.”’ The NIOSH REL was 0.1 ppm (0.3
mg/m’) (TWA for 10 hours)® and the ACGIH TLV was 0.5 ppm (1.6 mg/m’®) (TWA for
8 hours).*®

The Air Force OEL for JP-8 was 350 mg/m’, 8-hour TWA.” Although OSHA has
not established a PEL for JP-8, the proposed interim PEL is 350 mg/m’, 8-hour TWA..®'
Neither NIOSH or the ACGIH have recommended exposure levels for military jet fuels.®!

In an industrial hygiene evaluation of benzene and JP-8 exposure among 78 Air Force
maintenance personnel during aircraft fuel systems repair across 14 sites, the overall
mean for benzene exposures was 0.156 mg/m’, 8-hour TWA, (95% Confidence Intervals

(CI): 0.113, 0.255) and the overall mean for JP-8 exposures was 183.08 mg/m’, 8-hour
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TWA (95% CI: 112.66, 566.13). Although the average exposures to benzene and JP-8
were below the established OELs, higher exposures may occur in different aircraft due to
configuration of fuel systems or during specific activities.”’

In 2000 Pleil, et al. sampled the breath of various groups of Air Force personnel to
determine personal exposures to JP-8 jet fuel vapors and exhaust and “found a
demonstrable JP-8 exposure for all subjects, ranging from slight elevations as compared
to a control cohort to greater than 100 times the control values.” All of the ambient
exposures were detected below the then interim permissible exposure limit of 350 mg/m”.
They did not measure possible occupational dermal and ingestion exposures.®" ©
Benzene is also found in some types of paints and in cigarette smoke. The primary

route of exposure is inhalation and there is strong evidence that benzene causes acute

myelogenous leukemia and may increase the risk of other cancers.”

2.6 Toluene

Toluene is an aromatic hydrocarbon found in paints, paint thinners, epoxies and
glues; it primarily affects the central nervous system and is a known neurotoxin.
Exposure to toluene usually occurs by inhalation, and in high doses has been shown to
cause acute renal failure among “glue-sniffers.”® It may also be a cardiotoxin.”
Additional potential symptoms include impaired balance, tremors, impairment of speech,
hearing or vision, and brain damage.®

From the beginning of the study period in 2001 until 2004 the Air Force OEL and the
ACGIH TLV for toluene was 50 ppm (188 mg/m’) for an 8-hour TWA.** Later in 2004
the ACGIH lowered the TLV to 20 ppm (75.4 mg/m’). The OSHA PEL for toluene is

200 ppm (753.6 mg/m’) TWA with a ceiling limit of 300 ppm (1130.4 mg/m’).
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Exposures may exceed 300 ppm (1130. 4 mg/m’), but not for more than 500 ppm (1884.1
mg/m’)(peak) for a single period up to 10 minutes for any 8-hour shift.”® The NIOSH

REL for toluene is 100 ppm (376.8 mg/m’), 10-hour TWA.

2.7 Xylene

Like other organic solvents, xylene is also a known neurotoxin and primarily affects
the central nervous system. Xylene is found in paints, paint thinners, epoxies, and glues.
The Air Force OEL, OSHA PEL, and ACGIH TLV for xylene is 100 ppm (434.2
mg/m”’), 8-hour TWA concentration. The PEL and TLV are based on the risk of irritant,
narcotic, and chronic effects of xylene. However, NIOSH established the recommended
exposure limit (REL) for xylene at 100 ppm (434.2 mg/m’), 8-10 hour TWA over a 40-
hour workweek based on the potential of xylene to cause central nervous system

depression and respiratory irritation.®’

2.8 Styrene

Styrene has been reported to cause alterations in color vision and color visual
impairments in occupationally exposed workers.”®® The OSHA PEL for styrene is 100
ppm (426 mg/m”), 8-hour TWA with a ceiling limit of 200 ppm (852 mg/m”).
Exposures may exceed 200 ppm (852 mg/m’), but not for more than 600 ppm (2556.1
mg/m’) (peak) for a single period up to 5 minutes for any 3 hours.”” The NIOSH REL is
50 ppm (215 mg/m”), 10-hour TWA,* and the ACGIH TLV for styrene is 20 ppm (85.2
mg/m’), 8-hour TWA.>® No AF OEL was established.

The target organs for the effects of exposures to styrene include the central nervous

system, respiratory system, eyes, and the skin. Chronic exposures to styrene may irritate
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the eyes, nose and respiratory system, cause headaches, weakness, dizziness and nausea,

and impair coordination.®’

2.9 Effects of Occupational Noise and Organic Solvents on Hearing

The earliest occupational studies identifying a possible association with damage to
hearing and chemicals were two Polish studies from the 1960s and 1970s. Kociolek, et
al. (1968)" described possible chemical-induced damage to hearing among individuals
exposed to toxic levels of chenopodium oil. In 1979 Sulkowski discussed the usefulness
of using audiometry to evaluate the effects of carbon disulfide poisoning on hearing
sensitivity.”'

In 1984 Barregard and Axelsson evaluated four cases of sensorineural hearing loss
among painters, and then later investigated the audiological data of 30 shipyard paint
sprayers who were exposed to both noise and organic solvent based paints. The findings
of the study were of limited use due to the lack of a comparison group.*?

In 1986 Bergstrom and Nystrom conducted two cohort studies to evaluate hearing
loss among 319 workers in a Swedish timber processing plant and sawmill. The workers
were exposed to noise alone or to noise and industrial chemicals. Due to the lack of
information on chemical exposures possible interaction was difficult to ascertain.>

In 1989 Morata evaluated the auditory effects of simultaneous exposure to noise and
carbon disulfide among 205 Brazilian viscose rayon factory workers. She found an
increased incidence of sensorineural hearing loss and pathological vestibular symptoms
among the workers exposed to both carbon disulfide and occupational noise and

suggested a possible interaction between solvents and noise.”
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In the 1990s Morata, et al. conducted various occupational studies on the effects on
hearing of combined exposures to noise and organic solvents such as toluene.'* > 17+ 18
In 1993 Morata, et al. conducted a cross-sectional study in a Brazilian printing and paint
manufacturing plant. The study population consisted of 190 male workers who were
employed at the plant for at least one year. The workers were stratified into four
exposure groups: (1) noise only (printing); (2) noise and toluene (printing); (3) mixed
organic solvents, no excess noise (paint); and (4) unexposed to noise or solvents. The
noise only group was exposed to continuous noise levels of 88-97 dBA; the noise and
toluene group was exposed to noise levels of 88-98 dBA and concentrations of toluene at
75-600 ppm (282.6 — 2260.9 mg/m’) TWA; and the solvents only group was exposed to a
solvent mixture of toluene, xylene, methyl ethyl ketone, and methyl isobutyl ketone at
various levels. Based on sampling results toluene had the highest levels but did not
exceed 70 ppm (263.8 mg/m’). Using logistic regression to adjust for confounding
variables and estimate relative risk, the researchers found statistically significant risk
ratios for hearing loss in all of the exposure groups. High-frequency hearing loss was
highest among the group exposed to noise and toluene simultaneously, and two times
higher in the mixed organic solvent exposure group compared to the unexposed group.
The researchers suggested that “chronic exposure to the studied solvents had a toxic
effect on the auditory system” because all of the exposure groups had statistically
significant higher risk ratios for hearing loss when compared to the unexposed group.
However, even though the researchers concluded that an interactive effect between noise
and toluene was likely, this is difficult to ascertain from the findings for at least two

reasons. First, toluene was present in both of the chemical exposed groups but the mixed

17



solvent exposure group was exposed to a solvent mixture of other possible ototoxins such
as xylene and methyl ethyl ketone. The effects of toluene alone on hearing were not
known. Second, the noise and toluene exposure group had substantially higher exposures
to toluene than the mixed solvent group.14

In 1994 Morata, et al. conducted a review of the literature relating to the health
effects of occupational exposures to organic solvents and noise on hearing loss. They
estimated the number of workers that were exposed to both occupational noise and
potential ototoxins such as carbon disulfide, toluene, styrene, trichloroethylene, and
xylene and identified multiple industries where workers were exposed to solvents and
noise. Based on their review, the authors suggested “that current hearing conservation
practices are not meeting the needs of this population of workers”'® based on their
exposures to organic solvents and noise.

In 1997 Morata, et al. tested the hearing of 438 male Hispanic petroleum refinery
workers. The workers were categorized into six different exposure groups based on
where they worked in the refinery. The groups were: (1) Unexposed (no solvents/no
noise); (2) Noise only (82-104 dBA); (3) Aromatics/paraffins (toluene, xylene, ethyl
benzene, and cyclohexane) and noise (71-101 dBA); (4) Previous aromatics/noise; (5)
Aromatics and noise (78-101 dBA); and (6) Aromatics and solvents. Compared to the
unexposed group, the adjusted odds of hearing loss was 2 to 3 times greater for the
aromatics/paraffins and noise group (Group 3) (OR=2.4) and aromatics and noise group
(Group 5) (OR=3.0), followed by the noise only group (Group 2) (OR=1.8). They
concluded that in addition to noise, other factors such as exposures to solvents should be

. . . . 18
considered in hearing loss prevention programs.
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Later in 1997 Morata, et al. conducted another cross-sectional study in Brazil that
included 124 male rotogravure printing workers who had worked at the plant for at least
one year. The researchers found no statistical interactions on hearing loss between the
exposure to continuous noise at 71 to 93 dBA and toluene levels at 0.14 to 919 mg/m’ in
the exposed workers.'’

In 1997 Cary, et al. reviewed the existing literature on the effects of noise and toxic
chemicals found in the occupational setting on hearing loss to determine if the scientific

evidence supports an interaction. They included both animal and human studies.'* > 17

18.32.33.72 However, most of the studies were animal toxicity studies and the majority of
the studies evaluated the effects of noise combined with toluene,”> ™* styrene, or carbon
monoxide. Based on this collective review, Cary, et al. concluded that there was a
suggestion of some interaction with exposures to noise and some chemicals such as
toluene and carbon monoxide,” but overall the “data were inadequate for assessing the
combined effects of noise and chemical exposure on hearing.” *°

In 2001 Sliwinska-Kowalska, et al. evaluated hearing loss in employees with
exposures to mixtures of organic solvents (xylene, ethyl acetate, white spirit, toluene,
butyl acetate, and ethyl benzene) alone or in combination with noise within the paint and
lacquer industries. They concluded that “ototoxic effects should be considered when the
health effects of exposed workers are monitored.””

