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This study used a task-based approach to reconstruct employee noise exposures at two large 
automotive manufacturing plants for the period 1970–1989, utilizing historic noise measurement 
data, work history records, documented changes in plant operations, focus group discussions, 
structured interviews with long-tenure employees, and task-based job profiles. Task-based job 
noise exposure profiles were developed in the 1990s when the plants conducted task-based noise 
monitoring. Under the assumption that tasks and time-at-task profile within jobs did not change 
over time, these profiles were applied to historic jobs. By linking historic noise exposure meas-
urements to job tasks, this approach allowed task-based reconstructed noise exposure profiles 
to capture variability of daily noise exposures. Reconstructed noise exposures, along with task-
based noise exposure measurements collected at each plant during the 1990s, were analyzed to 
examine time trends in workplace noise levels and worker noise exposure. Our analysis of noise 
exposure trends revealed that noise levels for many jobs declined by ≥3 dBA from 1970 to 1998 
as operational and equipment changes occurred in the plants and some noise control measures 
were implemented, but for some jobs, noise levels increased in the mid- to late 1990s, most likely 
because of an increase in production at that time. Overall, the percentage of workers exposed 
to noise levels >90 dBA decreased from 95% in 1970 to 54% in 1998 at one of the plants and 
decreased from 36% in 1970 to ~5% in 1999 at the other plant. These reductions indicate a degree 
of success for the hearing conservation program. However, the actual number of employees with 
noise exposure >90 dBA increased because of a substantial increase in the number of produc-
tion employees, particularly in jobs with high noise levels, which shows a hearing conservation 
program challenge that companies face during periods of increased production. Future analysis 
of hearing levels in these plant populations will help determine whether noise level reduction 
translates into decreased hearing loss at these plants.
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IntroductIon

It is well known that excessive noise exposure 
causes hearing loss. Nonauditory effects, includ-
ing psychological stress and hypertension, have 
been linked to noise exposure (National Institute 
for Occupational Safety and Health, 1998) and 
working in a high-noise environment can interfere 
with workplace safety (Picard et al., 2008). Recent 
research has suggested that chronic exposure to 
typical workplace noise may be associated with 
an increased risk of acute myocardial infarction 
(Davies et  al., 2005). Approximately 30 million 
workers in the USA are exposed to potentially 
hazardous noise levels on the job (Franks et al., 
1996) with an estimated 9 million workers exposed 
daily to noise >85 dBA. More than 5 million of 
these workers are from manufacturing and utility 
industries (Simpson and Bruce, 1981). However, 
the actual number of noise-exposed workers may 
be substantially underestimated because of the 
lack of systematic national health surveillance to 
track noise exposure (Prince, 2002).

As the workforce ages, there may be increased 
interest among occupational noise and hearing 
loss researchers in conducting epidemiological 
studies to determine the contribution of noise 
exposure to hearing loss or other adverse health 
outcomes in older workers, particularly workers 
who have spent their career in noisy workplaces. 
Unfortunately, tracking and characterizing work-
ers’ noise exposure over their duration of employ-
ment is challenging because many companies do 
not perform noise measurements, do not keep 
records of measurements, or do not have enough 
measurements to permit useful analysis. Therefore, 
noise exposure reconstruction becomes necessary.

Several investigators (Seixas et al., 1997; Stewart 
et  al., 1998; Sanderson et  al., 2001; Rice et  al., 
2002) have published methods for reconstruction 
of air contaminant exposures. Additionally, some 
researchers have published studies in which noise 
exposure reconstruction was performed (Lee-
Feldstein, 1993; Brühl et al., 1994; Burgess et al., 
2004; Davies et  al., 2009; Neitzel et  al., 2011b). 
However, review of exposure reconstruction 
reported in the research literature indicates that 
reconstruction of employee noise exposure his-
tory has not been conducted as extensively as air 
contaminant exposure reconstruction.

This article describes reconstruction of 
employee noise exposure for the period 1970–1989 
and examines trends in noise exposure among a 
cohort of noise-exposed workers from two large 

US automobile manufacturing facilities, a stamp-
ing facility, and a chassis manufacturing facility, 
owned by the same parent company. The main 
purpose of this exposure reconstruction was to 
provide estimates of noise exposure over time for 
use in an epidemiological investigation to evaluate 
risk of noise-induced hearing loss in populations 
working in these plants (Heyer et al., 2011). We 
present an overall approach for the use of task-
based job information and supplemental historic 
data from company hearing conservation pro-
grams to reconstruct noise exposure over time.

MEtHodS

Plant descriptions

The stamping plant (Plant A) began full opera-
tions in 1965 and manufactured automobile body 
parts, such as floor pans, doors, hoods, and fend-
ers. Primary manufacturing processes were blank-
ing, stamping, welding, and subassembly. Major 
noise sources included metal-to-metal impacts, 
compressed air releases, and noise from pumps 
and motors.

The chassis plant (Plant B) began full opera-
tions in 1957. Manufacturing changed consider-
ably over time. From the 1960s to the mid-1970s, 
the plant had a large bolt-making operation. This 
was eliminated and replaced with rack and pinion 
manufacturing, steering column machining, and 
assembly. By the mid- to late 1990s, power steer-
ing pumps, recreational vehicle gear, and hous-
ing assemblies for pistons and gears were also 
manufactured. Principal manufacturing processes 
included machining, assembly, and heat treatment. 
Major noise sources included metal-to-metal 
impact, compressed air releases, noise from venti-
lation blowers, and noise from pumps and motors.

