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Abstract

Background: The purpose of this study was to estimate the prevalence of hearing loss among 

noise-exposed U.S. workers within the Mining, and Oil and Gas Extraction (OGE) sectors.

Methods: Audiograms of 1.9 million workers across all industries (including 9,389 in Mining 

and 1,076 in OGE) from 2006–2015 were examined. Prevalence and adjusted risk as compared to 

a reference industry (Couriers and Messengers) were estimated for all industries combined and the 

Mining and OGE sectors and sub-sectors.

Results: The prevalences of hearing loss in Mining and OGE were 24% and 14%, respectively, 

compared with 16% for all industries combined. Many Mining and one OGE sub-sector exceeded 

these prevalences and most had an adjusted risk significantly greater than the reference industry. 

Some sub-sectors, particularly in OGE, could not be examined due to low sample size. The 

prevalences in Construction Sand and Gravel Mining and Natural Gas Liquid Extraction were 36% 

and 28%, respectively. Workers within Support Activities for Coal Mining had double the risk of 

hearing loss than workers in the reference industry.
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Conclusions: The many sub-sectors identified with high prevalences and/or worker risks for 

hearing loss well above risks in the reference industry need critical attention to conserve worker 

hearing and maintain worker quality of life. Administrative and engineering controls can reduce 

worker hazardous noise exposures. Noise and ototoxic chemical exposure information is needed 

for many sub-sectors, as is audiometric testing results for OGE workers. Additional research is 

also needed to further characterize exposures and improve hearing conservation measures.
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Introduction

Fourteen percent of workers in the United States report exposure to hazardous noise each 

year. [1] Hazardous noise (≥85 decibels A-weighted [dBA]), along with ototoxic chemicals 

exposures, can lead to hearing loss attributable to employment, also known as occupational 

hearing loss (OHL). Ototoxic chemicals can cause or potentiate the effects of noise in 

causing OHL. [2] Hearing loss is one of the most prevalent chronic physical conditions 

in the United States, surpassed only by hypertension and arthritis. [3] Of the 12% of the 

working US population that experiences hearing difficulty, 58% of the cases are attributable 

to occupational noise exposure. [1] Twenty-three percent and 15% of noise-exposed workers 

have hearing difficulty and tinnitus (ringing in the ears), respectively. [4] A previous 

National Institute for Occupational Safety and Health (NIOSH) study [5] found that hearing 

impairment among noise-exposed workers led to 2.53 years of healthy life lost per 1,000 

workers per year. In addition to the health effects associated with hearing loss, an estimated 

$123 billion in economic benefit could be obtained if 20% of hearing loss from excessive 

noise were prevented. [6]

A number of studies [1, 7, 8] have demonstrated the high prevalence of hearing loss 

within the Mining and Quarrying sector (hereby denoted as Mining), and Oil and Gas 

Extraction (OGE) sector, previously grouped by NIOSH as one National Occupational 

Research Agenda sector While some studies have examined the Mining sector [9, 10, 11], no 

known studies have measured the prevalence of hearing loss within OGE. However, Kerns 

et al. [1] estimated that 61% of workers within Mining have been exposed to hazardous 

noise, the highest of any industry. Nearly 90% of coal miners will have developed hearing 

impairment by the age of 50 years. [12]

Hazardous noise sources within Mining are pervasive. For example, a study of six 

underground coal mines in Alabama, Colorado, Pennsylvania, and West Virginia found 

workers could be exposed to up to 120 dBA depending on the type of equipment used. 

[13] Few studies have been conducted characterizing noise exposures within OGE. One 

noise exposure survey found that offshore oil rig inspectors in New Orleans had exposures 

that could reach up to 124 dBA near alarms, with exposures reaching and/or exceeding 

100 dBA in many other areas, including engine rooms, generator rooms in operation, near 

compressors; and during activities such as helicopter travel, testing of fire water pumps, and 
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bleed offs on production platforms. [14] Another study found noise exposures as high as 116 

dBA among Canadian OGE workers with the top three areas of exposure represented by vac 

trucks, rig engine rooms, and pump trucks; all exceeding 100 dBA. [15] At 124 and 116 

dBA, a worker needs only 3 seconds and 22 seconds of unprotected exposure, respectively, 

to reach the NIOSH Recommended Exposure Limit (REL) of an 85 dBA time-weighted 

average over eight hours. [16] A report of industrial chemical exposures revealed that 

workers in OGE also have exposures to toluene and xylene, solvents with known ototoxic 

effects. [17]

The purpose of this study is to take an in-depth look at the sub-sectors within the Mining and 

OGE sectors and their associated prevalences of hearing loss. While the overall prevalence 

of these combined sectors is available, no other known studies have performed a separate 

in-depth analysis of the Mining and OGE sectors. Using de-identified audiograms collected 

through the NIOSH Occupational Hearing Loss (OHL) Surveillance Project, this study will 

estimate the prevalence and adjusted risks of hearing loss compared to a reference industry 

for the Mining and OGE sectors.

Materials and Methods

Study Design and Population

A retrospective cohort of de-identified audiograms was used to estimate the prevalence 

and adjusted risk of hearing loss among noise-exposed workers within the Mining and 

OGE sectors. The audiograms were collected as part of US regulatory audiometric testing 

requirements for workers that have been exposed to high noise levels (≥ 85 dBA) 

within their occupation. These data are described in more detail in Masterson et al. [9] 

To summarize, they represent a convenience sample of audiometric service providers, 

occupational health clinics, hospitals, and others (hereby denoted as providers) that 

conducted audiometric testing of workers with high noise exposures. These providers were 

recruited and agreed to share these de-identified audiograms along with related information 

with NIOSH.

An arbitrary worker ID was assigned to each audiogram. To be included in the study, 

workers needed at least one audiogram from 2006–2015 and had to be 18–75 years of age. 