Sulkowski, et al. (2002) conducted a study to assess a possible relationship between
exposures to solvents and hearing loss among male workers exposed to a mixture of

organic solvents. The comparison group consisted of unexposed males. Their findings

of hearing and vestibular disorders corresponded with the rate of total exposure to the
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solvent mixtures of paints and varnishes, which may be linked to the mechanism of
ototoxicity.”® Additionally, there are a few other studies that show a dose-response
relationship for hearing loss with exposures to toluene and/or ethylbenzene and
hazardous noise.'* '% 2" #*

In 2005 Kaufman, et al. conducted a cross-sectional study in noise-exposed workers
with or without jet fuel (JP-4 or JP-8) exposure at a U.S. military installation. The study
population consisted of aircraft maintenance personnel and others with at least three years
of occupational noise exposure (85 dBA or greater) at one military installation. JP-8
exposure estimates were not used in the exposure assessment because at the time of the
study this fuel had only been used for about two years; therefore, they only assessed the
effects of JP-4 on hearing loss. Specific jet fuel exposures were not noted; however, the
researchers estimated 33% and 11 % below the maximum cumulative annual exposures
for JP-4 and JP-8, respectively. These estimates were below the annual cumulative
exposure estimates based on established threshold limit values and permissible exposure
limits for JP-4 (161,000 mg/m®) and JP-8 (80,500 mg/m®) per year. Using logistic
regression and age as a dichotomous variable they found that exposure to jet fuel, noise,
and age (42 years old or greater) were strong predictors for permanent hearing loss. Age
(42 years or older) was the strongest predictor for permanent hearing loss with an odds
ratio of 7.5 (95% CI 3.35-16.9), followed by jet fuel exposure (OR 1.89, 95% CI 1.24-
2.89). The effect of noise on hearing loss was statistically significant in all of the models
tested, which is consistent with other studies. Kaufman, et al. found statistically
significant hearing loss among subjects with low level exposures to jet fuel (JP-4) and

recommended that workers wear hearing protection and reduce exposures to fuel and fuel
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residues when possible. They concluded that additional research is needed to study the
effects of JP-8 as an ototoxin after it has been in use for a longer period of time.”

Kim, et al. (2005) evaluated the cumulative lifetime exposure of 542 Korean male
aviation workers to noise and/or mixed solvents including methyl ethyl ketone, toluene,
xylene, benzene, dichloromethane, and methyl isobutyl ketone. Noise and solvent
exposure data were obtained from exposure monitoring records and periodic workplace
visits. Personal sampling was conducted using noise dosimeters and charcoal tubes for
solvent exposures. To assess solvent exposures, the cumulative exposure index (CEI)
was used. The total concentrations for the solvent mixtures were calculated relative to
existing threshold limit values. The noise and solvent exposure data were further used to
determine exposure groups. The 542 subjects were grouped into four groups: no
exposure (151); noise only (146); solvents only (18); and noise and solvents (13).
Although it appears weak, the authors suggested that a synergistic interaction between
noise and solvents (below recommended limits) on hearing loss was present based on the
results of multivariate modeling, noise only (OR=4.24, 95% CI 1.71-10.75), solvents
only (OR=2.57, 95% CI1 0.64-10.31), and noise and solvents (OR=8.12, 95% CI 2.03-
32.53), when controlling for age, hypertension, diabetes, smoking, and alcohol intake.
However, they noted that their study was limited by information bias due to the “medical
and environmental records” and a small number of subjects who were exposed to
solvents with and without noise. They concluded that even though data from other
epidemiologic studies and animal research suggest that combined exposures to noise and
chemical agents affect hearing loss, “occupational hearing conservation programs have

not taken chemical exposures into consideration.” They noted that the issue of whether
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or not hearing conservation regulations should apply to workers exposed to solvents still
needs to be addressed."

After the beginning of this research, a similar study was published by Rabinowitz, et
al. in 2008, but in a population of aluminum workers. They conducted a retrospective
cohort study to examine the relationship between hearing loss and exposures to solvent
mixtures of xylene, toluene, and/or methyl ethyl ketone. Using audiogram records and a
computerized database of industrial hygiene records, they found an increased risk in
hearing loss in those who were exposed to solvents and recommended that these
individuals be included in hearing conservation programs. One of the limitations noted in
their study was the lack of existing data on dose-response relationships for solvent

6
exposures.7

2.10 Effects of Noise and Ototoxins in Animal Studies

Since the late 1980s, animal researchers have shown that exposures to some
chemicals such as toluene and other aromatic solvents cause hearing loss in animals,
particularly rats. Rats are considered a good animal model for studying the potential
effects of aromatic solvents in humans because of their metabolism and the sensitivity of
their cochlea to ototoxins.” '™

Johnson, et al. conducted two experimental studies on young male rats. The first
study evaluated the effects of toluene and noise alone, and then the effects of combined
exposures to toluene followed by noise. The toluene only exposed rats were exposed to 1
ppm (3.8 mg/m’) of toluene for 16 hours per day, five days per week for two weeks. The

noise only exposed rats were exposed to noise at the equivalence of 100 dB for ten hours

per day, seven days per week, for four weeks. In the combined exposure group, the rats
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were exposed to toluene for two weeks followed by noise for four weeks. The toluene
only exposed rats had higher thresholds to noise stimulus than the control group at all
frequencies (1.6, 3.15, 6.3, and 20.0 kilohertz (kHz)), with the greatest difference at (40
dB) 12.5 kHz. The noise only exposed rats had higher thresholds to noise stimulus than
the control group at 6.3, 12.5, and 20.0 kHz, and a maximum difference (50 dB) at 12.5
kHz. The toluene followed by noise exposed rats had higher thresholds at all
frequencies.”

In the second study, Johnson, et al. evaluated the effects of exposure to toluene, noise,
and a combination of both in two different groups of rats. The toluene only exposed rats
were exposed to 1000 ppm (3768.1 mg/m’) of toluene for 16 hours per day, seven days
per week for two weeks. The noise only exposed rats were exposed to noise at the
equivalence of 100 dB for four weeks. There were two different combined exposure
groups: (1) four weeks of noise followed by two weeks of toluene exposure; and (2) four
weeks of noise, four weeks of rest, followed by two weeks of toluene. They found that
exposure to noise or toluene alone produced auditory effects, but when exposures were
combined (noise followed by toluene) the results showed greater than an additive effect
from both noise and toluene.”* These studies suggest that the effects of exposure to noise
followed by toluene are greater than the independent effects of exposure to toluene and
noise. In both of these studies, to assess hearing loss in the rats, the auditory brainstem
response was evaluated during exposure to noise stimuli as the outcome variable. ">

In 1999 Lataye and Campo conducted an experimental study to evaluate the effects of
simultaneous exposure to noise and toluene on hearing function in rats. The three

exposure groups were: (1) Toluene (2000 ppm (7536.2 mg/m’), 6 hours/day/5 days/week,
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4 weeks); (2) Noise (8 kHz (92 dB sound pressure level)); and (3) Toluene and Noise
(same concentration/levels and frequency as Groups 1 and 2). When compared to the
noise only and the toluene only groups, the combined exposure group (toluene and noise)
had an increased loss of auditory function.”

Gagnaire and Langlais (2005) found that simultaneous exposure to noise increased
the effects of the ototoxic chemicals including aromatic solvents such as toluene, p-
xylene, styrene, and ethylbenzene, n-propylbenzene, a-methylstyrene, trans-f-
methylstyrene, and allylbenzene.’

In 2007 Fechter, et al. reported their findings on the effects of JP-8 jet fuel exposure
on the auditory function in rats. The four exposure groups of rats were: (1) exposed to
1000 mg/m’ of JP-8 via inhalation for four hours; (2) exposed to 1000 mg/m® of JP-8 via
inhalation and noise (97 to 105 dB) for four hours; (3) exposed to noise only; and (4) not
exposed to JP-8 or noise. Exposure to JP-8 alone did not cause hearing impairment;
however, the exposure to JP-8 and noise produced a disruption in hair cell function. The
noise only group had small, but permanent hearing loss. Fechter, et al. concluded that JP-
8 exposure promoted noise-induced hearing loss due to oxidative stress on the hearing
organs.”

Overall the animal studies have also shown a greater than additive effect with
exposures to specific solvents and hazardous noise.” ** However, variations among
animal species and very high doses over shorter time periods limit the findings and the

ability to apply these findings to worker populations.®” *
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2.11 Hearing Conservation Programs in the U.S. Air Force Reserve

The U.S. Air Force Reserve Command (AFRC) establishes policies and standards for
hearing conservation programs based on current OSHA standards, Department of
Defense (DoD) policies, and Air Force instructions. The AFRC adopted the 2006
AFOSH standard 48-20 requirements for implementing AFRC hearing conservation
programs with one exception. The AFRC does not include most traditional AF
Reservists (part-time employees) because their incidental exposure to hazardous noise
(greater than or equal to 85 dB) does not exceed routine exposure for more than 25 days
per year during weekend military duty (24 days per year) and annual training
(approximately 14 days per year). Reservists spend a significant amount of their duty
time in training or fulfilling other requirements compared to the time they spend
performing noise-producing tasks such as aircraft engine start-up and testing or operating
machinery. When these personnel are exposed to hazardous noise sources, they are
required to wear hearing protection devices such as ear plugs, ear muffs or both.
However, if part-time personnel or Reservists are expected to exceed the 25 days per year
for exposure to hazardous noise, then they are also enrolled in the site hearing
conservation program.*

The components of an occupational hearing conservation program are: (1) monitoring
noise levels, (2) engineering and administrative controls, (3) audiometric examinations,

(4) personal hearing protection devices, (5) education and training, (6) recordkeeping,

and (7) program evaluation." >’

25



2.11.1 Monitoring Noise Levels

To determine if a hearing conservation program is required, an industrial survey is
conducted to include noise assessments of the particular equipment or tasks. There are
two types of noise assessments: noise surveys and noise dosimetry. Noise surveys are
conducted to determine the amount of noise generated from specific equipment. Noise or
personal dosimetry is conducted to assess the worker’s noise exposures using a noise
dosimeter worn by the worker. Dosimetry may be performed on representative personnel
for a similarly exposed group. Baseline noise surveys and personal dosimetry are
performed to determine the frequency, intensity, and length of exposure to noise for
personnel. However, periodic monitoring is conducted when changes to the facility (such
as ventilation or construction) or equipment (such as generators, tools, or air blowers) are
made to detect any changes in the noise levels in the workplace. Personnel who work in
hazardous noise areas, areas with noise levels at or above 85 decibels TWA for an 8-hour
shift or greater than 140 decibels (impact noise), must be enrolled in a hearing
conservation program.®® Hazardous noise areas may include engine shops, flightlines, or

shops that use noise producing equipment such use pneumatic tools or grinders.”’

