
ORIGINAL ARTICLE

Noise exposure and hearing loss prevention programmes
after 20 years of regulations in the United States
W E Daniell, S S Swan, M M McDaniel, J E Camp, M A Cohen, J G Stebbins
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Dr W E Daniell,
Department of
Environmental and
Occupational Health
Sciences, University of
Washington, Box 357234,
Seattle, WA 98155, USA;
bdaniell@u.washington.
edu

Accepted
10 February 2006
. . . . . . . . . . . . . . . . . . . . . . .

Occup Environ Med 2006;63:343–351. doi: 10.1136/oem.2005.024588

Objectives: To evaluate noise exposures and hearing loss prevention efforts in industries with relatively
high rates of workers’ compensation claims for hearing loss.
Methods: Washington State workers’ compensation records were used to identify up to 10 companies in
each of eight industries. Each company (n = 76) was evaluated by a management interview, employee
personal noise dosimetry (n = 983), and employee interviews (n = 1557).
Results: Full-shift average exposures were >85 dBA for 50% of monitored employees, using Occupa-
tional Safety and Health Administration (OSHA) parameters with a 5 dB exchange rate (Lave), but 74%
were >85 dBA using a 3 dB exchange rate (Leq). Only 14% had Lave >90 dBA, but 42% had Leq

>90 dBA. Most companies conducted noise measurements, but most kept no records, and consideration
of noise controls was low in all industries. Hearing loss prevention programmes were commonly
incomplete. Management interview scores (higher score = more complete programme) showed significant
associations with percentage of employees having Lave >85 dBA and presence of a union (multiple linear
regression; R2 = 0.24). Overall, 62% of interviewed employees reported always using hearing
protection when exposed. Protector use showed significant associations with percentage of employees
specifically required to use protection, management score, and average employee time spent >95 dBA
(R2 = 0.65).
Conclusions: The findings raise serious concerns about the adequacy of prevention, regulation, and
enforcement strategies in the United States. The percentage of workers with excessive exposure was 1.5–3
times higher using a 3 dB exchange rate instead of the OSHA specified 5 dB exchange rate. Most
companies gave limited or no attention to noise controls and relied primarily on hearing protection to
prevent hearing loss; yet 38% of employees did not use protectors routinely. Protector use was highest
when hearing loss prevention programmes were most complete, indicating that under-use of protection
was, in some substantial part, attributable to incomplete or inadequate company efforts.

O
ccupational hearing loss (OHL) provides an excellent
model for studying the preventability of chronic
occupational illnesses. The causative mechanism is

relatively well understood, exposure-response relationships
are well characterised, the exposure and primary health effect
are easily measurable, and regulations based on these
attributes have been in effect in the United States for more
than 20 years.1 However, in spite of its potential prevent-
ability, noise induced hearing loss remains a prevalent
occupational health problem. In Washington State, for
example, the annual number of workers’ compensation
claims for OHL increased more than tenfold in a decade,
with annual costs exceeding $50 million in recent years.2

Much of this increase occurred among individuals older than
the usual retirement age, suggesting the increase was at least
partially a reporting phenomenon and not related to
contemporary work circumstances. However, substantial
increases also occurred among younger individuals who
presumably had more recent or ongoing noise exposures,
suggesting that current workplace practices may place
contemporary workers at risk for hearing loss.

The US Occupational Safety and Health Administration
(OSHA) has, since the early 1980s, required employers to
maintain an effective hearing conservation programme when
an employee’s full-shift time weighted average noise expo-
sure can reach or exceed 85 dBA (decibels).3 4 A programme
must include noise monitoring, training, hearing protection,
and audiometric monitoring. If employee full-shift average
exposures reach 90 dBA, the employer must utilise noise
controls, if feasible. In Washington State, the regulations

apply to construction and agriculture, as well as fixed
industry.