Audiograms that displayed attributes indicating a quality deficiency were removed from 

the sample as described in Audiogram Exclusion Criteria below. The end year (2015) was 

selected as this was the latest audiometric data available. Audiograms were included from 

2006 to 2015 to ensure that there would be a large enough sample size to perform detailed 

sub-sector analyses but not exceed 10 years of data for estimating period prevalence. In 

order to estimate the prevalence, only the latest quality audiogram per worker was chosen 

to be included in the analysis. Since all audiograms were de-identified, the Project was 

determined by the NIOSH Institutional Review Board to be research not involving human 

subjects.
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Materials

Threshold frequencies of 500, 1000, 2000, 3000, 4000, 6000, and 8000 Hz, date of birth, 

gender, employer state, and North American Industry Classification System (NAICS) codes 

[18] were included in the worker audiograms. These audiometric data did not include date 

of hire, occupation, education, race, income, smoking status, or ototoxic chemical exposures. 

While specific noise exposures for each worker ID were not available, it can be assumed 

that each worker likely had exposures of 85 dBA or greater given that these audiograms 

were collected as a part of US regulatory requirements among noise-exposed workers. 

Within Mining, annual audiometric testing must be offered to employees with an 8-hour 

time-weighted (TWA) average of 85 dB or greater. Within OGE, audiometric testing is not 

required, but there is a requirement for noise monitoring and a noise exposure limit of a 90 

dB TWA over eight hours.

Audiogram Exclusion Criteria

The collected audiograms were not originally collected for research purposes and thus may 

contain incomplete or inaccurate information. [19] If the audiogram was missing year of 

birth, it was excluded from all analyses. If the audiogram was missing gender, geographical 

region, or NAICS code and this information could not be filled in from another audiogram 

of the same worker, it was excluded from the risk analyses. Audiograms were restricted to 

the age range 18–75 to eliminate unlikely birth years. If the birth month was missing, July 

was imputed, and if birth day was missing, 15 was imputed. If both were missing, July 1 was 

imputed. Audiometric results for an affected ear were excluded if they did not contain the 

frequencies necessary for quality analysis or hearing loss determination.

Standards used to exclude audiograms with quality deficiencies were developed by senior 

NIOSH audiologists and are described in detail in Masterson et al. [9] Audiograms were 

excluded if the pattern indicated a predominately non-occupational or other pathology 

contributing to hearing loss. Large (≥ 40 dB) interaural differences for any frequencies (with 

likely inaccurate testing of the better ear, or suggesting medical etiology) were excluded, 

as were those with a negative slope in either ear, as this indicates likely contamination 

by background noise during testing. [20] If unlikely threshold values, suggesting testing 

errors, or “no response at maximum value” responses were present, the audiogram was also 

excluded.

This study began with 7,289,570 US audiograms for workers aged 18–75 from 2006–

2015. Of those, 1,388,969 (19%) were eliminated due to the quality deficits presented in 

Table 1. Next, the latest audiogram was selected for each worker, eliminating 3,989,634 

audiograms. The final study sample included 1,910,967 workers at 22,100 US companies 

[9,389 Mining sector workers at 292 companies; 1,076 OGE sector workers at 6 companies]. 

This represents one audiogram per worker, i.e., 1,910,967 audiograms.

Statistical Analysis

The outcome variable was a material hearing impairment (hereby referred to as hearing loss) 

as defined by NIOSH [16]: a pure-tone average threshold across frequencies 1000, 2000, 

3000, and 4000 Hz of 25 dB or more in either ear. The independent variable was industry 
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as defined by NAICS code. The Mining and OGE sectors are both within the NAICS code 

21, which is two-digit NAICS code specificity. [18] The NAICS system does not cleanly 

divide up these large sectors into smaller more specific sub-sectors; rather we have grouped 

the relevant sub-sectors for each sector, starting at the three-digit NAICS code specificity 

sub-sectors (e.g., 212 - Mining) to six-digit NAICS sub-sectors (e.g., 212221 - Gold Ore 

Mining). See Tables 2 and 3 for the sector groupings. Since four-digit NAICS codes were 

duplicative with the data in five-digit NAICS codes within this analysis, we did not analyze 

or provide estimates for four-digit NAICS codes.

Age information was stratified into six categories and U.S. states were categorized into 

six geographical regions based on US Embassy groupings. [21] Due to the small sample 

size of Mining workers in the Mid-Atlantic region, the Mid-Atlantic region was combined 

with the Midwest region and is denoted at the Mid-Atlantic/Midwest region. Due to the 

small sample size of OGE workers in the Southwest region, the Southwest and West regions 

were combined and are denoted as the West-Southwest region. SAS version 9.4 statistical 

software was used for analyses (SAS Institute, Inc., Cary, NC).

Prevalence percentages of hearing loss were estimated for all industries combined, the 

combined sectors (MOG), the Mining sector and sub-sectors, the OGE sector and sub-

sectors, and for Couriers and Messengers (NAICS 492), the reference industry. Prevalence 

ratios (PRs) were also estimated as compared to the reference group for these sectors/sub-

sectors, and for age-group and gender within both Mining and OGE. PRs were not estimated 

for geographical region due to cell characteristics (configuration of cases and non-cases) and 

large proportion of missing data. PRs were selected over odds ratios as they provide a better 

estimate of risk for common (>10% prevalence) outcomes. [22] PRs were estimated by 

using the genmod procedure for log-binomial regression within SAS. [23] If a model failed 

to converge, the COPY method was used to determine the PR. [22] Demographic reference 

groups were age group 18–25 years and female gender. Sector and sub-sector PRs were 

adjusted for age group and gender. Ninety-five percent confidence intervals were calculated 

for all PRs. A PR of >1 indicates an increased risk when compared to the reference group 

and PR of <1 indicates a decreased risk.