2.11.2 Engineering and Administrative Controls

Using the hierarchy of controls, engineering and administrative controls are preferred
to personal protective equipment for controlling hazardous exposures. When industrial
hygienists cannot reduce noise levels to non-hazardous levels using workplace controls
such as engineering controls (sound barriers such as curtains or doors) and administrative
controls (i.e., shorter shifts in high noise areas), then industrial hygienists and workplace

supervisors will require the use of personal protective equipment (hearing protection
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devices) to control the exposure. In some workplaces such as firing ranges double

hearing protection (both ear plugs and ear muffs) may be required.

2.11.3 Audiometric Examinations

Another component of a hearing conservation program is audiometric examinations
(also called “audiograms”), which are performed on individuals who work in hazardous
noise areas. Baseline or reference audiometric examinations are conducted to establish
an individual’s hearing threshold before the individual is assigned to work in a hazardous
noise area. Thereafter, audiograms are required at least every 12 months and the results
of the annual audiograms are compared to a reference audiogram to detect any changes in
hearing and determine the hearing threshold levels. Audiograms do not prevent hearing
loss but detect changes in hearing in individuals or among workers in a specific
workplace or similar exposure group. Changes in hearing in personnel assigned to
particular workplaces or similar exposure groups are a predictive indicator for
intervention in or evaluation of the workplace hearing conservation program.
Audiograms are the accepted method for monitoring changes in hearing among workers
over time and are the only way significant threshold shifts are detected in an occupational
hearing conservation program.

Audiometric examinations identify differences that exist between the reference and

current audiograms at different frequencies. Since 2004, the Air Force defines a Standard
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Threshold Shift (STS) ' as a change in hearing of an average of 10 decibels (dB) or more
at 2000, 3000, and 4000 Hz, in either ear. The AF and AFRC do not adjust for age when
calculating a threshold shift. A change in hearing of 15 dB or greater in either ear at any
test frequency from 1000 to 4000 Hz is considered an early warning of a potential future
STS.* The OSHA requires hearing loss to be reported when the change in hearing
sensitivity is equal to or exceeds an average of 25 dB or more at 2000, 3000, and 4000 Hz
in either ear.

The amount of decibel change in the annual audiogram compared to the reference
audiogram determines if the hearing of the worker is improving (negative STS) or
worsening (positive STS). If an STS is detected in either direction, then follow-up
audiograms are required. If a negative STS (improved hearing threshold) is identified,
then a 14-hour noise-free audiogram is performed. The results may be used to re-
establish the reference audiogram to reflect the improvement in pure tone acuity. In the
case of a positive STS (hearing loss), then a 14-hour noise-free follow-up audiogram is
performed. If the results of the first follow-up audiogram do not indicate an STS, then
the shift is considered a Temporary Threshold Shift (TTS). However, if the results still
indicate an STS, then a second 14-hour noise-free audiogram is performed. If the second
follow-up audiogram indicates an STS, then the shift is considered a Permanent
Threshold Shift (PTS). All workers identified with a PTS are referred to a healthcare

provider or an audiologist to determine if further follow-up is required and whether the

! Previously, in 1999, the Air Force defined an STS as a change in hearing of an average of 15 dB or more
at 1000, 2000, 3000, or 4000 Hz and/or an average of 10 dB or more at 2000, 3000, and 4000 Hz with no

age correction.’
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PTS is work-related. When a PTS occurs the individual is retrained and refitted with
hearing protection. The individual’s supervisor is also notified that the worker has
experienced a decrease in hearing threshold. A new reference audiogram using the most
current audiogram replaces the original reference audiogram in the individual’s medical
record.”®

Per the OSHA noise standard and the Air Force criteria, employers are required to
perform audiometric testing on those employees who are exposed to noise levels at or
above the action level (85 dBA) within six months from their first exposure and annually
thereafter. Baseline or reference audiograms are taken after at least 14 hours of noise-
free exposure. The first audiogram is considered the reference with which to compare
future annual audiometric tests. The annual audiograms provide information on the
changes that are occurring in the hearing of each individual.

In addition to routine noise exposure other criteria also exist for conducting baseline
and annual audiograms such as the National Fire Protection Association (NFPA) 1582
standard that requires audiometric testing for fire fighters regardless of exposure level as
part of their periodic occupational health examinations.*

During the baseline audiogram or when an STS occurs, the Air Force administers a
health history questionnaire. The questionnaire is used to collect information about
recent noise exposures, especially within the last 15 hours; difficulty in hearing specific
sounds such as warning bells or phones; hearing status since the last audiogram (better or
worse); previous exposure to specific diseases such as measles and mumps; current ear
infections; exposures to non-occupational noise sources such as motorcycles or loud

music; and types of hearing protection worn.
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Termination audiograms are also provided when an individual moves to another
location or position that does not involve hazardous noise or when an individual retires

from the workforce.

2.11.4 Personal Hearing Protection Devices

In addition to audiograms, workers receive education on how to wear hearing
protection devices (HPD) such as ear plugs. When changes in the audiogram are
identified that are significant, the individual is provided training and re-fitted for hearing
protection. Hearing protection for the exposed worker is the last resort after the
workplace has tried to reduce the noise level using both engineering and administrative

37,87 .
Various

controls, and HPDs are worn to reduce the exposure to harmful noise levels.
types of HPDs are available such as ear plugs, ear muffs, and communication headsets or
helmets. Workplace supervisors are responsible for ensuring compliance and availability
of HPDs for workers exposed to hazardous noise and for conducting annual workplace-

specific hearing conservation training on hazardous noise exposures and noise producing

equipment.*

2.11.5 Education and Training

For those enrolled in a hearing conservation program, workplace specific hearing
conservation training is required. Training must cover the effects of noise; the
advantages, disadvantages, and attenuation of various HPDs; mandatory requirements for
wearing HPDs; the purpose of audiograms and an explanation of test procedures; and

how hearing loss may lead to disqualification from current duties. Additionally,
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workplace supervisors are responsible for sharing the noise exposure monitoring and

survey results with each employee.”®

2.11.6 Recordkeeping

The Occupational Safety and Health Administration requires that employers maintain
records on workplace exposure monitoring and employee audiometric examinations. Per
the OSHA occupational noise standard, exposure monitoring records must be retained for
at least two years, and the audiometric test records must be retained for the length of the
worker’s employment even if the employer or owner changes. The audiometric test
records must include the following information for each employee: name, job
classification, date of audiogram, the examiner’s name, calibration date of audiometer,
the results of the employee’s most recent noise exposure assessment, and the

measurements of the background sound pressure levels in the audiometric test rooms.>’

2.11.7 Program Evaluation

Program evaluation requires hearing conservation program managers to assess the
overall effectiveness of their HCPs and ensure workers are not losing their hearing at a

rate greater than expected due to presbycusis (age-related hearing loss).*!

2.12 Workplace Hazard and Exposure Characterization

Workers who are assigned to a specific workplace or perform the same tasks are
characterized as having similar exposures. Industrial hygienists may also assign workers
to a similar exposure group or “SEG.” A SEG is a subset of individuals assigned to a
workplace that are assumed to have the same potential exposures to hazards at the same

levels. For either a workplace or a SEG, “representative” exposure assessments are

31



applied to all assigned personnel. In the initial workplace industrial hygiene evaluation,
SEGs are often established by observing workers in the specific workplace and
discussing tasks with the workers and their supervisors, performing hazard evaluations,
or a combination of the two.* The workplace exposure assessment usually includes a
description of the workplace and tasks performed; the number of individuals assigned to
the workplace; physical, chemical and radiological exposure survey data (frequency,
concentration, and duration); carcinogens; noise dosimetry data; and recommended

controls and/or personal protective equipment.®
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Chapter 3: Study Design and Methodology

3.1 Study Design

The purpose of this retrospective cohort study was to examine the risk of hearing loss
in personnel who were exposed to hazardous occupational noise and/or specific organic
solvents that are considered suspected ototoxins in the literature. This retrospective
cohort study used existing data collected for other purposes. Data were collected
retrospectively from existing audiometric examinations, industrial hygiene
documentation such as workplace hazard and exposure assessments, and purchasing

records for the study chemicals of interest.

3.2 Study Setting

The study population included individuals from two geographically separated Air
Force Reserve units that had similar missions and equipment, maintained the same type
of aircraft, and used the same standard operating procedures (technical orders) for
industrial processes. The researcher recruited the sites by contacting the commander of
each unit and providing a letter inviting them to participate in the study. Two sites were
required to ensure an adequate sample size. The first site was used as the primary data
collection site and the second site was used to select additional individuals to meet the
necessary sample size.

Workplaces (tasks) included aircraft maintenance (engine repair, structural repair,
avionics, painting, welding, parts cleaning, grinding), flightline operations, air operations
(aircrew), civil engineering (plumbing, electricity, carpentry, painting, HVAC), aerial
support (fork lift operators), vehicle maintenance, fuels (fueling), security forces, and the

fire department. Both sites supported the same types of aircraft for years leading up to
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and including the study period of 2001-2007, and therefore, the exposures to noise and

solvents have remained quite stable.

3.3 Study Population

The population consisted of civilian and military (full-time and part-time) personnel
assigned to workplaces that were enrolled in the unit hearing conservation program
(HCP) during the study period, January 1, 2001, to December 31, 2007. Further, to be
included in the study, individuals must have received a reference audiogram plus at least
one annual audiogram during the study period or at least two annual audiograms during
the study period if their reference audiogram was conducted before the study period. The
population from the first site included all individuals who were assigned to the hearing
conservation program. Individuals from the second site were selected based on their
exposure status to supplement the sample size. Four general exposure profiles were
sought: noise with solvents, noise alone, solvents alone, and neither noise nor solvents.

In addition to full-time civilian and military personnel, the participating units
included in the hearing conservation programs Reserve personnel who were expected to
have incidental exposure to hazardous noise (greater than or equal to 85 dB) for more
than 25 days per year. Reserve personnel are typically part-time employees, but may fill
full-time positions when additional personnel are required to support the mission, during
personnel shortages due to deployments or temporary duties away from the unit, or to
complete on-the-job training. The HCP treats Reservists just as it does full time civilian
or military personnel.

However, some Reserve personnel (part-time) who did not have incidental exposure

to hazardous noise for more than 25 days also were included in the HCP and received
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annual audiograms. In addition, some personnel were placed on the HCP without regard
to their noise exposure or were inadvertently kept on the HCP, even though they were no
longer routinely exposed to hazardous noise based on sampling and monitoring results.
Others were on the HCP due to external standards such as technical orders or NFPA
requirements. These individuals provided a population who had no routine noise
exposure but were receiving audiograms during the study period.