Reducing or eliminating a hazard is generally the preferred
strategy for mitigating the health risk associated with that
hazard; however, personal hearing protection remains a
cornerstone of contemporary efforts to prevent OHL in the
United States. The US National Institute of Occupational
Safety and Health (NIOSH) conducted extensive surveys of
workplace hazards, including noise, in the 1970s and 1980s;
however, there is only limited broad based information about
noise exposures since that time.5 In general, noise levels have
declined and hearing protector usage has increased in recent
times,6 7 but hearing protectors are under-used in noisy
industries.8 9 The present study evaluated the current extent
of occupational noise exposure and hearing loss prevention
efforts in a broad sample of companies in one region of the
United States, in order to characterise the risk for OHL 20
years after implementation of the US hearing conservation
regulations.

METHODS
This cross-sectional study evaluated noise exposures and
hearing loss prevention activities at worksites in each of eight
industries with relatively high industry specific rates of OHL
claims. The study instruments and procedures were refined in

Abbreviations: DLI, Department of Labor and Industries; FTE, full-time
equivalent; NIOSH, National Institute of Occupational Safety and
Health; OHL, occupational hearing loss; OSHA, Occupational Safety
and Health Administration
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a preceding pilot study in foundries.10 All study instruments
and procedures were reviewed and approved in advance by
the University of Washington institutional review board.

Industry sample
The industry and company samples were drawn from the
population of employers whose industrial insurance is
provided (State Fund) or regulated (self insured) by the
Washington Department of Labor and Industries (DLI),
which encompasses nearly all non-federal employers and
workers in the state. The DLI provided records in year 2000
for OHL claims filed during 1992–98, plus annual reported
employment hours in all DLI industry categories. These
categories were combined into 106 industry groups.2 11 12

Employment hours were divided by 2000 to estimate full-
time equivalent (FTE) workers and calculate incidence rates
of OHL claims.

Industry specific statistics for OHL claims were used to
select nine industries that broadly represented the distribu-
tion of those statistics, based on claims filed in 1992–98.13 The
106 industry groups were characterised primarily by their
prevention index (PI), calculated for each industry as the
average of ranks for two variables, the annual number and
annual incidence rate of OHL claims.14 An industry with a
higher number and higher incidence rate of OHL claims has a
lower PI. Other selection criteria were: >20 companies in the
industry, each with >10 but ,500 FTE employees; and a
business address in the extended Puget Sound region.
Companies with >500 FTE employees were counted if they
had more than one location and average employment per
location was ,500 employees. The nine selected industries
are listed in table 1.

Company sample
The DLI provided contact information and employment hours
for all companies with employment in any one of the nine
industries, whether or not employment was linked to an OHL
claim. Companies were potentially eligible if they met the size
and geographic criteria. The goal in each industry was to
enrol 10 companies. Recruitment efforts gave priority to
companies that reported >20 and ,250 FTE employees. If a
company had more than one location and each location
independently managed production and safety and health
efforts, then each location was potentially eligible to
participate as a ‘‘separate’’ company; however, priority was
given to companies with a unique corporate structure.

Candidate companies were contacted first by mail and then
by telephone. Recruitment efforts continued in each industry
until the goal (n = 10 companies) was achieved or the
eligible pool was exhausted. Participation was voluntary. No

incentives were provided except a report of findings and
recommendations for the company. Overall, about 50% of
companies contacted by phone agreed to participate.
Participation was lowest in lumber milling and road
construction, about 30–40%, and was highest in machine
shops, sheet metal manufacturing, and wood products
manufacturing, up to about 60%. Ten companies were
recruited in each of six industries, and nine in another
(heavy gauge metal manufacturing). Only one paper mill was
recruited; no findings for that industry are reported. Only
seven lumber mills were recruited, including three that were
part of one corporation but functioned independently. Three
pairs of fruit/vegetable processing companies and one pair of
road construction companies were each part of one corpora-
tion but functioned independently.

Employee sample
The employee sample at each company was selected to be as
representative as possible of employees involved in noisy
tasks or working in noisy areas, as established during a
preliminary walk-through visit. Participation was voluntary,
and no incentives were provided. In general, the employee
sample was obtained by first enrolling volunteer or company
designated employees in targeted noisy jobs and then
approaching employees individually, until the enrolment
goal was achieved in specific jobs. The refusal rate by
employees approached individually was less than 5–10%
(estimated). The median number of employees participating
in noise monitoring at each company was 12 (total n = 983).
The median number of employees who completed an inter-
view, including nearly all who completed noise monitoring,
was 19 (total n = 1557).