Jobs at each plant were delineated by alpha-
numeric job codes and corresponding job titles. 
Generally, workers in the same job title perform 
the same work. However, some job titles were fur-
ther divided into job functions because of unique 
differences in job tasks. Employees at both plants 
worked 8-h shifts and 40 h per week. Both plants 
operated three 8-h production shifts per day. 
Production employees were represented by the 
United Auto Workers.

Data sources

We used several sources of data for recon-
structing noise exposures. Historic documents 
included floor plans, reports, and memos of plant 
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operation changes and engineering controls, noise 
control evaluations and recommendations, hear-
ing protection information, hearing conservation 
program plans, and company noise policies. From 
personnel work history records, we obtained infor-
mation about the names and codes used for jobs 
and work departments. Additionally, information 
from structured interviews and focus group meet-
ings with experienced long-term hourly and super-
visory employees, which was collected during a 
previous research study, provided historic details 
about department and production line locations, 
production changes, workplace noise levels, and 
the departmental organization and numbering 
system (Prince et  al., 2004). Information from 
these interviews also provided us with a tempo-
ral reference for changes in the plants from 1970 
to 1990.

We obtained historic noise measurement results 
from area noise surveys in 1970–1971 and 1985–
1986 at Plant A and in 1971 at Plant B. We had 
limited information about the methods and instru-
ments used for noise measurements. However, 
historic documents noted that the company per-
formed area noise measurements using basic Type 
2 sound level meters. These instruments did not 
integrate noise measurements and the results were 
typically reported as a range. In the 1990s, task-
based noise exposure assessments were conducted 
at the plants using methods previously described 
by Hager (1998). For those noise surveys, short 
duration task measurements were primarily made 
using Type 2 sound level meters, but dosimeters 
were sometimes used for highly mobile tasks 
when a handheld sound level meter was imprac-
tical. Task-based noise surveys were completed 
in 1991, 1995, and 1998 at Plant A and in 1990, 
1992, 1995, and 1997 at Plant B. These task-based 
data provided task and time-at-task information 
for developing pre-1990 job time-at-task profiles 
and to study noise exposure trends.

Noise exposure reconstruction

We used the following steps to reconstruct noise 
exposures:

1. Subdivide reconstruction time periods based 
on substantial production changes;

2. Link sound level measurements to production 
areas in reconstructed plant floor plans;

3. Merge historic department/job combinations 
with job time-at-task profiles;

4. Link historic sound levels to tasks in recon-
structed job time-at-task profiles;

5. Calculate time-weighted average (TWA) for 
reconstructed job time-at-task profiles.

Subdivide reconstruction time periods based on sub-
stantial production changes. Production, process, 
or equipment changes that were judged to likely 
result in noise level changes were an important 
product from historic reports of plant opera-
tion changes and from structured interviews with 
experienced long-term employees. On the basis 
of when these key changes occurred, the period 
1970–1989 was subdivided into shorter periods 
for each plant, as shown in Table 1. Because plant 
operations remained essentially the same within 
these shorter periods, we assumed that noise lev-
els within each of these shorter periods remained 
steady.

Link sound level measurements to production areas 
in reconstructed plant floor plans. Plant floor 
plans from the 1990s revealed the location of 
production lines and departments at that time. 
However, it was known from discussions with 
plant personnel that the location of production 
lines and departments were sometimes different in 
1970–1989. Additionally, some production lines 
did not exist prior to 1990, and some had been 
eliminated by 1990.

For Plant A, notes from plant-wide noise sur-
veys conducted in 1971 and 1985 provided the 
department number, production line number, and 
plant grid location for each measurement. By 
cross-referencing this information with historic 
floor plans that included grid identification and 
production lines, we determined the boundaries 
for departments and the location of major pro-
duction lines within departments for each time 
period. Knowing these boundaries helped us to 
link other historic noise measurements collected 
during 1970–1971 and 1985–1986 to work depart-
ments or production lines.

The 1971 noise survey at Plant B provided depart-
ment and grid location information. However, this 
information was not available for other years and 
could only be used to help determine department 
boundaries for the period 1971–1976. Therefore, a 
different approach was necessary for later periods. 
Through structured interviews, long-term employ-
ees reviewed plant floor plans from the 1990s and 
then identified the location of production depart-
ments during previous periods.

Once department boundaries were established 
for each historic period, we linked each historic 
sound level measurement to a department using 
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the department, production line numbers, or grid 
location references from the historic sound level 
measurements. Plant A  had 1340 sound level 
measurements for the period 1970–1984 and 304 
sound level measurements for 1985–1989. Plant B 
had 352 noise measurements for the period 1971–
1976. No noise measurements were available at 
Plant B for the period 1977–1990.

Merge historic department/job combinations with 
job time-at-task profiles. In the 1990s, plant-wide 
task-based noise monitoring was performed at 
both plants. Because structured interviews with 
long-term employees and supervisors at each 
plant indicated that job tasks had not changed 
substantially over time, we decided that the 
tasks and time-at-task profiles from the 1990s 
job time-at-task profiles could be used for his-
toric job profiles. From work history records, a 
complete list of  all department, job code, and 
job function combinations that existed during 
each reconstruction period at each plant was 
compiled. These historic department, job code, 
job function combinations were merged with 
job time-at-task profiles from the 1990s. When a 
direct match by department, job code, and job 
function did not occur, tasks and time-at-task 
details for reconstruction period job profiles 
were extrapolated from job profiles in the 1990s 
in the following sequence:

1. same department and job code combination
2. same job code in a similar department

3. similar job code in the same department
4. similar job code in similar department.