A review of the literature, preliminary data analyses, and statistical considerations were 

used as the basis for selection of Couriers and Messengers as the reference industry. Only 

noise-exposed workers are tested, therefore information for non-noise-exposed workers 

was not available. Thus, the reference industry was composed of noise-exposed workers. 

Couriers and Messengers was selected a priori as its prevalence of hearing loss (10%) most 

closely follows the prevalence of hearing loss among non-noise-exposed workers (7%), 

while containing a robust sample size for stable estimates. [4] This is described in more 

detail in similar previous studies. [9, 24]

Prevalence and/or adjusted risk could not be calculated due to insufficient or zero cell sizes 

for twelve sub-sectors within Mining as represented in Table 2 and two sub-sectors within 

Oil and Gas Extraction as represented in Table 3. Estimates of prevalence and adjusted risk 

are reported only for those sub-sectors in which sufficient data were available. Sub-sector 
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prevalence and adjusted risk results will focus on the highest level of specificity available, 

which is six-digit NAICS code specificity.

Results

Mining

Noise-exposed workers within Mining were predominantly male (93%, Table 4), more so 

than for all industries combined (78%, data not shown). However, a large proportion (21%) 

of Mining workers did not have gender information available. Fifty percent worked in the 

Mid-Atlantic/Midwest, similar to that of all industries combined (58%, data not shown). The 

distribution of worker ages was similar to all industries combined. There were no Mining 

workers identified in the New England region in this sample, however there were 3,303 

Mining workers for which region information was not available. Males in the Mining sector 

were more than three times more likely to have hearing loss than females in the Mining 

sector. The risk of hearing loss increased with age. Workers aged 66–75 had nearly 30 times 

the risk of hearing loss than those in the 18–25 group. The prevalence of hearing loss within 

Mining (24%) was much higher than the prevalence of hearing loss within all industries 

combined (16%) [Table 2].

Many sub-sectors within Mining had a prevalence of hearing loss much greater 

than all industries combined. The five sub-sectors with the highest prevalences were: 

Construction Sand and Gravel Mining (36%), Uranium-Radium-Vanadium Ore Mining 

(31%), Bituminous Coal and Lignite Surface Mining (28%), Iron Ore Mining (27%), and 

Copper Ore and Nickel Ore Mining (24%). All Mining sub-sectors had adjusted risks 

significantly higher than the reference industry, except for Lead Ore and Zinc Ore Mining 

(1.07, 95% CI 0.75–1.53), Crushed and Broken Limestone Mining and Quarrying (1.00, 

95% CI 0.93–1.07), Anthracite Mining (0.91, 95% CI 0.71–1.16), Crushed and Broken 

Granite Mining and Quarrying (0.88, 95% CI 0.70–1.12), and Support Activities for 

Nonmetallic Minerals (except Fuels) Mining, which was significantly lower (0.82, 95% 

CI 0.71–0.96). The five Mining sub-sectors with the highest adjusted risks compared to the 

reference industry were: Support Activities for Coal Mining (2.02, 95% CI 1.83–2.23), Gold 

Ore Mining (1.71, 95% CI 1.60–1.82), All Other Nonmetallic Mineral Mining (1.69, 95% 

CI 1.13–2.52), Bituminous Coal and Lignite Surface Mining (1.65, 95% CI 1.33–2.05), and 

Construction Sand and Gravel Mining (1.63, 95% CI 1.56–1.71).

Oil and Gas Extraction

Noise-exposed workers within OGE were also predominantly male (91%) and mainly 

worked in the West-Southwest region (77%) [Table 5]. More workers were in the 26–35 

age range (35%) and less in the 56–65 (6%) and 66–75 (0%) age groups than in Mining 

or all industries combined. There were no OGE workers available from the New England 

and South regions in this sample. Overall, OGE had a lower prevalence of hearing loss 

(14%) than all industries combined (16%). However, the Natural Gas Liquid Extraction 

sub-sector had a much greater prevalence (28%) and risk (1.76, 95% CI 1.38–2.23) as 

compared with the reference industry than all other industries combined [Table 3]. The 

Support Activities for Oil and Gas Operations sub-sector had a much lower prevalence 
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(13%) but a significantly high risk when compared to the reference industry (1.17, 95% CI 

1.01–1.35).

Discussion

This report is the first to analyze the prevalence and adjusted risk of hearing loss among 

most sub-sectors within Mining and OGE. Previous studies have demonstrated an elevated 

prevalence and risk of hearing loss for the combined sectors and large sub-sectors within 

Mining [1, 7, 8, 9, 10, 11], but information on OGE was not available. These results 

demonstrate that nearly all sub-sectors within Mining and OGE have significantly higher 

adjusted risks than the reference industry. This discussion will focus on sub-sectors with the 

highest prevalences and risks.

It is important to note that a prevalence that is relatively close to (or far from) that of the 

reference industry for the Mining or OGE industries does not always translate to a relatively 

low (or high) adjusted risk. Other factors, such as age or gender, may account for more (or 

less) of the prevalence of hearing loss than occupational exposures. For example, Support 

Activities for Coal Mining had a moderate prevalence of hearing loss within the Mining 

sector (18%), but the highest adjusted risk of any sub-sector (2.02, 95% CI 1.83–2.23) after 

adjustment for age. Eighty-two percent of the workers in this sub-sector were at or below the 

age of 45 years (data not shown). Increased age is a risk factor for hearing loss, therefore 

large numbers of younger workers may mask the effects of noise or ototoxic chemical 

exposures when observing prevalence alone. This finding indicates that the age distribution 

of these workers was accounting for much of the relatively low prevalence within this 

sub-sector.

Mining

Coal Mining—Within Coal Mining, Bituminous Coal and Lignite Surface Mining and 

Support Activities for Coal Mining had a significantly increased risk of hearing loss. 

