
Worker exposure and equipment noise 
in large surface coal mines 

Introduction 
Prolonged exposure to noise 

can cause permanent damage to the 
auditory nerve and/or its sensory 
components. This damage, known as 
noise-induced hearing loss (NIHL), 
is irreversible and makes it difficult 
to hear and also understand speech. 
NIHL is the most common occupa­
tional disease in the United States 
today, with 30 million workers ex­
posed to excessive noise levels 
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of 1977, Public Law 91-173 as 
Amended by Public Law 95- 164, 
broadened the scope to include all 
miners, regardless of mineral type 
(the Acts are detailed in CFR 30, 

. 1997). 
Since the passage of these Acts, 

there has been some progress in 
controlling mining noise. However, 
the number of miners overexposed 
to noise, as defined by federal regu­
lations, still exceeds their overexpo­

(NIOSH, 1996a). The problem is particularly severe in all 
areas of mining (surface, processing plants and under­
ground) with studies indicating that 70 percent to 90 per­
cent of miners have a NIHL large enough to be classified 
as a hearing disability (NIOSH, 1996b, 1997). 

sure to all other health hazards. Data from more than 
60,000 full-shift U.S. Mine Safety and Health Adminis­
tration (MSHA) noise surveys show that the noise expo­
sure of selected occupations has decreased since the 
1970s, although the percentage of miners overexposed to 
current MSHA noise regulations remains high (Seiler et 
al., 1994). MSHA found that the percentage of coal min­
ers with noise exposures exceeding federal regulations, 
and unadjusted for the wearing of hearing protection, 
was 26.5 percent and 21.6 percent for surface and under­
ground mining, respectively. 

An analysis of NIHL in miners revealed an alarming 
prevalence of severe hearing loss among miners, as 
shown in Fig. 1 (NIOSH, 1976). For example, the median 
hearing threshold of retired miners was 20 dB greater 
than that of the general population. By age 60, more than 
70 percent of miners had a hearing loss of more than 25 
dB, and about 25 percent had a hearing loss of more than 
40dB. 

Despite the extensive work done in the 1970s and 

In addition to government re­
searchers, academics reported that 
the "policies and practices for pre­
venting occupational hearing loss 
among miners are inadequate .- .. 
there are deficiencies in nearly ev­
ery sector: surveillance of exposure 
or of outcome, analysis and inter­
vention" (Weeks, 1995). A 1996 
analysis ·of NIHL in miners showed 
an apparent worsening of NIHL 
with age, as shown in Fig. 2. This re­
cent analysis of a private company's 
20,022 audiograms indicated that 
the number of miners with hearing 
impairments increased exponen­
tially with age until at age 50, at 
which time 90 percent of the miners 
had a hearing impafrment (NIOSH, 
1996b and 1997). 

The Federal Coal Mine Safety 
and Health Act of 1969, Public Law 
91-173, established requirements for 
protecting coal miners from exces­
sive noise and subsequently, the 
Federal Mine Safety and Health Act 

1980s, NIHL is still a pervasive problem (Federal Regis­
ter, 1996). MSHA has published new 
Noise Health Standards for Mining 
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(Federal Register, 1999). The new, 
unified noise standard became ef­
fective on Sept. 13, 2000. One of the 
changes is the adoption of a provi­
sion similar to U.S. Occupational 
Safety and Healt\_1 Administration's 
(OSHA) Hearing Conservation 
Amendment. MSHA projected in a 
recent survey that if an OSHA-like 
hearing conservation program were 
adopted, hypothetically, 78 percent 
of the coal miners surveyed would 
be required to be in a hearing con­
servation program (Seiler and 
Giardino, 1994). 

Other requirements of the new 
regulations are a Permissible Expo­
sure Level (PEL) of 90 dBAT WA8, 
no credit for the use of personal 
hearing protection, and the primacy 
of engineering and administrative 
controls for noise exposure reduc­
tion. • 

Much of the existing noise and 
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FIGURE 1 

Hearing loss as a function of age 
(NIOSH, 1976). 
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worker-exposure information is dated and has limited 
value for current research and engineering control deci­
sion making. In many cases, the data are specific to ma­
chine type and were obtained for characterizing noise 
sources rather than exposure assessment. There is also a 
gre_at range in noise levels for a given occupation. For 
example, noise levels for continuous miner operators 
have a modal value of 90 dBA and a range that varies 
from 80 to 105 .dBA (MSHA, 1997). 