For Plant B, where there were production 
changes, long-term employees provided input 
regarding typical job tasks and task durations, 
retrospectively. When these differed from the 
details of the 1990s, long-term employee input 
took precedence.

Link historic sound levels to tasks in reconstructed 
job time-at-task profiles. To develop task-based 
noise exposure profiles, historic sound level 
measurements had to be linked to the tasks in 
the reconstructed job time-at-task profiles. We 
grouped work tasks in the reconstructed pro-
files into two categories, stationary tasks or 
mobile tasks, on the basis of  interviews with 
long-term employees and job descriptions from 
the 1990s. Stationary tasks were performed at a 
specific location within a department. In con-
trast, mobile tasks were performed across an 
entire department, multiple departments, and, 
in a few cases, the entire plant. Because most 
departments had multiple historic sound level 
measurements, it was impossible to know which 
specific measurements best represented the 
noise level for each task. Therefore, we averaged 
all historic sound level measurements that logi-
cally represented the sound level for each task 
[equation (1)], on the basis of  the location(s) of 
the measurements and the location(s) where the 
task was likely performed. Depending on task 

Table 1. Key production, process, or equipment changes (1970–1989).

Facility Time period Production, processes, or equipment changes

Plant A 1970–1984 • No changes considered to substantially change noise levels

1985–1989 • Major new production line began operation

• Four new press lines added

• One small press area in weld assembly department eliminated

• Introduction of automated technology at major press department

Plant B 1971–1976 • Several noisy transfer operations removed

• High-speed bolt-maker machines introduced

1977–1978 • A major press replaced by storage area

• Introduction of rack and pinion line, wire draw line, transfer machine, and drills

1979–1983 • Building expansion

• Expansion of rack and pinion lines

• New yoke machines added

• Screw machines replace plating

1984–1989 • Parts manufacturing for new vehicles started

• Pickle house, most bolt-maker machines, and some tube mills eliminated

• Addition of new pump area
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mobility and task location(s), from 2 to 1310 
(median  =  54) individual historic sound level 
measurements were averaged for each task. 
The resulting average was considered to be the 
sound level for the task in the job time-at-task 
profile.

 

Task sound level average 
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(1)

Here, q  =  10, N  =  total number of  historic 
sound level measurements linked to task, and 
LSLi  =  historic A-weighted sound levels linked 
to task.

Tasks in the reconstructed profiles that specified 
the use of manual hand tools, powered hand tools, 
or welding equipment did not have historic sound 
level measurements. Likewise, tasks occurring in 
the garage or outside the plant did not have his-
toric measurements. We assumed that sound lev-
els for these tool tasks or locations changed very 
little over time. Therefore, we used the average 
sound levels from measurements in the 1990s for 
these tools, tasks, or locations as the sound levels 
for the corresponding tasks in the reconstructed 
job time-at-task profiles.

Because Plant B did not have historic sound 
level measurements except for the period 1971–
1976, a different approach was necessary for the 
three periods from 1977 to 1989. For these peri-
ods, structured interviews with long-term employ-
ees were used to identify departments where noise 
levels had likely changed and to identify when 
new departments or jobs had been established. 
Noise exposure data from 1971 to 1976 were 
used for tasks in corresponding department–job 
combinations in subsequent periods when there 
was no indication of  department noise level 
changes. For departments in which there was 

an indication that noise exposures had changed 
after 1971–1976, noise level measurements from 
the 1990s were used for tasks in the correspond-
ing department–job combinations from the ear-
lier period. Noise exposure data from the 1990s 
were also used for corresponding jobs within new 
departments.

Calculate TWA for reconstructed job time-at-
task profiles. The 8-h TWA noise exposure for 
each reconstructed job time-at-task profile was 
calculated using equation (2).

Reconstructed TWA job noise exposure 

profile LogTWAiL q( )= 10
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(2)

Here, q = 10, T = 8, hours worked during the 
work shift, N = total number of tasks in job pro-
file, ti  =  duration of the ith task (time-at-task), 
and LSLAi  =  A-weighted sound level average for 
the ith task [from equation (1)].

An example reconstructed job noise exposure 
profile is provided in Table 2.

Because not all jobs existed in all time periods, 
we separately performed analysis on the subset 
of jobs that did exist across all periods. For this 
analysis, we grouped closely related jobs at each 
plant on the basis of similar job name, job code, 
and job function, resulting in 15 job groups that 
existed in all periods for each plant. At Plant A, 
each job group consisted of job noise exposure 
profiles from one to five job codes (mean = 2.2, 
standard deviation, SD  =  1.0); and at Plant B, 
each job group consisted of job noise exposure 
profiles from 2 to 10 (mean = 5.3, SD = 2.6). The 
representative noise exposure level for each job 
group was calculated by averaging the job noise 
exposure profile TWAs for the grouped jobs using 
equation (3).

Table 2. Example reconstructed job noise exposure profile, 1970–1984.

Department Job code Job function Job tasksa Time-at-task, ha Task sound level, dBAb

930 2882 Repair Lunch and break 1.0 86.2

Weld department repairs 2.0 95.9

Press department repairs 3.5 97.6

Tool and die area activity 1.5 89.2

TWA noise exposure for Job Code 2882 in Department 930 8.0 95.7c

aBased on task and time-at-task profiles from task-based noise surveys conducted in 1991.
bCalculated using equation (1).
cCalculated using equation (2).
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Average TWA for job group 
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Similarly, q  =  10, N  =  total number of pro-
files for job group within the time period, and 
LTWAi = TWA for each job noise exposure profile 
[from equation (2)].