Support Activities for Coal Mining workers are involved in mine tunneling, blasting 

services, and overburden (topsoil above coal seams) removal, among other tasks. While 

the equipment used in underground mines, surface mines, and coal preparation plants used 

for coal beneficiating (i.e., preparing) varies, each environment contains noisy equipment 

that can contribute to the prevalence of hearing loss seen within this sub-sector.

Prior research supports the increased risk of hearing loss found in this study. One study 

of noise exposures in six underground coal mines in Alabama, Colorado, Pennsylvania, 

and West Virginia [13] found that within the longwall mining sections (a mining method 

where no support pillar remains after the ore is removed), noise exposures ranged from <60 

to 102 dBA. [13] Stageloaders used to transport coal from the mining face and shearers 

represent some of the noisiest equipment. Five percent to 62% of workers in longwall mines, 

depending on occupation, were exposed to greater than 132% of MSHA’s Permissible 

Exposure Limit (PEL) for an 8-hour time-weighted average sound level of 90 dBA. [13] 

Shearer and stageloader operators had the greatest prevalence of excessive noise exposure. 

Within continuous mining sections (a mining method where pillars of ore remain to support 

the overhead roof) workers could be exposed to up to 355% of the MSHA PEL depending 
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on occupation. [13] Auxiliary fans, continuous mining machines, and roof bolters used to 

reinforce mine roofs were among the loudest equipment used. [13] Noise exposure ranges 

for this equipment by location (e.g., underground, surface) are provided in Table 6.

Twenty-eight percent of worker noise doses have been recorded as above the MSHA PEL 

in surface coal mining operations. [25] Dragline oilers tasked with excavating surface coal, 

dozer operators, and welders using air-arcing had the highest prevalence of excessive noise 

exposure. Dragline equipment produced noise levels with a wide range (see Table 6). Areas 

of high noise and a close proximity to equipment, especially when underground, support the 

increased risk for hearing loss for these occupations.

Coal mine preparation plants also have high noise exposures. Floors where workers are 

exposed to machinery and master control center rooms were found to be among the highest 

areas of noise exposures within preparation plants (Table 6). [26] Screens and sieve bends 

used to separate coal by size, and centrifuges used for water removal were the loudest 

primary noise sources in these plants, all exceeding 90 dBA. [27]

Gold Ore and Silver Ore Mining—In our sample, all workers within Gold Ore and 

Silver Ore Mining (NAICS 21222) worked in the Gold Ore Mining sub-sector (NAICS 

212221), which had one of the highest adjusted risks as compared with the reference 

industry. One study found that 96% of equipment operators within these mines exceeded the 

MSHA PEL. [30] Average doses among gold mine workers ranged from 165–261% of the 

PEL, with haul truck operators having the highest exposure.

Other Metal Ore Mining—In our sample, all workers within Other Metal Ore Mining 

(NAICS 21229) were classified into the Uranium-Radium-Vanadium Ore Mining sub-sector 

(NAICS 212291). The Uranium-Radium-Vanadium Ore Mining sub-sector had one of the 

highest prevalences of hearing loss among all Mining sub-sectors. While some of this 

increased risk may be due to the age of its workers of which 57% were above the age of 

46 years (data not shown), significantly higher risk of hearing loss remains after adjustment 

for age. In addition, it is also possible that ototoxic chemicals may be used in the leaching 

process to dissolve the uranium ore. No known studies have examined this sub-sector’s 

exposures and further studies are needed.

Sand, Gravel, Clay, and Ceramic and Refractory Minerals Mining and 
Quarrying—In our sample, most workers within Sand, Gravel, Clay, and Ceramic and 

Refractory Minerals Mining (NAICS 21232) worked in the Construction Sand and Gravel 

Mining sub-sector (NAICS 212321). The Construction Sand and Gravel sub-sector, which 

is surface mining, had the highest prevalence of hearing loss of all Mining sub-sectors. Sun 

and Azman [31] found that surface stone, sand, and gravel (SSG) mines were among the top 

Mining industries for percentage of noncompliance in minimizing risk after excessive noise 

exposure. They also found that SSG mines were second (behind coal mines) for likelihood 

of developing hearing loss.

A study conducted in 2004 found that the prevalence of hearing loss among sand and 

gravel mine workers was 37% among surface and dredging (removing material from water) 
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operations, [32] similar to the prevalence found in our study (36%), indicating there has 

been little improvement over 10 years and more remains to be done to protect this sub-

sector’s workers. A 2008 study of nine sand and gravel operations (three surface pits, five 

dredges, and eight processing plants) found that workers were exposed to a range of 51–112 

dBA, depending on area, equipment used, and location of the operation. [33] Crushers 

(81–112 dBA), screens (77–108 dBA), and the engine rooms of cranes (92–107 dBA) were 

some of the noisiest exposures at these operations and represent areas for improvement in 

mitigating worker exposure. Landen et al. [32] also found that only 66% of sand and gravel 

mine workers had been issued hearing protection, with just half receiving training on their 

use.

Other Nonmetallic Mineral Mining and Quarrying—In our sample, 56% of workers 

within Other Nonmetallic Mineral Mining and Quarrying (NAICS 21239) worked in the 

All Other Nonmetallic Mineral Mining sub-sector (NAICS 212399). While All Other 

Nonmetallic Mineral Mining had a relatively low prevalence within the Mining sector 

(13%), the adjusted risk when compared to the reference industry was among the highest 

(1.69, CI 1.13–2.53). This sub-sector is involved in the mining and beneficiating of 

nonmetallic minerals such as gypsum, mica, and talc, among others. [18] Noise levels of 

a talc processing plant ranged from 79–106 dBA. [34]

Oil and Gas Extraction

The Natural Gas Liquid Extraction sub-sector had the highest prevalence and adjusted 

risk of hearing loss among the OGE sectors with sufficient sample size within this study. 