Data collection
Between September 2000 and August 2002, 76 companies
were evaluated in eight industries (plus one pulp and paper
company). Data collection at each company usually involved
one work shift on one day but sometimes needed a second
shift or a second or third day at larger sites. Data collection
included: full-shift personal noise dosimetry, one manage-
ment interview with the person most responsible for hearing
loss prevention activities, employee interviews, and observa-
tions of hearing protector use.

Personal noise monitoring utilised a Quest 300 or Quest
400 type 2 data logging noise dosimeter worn for an entire
shift. Dosimeters were calibrated before and after each
monitoring period. The dosimeters recorded two channels
of data, one using OSHA parameters (90 dBA criterion, 5 dB
exchange rate, 80 dBA threshold, slow response),3 4 and one
using parameters recommended by NIOSH (85 dBA criterion,

Table 1 Selected industries with high numbers and incidence rates of occupational
hearing loss claims, 1992–98

Industry*

Number of
workers� Number of claims Claims incidence Prevention

index`(annual mean) (annual mean) (per 1000 FTE)�

Pulp and paper production 8100 159.9 19.7 5.0
Lumber milling 16373 289.7 17.7 5.0
Road construction 5102 132.4 26.0 5.5
Heavy gauge metal manufacturing 3708 31.1 8.4 23.5
Machine shops 9382 51.9 5.5 25.0
Sheet metal manufacturing 9780 47.0 4.8 27.5
Fruit/vegetable processing 19616 53.4 2.7 35.0
Wood product manufacturing 6367 19.6 3.1 42.5
Printing 8423 20.1 2.4 46.0
All industries 1833132 3209 1.75 (1–106)

*Industries listed in order of prevention index.
�Full-time equivalent (FTE) employees.
`Average of ranknumber and rankincidence
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3 dB exchange, no threshold, slow response).1 Data were
processed with QuestSuite software.15 The output included:
full-shift time weighted average sound pressure level using
OSHA (Lave) and NIOSH (Leq) parameters; highest sampled
sound pressure level, measured by slow response (Lmax);
and total time in noise exceeding specific levels.

The management and employee interviews included
sections with questions about noise monitoring and noise
controls, training and hearing protector fitting, hearing
protector availability and use, audiometric testing, and
background information. The employee interview was trans-
lated into Spanish. Summary scores were derived for both
interviews, calculated as the unweighted sum of favourable
responses on representative non-duplicated questions (total
possible scores: management, 40; employee, 25).

Employees’ use of hearing protection was assessed by two
interview questions: ‘‘At this workplace, how often do you
work around noise that is so loud you have to raise your voice
for someone to hear you from an arm’s length (or 2–3 feet)
away?’’ and ‘‘Whenever you work around noise that loud,
how often do you wear hearing protection?’’. The questions
used five response options, later combined into three
categories: ‘‘always or almost always’’; ‘‘less than half’’,
‘‘about half’’, and ‘‘more than half’’ the time (combined as
sometimes); and ‘‘never or almost never’’.

Reliabili ty of reported exposure and hearing
protector use
Observations of hearing protector use were conducted in five
industries (road construction, lumber milling, machine
shops, sheet metal manufacturing, and fruit/vegetable
processing). An investigator traversed the site up to four
times during the day and unobtrusively observed participat-
ing employees, who wore number badges. One or more
observations were completed for 876 subjects (88%). When
feasible, a handheld type 2 sound level meter was used to
measure noise levels. The observer noted whether the subject
was exposed to noise >85 dBA and, if so, was wearing a
hearing protector and was wearing it properly.

A brief post-shift interview was additionally conducted in
these five industries, using only the questions about
perceived noise exposure and protector use, with specific
reference to the study day. Only 514 subjects (51%) could be
interviewed, amid the rush to leave work; priority was given
to subjects wearing a dosimeter (80%).