Initially the doctoral candidate (researcher) planned to stratify by employment status
(full-time versus part-time (Reservist)), but after the study began and most of the
audiogram and industrial hygiene data had been collected the researcher was not granted
access to personnel records or information to verify employment status or length of
employment. A distinction could not be made between full- and part-time employees,
and therefore, the date a part-time individual was employed on a full-time basis or for
more than 25 days per year could not be determined.

All study individuals were adults (18 years or older), and both males and females
were included. Individuals were followed from the date of their first audiogram up until
the date of their last audiogram during the study period. For inclusion in the study,
individuals must have met one of two inclusion criteria: (1) An individual must have
received a reference audiogram plus at least one annual audiogram during the study
period (2001-2007). For example, a subject with only two audiograms on file received a
reference audiogram in 2006 during their pre-placement occupational health examination
and then one year later received an annual audiogram in 2007; or (2) An individual must
have received at least two annual audiograms during the study period if their reference

audiogram was performed before the study start date of January 1, 2001. For example, a
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subject received a reference audiogram in 1995 and continued to receive annual
audiograms including during the study period. Therefore, the next annual audiogram
documented during the study period was used as the first audiogram for the analysis and
compared to the last audiogram received during the study period.

Individuals were excluded if they did not have at least one annual audiogram in
addition to the reference audiogram or two annual audiograms recorded during the
observation period or if their medical records were unavailable, such as upon retirement

or separation from the unit.

3.4 Methods

3.4.1 Data Collection

The researcher was responsible for and conducted all data collection and managed the
study databases. Data collection began in mid-July 2008, and continued until August
2009. Industrial hygiene and medical records were reviewed by the researcher at each
site. The site visits were coordinated by the researcher and ranged from one to three days
over four to six visits per site.

Information sources included industrial hygienists and industrial hygiene records
(workplace exposure summaries), a military audiogram repository database, medical
records, and purchasing records. Exposure data, both noise and solvent, were derived
from workplace exposure summaries contained in the industrial hygiene records for each
workplace. Industrial hygiene records and workplace exposure summaries were
reviewed for the noise levels documented for each workplace during the study period and

the presence of the study specific chemicals. Additionally, the workplace exposure
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summaries included a narrative of the workplace activities and listed noise sources and
types of exposures.

Using audiometric data from medical records and the electronic audiogram repository
database, audiogram results were ascertained for each individual assigned to the HCP and
were collected separately from the workplace exposure data. The site industrial
hygienists assign a unique code, also called a workplace identifier, to each shop or similar
exposure group. When individuals are assigned to the HCP based on their exposures to
noise, the workplace identifier is also listed on the HCP enrollment log for each
individual. This coding system, already in place at each site, provided a way to mask the
name of the workplace during the audiogram review. Later the researcher used the
workplace identifiers listed on the HCP enrollment log to link personnel enrolled in the
HCP to the appropriate workplace and corresponding exposure data. No personal
identifiers were used in the study database; personal identifiers were used only to collect
audiogram data and link personnel to workplace exposure data. Study data were entered
into a Microsoft Excel spreadsheet or Access database and then transferred into a

statistical processing package (SAS 9.1) for analysis.

3.4.2 Noise Exposure Data

The industrial hygiene noise exposure monitoring data were used to identify
workplaces with sound pressure levels that were > 85 dB and to document the Equivalent
Cumulative Level (ECL) for noise levels previously determined by the site industrial
hygienist. Sound pressure levels are expressed in decibels that are logarithmic and
cannot be averaged arithmetically; therefore, the site industrial hygienists calculated the

ECL using all continuous, intermittent, and impulsive sound levels from 80 to 130 dBA

37



as a function of time for each workplace. The ECL represents the average of the sound
pressure levels as a function of time-varying sound levels during the observation period
for a given workplace or activity.” This is similar to the 8-hour time weighted average
(TWA) but allows the industrial hygienist to account for employee shifts longer than
eight hours per day and applies the three dB exchange rate for the decibels in the A-
weighted scale (ABA). The OSHA occupational noise regulation defines a limit for
unprotected exposure that must not be exceeded during an 8-hour TWA during a 24-hour
day, but does not account for how actual noise levels vary over time.””*° Workplaces
with sound pressure levels > 85 dB were identified as workplaces with noise exposures
and were included in the site HCP.

The noise exposure data included the TWA and ECL in decibels for each workplace
as determined by the site’s industrial hygienist. The noise exposure data included routine
and periodic noise surveys, sound level measurements conducted when changes in
equipment or duration of an activity occurred, and personal dosimetry records. These
data were used by the site industrial hygienist to calculate the TWA and the ECL for
noise in each workplace. The TWA sound level represented the expected daily noise
dose for each workplace or specific activity.

The researcher reviewed current and historical noise exposure monitoring records for
each workplace during the study period (January 2001 to December 2007) and recorded
the ECL (the average sound level) determined by the industrial hygienist for each
workplace. Workplaces such as administrative areas or non-industrial type shops that

had no hazardous noise sources or no ECL documented were coded as not routinely
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exposed to occupational hazardous noise with workplace noise exposures less than 85
dBA.

Based on the ECL, the workplaces were classified into four noise exposure groups.
The noise exposure classifications (groups) were based on recommendations from The

Noise Manual,’!

which established five noise exposure groups using sound or noise
surveys to determine 8-hour time weighted average levels of noise exposures in decibels
A (dBA) for workers. Royster, et al. classified work areas into five groups (Groups A to
E) using five decibel increments beginning with noise levels below 85 dBA up to or
above 100 dBA TWA.”' This study used workplace ECLs to assign classifications
consistent with Royster, et al.; however, only four groups were used in this study.
Workplaces with noise ECLs at or above 95 dBA were combined with the highest group
(> 100 dBA) due to low numbers of workers in workplaces with noise survey levels
greater than 95 dBA. The four workplace noise exposure classifications and descriptions

of the workplace activities are shown in Table 3.1.

Table 3.1 Workplace Noise Exposure Classifications

Group ECL Description

Workplaces with no routine hazardous noise (< 85 dBA) that
performed tasks such as quality assurance and inspection
activities, maintenance of electronic components, industrial
hygiene, and administrative or scheduling duties.

A <85 dBA

Workplaces with routine hazardous noise (85 to 89 dBA)
B 85— 89 dBA | that performed tasks such as painting, building maintenance,
structural aircraft maintenance, and vehicle maintenance.

Workplaces with routine hazardous noise (90 to 94 dBA)
C 90 — 94 dBA | that performed tasks such as conducting small firearms
training, aircrew, flight operations and aircrew training.

Workplaces with routine hazardous noise (> 95 dBA) that
D >95 dBA | performed tasks such as conducting weapons training,
aircraft repair, and some fire fighting operations and training.
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For bivariate analysis of noise exposures, the workplaces were coded as ‘No’ if the
ECL was less than 85 dBA (Group A) and ‘Yes’ if the ECL was equal to or greater than
85 dBA (Groups B,C,D). The ECL was maintained in the database as a continuous

variable for workplace noise levels for regression analyses.

3.4.3 Organic Solvent and JP-8 Exposure Data

Chemical sampling and survey documentation were reviewed for each workplace.
For each workplace, the researcher reviewed narratives for activities and tasks that used
the study chemicals. Workplace narratives that mentioned exposures to study chemicals
of interest (toluene, xylene, styrene, benzene, and JP-8) were verified by at least one
other source. The additional sources included industrial hygiene monitoring and
sampling data or results, survey reports, and chemical purchasing records. The
workplace exposure summaries were reviewed to determine if sampling documentation
was available for any of the study chemicals. Non-study chemicals as well as other
potential ototoxins were also present in some of the workplaces and included methyl
ethyl ketone, Stoddard solvent, mineral oils, naphthas, kerosene, ethylene glycol, carbon
dioxide, carbon disulfide, carbon monoxide, and metals such as lead, cadmium,
chromium, and nickel. Additionally, the purchasing records used for tracking chemical
usage and quantities at the sites were reviewed by the researcher to identify study
chemicals purchased for each workplace. Because some of the potential solvent
exposures were so low and were determined to not pose a health risk, the industrial
hygienist may not have performed any chemical sampling based on how the chemical
was used, the frequency, the concentration, and the duration. When sampling or

monitoring was not conducted and no sampling data were available for activities that
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used very small amounts of chemicals (such as stenciling), the presence and quantity of
any study chemicals in the workplace were verified using the purchasing records.

Workplaces were coded as ‘Yes’ for the presence of a study chemical if the
workplace narrative listed any of the study chemicals and sampling data were available or
the purchasing records indicated the chemical was purchased for the workplace. If none
of the study chemicals were mentioned in the narrative and no sampling data or
purchasing records indicated the presence of the study chemicals in the workplace, then
the workplace was coded as ‘No’ to indicate lack of solvent exposure.

None of the documented solvent concentrations exceeded the established exposure
limits, therefore, the three following exposure categories were used: (1) No solvent
exposure—solvents were not present or the documentation did not meet the criteria to
confirm the presence of the solvents; (2) Low solvent exposure—solvent concentrations
were below established exposure limits and were used rarely or in very small quantities,
such as stenciling or infrequent cleaning of small parts; and (3) Moderate solvent
exposure—solvent concentrations were below the established exposure limits and were
used in moderate quantities or used in enclosed or confined spaces, such a paint booth or
fuel cell.

In addition to the researcher, the assigned workplace solvent classifications (none,
low, and moderate) were reviewed and validated by an industrial hygienist who was not
affiliated with either of the sites but was familiar with the workplaces and tasks

associated with both of the sites.
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3.4.4 Audiometric Test Personnel and Equipment

The medical personnel who conducted the audiograms were trained as Hearing
Conservationists as established by the Council for Accreditation in Occupational Hearing
Conservation (CAOHC). They had received CAOHC hands-on and didactic Department
of Defense (DoD) Occupational and Environmental Health Repository System — Hearing
Conservation (DOEHRS-HC) training. The DOEHRS-HC is the official repository of
audiogram data for the DoD. Hearing Conservation Program Managers at each location
ensured the audiometers met the standards of the ANSI S3.6-1996, “Specification for
Audiometers.” The site industrial hygienists certified the audiometric testing
environment using background octave band sound pressure levels and conducted annual
surveys to ensure the equipment conformed to the requirements of the ANSI Standards
S1.4A to S1.4-1983 and the ANSI Standard S1.11-1993. The audiometers were
calibrated to the specifications of the most current ANSI Standard S3.6-1996 using
electro-acoustic calibration.® *' Pure tone audiograms were performed using sound

booths in environments that met OSHA standards for audiometric testing.’’