Natural Gas Liquid Extraction workers are “primarily engaged in the recovery of liquid 

hydrocarbons from oil and gas field gases.” [18] Those involved in sulfur recovery from 

natural gas are also included in this sub-sector. Information about noise exposures is limited, 

but one study examined off-shore oil operations off the coast of New Orleans in 2007. 

It found that noise exposures of inspectors exceeded the OSHA PEL of a 90 dBA time-

weighted average over 8 hours in seven of sixteen visits. [14] While inspectors typically 

have lower exposures and shorter exposure durations than oil rig workers while on the rig, 

it must be noted that they have additional exposures from helicopter travel (87–107 dBA). 

This survey also found that noise exposure levels ranged from <70 dBA–124 dBA on the 

various rigs. The loudest overall noise exposure discovered on the rigs was 10 feet from an 

alarm (124 dBA), an example of a short duration exposure. Compressors (96–103 dBA) and 

generators (100–110 dBA) were noted to be some of the loudest sources of constant noise. 

Of the 73 noise measurements taken by this survey, 47 met or exceeded the OSHA PEL with 

many exceeding 100 dBA.

An additional survey presented by WorkSafeBC found that, among Canadian OGE workers, 

noise exposures could reach 116 dBA. [15] Compressors (99–105 dBA) were also found 

to be sources of excessive noise in this survey. Pump trucks, rig engine rooms, vac trucks, 

fracturing, generator buildings, pump houses, and rig floors were additional noise sources 

found to meet or exceed 100 dBA. [15] A study conducted among Iranian OGE workers 

also found that 44% of measured points on an oil rig floor exceeded 85 dBA. [35] Power 

generators were noted to be the main source of noise exposures on the floors.
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Ototoxic chemical exposures also pose a risk to worker hearing in OGE. A 1994 study 

found that 3–10% of OGE workers were exposed to toluene and 11–25% of its workers 

were exposed to xylene; two solvents with known ototoxic properties. [17] No other known 

studies of noise or ototoxic chemical exposures since then have been completed.

Noise regulations covering OGE fall under the OSHA 1910.95 standard. However, this 

industry is exempt from paragraphs 1910.95c–1910.95n, which require implementation of 

a hearing conservation program, including monitoring and notification of noise exposures 

to employees, and worker audiometric testing. [36] Without required testing for noise-

exposed workers, the development and worsening of hearing loss may be missed in many 

OGE workers, precluding intervention. In addition, the other necessary components of a 

successful hearing conservation program are also not mandatory, such as use of hearing 

protection devices (HPDs) and training in the use of HPDs and exposure reduction.

Risk Factors and Preventative Measures Common within Mining and OGE

The results of this study demonstrate that the workers in many sub-sectors within both 

Mining and OGE are at an increased risk of developing hearing loss. Hearing loss risk 

can be minimized with a reduction in a worker’s exposure to noise. In all Mining and 

OGE sub-sectors, this begins with the removal, replacement or control of loud equipment. 

Ensuring that workers are rotated out of or take breaks from tasks with hazardous noise 

can also decrease exposure duration. When engineering and administrative measures are not 

feasible or do not reduce noise to safe levels, HPDs such as ear plugs and ear muffs become 

necessary — as does sufficient training for proper use of HPDs. A meta-analysis of HPD 

training programs demonstrated that noise attenuation was 8.5 dB better in workers using 

HPD that received training than those that did not. [37] Within Mining and OGE, HPDs 

are usually the first worker protection employed. However, HPDs are generally considered 

to be the least effective protection for worker hearing due to inconsistent fitting habits, 

over-reliance on the stated noise reduction rating (NRR) and difficulty in proper donning 

of earplug type hearing protection. Finally, the close proximity of work to loud equipment, 

particularly in underground mining, as well as shifts greater than the standard 8 hours used 

to calculate noise dose, increase the risk of hearing loss within this worker population. [38, 

39]

Coal miners have estimated personal use of HPD for 10–20% of their working shift rather 

than the full shift. [39] While some studies have examined the reasons why workers do not 

consistently wear their hearing protection in coal mines, the results may apply to a range of 

workers in the Mining and OGE sectors. Stephenson et al. [41] found that positive messages 

surrounding the use of HPDs resulted in significantly lower rates of defensive mechanisms 

toward their use at follow-up than did neutral and negative messages. Another study found 

that subjective norms play a large role in the likelihood of HPD use among coal miners. [42] 

In addition to perceptions towards HPDs and their effect on identifying “roof talk”, or small 

sounds emitted from the rock layers within the mine that can be associated with impending 

roof fall or cave-in. Inability to hear these sounds has been reported as a reason for not 

wearing hearing protection in underground mines. [40] Functional issues, such as lack of 
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access to replacement parts for ear muffs, improper fitting, and comfort also played a role in 

their decision not to use hearing protection. [40]

The successful reduction of noise exposures in the Mining sector may be due to the 

convergence of a number of factors. At least one study found that the implementation of 

MSHA guidelines contributed to the reduction of noise exposures within Mining sector. 

[43] In addition to regulatory measures, successful noise-reducing equipment and methods 

have been developed/identified within Mining. Engineering controls, such as modified tail 

sections of continuous mining machines [28], noise control packages for vibrating screens 

[29], applying noise barriers and absorptive treatments within talc processing plants [34], 

drill bit isolators for roof bolting machines [44], structural modifications to cutting drums of 

longwall shearers [45], and noise control packages for vibrating screens [29], have shown 

to decrease noise emitted by equipment, while also maintaining durability. A 2009 study 

found that new-style haul truck cabs used in limestone mines were significantly quieter (65.1 

dBA) than old-style (84.8 dBA) and retro-fitted cabs (84.9 dBA) with the windows closed. 

[46] Widespread adoption of noise control technologies would further reduce harmful noise 

exposures.