Data analysis
The primary unit of analysis was the company. In general,
data collected from individual employees were aggregated at
the level of the company for data analysis—that is, the
percentage of subjects or the mean value. Variable description
used the mean and standard deviation (SD) or, when the
distribution was not normal, the median and interquartile
interval. Bivariate associations were evaluated with Pearson
correlation coefficients (rp); and between-group associations,
with x2 tests or one way analysis of variance (ANOVA).
Multiple linear regression with stepwise forward entry (p to
enter and p to remove .0.10) was used to assess associations
of the primary dependent variables (management interview
score and percent of employees who reported always using
hearing protection) with company specific noise variables
(mean Lave and Leq; percentage of employees with Lave and
Leq >85 or >90; mean minutes in noise >85, >90, or
>95 dBA; mean Lmax); management interview score (in
hearing protection model); other categorised company
descriptors (work force size, years of ownership, reported
policy requiring protector use, history of OSHA inspection or
noise citation, presence of union); and specific industry.
Reliability assessment used categorical variables and was

characterised by the percent of categorical concordance and
intra-class correlation coefficient (ricc). Analyses of hearing
protector observations were restricted to the subset of
observed subjects who had >3 observations, including >1
observation during exposure >85 dBA (n = 381; 43%).

RESULTS
Study sample
In most industries, at least 80% of the companies had been
owned by the present owner for .10 years; the exceptions
were printing and sheet metal manufacturing companies, in
which only 60% had been owned this long. Smaller
workplaces, with (50 production employees, were most
common in machine shops and heavy gauge metal manu-
facturing companies (40% and 44%, respectively; others, 0–
30%). A union was present at 57% or more of companies in
the sheet metal, lumber milling, and road construction
industries, but no more than 33% of companies in other
industries. Overall, 78% of companies had been inspected by
Washington State OSHA at some point, but only 9% ever
received a citation related to noise exposure or hearing
conservation.

Most interviewed employees (.79%) were men, except in
fruit/vegetable processing, where 50% were men. The age
distribution was divided evenly between ,35 years (34%),
36–45 years (34%), and .45 years (32%). Overall, 71% had
been employed at their present company for >2 years, and
17% for ,1 year. Most employees had completed high school
(85%), and 45% had additional education or vocational
training. The percentage who completed high school was low
in fruit/vegetable processing, 44%. The primary spoken
language was other than English for 22–35% of interviewed
employees in the wood products manufacturing, printing,
and fruit/vegetable processing industries, and 4–13% in other
industries.

Noise exposure
The mean sample duration did not differ significantly
between industries and overall was 8.4 hours (SD 0.9;
table 2); 98% were >6 hours. The full-shift, time weighted
average noise exposures, Lave and Leq, and not eight-hour
equivalent values are reported here.

Excessive noise exposure was common in all industries. All
companies except one machine shop and two printing
companies (96%) had >1 monitored employee with Lave

>85 dBA, and 79% had >3 employees exposed this high.
Employers in the US must maintain a hearing conservation
programme for employees with such exposures. In addition,
62% of companies had >1 employee with Lave >90 dBA, the
level at which noise controls are required, if feasible. Full-
shift exposures were highest in lumber milling, where 95% of
monitored employees had Lave >85 dBA; .60% of monitored
employees in heavy gauge metal manufacturing and fruit/
vegetable processing had exposures this high, and >30% in
all other industries (table 2 and fig 1).

Excessive exposure was more common and higher using
the Leq, which differs from the OSHA Lave primarily by using
a 3 dB rather than 5 dB exchange or doubling rate (fig 1).
Overall, 74% of monitored employees had Leq >85 dBA,
whereas 50% had Lave >85 dBA; and 42% had Leq >90 dBA,
whereas only 14% had Lave >90 dBA.

Employee noise exposures were generally intermittent
during their work shift. Most lumber mill workers were
exposed to noise levels >85 dBA throughout the work shift
(table 2). However, in other industries, considering only
workers whose full-shift Leq was >85 dBA, the median time
spent in noise levels >85 dBA was 4.7 hours (interquartile
interval 3.8–6.5).
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Interviews
Analyses of interview data excluded three companies where
no monitored employees had full-shift exposures >85 dBA,
because if sampling was representative, those companies
were not required to have a hearing conservation programme.
However, each company provided hearing protection and was
included in analyses of protector use.