Additionally, we examined whether noise level 
trends in jobs differed from employees’ noise 
exposures over time by merging the reconstructed 
job noise exposure profiles with work history 
records. To calculate a worker’s average noise 
exposure for each reconstruction time period, the 
TWA job noise exposure profile results for each 
job the employee held were first merged with the 
employee’s work history data, which provided the 
start and stop date for each job. The worker’s aver-
age noise exposure during the reconstruction time 
period was then calculated using equation (4).

 

Average noise exposure of worker during
reconstruction time pperiod

LogAVGi
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Here, q  =  10, D  =  total number of days 
an employee worked during the time period, 
di = number of days for ith job, di = number of 
days for ith job, and LTWAi = TWA exposure level 
for ith job [from equation (2)].

rESuLtS

Job exposure changes over time

At Plant A, 395 (87%) of reconstructed profiles 
had calculated TWA levels >90 dBA, during the 
period 1970–1984 (Fig. 1). The number of profiles 
with TWAs ≥90 dBA decreased over time. This 
decrease was particularly evident from 1970–1984 
to 1985–1989. By 1997–1998, only 33% of the pro-
files had TWA levels ≥90 dBA. Forty-one (9%) pro-
files at Plant A during 1970–1984 had calculated 
TWA noise levels of 85–90 dBA. However, a large 
increase in the number of profiles in this range was 
observed by 1985–1989. Relatively small increases 
occurred in subsequent periods. Job profiles with 
TWA levels <85 dBA ranged from 3.2% of the 
total profiles in 1985–1989 to 13.1% in 1994–1996.

At Plant B, 171 (39%) of the reconstructed pro-
files had calculated TWAs ≥90 dBA during the 
period 1971–1976. The number of profiles with a 
TWA ≥90 dBA (Fig. 2) decreased to 80 profiles by 
1977–1978 and remained at or below this number, 
except for 1990–1991, when it was slightly higher. 
The calculated TWA noise levels for 249 (57%) pro-
files at Plant B during 1971–1976 were 85–90 dBA. 
This number decreased to 154 by 1977–1978 but 
subsequently increased in each period until 1992–
1993, after which the total number started to decline 
slightly. Job profiles with TWA <85 dBA represented 
4% of the total profiles at Plant B in 1971–1976 but 
increased to ~37% of the total profiles by 1992–1993.

Although we observed a downward trend in the 
number of job noise exposure profiles with TWA 

Fig. 1. Number of job noise exposure profiles per exposure level category at Plant A.
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noise levels ≥90 dBA, it was unclear from this anal-
ysis whether this trend occurred consistently across 
different jobs because not all jobs existed in all time 
periods. To explore this further, we restricted our 
analysis to jobs that existed in all periods. Noise 
level trends for the 15 job groups at Plant A are 
presented in Fig.  3. More than 82% of produc-
tion employees who worked at the plant from 1970 
to 1998 were in these 15 job groups. Calculated 
TWA noise exposure levels in 14 job groups were 
≥90 dBA in 1970–1984. However, by 1997–1998, 
only 5 of the job groups still had TWA noise lev-
els >90 dBA. In nearly all the groups TWA noise 
levels decreased by at least 3 dBA over time. The 
largest decreases, ~7 dBA, were observed in the 
two groups with the most production employees, 
namely, ‘Automation Tender Major Press Lines’ 
and ‘Automation Tender Major Welding Lines’.

Noise level trends for the 15 job groups at Plant 
B are presented in Fig.  4. More than 71% of all 
production employees who worked at the plant 
from 1971 to 1998 were in these 15 job groups. The 
calculated TWA noise exposure levels for nine job 
groups were ≥90 dBA in 1971–1976. In 1998–1999, 
no job group had TWA noise levels ≥90 dBA. Noise 
levels decreased for all 15 job groups over time and 
decreased by >3 dBA for eight job groups. The 
largest decreases (4.5–4.8 dBA) were observed in 
the job groups ‘Industrial Lift Truck Operator/Tow 
Tractor Driver’, ‘Inspector’, and ‘Cleaner’.

In most job groups at both plants, noise lev-
els decreased over time. However, noise levels 
sometimes increased from one period to the next. 

The increases were usually ≤1 dBA, but in a few 
instances, noise levels increased by ~4 dBA.

Employee noise exposure changes over time

The percentages of workers by category of 
noise exposure (<85, 85–89, and ≥90 dBA) for 
each time period are presented in Fig. 5 for Plant 
A and in Fig. 6 for Plant B. Nearly 95% of workers 
in Plant A were exposed to noise levels ≥90 dBA 
during 1970–1984. In each subsequent period, 
the percentage of workers with noise exposures  
≥90 dBA decreased, with the exception of 1997–
1998. At Plant B, only 36% of production workers 
were exposed to noise levels ≥90 dBA in 1971–
1976. This percentage decreased in each subse-
quent period until 1992–1993 and then remained 
at 5–7% for subsequent periods. For both plants, 
we observed an overall increase over time in both 
the number and the percentage of workers with 
exposures of 85–90 dBA. Of particular note was 
an increase in the percentage of workers with 
exposures <85 dBA at Plant B, from <5% in 
1971–1976 to ~30% in 1998–1999.