However, many of the noise measurements available in the literature are more than ten 

years old and may not be representative of current exposures using the most modern 

equipment and processes. Up-to-date measurements are needed to determine the risks posed 

by current equipment and to further assess whether progress has been made in developing 

and employing quieter equipment and processes.

Limitations

This study had limitations. The data were collected from a convenience sample of providers 

that were willing to share de-identified information and may not be representative of all 

noise-exposed workers within Mining and OGE. Regulations do not require audiometric 

testing for OGE workers and data were only available for six OGE companies. It is possible 

that these companies were larger and had better health and safety programs than other OGE 

companies, and that the prevalence/risk is higher than reported here. There were also Mining 

and OGE geographical regions and industry sub-sectors with inadequate or zero audiometric 

data available. In particular, the large OGE sub-sectors Crude Petroleum and Natural Gas 

Extraction, and Drilling Oil and Gas Wells could not be examined, and these unavailable 

data could have also affected the overall OGE prevalence. Insufficient/zero data for a 

sub-sector does not necessarily mean that there are few or no noise-exposed Mining and 

OGE workers within these sub-sectors and regions. Rather, audiograms in these sub-sectors 

or regions were not available in this sample, were removed due to quality deficiencies 

(including missing NAICS code), or had no region information. When audiograms were not 

available in the sample, it is unknown if this was due to a lack of providers in these sectors/

regions who have shared data with NIOSH, or if there is inadequate testing of noise-exposed 

workers in some sub-sectors.

The audiograms do not contain information on the noise exposure of individual workers, 

nor exposure duration. It is possible that some of the identified hearing losses represent 

temporary shifts in hearing, given that there is not a confirmation audiogram. However, 
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temporary shifts in hearing reflect excessive exposure to noise and are useful information for 

prevention efforts. Medical and job history information was not available for these workers, 

so the work-relatedness of hearing loss had to be inferred. In order to strengthen the 

inference of work-relatedness, we removed audiograms with patterns likely indicating other 

etiologies. In some cases, the NAICS code was assigned by the provider and not NIOSH. 

In these instances, there may have been inconsistencies or misclassifications. Finally, the 

adjusted risk estimates were compared to a noise-exposed industry. While the prevalence 

in the selected reference industry most closely resembles that for the non-noise-exposed 

working population, the risk estimates may trend toward the null and the actual risk may be 

greater than reported here. Finally, NAICS codes do not necessarily group together workers 

that have similar exposures.

Conclusions

This study identified sub-sectors within Mining and OGE at elevated risk for hearing loss. 

Most of this risk is due to noise exposure within these sectors. Noise not only causes 

hearing loss but has been associated with hypertension and elevated cholesterol. [1] Hearing 

impairment has also been strongly associated with depression. [47] Fortunately, OHL is 

preventable [38, 39] with appropriate technologies and hearing conservation strategies. 

However, these technologies and strategies need to be tailored to the unique risks related to 

each occupation, including the level of noise, the type of noise (impulse noise vs. continuous 

noise), the presence of ototoxic chemicals, and other workplace factors.

Recently developed engineering controls have shown great promise in reducing equipment 

noise within Mining. [28, 29, 44, 45, 46] Incorporation and continued development of these 

technologies, both in Mining and OGE, is critical for reducing worker exposures, in addition 

to employing effective administrative controls. Underground room and pillar coal miners 

can limit noise exposure by rotating roof bolter and continuous mining machine operator 

tasks with helpers and shuttle car operators, limiting worker congregation by auxiliary fans, 

and turning off mobile equipment when not in use. [48] Longwall miners should rotate 

shearer and stage loader operator jobs with less noisy jobs, minimize worker time near 

crushers, motors and gears, and reduce the running time of empty face and stage loader 

conveyors. Surface coal mine workers can also benefit from job rotation (especially dragline 

operators) and regular maintenance and cleaning of the dragline. [48] Limiting time spent 

on noisy floors, rotating machinery operators and working time spent at screens, crushers, 

centrifuges, and dryers can minimize mine employee noise exposures.

Identifying and addressing the barriers to consistent HPD use in these sectors is also 

important for reducing noise exposure. This includes providing workers with multiple 

options for wearing earplugs or muffs, ensuring workers are able to correctly wear their 

HPDs, and increasing knowledge about noise-induced hearing loss and the benefits of HPD 

use. [40] Azman et al. have described tools for effective hearing loss prevention programs. 

[49]

Additional surveillance efforts are needed, including audiometric screening of workers, 

and measurement of noise and ototoxins; especially in sub-sectors and regions for which 
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no information is currently available (e.g., Crude Petroleum and Natural Gas Extraction; 

Drilling Oil and Gas Wells). This study shows that workers are losing their hearing within 

OGE. However, there is no regulatory requirement for audiometric testing or other crucial 

components of a successful hearing conservation program. There is also a critical need for 

more research in the OGE sector and the Mining sub-sectors Other Metal Ore Mining, and 

Other Nonmetallic Mineral Mining and Quarrying, given their high hearing loss prevalences 

and lack of available literature.

Acknowledgments:

The authors wish to thank Jia Li for her expert advice related to the statistical analysis. The authors also wish to 
thank the data providers, without whom this research would not be possible.

Sources of Funding:

The authors report that there was no funding source for the work that resulted in the article of preparation of the 
article.

References

1. Kerns E, Masterson EA, Themann CL, Calvert GM. Cardiovascular conditions, hearing difficulty, 
and occupational noise exposure within US industries and occupations. Am J Ind Med 2018;1–15.

2. European Agency for Safety and Health at Work. Combined Exposure to Noise and Ototoxic 
Substances 2009. 1–62.

3. Blackwell DL, Lucas JW, Clarke TC. Summary health statistics for U.S. adults: National Health 
Interview Survey, 2012. National Center for Health Statistics. Vital Health Stat 2014;10(260). 
DHHS Publication No. 2014–1588.