The overall management interview score showed a margin-
ally significant difference across the eight industries, primar-
ily reflecting differences in training and hearing protector
responses, and less pronounced differences in noise monitor-
ing and audiometry responses (tables 2 and 3). Although
most companies had conducted noise measurements, most of
them kept no records, and consideration of controls was low
in all industries. Most companies conducted annual audio-
metry, in fact more than reported conducting annual
training. Management overall scores varied widely within
industries. Every industry included at least one company in
the lowest quartile (overall score 4–16) and at least one in the
highest quartile (28–35).

Multiple linear regression was used to evaluate whether
management interview score was associated with noise levels
or other characteristics at individual companies.
Management score showed the strongest associations with
the percent of employees with Lave >85 dBA (partial
correlation, ra.b = 0.38; p = 0.001) and the presence of a
union (ra.b = 0.32; p = 0.007). Companies with relatively
larger workforce, .200 employees, tended to have higher
scores (ra.b = 0.23; p = 0.06), and road construction compa-
nies tended to have lower scores (ra.b = 20.23; p = 0.06).

None of the other examined variables contributed further to
the model (see Methods). The combined association was
modest (model adjusted R2 = 0.24, p , 0.001).

In general, employee interview responses were consistent
with the management interviews (table 2). There was a
strong correlation between the company average employee
overall score and the management overall score, at the level
of individual companies (rp = 0.75, p , 0.001), and when
company values were averaged by industry (rp = 0.93,
p , 0.001). One exception involved training. Among employ-
ees who worked at least one year at the 46 companies with
annual training programmes, only 60% (SD 27%) said they
recalled any training. The percentage did not differ signifi-
cantly with length of employment, management interview
score, or whether or not the employee underwent audio-
metric testing. In contrast to the management reports, the
percentage of employees who reported having annual
audiometry differed significantly between industries.

Reported use of hearing protection
Overall, 62% of interviewed employees (mean; SD 29%) said
they always (or almost always) used hearing protection while
exposed to loud noise, and another 25% (SD 21%) said they
sometimes used protection. Reported use of protection
differed significantly between industries (table 2). Usage
was highest in the three industries (lumber milling, heavy
gauge metal manufacturing, and fruit/vegetable processing)
where excessive noise exposure was most prevalent. In the
other industries, on average, only about 40–60% of employees
reported always using protection when exposed. The reported
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use of protection differed widely between companies within
each industry; variance was lowest in the two loudest
industries, lumber milling and heavy gauge metal manufac-
turing.

Only 25 (34%) management representatives said their
company had a formal policy or enforcement practices
requiring use of hearing protection, either in the entire
production area or in specific noisy areas (table 3). According
to employees, however, protector use policies were more
common than this. At 23 (32%) companies, .90% of
employees said there was a policy requiring them to wear
protection. At another 25 (34%) companies, 51–90% of
employees said a company policy applied to them; and at
19 (26%) companies, 25–50% of employees said this.

Using multiple linear regression, the percentage of employ-
ees who reported always used hearing protection during
exposure showed independent associations with a number of
variables: percentage of employees who said there was a
company requirement to use protection (ra.b = 0.50,
p , 0.001); management interview score (ra.b = 0.37,
p = 0.001); mean number of minutes employees were
exposed >95 dBA (ra.b = 0.30, p = 0.01); and employment
in heavy gauge metal manufacturing (ra.b = 0.30, p = 0.01).
None of the other examined variables contributed further to
the model. The combined association was high (adjusted
R2 = 0.65, p , 0.001).

Reliabili ty of reported exposure and hearing
protector use
Exposure data from full-shift personal dosimetry and post-
shift interviews were available for 335 subjects. Reported
exposures were fully concordant with the measured percen-
tage of time for 30% of employees, using the five response
option categories, and agreed within one category for another
49%. This represented moderate agreement: intra-class
correlation (ricc = 0.52; p , 0.001).

Post-shift interviews were available for 213 employees with
at least three observations. Reported use of protection on that
day was fully concordant with observations for 86%, using
the three combined categories (used because of imprecision
with the limited number of observations): never, sometimes,
and always. Another 12% were discordant by one category,
and only 2% were fully discordant. Overall agreement was
high, ricc = 0.78 (p , 0.001).