3.4.5 Audiometric Examination Data

Audiometric examination (audiogram) results were conducted and available as part of
the HCP at each site. Initially, audiogram data were obtained from medical records.
Once the researcher was authorized access to the DOEHRS-HC database partway
through the data collection process, audiogram data were also retrieved from the
electronic database. However, medical records were consulted, if feasible, for those

subjects with missing audiogram data in DOEHRS-HC. If no audiogram data were
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available from either the medical record or the electronic database, the individual was

excluded.

3.4.6 Cohort Enumeration

The site industrial hygienists provided the researcher a list of individuals enrolled in
the site HCP grouped by workplace using a unique workplace identifier. All of the
individuals on the HCP at the first site were included in the study except for those who
did not meet the inclusion criteria or who had unavailable or incomplete medical records.
Multiple attempts were made to locate audiogram data for all of the individuals; however,
if the records were not maintained at the site or if the electronic audiogram data in
DOEHRS-HC were unavailable, then the individual was excluded from the study.
Individuals whose medical records were unavailable during the first site visit because
they were referred to a physician or audiologist for follow-up were retrieved during the
next or subsequent site visits, when possible.

The second site was used to identify workers with no occupational exposure to noise
and solvents and exposures to solvents only to ensure adequate sample size in these two
groups. Personnel turnover and job changes were low at both of the sites, which was
evident based on a review of historical industrial hygiene records. The data from the two
sites were treated as one dataset once the workplaces were characterized by exposure
group.

Medical records were reviewed to gather audiogram results (changes in hearing), age,
and gender. Audiogram data, age, and gender were obtained from the Department of
Defense (DD) Forms 2215, “Reference Audiogram” or an equivalent form (electronic or

hard copy). The researcher planned to ascertain race and ethnicity data from personnel
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records because documentation of these variables was sporadic and not always noted in
the medical records. However, after the data collection had already begun, the researcher
was unable to obtain authorization to receive the race/ethnicity data from personnel
records for health research purposes due to site and Air Force policies. The same was
true for employment status, length of employment, and years of service. Therefore,
race/ethnicity, employment status, length of employment, and years of service were not
included as variables for the study.

Smoking history and non-occupational exposures to noise and chemicals were
difficult to ascertain from the medical records due to differences in workplace health
history questionnaires and incomplete records. Some of the health history questionnaires
did not ask the appropriate questions or the individual did not respond to all of the
questions. Additionally, health histories, smoking status, and non-occupational
exposures such as other employment or hobbies were unavailable for any records
reviewed in the DOEHRS-HC database. Requesting the hard copy medical records for
these individuals was cost-prohibitive. Therefore, these variables were not included in
the analysis because the data were incomplete or unavailable.

The types of hearing protection recommended and/or worn, employee training, and
record keeping were not included as variables for this study, mainly because of the
additional time needed to collect the data and the assumption that employee training was
conducted as required and the use of hearing protection equipment was enforced.
Hearing protection was required of all subjects who worked in workplaces with an ECL

equal to or greater than 85 dB.
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3.4.7 Hearing Loss

Audiogram results in one or both ears may indicate no change (zero difference), a
positive change (hearing loss), and a negative change (improved hearing). When
audiogram results were compared to the reference audiogram, hearing loss was shown as
a positive number in increments of 5 or more decibels (dB) (e.g., 5, 10, 15 dB) for each
frequency tested. Improved hearing was shown as a negative number in increments of 5
or more dB (e.g., -5, -10, -15 dB). If hearing did not change compared to the reference
audiogram, then the result was zero. Each audiogram was evaluated for changes in
hearing as well as for hearing loss, that is, a standard threshold shift (STS). An STS was
defined as a change in hearing sensitivity that was equal to or exceeded an average of 10
dB or more at 2000, 3000, and 4000 Hz in either ear, compared to the reference
audiogram. Figure 3.1 is an example of an audiogram test recorded on a DD Form 2216,
which shows the results as compared to the reference audiogram. In the figure, the
current audiogram results for the right ear show a difference of 10 dB at 2000 Hz, 20 dB
at 3000 Hz, and 0 dB at 4000 Hz. The average change or difference when compared to
the reference audiogram is calculated by summing the current audiogram results at 2000,
3000, and 4000 Hz and dividing by three. In the example, the sum at 2000, 3000, and
4000 Hz in the right ear is 30 dB and the average is 10 dB, which indicates an STS when
comparing the current audiogram to the reference audiogram. The left ear does not meet
the criteria for an STS, because the average of the differences at 2000, 3000, and 4000 Hz

is less than 10 dB.
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Figure 3.1 Example of an Audiogram Test (Adapted from the DD Form 2216)

[

j- AUDIOMETER TYPE k. MODEL 1. MANUFACTURER m. SERIAL NUMBER n. LAST ELECTROACOUSTIC
CALIBRATION DATE
1 - MANUAL (YYYYMMOD)
2 - SELF-RECORDING (Automatic)
3 - MICROPROCESSOR :
17. FOLLOWUP NO. 2 I a. MINIMUM 14 HOURS NOISE FREE SINCE CURRENT AUDIOGRAM (See item 15.b.)
AUDIOMETRIC DATA LEFT RIGHT
RE: ANS| $3.6 - 1989 500 1000 2000 3000 | 4000 6000 500 1000 2000 3000 4000 | 6000
b. CURRENT AUDIOGRAM DATE
rvvyymmon) 20030918 25 25 25 25 35 25 20 20 30 40 15 15
c. REFERENCE AUDIOGRAM DATE
IyvyvambD) 20030912 25 | 25 | 25 | 25 | 25 | 25 | 20 | 20 | 20 | 20 | 15
d. SIGNIFICANT THRESHOLD SHIFT  |e. THRESHOLD i
(STS) SHIFT 0 0 0 10 ] 10 20 0
1-NO 2-YES :
1. EXAMINER NAME (Last, First, Middle Initial 9. TRAINING CERTIFICATE NO. |h. CCUPATION | i. OFFICE SYMBOL
i. AUDIOMETER TYPE k. MODEL I. MANUFACTURER m. SERIAL NUMBER n. LAST ELECTROACOUSTIC
CALIBRATION DATE
1. MANUAL . (¥YYYMMoD)
| 2 - SELF-RECORDING (Automatic)
3 - MICROPROCESSOR
DD FORM 2216, JAN 2000 PREVIOUS EDITION MAY BE USED.

For each ear a continuous variable (ML AVG, MR AVG) was created to represent
the average change in hearing in decibels for the frequencies 2000, 3000, and 4000 Hz
over the study period. These values were further classified into categorical variables
(POSSTS L, POSSTS R) to describe the overall average change in hearing in each ear.
The three categories were: STS (> 10 dB), Some hearing loss (> 0-10 dB), and No
hearing loss (< 0 dB). The latter category included individuals with zero or no change in
hearing as well as those whose hearing improved over the study period. The ‘Some’
category was excluded in the bivariate analyses, and only the ‘STS’ and ‘No’ categories
were used to represent hearing loss or no hearing loss, respectively.

Using the variable POSSTS L, a dichotomous variable for hearing loss (YES/NO)
was created for the left ear only (HL AVG) for logistic regression analysis. Only the left
ear was used because there was no significant difference between the left and right ears in
the bivariate analysis.

Two additional continuous variables (L__SHIFT, R_SHIFT) were created to represent
the degree of hearing loss between the last and first audiogram. This variable was created

for each ear, however, only the variable for the left ear (L__SHIFT) was used in the
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multivariable regression analysis, because there was no significant difference between the

left and right ears. The dependent variables for changes in hearing are shown in Table

3.2.

Table 3.2 Dependent Variables for Changes in Hearing

Variable Description Type Values Analysis/Method
POSSTS L | Average change in Ordinal STS (>10 Bivariate and
hearing (decibels) in dB), Stratified
left ear Some hearing | Analyses
loss (> 0-10
dB)*,
No hearing
loss (<0 dB)
POSSTS R | Average change in Ordinal STS (=10 Bivariate and
hearing (decibels) in dB), Stratified
right ear Some hearing | Analyses
loss (> 0-10
dB)*,
No (£0dB)
HL VAR | Hearing loss in left | Dichotomous | Yes (> 0 dB) | Logistic
ear No hearing regression
loss (<0 dB) | analysis
ML AVG | Average change in Continuous | dB Descriptive
dB in left ear
MR AVG | Average change in Continuous | dB Descriptive
dB in right ear
L SHIFT | Amount of hearing Continuous, | >0 dB* Multivariable
loss between last and | truncated Linear Regression
first audiogram in
left ear
R_SHIFT | Amount of hearing | Continuous, | >0 dB* Variable not used
loss between last truncated in regression

and first audiogram
in right ear

analysis

*Some analyses exclude the middle category.
® Individuals who had no change (dB=0) in hearing or improved hearing (dB<0) during the study were
coded as zero for analysis.

3.4.8 Independent Variables

The independent variables include both dichotomous and continuous variables and

are shown in Table 3.3.
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Table 3.3 Independent Variables

Variable Description Type Values
GENDER Gender Nominal Male, Female
STD AGE Age at first study audiogram Continuous | Age in years
NUM_AUDIO Number of audiograms per Continuous | Count
subject
F TIME Length of follow-up time Continuous | Years
NOISE _EXP Equivalent Cumulative Noise Dichotomous | Yes (> 85 dBA)
Level (ECL) No (< 85 dBA)
ECL ECL Continuous | dBA
NOISE GRP Noise Group ECL Classification | Ordinal A, B, C, D (see
Table 3.1)
SOLV_EXP Solvent Exposure Dichotomous | Yes (Low or
Moderate)
No (None)
SOLV_AMT Solvent Exposure Ordinal None, Low,
Moderate

3.5 Study Power

Every year about 6% to 9% of Air Force personnel receiving audiometric tests are
identified as showing permanent threshold shifts (PTS) or permanent hearing loss and
about 10% to 13% have positive standard threshold shifts (STS) indicating some hearing
loss.” To detect a two-fold difference (o = 0.05) for one type of exposure the sample size
required about 190 individuals based on an STS or PTS occurring in 6,000 per 100,000
per year.”” However, because this study evaluated two types of exposures (organic
solvents and hazardous noise) the sample size was doubled, and therefore, required 380

subjects to detect a difference.

3.6 Statistical Analysis

Basic descriptive statistics were used to describe the characteristics of the population.
Means and medians were produced to describe the continuous independent variables: age

at first study audiogram, age at last audiogram, the number of audiograms per subject,
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and length of follow-up time. A non-parametric test was performed to test for differences
in hearing loss between those less than 35 years old and those equal to or greater than 35
years old.