At both plants, the percentage of workers 
with high noise exposures decreased over time. 
However, at Plant A, the number of workers with 
noise exposures ≥90 dBA increased from ~850 
employees in 1970–1984 to ~1600 employees in 
1997–1998. This corresponded with an increase in 
the number of production workers from ~900 in 
the 1970s and 1980s to 1700 workers in 1990–1993 
and ~2950 workers after 1994. The number of pro-
duction workers at Plant B increased from ~500 in 

Fig. 2. Number of job noise exposure profiles per exposure level category at Plant B.
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the 1970s to 1000 by 1990–1991 and then to ~3000 
by the mid-1990s; but the number of workers with 
noise exposure ≥90 dBA remained relatively con-
stant, ranging from 159 to 249 workers.

dIScuSSIon

The goal for this occupational noise expo-
sure reconstruction was to estimate employees’ 

exposures over time. Ideally, we would have had 
multiple historic personal noise exposure meas-
urements collected from representative workers for 
each job. However, this level of detailed informa-
tion was not available to us and is rarely available 
for exposure reconstruction. Therefore, we relied 
on historic noise measurement data, work history 
records, documented changes in plant operations, 
results of focus group discussions and structured 

Fig. 3. Noise level trend for Plant A job groups (average number of employees shown in bars).
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interviews with long-tenure employees, task-based 
job profiles, and professional judgment to recon-
struct employee noise exposures. Reconstructed 
noise exposures, along with separate task-based 
noise exposure measurements collected during the 
1990s, allowed us to examine trends over time in 
workplace noise exposure levels.

Operational and equipment changes in these 
plants over time likely affected noise levels. 

Historic company documents show that the 
plants attempted to initiate noise controls begin-
ning in the early 1970s; however, little informa-
tion was available to substantiate the extent and 
effectiveness of controls. A corporate program to 
guide the decision-making process for purchasing 
equipment that generated noise levels <84 dBA 
was established in the early 1980s. Both plants 
increased automation over time, which might 

Automation Equipment Operator Welder Industrial Lift Truck Operator/Tow Tractor Driver

Drill OperatorScrew Machine Operator

Fig. 4. Noise level trend for Plant B job groups (average number of employees shown in bars).

 by guest on D
ecem

ber 18, 2013
http://annhyg.oxfordjournals.org/

D
ow

nloaded from
 

http://annhyg.oxfordjournals.org/
http://annhyg.oxfordjournals.org/


1100 S. E. Brueck et al.

have allowed employees to manage and moni-
tor production at a greater distance from noise 
sources. New product lines could have incorpo-
rated quieter equipment and increased automa-
tion. A study examining noise exposure trends in 
a large automotive plant found that noise levels 
in the plant successively decreased even though 
there was an increase in production (Brühl et al., 
1996). Reduced noise levels were attributed to 
noise reduction measures on presses, increased 

automation, and quality improvements that 
resulted in the elimination of a high-noise-gener-
ating process. Middendorf (2004) suggested that 
implementation of engineering or administrative 
controls and process changes in the manufactur-
ing sector reduced the number of workers near 
high-noise sources, which may have partially 
led to a decrease in the need for and number of 
Occupational Safety and Health Administration 
(OSHA) noise inspections from 1985 to 1998.

Fig. 5. Percentage of workers at Plant A by noise exposure category by time period.

Fig. 6. Percentage of workers at Plant B by noise exposure category by time period.
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We observed a downward trend in the number 
of  job profiles with calculated TWAs ≥90 dBA 
(Figs 1 and 2). This trend was particularly evi-
dent from the 1970s through the 1980s. As the 
number of  job profiles with noise levels ≥90 dBA 
decreased, the number of  profiles with noise lev-
els < 90 dBA increased. We attributed this to 
noise reductions or changes in production, which 
resulted in some job profiles moving from higher 
to lower noise level categories. However, tracking 
the number of  job profiles in noise exposure cat-
egories may not sufficiently reveal trends because 
jobs came into or went out of  existence over time. 
Therefore, we examined noise exposure in jobs 
that existed throughout the entire time period of 
the study.

Our analysis of noise trends in job groups 
(Figs 3 and 4) indicated that the plants success-
fully decreased noise over time. For most jobs, 
noise levels decreased in each successive period. 
However, beginning in the 1990s, the noise level in 
a few jobs increased slightly, relative to the imme-
diate preceding period. A substantial increase in 
the number of employees also occurred during the 
1990s. The workforce size increase corresponded 
with an increase in production volume and equip-
ment, which were likely to increase noise within 
the plant, affecting some jobs disproportionately 
more than others. Interestingly, noise levels in the 
‘Repair Salvage’ job group in Plant A  increased 
3.8 dBA from 1985–1989 to 1990–1993. Upon 
closer review of the job tasks in this job group, we 
found that the increase was due to very high noise 
levels (99.8 and 106.3 dBA) for two tasks in one 
of the ‘Repair Salvage’ job profiles included in the 
job group during 1990–1993. The same tasks were 
performed in other time periods; however, they 
were performed in a different area where noise 
levels were substantially less. This example shows 
how substantially high task noise levels influence 
exposures and the estimation of mean noise levels 
for the entire job group, in addition to also illus-
trating a challenge in interpreting job-based noise 
level trends.