DISCUSSION
The findings of this study—20 years after OSHA implemen-
ted hearing conservation regulations—raise serious concerns
about the adequacy of contemporary OHL prevention,
regulation, and enforcement strategies in the United States.
In this broad sample of companies from eight industries with
variously high rates of OHL claims, nearly all of the
companies had employee exposures that required a hearing
conservation programme, and more than half had exposures
that required the employer to consider possible noise
controls. The percentage of workers with full-shift exposures
over 85 or 90 dBA would have been 1.5–3 times higher if
noise measurements had used a 3 dB exchange rate rather
than the OSHA 5 dB exchange rate. Although most compa-
nies had measured noise levels, few had kept any records on
which to base current or future actions, and the possibility of
new noise controls generally received low priority.
Furthermore, most companies had potentially important
shortcomings in their hearing conservation programmes,
and each industry included companies where policies and
practices were substantially incomplete. Finally, personal
hearing protection was commonly under-used.

Overall, only 62% of interviewed employees said they
always (or almost always) used hearing protection when they

were exposed to loud noise. This is comparable to what other
investigators have found,7–9 16 and systematic observations in
this study indicated that reported use is a reasonably accurate
measure. The percentage of employees who always used
protection when exposed differed widely between industries
and between companies within the same industry. The
frequency of protector use was significantly higher at
companies where noise exposures were higher and more
common. It is not surprising that workers would be more
likely to wear protection in higher noise, if only to reduce ear
discomfort from the noise, but perhaps also because hearing
conservation programmes tended to be more complete (that
is, management interview scores were higher) when noise
exposure was more common. Ironically, workers with the
greatest risk for OHL may be those employed at companies
where a moderate or low percentage of workers are overexposed
to noise but use of protection is low, rather than at companies
where noise is most prevalent and protector use is higher.

Independent of noise levels, the use of protection was
significantly higher at companies with more complete
hearing conservation programmes, particularly those where
protector use policies were actively promoted or enforced, and
use of protection was lower at companies with less complete
programmes. Employee awareness of hearing loss prevention
efforts in general (that is, employee interview scores) also
tended to be higher at companies with more complete
programmes. Lusk and co-workers have identified a variety
of cognitive-perceptual and situational factors that influence
reported use of hearing protection.17–19 However, innovative
efforts to redesign training around that knowledge have had
limited impact on protector use.20–24 The findings of the
present study emphasise that employee under-use of protec-
tion is, in some substantial part, attributable to incomplete or
inadequate company efforts. Interventions to improve use of
hearing protection may need to focus on the company as well
as workers.

Federal OSHA (but not Washington State OSHA) enforce-
ment policy ‘‘allows employers to rely on personal protective
equipment and a hearing conservation programme rather
than engineering and/or administrative controls...[unless]
employee exposure levels border on 100 dBA’’.25 Given this
tolerance for levels of noise that, without hearing protection,
are potentially harmful, the primary reliance on hearing
conservation programmes and personal protection can only
be effective at preventing OHL if efforts are continually and
optimally maintained. The present study did not evaluate the
true preventive effectiveness of current workplace efforts;
this can only be judged by long term monitoring of worker
hearing ability. However, the extent of protector under-use in
this study suggests a substantial fraction of workers in noisy
workplaces are at risk for OHL.