Bivariate analyses were performed to estimate the risk and the confidence intervals of
hearing loss (= 10 dB of change versus no change) among the exposure groups by right
and left ears. Individuals were stratified by exposures to hazardous noise and solvents
into one of four groups: (1) no routine exposure to hazardous noise levels or solvents; (2)
noise exposure only; (3) noise and solvent exposure; and (4) solvent exposure only.

Hearing loss was examined using logistic regression for the estimation of odds ratios,
adjusted for confounding variables. A logistic regression model was constructed using
hearing loss (defined as HL__ VAR shown above) as the dependent variable. Changes in
hearing greater than zero decibels were considered a decrement in hearing. The model
was a forward stepwise regression model with a criterion of 0.05 for entry and included
age at first study audiogram, follow-up time, ECL for the continuous noise variable, and
solvent amount (low, moderate — with none as the reference category) to test for
significance. Odds ratios (OR) and 95% confidence intervals (CI) were determined.

Simple linear regression analysis was used to examine the relationship of the
independent variables (solvent exposure (low, moderate), noise level exposure (ECL),
age at first study audiogram, and follow-up time) with the continuous truncated
dependent variable for hearing loss for the left ear. As previously mentioned, individuals
who had improved hearing or no change in hearing were coded as zero. Statistical

analyses were performed using SAS Version 9.1. (PROC REG).

49



Chapter 4: Results

4.1 Descriptive Analysis

4.1.1 Study Population Characteristics

The study population consisted of 503 workers from two Air Force Reserve sites who
received 2,219 audiograms to detect changes in hearing during the period January 1,
2001, to December 31, 2007. A total of 41 other individuals were excluded from the
study. Of these, 11 individuals were too new and had not received the baseline
audiogram or at least two audiograms during the study period, 29 individuals did not
have medical records maintained at the study site location or the medical records were
checked out or unavailable, and one individual had retired whose medical record was
archived.

The majority of the subjects (66%) were 35 years or older on the date of their first
audiogram during the study period; however, of those who were younger than 35 years
old, almost all were less than 25 years old (see Figure 4.1). A very large proportion
(94.6%) was male. Based on historical industrial hygiene records and the knowledge of
the site industrial hygienists, approximately 47% were full-time employees, 39% were
Reservists (part-time), and employment status was unknown for about 14%. Population
demographics are summarized in Table 4.1.

Age was not normally distributed (Figure 1), therefore, a non-parametric test
(Wilcoxon test) was used to determine if there were differences in hearing loss between
those who were less than 35 years of age and those who were 35 years or older. The

results suggest that there is a statistically significant increase in hearing loss among those
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who were 35 years or older compared to those less than 35 years of age (chi-square 6.22;
p-value 0.01). This analysis was adjusted for length of time between the first and last

audiograms during the study period.

Table 4.1 Demographics, January 1, 2001, to December 31, 2007, (n=503)

Gender # %
Males 476 94.6
Females 27 5.4
Age group (years) at date of first audiogram # %
<25 152 30.2
25-34 19 3.8
35-44 173 34.4
45— 54 126 25.1
55+ 33 6.6

Mean SD

Audiograms per subject 4.8 2.6
Years of follow-up time 3.2 2.1

Figure 4.1 Percent of Workers by Age Group at First Audiogram

Percent of Workers by Age Group (n=503)

40
35
30
25 ||
20 |
15 -
10 -
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<25 25-34 35-44 45-54 55+

Percent
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The overall prevalence of at least one standard threshold shift (STS) (hearing loss) in

either ear was 9.2% (46/503) and 2.6% of study subjects had an STS in both ears.

51



Approximately 22% of study subjects had no hearing decrement in either ear. Hearing
changes in decibels (dB) among the population are described in Tables 4.2 and 4.3.
Overall, the average change in hearing in decibels for the left and right ears was very
similar for the entire cohort. The maximum average decrease in hearing sensitivity was
48 dB in the left ear and 33 dB in the right ear in a 47 year old subject who was exposed
to both noise and solvents.

Table 4.2 Average Change in Hearing (Decibels) for Right and Left Ears among

Subjects, January 1, 2001, to December 31, 2007, (n= 503)

Right Ear
# (%)
Left Ear <0 (No
# (%) >0 to<10dB | hearing loss
>10dB (Some or improved
(STS) hearing loss) hearing) Total (%)
>10dB
(STS) 13 (2.6%) 8 (1.6%)| 7 (1.4%) | 28 (5.6%)
>0to<10dB
(Some hearing
loss) 16 (3.2%) | 176 (35.0%) | 77 (15.3%) | 269 (53.5%)
<0
(No hearing loss or
improved hearing) 2 (0.4%) 94 (18.7%) | 110 (21.9%) | 206 (41.0%)
Total (%) 31 (6.2%) | 278 (55.3%) | 194 (38.6%) | 503 (100%)

Table 4.3 Average Hearing Change in Decibels in Each Ear, January 1, 2001, to

December 31, 2007, (n= 503)

Mean (dB) Std Dev
Left Ear 23 3.7
Right Ear 23 3.7

The distribution of the study population by exposure group is described in Table 4.4.
The Group D noise exposure group (> 95 dBA) had the fewest individuals (19.5%), while
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Groups A, B, and C each accounted for approximately 26-27% of study subjects. Over
half of the subjects (56.7%) were exposed to either low or moderate levels of solvents.
When subjects were categorized by combined noise and solvent exposure profiles, most
of the individuals were in the two noise-exposed groups (43.7% noise and solvents;
29.4% noise without solvents). This was expected because the hearing conservation

program was used to identify study subjects with exposures to noise.

Table 4.4 Distribution of Population by Exposure Group, January 1, 2001, to

December 31, 2007, (n= 503)

Noise Groups n (%)
A (<85dBA) 135 (26.8)
B (85 -89 dBA) 132 (26.2)
C (90 — 94 dBA) 138 (27.4)
D (> 95 dBA) 98 (19.5)

Solvent Exposure Groups
None 218 (43.3)
Low 192 (38.2)
Moderate 93 (18.5)

Combined Exposure Groups
Noise, Solvents 220 (43.7)
No noise, Solvents 65 (12.9)
Noise, No Solvents 148 (29.4)
No noise, No Solvents 70 (13.9)

4.1.2 Characteristics of Workplaces and Exposure Groups

Fifty-one different workplaces were included in the study. Of these, 15 workplaces
had an ECL of less than 85 dBA or no documented hazardous noise sources, 14
workplaces had an ECL between (85-89 dBA), 16 workplaces had an ECL between (90—
94 dBA), and six workplaces had an ECL at or above 95 dBA. Twenty-eight (53.8%)

workplaces had no organic solvent exposure, 11 (21.2%) were classified as low organic
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solvent exposure, and 12 (23.1%) were classified as moderate organic solvent exposure.
The number of individuals assigned to each workplace exposure group by site is shown in
Table 4.5. The data from the two sites were combined once the workplaces were
characterized by workplace exposure group.

The characteristics of the individuals by workplace exposure group are shown in
Table 4.6.
The solvent only exposed group was slightly older and also received fewer audiograms
compared to the other exposure groups. The proportion with hearing loss in the left ear
was slightly higher for the noise group without solvent exposure. For the right ear the
group with no noise and no solvent exposure had the highest percentage of individuals

with hearing loss.

Table 4.5 Number of Individuals Assigned to Workplaces by Site and Exposure

Group, January 1, 2001, to December 31, 2007, (n=503)

Workplace Exposure Group
Noise, No Noise, Noise, No Noise,
Solvents Solvents No Solvents | No Solvents
(n=220) (n=65) (n=148) (n=70)
# (%) # (%) # (%) # (%)
Site A (n=223) 133 (60) 0 (0) 56 (38) 34 (49
Site B (n=280) 87 (40) 65 (100) 92 (62) 36 (51)
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Table 4.6 Characteristics of Workplace Exposure Groups, January 1, 2001, to

December 31, 2007, (n=503)

Workplace Exposure Group
Noise, No Noise, Noise, No Noise,

Solvents Solvents No Solvents | No Solvents

(n=220) (n=65) (n=148) (n=70)
Characteristic Median (SD) | Median (SD) | Median (SD) | Median (SD)
Age (years) at first 30.5 (8.4) 340 (8.7)] 285 (8.5)| 30.0 (10.0)
audiogram
Number of audiograms 5.0 (2.8) 3.0 (1.6) 5.0 (2.7) 4.5 (2.2)

# (%) # (%) # (%) # (%)

Changes in hearing 12 (5.5) 2 (3.1 10 (6.8) 4 (5.7)
(decibels) (> 10 dB) —
left ear
Changes in hearing 11 (5.0 3 (4.6) 11 (7.4) 6 (8.6)
(decibels) (= 10 dB) —
right ear
Number of workplaces 21 (41.2) 2 (3.9 15 (29.4) 13 (25.5)
(n=51)

4.2 Exposure to Noise and Organic Solvents

Bivariate analyses were conducted for each ear using the categorical hearing loss
variable (average change equal to or greater than 10 dB (Yes/STS) versus average change
less than or equal to 0 dB (No hearing loss), with the intermediate category (some hearing
loss) excluded). Noise exposure and organic solvent exposure were analyzed
dichotomously. Crude relative risks were calculated to estimate the association between
hearing loss (STS > 10 dB) and noise, and hearing loss and solvents. As shown in Table
4.7, the crude relative risk (RR) relating noise exposure to hearing loss in the left ear was
minimally elevated (RR=1.1; 95% CI= 0.9 — 1.4); and no difference was found in the
right ear (RR=1.0; 95% CI=0.8 — 1.3). The crude relative risks relating hearing loss to

solvent exposure were the same (RR=0.8) for both right and left ears.
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Stratified analyses were conducted to evaluate the association between noise exposure

and hearing loss in the presence or absence of organic solvents. When stratified by

solvent exposure, the crude relative risks relating hearing loss to noise exposure in the

presence of solvents ranged from 1.0 to 1.2, for the right and left ears, respectively. In

the absence of solvents, the crude relative risks (1.0 and 1.1) were non-significant and

similar for the right and left ears, respectively. Because the left ear showed the strongest

associations with hearing loss for noise and solvents compared to the right ear, only the

left ear was considered in regression analyses.