Although overall noise levels and the propor-
tion of workers with noise exposures ≥90 dBA 
decreased over time, an unexpected finding from 
our analysis was that the number of workers with 
noise exposures ≥90 dBA increased in the 1990s, 
particularly at Plant A. This decrease in the pro-
portion of employees exposed to high noise lev-
els highlights an important accomplishment for 
the hearing conservation program. However, the 
increase in the number of workers exposed to high 

noise levels illustrates the difficulty and challenge 
that large manufacturing companies can encoun-
ter when trying to reduce noise exposures during 
periods of growth in production.

Although multiple factors could motivate com-
panies to reduce noise exposures, perhaps one of 
the more important incentives was OSHA noise 
standards, which required the use of hearing pro-
tection, engineering controls (OSHA, 1974), and 
establishment of a hearing conservation program 
(OSHA, 1983). Davis and Sieber (1998) attrib-
uted an increase in hearing protector usage across 
American manufacturing plants from 1972 to 
1989 to the implementation of noise regulations. 
The reduction in noise levels over time at these 
plants was likely to have been influenced by OSHA 
noise standards, as evidenced by documents from 
the early 1970s and 1980s, which indicated that 
the company was attempting to implement meas-
ures to reduce noise levels to meet the legal limits. 
These measures included noise control evalua-
tions and written hearing conservation programs. 
In addition to compliance with OSHA noise 
standards, other factors that may contribute to 
noise reduction include a desire to reduce workers’ 
compensation costs (Gray and Mendeloff, 2002) 
and equipment manufacturers reducing the noise 
generated by equipment.

Previous analysis of the hearing conservation 
program at these two plants indicated that Plant 
B had better compliance with the OSHA hear-
ing conservation standard than Plant A  (Prince, 
2004). However, Plant A  had more substantial 
noise reduction. These examples demonstrate 
that patterns of noise control and exposure are 
complex; and plant level compliance can differ 
for plants within the same corporation (Gray and 
Shadbegian, 2005).

Study advantages

One of the major advantages of this study was 
the availability of task-based noise exposure pro-
files from noise surveys conducted at the plants 
in the 1990s, which provided a structure for noise 
reconstruction. We used the tasks and time-at-
task details from the 1990s’ profiles for historic 
job profiles because many jobs remained in exist-
ence over time and interviews with long-term 
experienced employees or focus group discussions 
(Prince, 2004) indicated that job profiles had not 
changed substantially over time. By using task-
based reconstructed noise exposure profiles, we 
were able to capture variability of noise exposures 
from different tasks or work locations during the 
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work shift, which reflects a typical daily noise 
exposure pattern for many workers, particularly 
workers who do not have stationary jobs. Few 
studies have compared task-based noise exposure 
assessments to full-shift noise dosimetry or other 
exposure assessment methods. Virji et  al. (2009) 
found that task-based noise exposure estimates 
exhibited good agreement with full-shift dosim-
etry. Additionally, task-based methods had better 
accuracy and agreement with measured noise lev-
els compared with exposure assessment methods 
such as subjective rating or estimated exposures 
on the basis of external trade mean levels (Neitzel, 
2011a). In contrast, Seixas et  al. (2003) found 
poor agreement between task-based and dosim-
etry methods. These different results suggest that 
additional research comparing noise exposure 
assessment methodologies is needed.

Our approach differed from noise expo-
sure reconstruction approaches taken by other 
researchers who did not have or use task data. 
Burgess et al. (2004) estimated historic noise expo-
sures for British nuclear workers. In that study, a 
panel of experienced industrial hygienists created 
noise contours for nuclear plants by estimating 
average area noise levels on the basis of historic 
noise sampling results and process information. 
Researchers then used job title information to 
estimate individual employee noise exposures. For 
a cohort study of the association between high 
noise exposure and risk of cardiovascular disease 
in British Columbia sawmill workers, research-
ers obtained noise exposure data from research 
measurements, compliance measurements, and 
industry measurements and then developed a pre-
dictive statistical model to quantitatively estimate 
historic noise exposures (Davies et al., 2009). In 
a 5-year study of hearing loss within an automo-
bile company, workers’ noise exposure history 
was determined based on job location and noise 
measurements at the job location, but noise expo-
sure history prior to 1985 was estimated indirectly 
using work history records and previous sound 
survey results (Lee-Feldstein, 1993). Although 
some elements of these other noise reconstruction 
studies, such as the use of historic noise meas-
urement results to estimate exposures (Burgess 
et al., 2004) or identification of workers’ job loca-
tions (Lee-Feldstein, 1993), were similar to ours, 
approaches that are not task based are not able to 
account for the differences in task noise exposures.

Another advantage in this study was the avail-
ability of a substantial number of historic sound 
level measurements to calculate and reconstruct 

historic task-based noise exposures, unlike expo-
sure reconstruction in which historic exposure 
estimates are extrapolated solely from current 
measurements (Deadman et  al., 1997) or statis-
tical models (Davies et  al., 2009). We also had 
detailed work history records of employees, which 
included start dates, termination dates, depart-
ment codes, and job codes. Merging detailed work 
history records with task-based noise exposure 
profiles allowed us to create a job exposure matrix 
for individual workers. Detailed worker noise 
exposure history resulting from this noise expo-
sure reconstruction was used for an epidemio-
logic study to evaluate the effectiveness of hearing 
conservation program components (Heyer et al., 
2011).