It is reassuring that the studied outcomes were highest at
companies with the highest commitment to hearing loss
prevention, indicating that hearing conservation programmes
are probably worth the effort; however, the potential benefit
appears proportional to the level of company effort.
Unfortunately, programmes were commonly incomplete at
companies in all of the studied industries, with the relative
exception of lumber milling. Most of the study companies
had been inspected by State OSHA at some point in time, but
only 9% received a citation related to noise or hearing
conservation, and neither a past inspection nor citation was
associated with current programme completeness or use of
hearing protection. These findings suggest the regulatory
priority given to personal protection and hearing conserva-
tion programmes needs to be re-evaluated. There is a need
either for increased regulatory enforcement or consultation to
make this strategy effective or for greater emphasis on
reducing levels of noise.
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There are a number of limitations to the present study. The
company and employee samples could reflect a volunteer
bias. However, we believe any such bias is predominantly
non-differential relative to the studied exposures and out-
comes, and is more likely to diminish rather than inflate or
distort study findings relative to the true occurrence in the
underlying population. Efforts were made to obtain a
population based sample of companies, but only about half
of the approached companies participated in the study, and
some companies belonged to the same corporation.
Recruitment was lowest in the three industries (including
pulp and paper production) with highest incidence of hearing
loss claims, suggesting participation may have been influ-
enced by claims experience. However, it seems unlikely that
otherwise ‘‘good’’ companies with complete hearing con-
servation programmes would be less willing to participate
than companies with incomplete programmes, or that any
such bias would differ substantially between industries.
Similarly, to minimise interference with production activities
and ensure optimal company cooperation, employee recruit-
ment relied primarily on volunteer and company designated
employees. However, employee selection was designed to be
representative of employees in noise exposed jobs, and the
rate of participation by approached employees was high. As
with companies, we consider it more likely that employees
with good practices would be willing to participate than those
whose practices were lacking. The exclusion of workers who
did not speak English or Spanish could result in under-
estimation of the OHL risk for some minority workers if there
were differences in either the jobs to which they are usually
assigned, their ability to comprehend company training or
policies, or the prevalence of pre-existing hearing problems.
However, more complete representation of this small
minority would be unlikely to substantially alter the study
findings. Finally, it is reassuring that the rates of company
and worker participation were comparable to those in a
recent Danish study that used a comparable strategy to
recruit 91 workplaces in 10 industries with very high
incidence rates of suspected OHL.16 The findings of that
study were also comparable in that 50% of 830 monitored
workers had full-shift average noise exposures .85 dBA, and
20% had exposures .90 dBA. Overall, about half of workers
reported using hearing protection, ranging from 37% of
workers in the lowest use industry (furniture production) to
85% in the highest use industry (basic metal manufacturing).

The present study sample primarily consisted of small and
medium sized companies and may have limited or no

generalisability to larger companies. On the other hand, the
needs of smaller and medium companies are generally under-
addressed by OSHA, given the number of such companies. In
Washington State, employer businesses with ,250 employ-
ees account for .99% of establishments and 72% of non-
federal employees.26 The findings of the present study may
have limited applicability to companies in other parts of the
USA, and even less applicability in other countries where
different regulations apply, although this is probably more
true for specific findings than for the more general findings
and conclusions.

The present study examined programme completeness and
use of hearing protection, which is not equivalent to
programme effectiveness. It is not possible to say how much
incompleteness is needed before a programme is ineffective,
or vice versa; however, the strong association between
programme completeness and use of protection indicates
the former is at least meaningful on a relative scale. Finally,
the study relied primarily on reported outcome measures. The
consistency between company and employee responses, as
well as the high level of agreement between reported and
observed use of protection, provides some reassurance that
these measures are meaningful.

The potential implications of this study are broader than
just noise exposure and hearing loss. There are fewer gaps in
knowledge about OHL than for virtually all other occupa-
tional illnesses, and the primary barriers to prevention lie in
implementation of that knowledge. If workers cannot be
effectively protected against the development of OHL, then
one must question how well workers are protected against
other, more complex or less well understood hazards.
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Main messages

N Using an exchange rate of 5 decibels instead of 3
decibels to measure full-shift average noise exposure
substantially underestimated the extent of worker
overexposure.

N At least in one region of the United States, small and
medium sized companies commonly gave limited or no
attention to noise controls to reduce worker noise
exposure.

N After 20 years of OSHA regulations, hearing con-
servation programmes were commonly incomplete and
hearing protection was often under-used at small and
medium sized companies.

N Use of hearing protection was highest when company
hearing loss prevention efforts were most complete and
when noise exposure was relatively high or continuous.

Policy implications

N The regulatory priority given by OSHA to personal
protection and hearing conservation programmes, and
relative inattention to noise controls, needs to be re-
evaluated.

N Worker under-use of hearing protection is, in some
substantial part, attributable to incomplete or inade-
quate company efforts. Interventions to improve use of
hearing protection may need to focus on the company
as well as workers.

N Workers with the greatest risk for hearing loss may be
those employed at companies where a moderate or
low percentage of workers are overexposed, than at
companies where noise is more prevalent.
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