A noise level of 80 dBA translates into a daily noise 
dose of O percent, while a 105 dBA level represents a 
daily noise dose of 800 percent. Yet, at present, there is 
insufficient information to explain this variation in expo­
sure for this and other mining occupations. An under-

FIGURE 2 

TABLE 1 

standing of this variability will help in identifying appro­
priate solutions. Specifically, noise-level data are needed 
that provide a time exposure history for workers in addi­
tion to information on noise sources. This information 
will provide the basis for targeting and selecting engi­
neering controls, in combination with administrative 
controls and personal-protection equipment, to reduce 
noise exposures among the mining workforce. 

Hearing impairment in coal miners, non-coal miners and non-exposed males 
(NIOSH, 1996b, 1997). (Males with hearing impairment, average 1, 2, 3 and 4 
kHz> 25dB HL, from ANSI S3.6-1989; coal and non-coal miners and non-ex­
posed males from Annex A of ANSI S3.44-1996.). 
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FIGURE 3 
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Cumulative dose plot for dragline oiler. 
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Scope of research 
This research effort was conducted over several 

years at seven surface coal mines located in Arizona, 
New Mexico, North Dakota, Texas and Wyoming. Sixty­
three man-shifts were spent collecting approximately 60 · 
worker noise exposures (MSHA permissible exposure 
levels), 12 worker task observations, 15 dragline noise 
profiles and 20 noise investigations of other surface min­
ing equipment. Worker noise exposure (dose) was mea-

. sured using Quest Q-400 Personal Noise Dosimeters, 

FIGURE 4 

which was worn by the workers for a full shift. Dragline 
noise, in the form of equivalent sound level (Leq) in 
dBA, was recorded using a B&K 2260 Investigator at 1-
to 2-m (3.3- to 6.6-ft) intervals throughout the dragline 
house. 

Results 
The volume of data collected prohibits including all 

results. Thus, summaries and/or examples are presen.ted . 
The results reviewed include worker dose and overexpo-

Noise contour plot for a Page 752 dragline. 
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TABLE 2 

Comparison of noise inside and outside cab of surface mining 
equipment. 

and/or noise sources. The goal was 
to identify the sound level and expo­
sure time associated with each task, 
and the noise sources responsible, 
for the worker's measured dose and 
then provide mine operators with 
sufficient information to implement 
effective engineering and adminis­
trative noise controls. A cumulative 
dose plot for a dragline oiler, with 
task observations annotated, is illus­
trated in Fig. 3. Dose accumulations 
were greatest (indicated by the 
steep slope of the line) while sweep­
ing and cleaning in the dragline 
house. Little dose was accumulated 
while at lunch and in the operators 
cab as illustrated by the flat slope. 

sure, task observations and cumulative dose plots, and 
contour plots of dragline noise profiles. 

Worker dose. The results of the worker noise expo­
sure measurements indicated that 28 percent of worker 
noise doses recorded were above the PEL of 100 per­
cent, with 73 percent of those above the MSHA citable 
PEL of 132 percent. Workers in three occupations were 
found to experience noise exposures above the PEL, 
dragline oilers, dozer operators and welders using the 
air-arcing process to cut metals. 

Dragline oilers spend much of their shift in the 
"house" of the dragline performing maintenance checks 
and cleaning. The range of doses recorded for dragline 
oilers was 46 percent to 318 percent. Attention certainly 
should be given to this occupation because workers in 
this job classification are periodically subjected to noise 
levels that have the potential to cause NIHL. 

Task observations. Workers experiencing exposures 
above the PEL were task observed for one of the shifts 
they wore a dosimeter. The task observations included 
the start and stop times of the tasks the worker ·per­
formed and their location with respect to the equipment 
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Sound level and noise exposure 
measurements were recorded near 
an air-arcing operation. The· noise 
exposure for a welder who air-arced 
for approximately one hour, took a 
30-minute break and then did some 
plasma cutting for 30 minutes was 
376 percent. The maximum equiva­
lent sound level (Leq) (recorded at 
a 3-dB exchange rate) recorded dur­
ing these three tasks was 126 dBA 
for air-arcing, 106 dBA for plasma 
cutting and 86 dBA during the 
break. A proje~ted eight-hour dose 
based on a 90 dBA criterion level, 90 
dBA threshold, and 5 dB exchange 
rate was 1,489 percent and a TWAS 
of 109.5 dB. 