Study limitations

The exposure reconstruction process has ele-
ments of uncertainty, requiring that researchers 
prudently use whatever information is available to 
reduce the uncertainty. On the basis of informa-
tion from historic records and previous structured 
interviews with long-term employees, we assumed 
that plant operations and, therefore, noise levels 
did not change during the time periods between 
key production, process, or equipment changes at 
each plant. However, historic data could be incom-
plete and errors in extrapolated noise levels could 
occur if  noise level changes were not measured 
or operational changes were not documented. 
Another source of potential error includes differ-
ences in noise levels between work shifts. Historic 
noise measurement results did not indicate dur-
ing which shift the measurements were taken. 
However, a historic document from the mid-1980s 
indicated that more equipment operated during 
the first shift and advocated that noise measure-
ments should be collected during that shift.

Errors in assigning tasks and time-at-task pro-
files to historic jobs cannot be ruled out. We used 
task and time-at-task details from the 1990s’ job 
time-at-task profiles for historic job profiles. This 
decision was largely based on the recollection of 
long-term employees (Prince et  al., 2004), who 
indicated that job profiles had not substantially 
changed over time. However, increased automa-
tion and changes in some production lines over 
time do present the possibility that tasks or time-
at-task profiles might have also changed over 
time. Even though the long-term employees had 
not been asked to recall exact tasks, time-at-task 
estimates, even when obtained directly from work-
ers, are subject to variability, and mobile jobs 
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may have even greater variability (Virji et  al., 
2009). A  study of task recall among construc-
tion workers found recall of time-at-task details 
ranged from 53 to 100% 6 months after tasks were 
actually performed (Reeb-Whitaker et al., 2004). 
Because we knew from work history records the 
departments where employees worked, errors 
from potentially incorrect assignment of tasks or 
time-at-task profiles may be somewhat mitigated, 
particularly for stationary employees, because 
the noise level for many tasks were more closely 
related to the location of the task rather than the 
task itself. Although most production employees 
were stationary or worked in a single department, 
the risk of error from incorrect assignment of task 
or time-at-task profiles could be greater for highly 
mobile employees who had worked across several 
departments.

Task-specific exposure levels were not avail-
able before 1990; therefore, misclassification 
of  exposures cannot be ruled out (Rabinowitz 
et al., 2007). We used historic sound level meas-
urements to represent the noise exposure of 
workers at the location of  the measurements. 
This approach works when task noise levels 
are primarily from equipment or operations in 
a specific work area. However, the contribution 
of  noise from the task could be underestimated 
if  the task itself  is the primary contributor to 
workers’ noise exposures. We attempted to take 
this into account by identifying tasks, such as 
tool use, where the task itself  was the major con-
tributor to exposure. Because historic measure-
ments did not include sound levels for manual 
and powered hand tools, we extrapolated tool 
sound levels from surveys conducted in the 
1990s. Historic documents did not indicate that 
the company had obtained power tools that used 
noise reduction technology, so we assumed that 
noise generated by tools did not change substan-
tially over time.

concLuSIon

The availability of  historic noise level meas-
urements, documented changes in plant oper-
ations, detailed work history records, and 
task-based noise exposure profiles provided 
a structure to reconstruct historic noise expo-
sures at two automotive manufacturers using 
task-based methods. An important advantage 
of  using a task-based approach is the ability 
to capture variability of  noise exposures from 
different work tasks or locations where tasks 

were performed. An examination of  noise expo-
sure trends over time using the results of  our 
noise reconstruction, along with task-based 
noise measurements collected in the 1990s, indi-
cated that noise levels in the plants declined 
over time for most jobs. Additionally, the per-
centage of  employees with noise exposure  
≥90 dBA also declined over time, but the total 
number of  employees with noise exposures  
‘≥90 dBA actually increased due to a substan-
tial increase in the number of  production work-
ers’. One of  the factors probably influencing 
these noise level reductions was the companies’ 
efforts to comply with OSHA noise regulations.

FundInG

National Occupational Research Agenda of the 
National Institute for Occupational Safety and 
Health.

Acknowledgements—We wish to thank the members of 
United Auto Workers at each facility for their participation 
and efforts.

Disclaimer—The authors declare that they have no 
competing interests, financial or otherwise. Mention 
of  a specific product or company does not constitute 
 endorsement by the Centers for Disease Control and 
Prevention. The findings and conclusions in this report 
are those of  the authors and do not necessarily repre-
sent the views of  the National Institute for Occupational 
Safety and Health.

rEFErEncES

Brühl P, Davidsson C, Ivarsson A. (1996) Noise emission 
zones in an automobile sheet-metal pressing plant, a 
25-year follow-up study at three locations in the plant. 
Int J Occup Med Environ Health; 9: 153–62.

Brühl P, Ivarsson A, Toremalm NG. (1994) Noise-induced 
hearing loss in an automobile sheet-metal pressing plant. 
A  retrospective investigation covering 25  years. Scand 
Audiol; 23: 83–91.

Burgess GL, Dippnall WM, Ravandi MR et  al. (2004) 
Retrospective noise estimates for British nuclear work-
ers using an alternative approach. Ann Occup Hyg; 48: 
117–27.

Davies HW, Teschke K, Kennedy SM et  al. (2005) 
Occupational exposure to noise and mortality from acute 
myocardial infarction. Epidemiology; 16: 25–32.

Davies HW, Teschke K, Kennedy SM et al. (2009) A ret-
rospective assessment of occupational noise exposures 
for a longitudinal epidemiological study. Occup Environ 
Med; 66: 388–94.

Davis RR, Sieber WK. (1998) Trends in hearing protector 
usage in American manufacturing from 1972 to 1989. 
Am Ind Hyg Assoc J; 59: 715–22.