4. Masterson EA, Themann CL, Luckhaupt SE, Li J, Calvert GM. Hearing difficulty and tinnitus 
among U.S. workers and non-workers in 2007. Am J Ind Med 2016;59:290–300. [PubMed: 
26818136] 

5. Masterson EA, Bushnell PT, Themann CL, Morata TC. Hearing Impairment Among Noise Exposed 
Workers – United States, 2003–2012. MMWR Morb Mortal Wkly Rep 2016;65:389–394.

6. Neitzel RL, Swinburn TK, Hammer MS, Eisenberg D. Economic Impact of Hearing Loss and 
Reduction of Noise-Induced Hearing Loss in the United States. J Speech Lang Hear Res 2017 Jan 
1;60(1):182–189. [PubMed: 28056138] 

7. Tak S, Calvert GM. Hearing difficulty attributable to employment by industry and occupation: an 
analysis of the National Health Interview Survey—United States, 1997 to 2003. J Occup Environ 
Med 2008;50(1):46–56. [PubMed: 18188081] 

8. Masterson EA, Deddens JA, Themann CL, Bertke S, Calvert GM. Trends in worker hearing loss by 
sector, 1981–2010. Am J Ind Med 2015 Apri;58(4):392–401. [PubMed: 25690583] 

9. Masterson EA, Tak S, Themann CL, Wall DK, Groenewold MR, Deddens JA, Calvert GM. 
Prevalence of hearing loss in the United States by industry. Am J Ind Med 2013;56:670–681. 
[PubMed: 22767358] 

10. Scott DF, Grayson RL, Metz EA. Disease and illness in U.S. mining, 1983–2001. J Occup Environ 
Med 2004 Dec;46(12):1272–7. [PubMed: 15591979] 

11. Martinez FL. Can you hear me now? Occupational hearing loss, 2004–2010. Monthly Labor 
Review 2012;July:48–55 Available: http://www.bls.gov/opub/mlr/2012/07/art4full.pdf. [Accessed 
02 March 2018].

12. Landen DD, Fotta BA, Wang RC, Makowski BD, Tuchman RJ. Injuries, Illnesses, and 
Hazardous Exposures in the Mining Industry, 1986–1995: A Surveillance Report. Pittsburgh, 
PA: U.S. Department of Health and Human Services, Public Health Service, Centers for Disease 
Control and Prevention, National Institute for Occupational Safety and Health, DHHS (NIOSH) 
Publication No. 2000–117, 2000 May :1–141.

Lawson et al. Page 13

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.bls.gov/opub/mlr/2012/07/art4full.pdf


13. Babich DR, Bauer ER. Summary of Longwall and Continuous Miner Section Noise Studies in 
Underground Coal Mines. Min Eng 2006 Nov;58(11):41–46.

14. Radke T 2007. Noise Exposure Survey, US Dept. Interior, Minerals Management Service, New 
Orleans Region.

15. WorkSafeBC. WorkSafe Bulletin: How loud is it ─ Oil and gas? Bulletin WS 2018–10 
2018. Available: https://www.worksafebc.com/en/resources/health-safety/hazard-alerts/how-loud-
is-it-oil-gas-ws-2018-10?lang=en [Accessed 02 December 2018].

16. NIOSH (National Institute for Occupational Safety and Health). 1998. Criteria for a Recommended 
Standard: Occupational Noise Exposure: Revised Criteria 1998 Cincinnati: Government Printing 
Office.

17. Morata TC, Dunn DE, Sieber WK. Occupational exposure to noise and ototoxic organic solvents. 
Arch Environ Health 1994 Sep;49(5):359–365. [PubMed: 7944568] 

18. U.S. Census Bureau. North American Industry Classification System 2011. Available: http://
www.census.gov/eos/www/naics/ [Accessed 06 March 2018].

19. Laurikkala J, Kentala E, Juhola M, Pyykko I, Lammi S. Usefulness of imputation for the analysis 
of incomplete otoneurologic data. Int J Med Inform 2000;58–59:235–242.

20. Suter AH. 2002. Hearing Conservation Manual 4th Edition. Milwaukee: Council for Accreditation 
in Occupational Hearing Conservation.

21. U.S. Embassy. Travel & geography: Regions of the United States 2008. Available: http://
usa.usembassy.de/travel-regions.htm [Accessed 06 March 2018].

22. Deddens JA, Petersen MR. Approaches for estimating prevalence ratios. Occupational and 
Environmental Medicine 2008;65:481, 501–486.

23. Spiegelman D, Hertzmark E. Easy SAS calculations for risk and prevalence ratios and differences. 
American Journal of Epidemiology 2005;162:199–200. [PubMed: 15987728] 

24. Masterson EA, Sweeney MH, Deddens JA, Themann, CL, Wall DK. Prevalence of Workers with 
Shifts in Hearing by Industry: A Comparison of OSHA and NIOSH Hearing Shift Criteria. J 
Occup Environ Med 2014 Apr:56(4):446–455. [PubMed: 24662953] 

25. Bauer ER, Babich DR. Worker exposure and equipment noise in large surface coal mines. Min Eng 
2004 Apr; 56(4):49–54.

26. Bauer ER, Babich DR, Vipperman JS. Equipment Noise and Worker Exposure in the Coal Mining 
Industry. Pittsburgh, PA: U.S. Department of Health and Human Services, Public Health Service, 
Centers for Disease Control and Prevention, National Institute for Occupational Safety and Health, 
DHHS (NIOSH) Publication No. 2007–105, IC 9492, 2006 Dec:1–77.

27. Vipperman JS, Bauer ER, Babich DR. Survey of noise in coal preparation plants. J Acoust Soc Am 
2007 Jan;121(1):197–205. [PubMed: 17297775] 

28. Smith AK, Zimmerman JJ, Michael RJ, Kovalchik PG. Modified Tail Section Reduces Noise on a 
Continuous Mining Machine. Min Eng 2011 Jul;63(7);83–85.