Table 4.7 Crude Relative Risk (CRR) of Hearing Loss by Noise and Solvent

Exposure, January 1, 2001, to December 31, 2007

Entire Study Population Left Ear Right Ear
(n=234) (n=225)
CRR 95% CI CRR 95% CI
Noise Exposure (> 85 dBA ECL) 1.1 09-14 1.0 0.8—-1.3
Solvent Exposure 0.8 0.6-1.2 0.8 0.5-1.2
Solvent Exposed Group Left Ear Right Ear
(n=139) (n=123)
Noise Exposure (> 85 dBA ECL) 12 ]09-15 1.0 [08-14
No Solvent Exposed Group Left Ear Right Ear
(n=95) (n=102)
Noise Exposure (> 85 dBA ECL) 1.1 ]07-15 10 [07-14

Note: Individuals with hearing changes > 0 to < 10 dB were excluded from this analysis.

4.3 Logistic Regression

According to the logistic regression model (see Table 4.8), increasing age at first

audiogram during study period was significantly but weakly associated with the odds of

hearing loss (OR=1.03 per year of age, 95% CI=1.01-1.05). Study follow-up time was

associated with a substantial increase in the odds of hearing loss (OR=1.23, 95%
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CI=1.12-1.35) for every year increase in follow-up time. As shown in Table 4.8, hearing
was not affected by increasing noise levels (dB) and the odds ratios for low and moderate
solvent exposures suggested a protective effect for hearing. However, the odds ratios for
noise and solvent exposures were not significant with the confidence intervals including

the value of 1.

Table 4.8 Effects of Possible Risk Factors on Hearing Loss among Study Subjects

(Logistic Regression), January 1, 2001, to December 31, 2007, (n=503)

Variable Beta SE' Chi- |P-value| OR | 95%CI'
Square

Intercept -1.0723 | 1.2313 0.7584 | 0.3838

Age at first study

. 0.0306 | 0.0111 7.6635 | 0.0056 | 1.031 | 1.009-1.054
audiogram (years)

Follow-up time

0.2081 | 0.0469 19.7030 | <.0001 | 1.231 | 1.123-1.350
(years)

Noise level (ECL

. -0.0003 | 0.0129 0.0007 | 0.9793 | 1.000 | 0.975-1.025
continuous, dB)

Solvent-Low vs.
none

-0.1393 | 0.2113 0.4347 | 0.5097 | 0.870 | 0.575-1.316

Solvent-Moderate
VS. none

-0.3842 | 0.2815 1.8630 | 0.1723 | 0.681 | 0.392-1.182

i SE=Standard Error, 95% CI = confidence interval

4.4 Linear Regression

The relationship among the variables was examined using linear regression; this
analysis explained very little of the variance (4%) for hearing loss among the study
population. The model utilized the continuous truncated variable for hearing loss in the
left ear (L__SHIFT) and was as follows:

Hearing loss (dB, left ear) = B1 + f2Age at first study audiogram + B3Follow-up time

in years + B4Noise (ECL continuous, dB) + B5Low Solvent + f6Moderate Solvent
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Except for noise exposure, the results were similar to those seen in the logistic
regression. Hearing loss in the left ear was significantly (p < 0.05) associated with age at
first study audiogram, follow-up time, and noise level. Low and moderate solvent
exposures were not associated with hearing loss among the population.

Based on the results of the model, hearing worsened by 0.06 decibels with every year
increase in age at first study audiogram and by 0.25 decibels for every year increase in
follow-up time during the study period. Additionally, hearing decreased by 0.04 decibels
for every decibel increase in noise level or by almost half a decibel (0.4 dB) for every 10
decibel increase in noise level. The results of the linear regression are shown in Table

4.9.

Table 4.9 Relationship of independent variables to hearing loss in dB (linear

regression), January 1, 2001, to December 31, 2007, (n=503)

Source Degrees Sum of Mean F-value | p-value
of Squares Square
Freedom
Full-model 5 320.85 64.17 4.95 0.0002
R-square 0.047 Adj. R- 0.038
Square
Variable Parameter estimate t-value p-value
Intercept -4.119 -1.94 0.054
Solvent-Low vs. none -0.009 -0.03 0.980
Solvent-Moderate vs. -0.888 -1.84 0.067
none
Age at first study 0.0593 3.20 0.002
audiogram (years)
Follow-up time 0.247 3.11 0.002
(years)
Noise level (ECL 0.044 1.97 0.049
continuous, dB)
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Chapter 5: Discussion, Conclusion, and Recommendations

5.1 Discussion

Noise as a risk factor for hearing loss has been widely studied; however, the risk of
hearing loss from solvent exposure with and without exposure to noise remains an
important area of inquiry. This study was conducted to provide an assessment of the risk
of hearing loss among Air Force Reserve (AFR) personnel who have exposures to noise
and/or specific solvents. The first goal of this study was to assess the risk of hearing loss
among AFR personnel with and without routine exposures to toluene, styrene, xylene,
benzene, and/or JP-8 jet fuel while controlling for noise exposure. The second goal was
to evaluate whether routine exposures to these solvents combined with exposures to
occupational noise modified the effect on hearing.

The study population consisted of 503 mostly male AFR personnel from two sites.
Followed for an average of 3.2 years, 9.2% of the study subjects had hearing loss
(standard threshold shift) in one ear only (unilateral) and 2.6% had bilateral hearing loss.
The percentage of study subjects (9.2%) with hearing loss over three years is lower than
the average percentage of U.S. military service members with an STS who were tested
annually (10 — 18% per year of follow-up)® and lower than the estimated percentage of
U.S. adults aged 20 to 69 years (16%) who participated in the audiometric component of
the National Health and Nutrition Examination Survey (NHANES) 1999-2004.”
However, limitations exist for this comparison to the NHANES results. The NHANES
data are from a cross-sectional rather than a longitudinal study of the U.S. population.
The NHANES study is one of the only current studies that provides information on
hearing loss among similarly aged U.S. adults as in this study. Many published
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longitudinal studies that evaluate hearing loss are either conducted in older populations or
among non-U.S. workers.

Over half of the study subjects were 35 years or older on the date of the first
audiogram during the follow-up period. The incidence of hearing loss was more frequent
in subjects who were 35 years or older at the time of their first audiogram compared to
their younger counterparts. Although employment history data were unattainable during
this study, the age at first audiogram during the study period may serve as a proxy for
individuals who entered the workforce or military before robust hearing conservation
programs were in use. Therefore, it’s possible that an increased incidence of hearing loss
seen among the older study subjects may be explained by less emphasis on hearing
prevention during the early part of their careers.

Overall the results of the study demonstrated that hearing loss was associated with
age at first study audiogram, length of follow-up time, and exposure to noise. No
increased risk was found for hearing loss among those exposed to noise and solvents or
solvents only. The inability to demonstrate a solvent effect on hearing in this study is in
contrast with the findings of Kaufman’> and Kim,"’ even though all of the studies
including this one had solvent exposures below recommended exposures limits.

Kaufiman and colleagues,”” found a statistically significant 70% increase of adjusted
odds of hearing loss among workers at a military installation who had a history of three to
12 years of exposure to jet fuel (JP-4). However, because the Kaufman, et al. study was a
cross-sectional design, their findings provide only a snapshot for a single point in time

and cannot establish a temporal association. This study used the average change in
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hearing in decibels between the first and last audiogram during the study period and
exposure to JP-8, which may be less ototoxic than JP-4.

Kim, et al."’ found statistically significant higher relative risks for those exposed to
noise and solvents (OR=8.12, CI 2.03-32.53) than the noise only (OR=4.24, CI 1.71-
10.75) and the solvent only (OR=2.57, CI 0.64-10.31) groups. The Kim, et al. study and
this study used similar criteria for determining exposure groups, but the number of
subjects in each of the Kim exposure groups varied substantially. Of the 542 subjects,
151 had no exposure, 146 had noise exposure only, 18 had solvent exposure only, and 13
had noise and solvent exposure. As evidenced by the wide CI around the OR for solvents
only, the Kim, et al. study lacked adequate sample size in the solvent exposed groups to
detect a true difference. The current study had more balanced representation by exposure
group: 148 noise only, 65 solvents only, 220 noise and solvents, and 70 neither noise nor
solvents.

Multivariable linear regression was used to evaluate hearing loss as a continuous
outcome and revealed that the strongest predictors were follow-up time and age at first
study audiogram. Age is well documented as a risk factor for hearing loss in many

43, 44,9497

published studies, and increasing age, as a risk factor for hearing loss, is

correlated to cumulative years of noise exposure, as well as the aging process.* "%
Therefore, finding an association of advancing age and increasing follow-up time with
hearing loss was not unexpected.

Hearing loss increased by 0.25 decibels for every year of follow-up time or increase

in age. The effect of age at first study audiogram was more modest: hearing decreased

by 0.06 decibels for every year of age at study entry. The logistic regression model
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evaluating hearing loss as a dichotomous outcome similarly found increased odds for
hearing loss with increasing age at study entry and increased years of follow-up. The
odds of hearing loss increased 23% for each one year increase in follow-up time (95% CI
1.12-1.34) and 3% for each one year increase in age at first study audiogram (95% CI
1.01-1.05).

Another important and well documented predictor of hearing loss is exposure to
noise.**** Although some of the study subjects were routinely exposed to hazardous
levels of noise (> 85 dB) with or without exposures to solvents, the incidence of hearing
loss may have been reduced by the use of hearing protection such as ear plugs and/or ear
muffs. The linear regression model showed that hearing loss was associated with
increasing noise levels; however, the effect of noise exposure was relatively weak.
Hearing sensitivity was reduced by 0.04 decibels for every decibel increase in noise
exposure level (equivalently, by almost a half a decibel (0.4 dB) for every 10 decibel
increase in noise exposure). The logistic model did not identify noise exposure as a
significant predictor of hearing loss.

The bivariate analysis demonstrated very similar findings for the left and right ear in
the subjects, and there was no indication of asymmetrical or unilateral hearing loss.
Symmetrical or asymmetrical hearing loss is an important consideration when evaluating
different types of exposures, especially when assessing chemical-induced hearing loss
versus noise-induced hearing loss. Because organic solvents can cross the blood-brain
barrier, chemical-induced hearing loss is most likely symmetrical. Noise-induced hearing

loss may be symmetrical or asymmetrical depending on which ear has the most exposure
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to the noise source but is usually bilateral. Therefore, in this study, symmetry of hearing

loss is not that informative as to the etiology of hearing loss.

19, 73, 83,101-103 13, 14, 30, 104

Although many anima and some human studies have suggested
associations between solvent exposure and hearing loss, no association was found in this
study. This finding may be related to the low levels of exposure to solvents and/or jet
fuel for this study population. Additionally, if individuals are protected from the effects
of noise in the presence of these specific chemicals, then the effects or the risk of hearing
loss may be diminished or eliminated.