Deadman JE, Church G, Bradley C et  al. (1997) Task-
based estimation of past exposures to 60-hertz magnetic 

 by guest on D
ecem

ber 18, 2013
http://annhyg.oxfordjournals.org/

D
ow

nloaded from
 

http://annhyg.oxfordjournals.org/
http://annhyg.oxfordjournals.org/


1104 S. E. Brueck et al.

and electric fields at an electrical utility. Scand J Work 
Environ Health; 23: 440–9.

Franks JR, Stephenson MR, Merry CJ. (1996) Preventing 
occupational hearing loss–a practical guide. DHHS 
(NIOSH) Publication 96–110. Cincinnati, OH: US 
Department of Health and Human Services, Centers for 
Disease Control and Prevention, National Institute for 
Occupational Safety and Health.

Gray WB, Mendeloff  J. (2002) The declining effects of 
OSHA inspections in manufacturing. NBER Working 
Paper 9119. Cambridge, MA: National Bureau of 
Economic Research.

Gray WB, Shadbegian RJ. (2005) When and why do plants 
comply? Paper mills in the 1980s. Law Policy; 27: 238–61.

Hager LD. (1998) Sound exposure profiling: a noise moni-
toring alternative. Am Ind Hyg Assoc J; 59: 414–8.

Heyer N, Morata TC, Pinkerton LE et  al. (2011) Use of 
historical data and a novel metric in the evaluation of 
the effectiveness of hearing conservation program com-
ponents. Occup Environ Med; 68: 510–7.

Lee-Feldstein A. (1993) Five-year follow-up study of hear-
ing loss at several locations within a large automobile 
company. Am J Ind Med; 24: 41–54.

Middendorf PJ. (2004) Surveillance of occupational 
noise exposures using OSHA’s Integrated Management 
Information System. Am J Ind Med; 46: 492–504.

National Institute for Occupational Safety and Health. 
(1998) NIOSH criteria for a recommended standard: 
occupational noise exposure, revised criteria 1998. 
DHHS (NIOSH) Publication 98–126. Cincinnati, 
OH: U.S. Department of Health and Human Services, 
Centers for Disease Control and Prevention, NIOSH.

Neitzel RL, Daniell WE, Sheppard L et  al. (2011a) 
Evaluation and comparison of three exposure assess-
ment techniques. J Occup Environ Hyg; 8: 310–23.

Neitzel RL, Stover B, Seixas NS. (2011b) Longitudinal 
assessment of noise exposure in a cohort of construction 
workers. Ann Occup Hyg; 55: 906–16.

Occupational Safety and Health Administration (OSHA). 
(1974) Occupational noise exposure: final rule (29 CFR 
Part 1910.95) (Docket No. OSH-11). Fed Reg; 39: 
37773–8.

OSHA. (1983) Occupational noise exposure: hearing con-
servation amendment; final rule. Fed Reg; 48: 9738–85. 

Picard M, Girard SA, Simard M et al. (2008) Association 
of work-related accidents with noise exposure in the 
workplace and noise-induced hearing loss based on the 
experience of some 240,000 person-years of observation. 
Accid Anal Prev; 40: 1644–52.

Prince MM. (2002) Distribution of risk factors for hear-
ing loss: implications for evaluating risk of occupational 
noise-induced hearing loss. J Acoust Soc Am; 112: 557–67.

Prince MM, Colligan MJ, Stephenson CM et al. (2004) The 
contribution of focus groups in the evaluation of hearing 
conservation program (HCP) effectiveness. J Safety Res; 
35: 91–106.

Rabinowitz PM, Galusha D, Dixon-Ernst C et  al. (2007) 
Do ambient noise exposure levels predict hearing loss in a 
modern industrial cohort? Occup Environ Med; 64: 53–9.

Reeb-Whitaker CK, Seixas NS, Sheppard L et  al. (2004) 
Accuracy of task recall for epidemiological exposure 
assessment to construction noise. Occup Environ Med; 
61: 135–42.

Rice C, Rosenman K, Reilly MJ et al. (2002) Reconstruction 
of silica exposure at a foundry for evaluation of expo-
sure-response. Ann Occ Hyg; 46 (Suppl. 1): S10–13.

Sanderson WT, Petersen MR, Ward EM. (2001) Estimating 
historical exposures of workers in a beryllium manufac-
turing plant. Am J Ind Med; 39: 145–57.

Seixas NS, Heyer NJ, Welp EA et al. (1997) Quantification 
of historical dust exposures in the diatomaceous earth 
industry. Ann Occup Hyg; 41: 591–604.

Seixas NS, Sheppard L, Neitzel R. (2003) Comparison of 
task-based estimates with full-shift measurements of 
noise exposure. AIHA J; 64: 823–9.

Simpson M, Bruce R. (1981) Noise in America: the extent 
of the noise problem, EPA Report No. 550/9-81-101. 
Washington, DC: U.S. Environmental Protection Agency.

Stewart P. (1999) Challenges to retrospective exposure 
assessment. Scand J Work Environ Health; 25: 505–10.

Virji MA, Woskie SR, Waters M et al. (2009) Agreement 
between task-based estimates of the full-shift noise expo-
sure and the full-shift noise dosimetry. Ann Occup Hyg; 
53: 201–14.

 by guest on D
ecem

ber 18, 2013
http://annhyg.oxfordjournals.org/

D
ow

nloaded from
 

http://annhyg.oxfordjournals.org/
http://annhyg.oxfordjournals.org/