Equipment noise. Draglines: 
Eleven different draglines (15 total) 
were analyzed by conducting noise 
profiles in the house, cab and revolv­

ing frame. The draglines surveyed included Page 736, 752 
and 757 models, Bucyrus Erie 1260W and 2570W models, 
Marion 195M, 7800, 8050 and 8200 models, as well as two 
Bucyrus Erie 1570W models and four Marion 8750 mod­
els. Noise data collected in the draglines were converted 
to noise contour plots to display area noise levels. Space 
limitations prevent presenting all the noise profiles. 
Therefore, examples of several different draglines are 
included. Table 1 summarizes the range of noise levels 
measured in the draglines and Fig. 4 is a noise contour 
plot for a Page 752 dragline. This figure illustrates that 
the highest noise levels are in the back near the motor/ 
generator (MG) sets. 

Figure 5 presents a contour plot for a Bucyrus Erie 
1260W dragline. Again, the highest noise levels are near 
the MG set.s (Fig. 6). Figure 7 is from a Marion 8050 dra­
gline. As is the case for most of the draglines, the highest 
noise levels are near the motor/generator sets, ahhough 
the rest of the house is still above 90 dBA. 

Other surface equipment: Other types of surface 
equipment were monitored by placing a dosimeter on 
the operator and a d_s>simeter outside the cab. The pur­
pose was to evaluate th\ effectiveness of the cabs to iso­
late the operator from outside noise sources that 



FIGURE 5 

Noise contour plot for a BE 1260W dragline. 
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included operation of the equipment, engine and sur­
rounding equipment. Table 2 compares dosimeter read­
ings in and outside the cabs of various pieces of surface 
equipment. In all cases, the cabs are sufficiently isolating 
the operator from the major noise sources. 

Engineering and administrative noise controls 
The development of noise controls was not a goal of 

FIGURE 6 
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creasing the amount of noise reaching a worker," or iso­
lating the noise from the worker. The noise contour plots 
can indicate where the highest noise levels are gener­
ated, but not what specific component of the piece of 
equipment is responsible. This at least gives mine opera­
tors a starting point based on reliable and accurate infor­
mation. 

Examples of engineering controls include mainte-
this research effort. However, an 
attempt will be made to suggest pos­
sible engineering and administrative 
cont:rols based on observations 
made during the course of the re­
search and analysis of the research 
results. Administrative controls are 
defined as "methods that reduce ex­
posure by limiting the time a worker 
is exposed to noise," or isolating the 
worker from the noise. 

Example of a M/G set in back of dragline house. 

By evaluating the cumulative 
dose plots, task observations and 
noise contour plots, the tasks or ar­
eas that significantly impact a 
worker's dose can be identified and 
avoided or the exposures mini­
mized. Examples of administrative 
controls include job rotation, re­
stricting access to noisy areas, pro­
viding quiet areas and remote mon­
itoring. 

On the other hand, engineering 
controls are defined as "methods 
that reduce .noise exposure by de-
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FIGURE 7 

Noise contour plot for a Marion 8050 dragline. 
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nance, acoustic isolation or absorption, modification of 
macfiine mounting, or replacement of noisy equipment 
with quieter equipment (buy quiet). 

Summary 
The continuing problem of noise-induced hearing 

loss among mine workers is a situation that must be ad­
dressed by all mining concerns, including government, 
academia and the mining industry. This research effort 
indicates that most of the equipment operators at sur­
face coal mines are protected from noise by the equip­
ment cabs and experience noise exposures well below 
the PEL. Of those occupations surveyed, the workers 
found most likely to experience exposures above the 
PEL are the dragline oilers if they spend a considerable 
portion of their shift in the dragline house and welders 
who conduct air arcing. It should be noted that this state­
ment holds true only at the operations studied and may 
not apply at all other operations. 

The equipment generating the highest noise levels in 
the draglines are the motor/generator sets. The solutions 
to reducing worker noise exposure are many and diffi­
cult to resolve and will include a combination of engi­
neering and administrative approaches. • 
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