In this study all of the solvent exposures were documented as below occupational
exposure limits (OELSs) or under detectable limits. To date, none of the study solvent
OEL:s list the ear as a potential target organ and are still based on other toxicological

endpoints or target organs. This may be due to the limited data available on known or

suspected ototoxins, especially for mixtures or at very low levels of exposure.

5.2 Strengths and Limitations

As with any epidemiological study, this research has both strengths and limitations.
The study represents a large number of Air Force workers from a homogeneous
population. The mean follow-up time of 3.2 years was long enough to detect changes in
hearing. However, current literature suggests that the latency period for developing

472 6 five

hearing loss from solvent exposures varies from two to three years exposure
or more years.'' Thus, it is possible that latency was not adequate to detect solvent-
induced hearing loss among these study subjects.

In addition to the study size, the stability of the population and the low personnel

turnover rates was a strength of the study. This is important because the subjects were
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part of the workforce long enough to receive multiple annual audiograms, which
increases the ability to detect changes in hearing among a worker population over time.
Conversely, high turnover rates would have decreased the ability to detect potential STSs
or decrements in hearing.'” Additionally, the population was relatively young—the
majority of the subjects (94%) were less than 60 years old and distributed nearly evenly
among the age groups, except in the 25-34 years old age group, which had fewer subjects.
Although hearing loss is associated with increasing age, it is unlikely these study results
were influenced substantially by age-related hearing loss that often accelerates at older
ages, especially, for those older than 60 years old.'"’

Audiograms were conducted according to well-defined criteria, and narrative
descriptions, procurement records, and industrial hygiene monitoring records were
available to characterize exposures for each workplace. Most of the audiograms were
conducted at the respective site in the same audio booths providing consistency and
reliability in the audiogram data.

Several considerations that may have affected the internal validity of this study
included missing or incomplete medical record data, incomplete data on employment
status, other sources of exposure and disease misclassification, and confounders such as
non-occupational exposures. Missing medical records could be a source of selection bias
and if they were associated with hearing loss; individuals with hearing loss may leave the
Air Force or be referred for further evaluation. However, most of the missing records
were unavailable because they were not maintained on site due to personnel locations,

deployments, or technical schools and not due to hearing loss status. Therefore, the
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potential for selection bias due to missing or incomplete medical records is believed to be

minimal.

5.2.1 Employment Status

Employment data were incomplete or unavailable regarding the full-time or part-time
status and length of employment of each subject during the study period. The researcher
requested employment information but was not granted authorization to receive
information related to employment status (part-time/full-time) and duration. Therefore, it
was not known how long each subject had been employed at the site or if and/or when a
part-time employee (Reservist) was working full-time at the site. Because of incomplete
employment status, the analysis could not account for full-time and part-time
employment. Therefore, the Reservists (39% of the study population) with less exposure
time on average than full-time personnel (47% of the study population), may have diluted
the apparent effects of exposures to hazardous noise and/or organic solvents on hearing
loss in this study. This exposure misclassification would be non-differential since the
inability to account for full-time versus part-time status would not have been related to

hearing loss status.

5.2.2 Exposure Misclassification

Exposure misclassification bias may be present even though the researcher attempted
to appropriately classify the subjects by noise and solvent exposure based on available
industrial hygiene records and purchasing data. Although some exposure
misclassification is expected when categorizing workplaces and individuals into general

exposure groups, this may have been amplified in this study because some classifications
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did not account for duration and concentration of known exposures or exposure data were
recorded qualitatively instead of quantitatively. Subjective data were often used to
determine an exposure level or classification.

Noise: Ambient workplace noise exposure data may overestimate the true exposures
to noise among the subjects. Exposures to noise can be reduced or controlled to
acceptable levels through the use of engineering and administrative controls and adequate
hearing protection. Hearing protection devices are used to reduce noise exposures to
acceptable levels below 85 decibels for the 8-hour time weighted average. The AFRC
mandates hearing conservation programs and requires employees with exposures to
hazardous noise to use hearing protection devices.

Because noise-exposed personnel were most likely wearing hearing protection when
exposed to hazardous occupational noise sources, the effects of noise may be
underestimated, and therefore, may have diminished the ability to detect a difference
between exposure groups. The use of hearing protection devices was not evaluated in
this study due to time and resource constraints; therefore, it is not known whether or not
individuals wore adequate hearing protection, and if worn, if it was worn correctly.
Therefore, hearing loss may have been prevented because the subjects wore hearing
protection to reduce noise to acceptable exposure levels.

Solvents: As noted in the historical industrial hygiene workplace summaries, most of
the solvent exposure data were below the OEL or were not quantified by the industrial
hygienists or laboratories. Sampling was not typically conducted for solvents that were
used infrequently or in very small amounts. Thus, available data may not have provided

good estimates of duration, concentration, or intensity of solvent exposure. Similar
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challenges have also been noted in other occupational health studies.'* '° %" Secondly,
most of the solvent exposure levels were determined from historical occupational
industrial hygiene records and purchasing records. Exposure levels (none, low, and
medium) were estimated based on the amount of study solvent annotated in workplace
exposure summaries, ordered, and/or used in each workplace and were not necessarily
based on individual monitoring. It is possible that exposures to solvent levels may have
been over- or underestimated when grouping the solvents into three groups (none, low, or
moderate). Additionally, most personnel who are exposed to moderate solvent levels
such as during fuel cell entry are required to wear personal protective clothing such as

gloves and overalls.

5.2.3 Disease Misclassification

Other types of tests or examinations such as bone conduction, otoscopy, or
immittance audiometry may be useful to detect changes in hearing in addition to pure

- 25, 108
tone audiometry.

The primary purpose of an audiogram is to detect hearing loss
before it becomes permanent, identify hearing changes and trends among workers, and
provide an opportunity to educate and train workers about hearing protection and

conservation. Other or additional clinical or audiologic tests may be more sensitive for

assessing the possible toxic effects of solvents on the ears.

5.2.4 Confounding

The linear regression model indicated that age at first study audiogram, years of
follow-up, and noise exposure explained only 4% of the variance for hearing loss,

indicating that other factors account for the outcome variability in this study population.
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Some of the effects of noise or solvents may be masked by confounders present in the

d,'* % it is difficult to account for these numerous

population;” as others have note
confounding factors. Without detailed questionnaires or survey tools, the effects of non-
occupational noise sources (or “sociocusis”) and known ototoxins are very difficult to
differentiate from occupational hearing loss."’

Other risk factors that may play a role include individual susceptibility to noise and

44, 10, 111, concurrent medications’ 12, non-

solvents, genetic risk factors '”’, smoking habits
occupational exposures such as from hobbies, and non-military occupational exposures
for other jobs held by Reservists. Due to limited resources and time, information about
non-occupational or incidental occupational exposures to noise and study solvents were
not evaluated among study subjects.

Other chemical exposures that were not part of this study may have confounded the
association between hearing loss, noise, and solvent exposure. Combinations and
mixtures of various chemicals such as carbon monoxide that were not accounted for may
also affect hearing. Subjects may have been exposed to mixtures of solvents, and
depending on the composition of the mixtures the toxicological effects may have differed
even within a similar exposure group. Additionally, as noted in various studies, it is
difficult to tease out individual exposures when mixtures of solvents or chemicals are
present in the workplace.?""'"*''* More resources and time would have been necessary to
account for all of the chemicals present in each workplace.

Non-occupational hearing loss may result from infectious diseases, medications,
firearm use, construction (noise and vibration) activities, yard work, tobacco and alcohol

43,45,46,49,114-116

use, and wearing headphones while listening to music. Medications that

68



are known or suspected ototoxins such as certain antibiotics and chemotherapy drugs also
affect hearing; however, with the widespread use of antibiotics the use of these drugs
most likely occurs equally in both the non-exposed and exposed groups. The effects of
ototoxic medications along with the effects of occupational noise would potentially have
the same clinical implications as solvent exposures and may appear the same on an

. 31,46,112
audiogram.

5.3 External Validity

The researcher tested a convenience sample from two sites, which may limit the
representativeness or the external validity of the results to other AFRC sites and
personnel. However, the study population is believed to be similar to other AFRC site
personnel and the study results can be generalized to other Air Force and Air Force
Reserve personnel who are enrolled in hearing conservation program compliant with
federal and Air Force occupational standards and policies. These results might have
limited generalizibility to non-Air Force workplaces given that subjects were drawn from
two small Air Force Reserve sites and the situations in larger facilities or different types
of industries might be different. Lastly, due to medical military entrance requirements

the study population may be younger and healthier than non-military worker populations.

5.4 Conclusion

In conclusion, this study demonstrates that hearing loss is associated with age at first
study audiogram, length of follow-up time, and exposure to noise among this sample of
Air Force Reserve personnel. The study results provide insight into the incremental
effects of noise exposure and show that workers who are exposed to increasing levels of

noise gradually lose hearing sensitivity over time. Although, this study did not find
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evidence that very low level exposures to solvents below the occupational exposure limits
are associated with hearing loss, solvent exposures at higher concentrations could still be
a risk factor.

In this study, uncontrolled confounders and possible misclassification due to
employment status may introduce some degree of uncertainty. Another uncertainty
originates from qualitative and not quantitative solvent exposure assessments for each
workplace, which may reduce specificity in classifying solvent exposures and mask dose-
response relationships. Adequately assessing the solvent exposures that are below the
existing occupational exposure levels is important for future studies. This will help
inform the establishment of occupational exposure levels for known or suspected
ototoxins and other solvents with the ear as a target organ for toxicity.

However, even with routine exposure to occupational hazardous noise, the incidence
of hearing loss found in this study was below the incidence found in other studies with
similar populations.®* Although a weak association with noise and some hearing loss
occurred in the study population, the relatively low incidence of hearing loss
demonstrates the effectiveness of the AFRC hearing conservation program in reducing
noise-induced hearing loss among AFR personnel. These findings are encouraging and
emphasize that employers should continue to implement multi-faceted hearing
conservation programs to protect against noise-induced hearing loss among those who are

routinely exposed to occupational hazardous noise.

5.5 Recommendations

Air Force Reserve Command sites and other industrial-based workplaces are

encouraged to continue to prevent noise-induced hearing loss by implementing a multi-
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pronged hearing conservation program that includes monitoring for noise levels,
engineering and administrative controls, audiometric examinations and trend analysis,
personal hearing protection devices, education and training, recordkeeping, and program
evaluation. In the absence of occupational exposure levels for suspected or known
ototoxins with the ear as a toxic endpoint, it is important to protect workers from
exposures to solvents with and without noise exposure. Industrial hygienists and
occupational health program managers should continue to assess exposures to better
estimate and document exposure levels. Quantifying the effect of low level solvent
exposures and additional non-occupational risk factors on hearing loss remains a

challenge and warrants further investigation.
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