29. Lowe MJ, Yantek DS, Yang J, Schuster KC, Mechling JJ. A noise control package for vibrating 
screens. Noise Control Eng J 2013 Mar 1;61(2):127–144. [PubMed: 26257468] 

30. Spencer ER. Assessment of equipment operators’ noise exposure in western underground gold and 
silver mines. Min Eng 2010 Mar;62(3):34–38.

31. Sun K, Azman AS. Evaluating hearing loss risks in the mining industry through MSHA citations. J 
Occup Environ Hyg 2018 Mar; 15(3):246–262. [PubMed: 29200378] 

32. Landen DD, Wilkins SW, Stephenson MR, McWilliams LJ. Noise exposure and hearing loss 
among sand and gravel miners. J Occup Environ Hyg 2004 Aug;1(8):532–541. [PubMed: 
15238306] 

33. Bauer ER, Spencer ER. Snapshot of noise and worker exposures in sand and gravel operations. 
Min Eng 2008 Mar;60(3):50–57.

34. Spencer ER, Reeves ER. Assessment of Engineering Noise Controls at a Talc Processing Plant. 
Min Eng 2009 Apr;61(4):70–76.

35. Abadi LI-G, Dehaghi BF, Kavoosi S. Noise Exposure of Workers on a Land Oil Rig Floor. J Health 
Res 2015 Dec;6(6):e28538.

Lawson et al. Page 14

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.worksafebc.com/en/resources/health-safety/hazard-alerts/how-loud-is-it-oil-gas-ws-2018-10?lang=en
https://www.worksafebc.com/en/resources/health-safety/hazard-alerts/how-loud-is-it-oil-gas-ws-2018-10?lang=en
http://www.census.gov/eos/www/naics/
http://www.census.gov/eos/www/naics/
http://usa.usembassy.de/travel-regions.htm
http://usa.usembassy.de/travel-regions.htm


36. Occupational noise exposure, 29 CFR 1910.95 Available online at: https://www.osha.gov/pls/
oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9735 [Accessed 06 March 
2018].

37. Tikka C, Verbeek JH, Kateman E, Morata TC, Dreschler WA, Ferrite S. Interventions to prevent 
occupational noise-induced hearing loss. Cochrane Database of Systematic Reviews 2017;7:1–110

38. Themann CL, Suter AH, Stephenson MR. National research agenda for the prevention of 
occupational hearing loss-Part 1. Semin Hear 2013;34:145–207.

39. Themann CL, Suter AH, Stephenson MR. National research agenda for the prevention of 
occupational hearing loss-Part 2. Semin Hear 2013;34:208–251.

40. Murray-Johnson L, Witte K, Patel D, Orrego V, Zuckerman C, Maxfield AM, Thimons ED. Using 
the extended parallel process model to prevent noise-induced hearing loss among coal miners in 
Appalachia. Health Educ Behav 2004 Dec;31(6):741–55. [PubMed: 15539545] 

41. Stephenson MT, Witte K, Vaught C, Quick BL, Booth-Butterfield S, Patel D, Zuckerman C. Using 
persuasive messages to encourage voluntary hearing protection among coal miners. J Safety Res 
2005;36(1):9–17. [PubMed: 15752479] 

42. Quick BL, Stephenson MT, Witte K, Vaught C, Booth-Butterfield S, Patel D. An examination of 
antecedents to coal miners’ hearing protection behaviors: A test of the theory of planned behavior. 
J Safety Res 2008;39:329–338. [PubMed: 18571575] 

43. Roberts B, Sun K, Neitzel RL. What can 35 years and over 700,000 measurements tell us about 
noise exposure in the mining industry? Int J Audiol 2017:56(sup1):4–12. [PubMed: 27871188] 

44. Azman AS, Yantek DS, Alcorn LA. Evaluations of a noise control for roof bolting machines. Min 
Eng 2012 Dec; 64(12)):64–70. [PubMed: 26251555] 

45. Camargo HE, Azman AS, Alcorn LA. Development of noise controls for longwall shearer cutting 
drums. Noise Control Eng J 2016 Sep 1;64(5):573–585. [PubMed: 28260833] 

46. Bealko SB. Mining haul truck cab noise: an evaluation of three acoustical environments. Min Eng 
2009 Oct;61(10):36–42.

47. Li CM, Zhang X, Hoffman HJ. Hearing Impairment Associated With Depression in US Adults, 
National Health and Nutrition Examination Survey 2005–2010. JAMA Otolaryngol Head Neck 
Surg 2014;140(4):293–302. [PubMed: 24604103] 

48. Bauer ER, Babich DR. Administrative Controls for Reducing Worker Noise Exposures. Trans Soc 
Min Metall Explor 2005 Dec;318:51–57.

49. Azman AS, Randolph RF, Hudak RL. NIOSH tools for hearing loss prevention programs 2010. 
Available online at: https://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/ntfhl.pdf [Accessed 
28 May 2019]

Lawson et al. Page 15

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9735
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9735
https://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/ntfhl.pdf


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lawson et al. Page 16

Ta
b

le
 I.

A
ud

io
gr

am
s 

ex
cl

ud
ed

 f
ro

m
 a

na
ly

si
s.

R
ea

so
n 

fo
r 

E
xc

lu
si

on
N

um
be

r 
w

it
h 

C
ha

ra
ct

er
is

ti
c

To
ta

l E
xc

lu
de

d 
in

 G
ro

up
in

ga

M
is

si
ng

 v
al

ue
 f

or
 in

de
pe

nd
en

t v
ar

ia
bl

eb
41

4,
87

9

1,
38

8,
96

9

M
is

si
ng

 v
al

ue
 f

or
 d

ep
en

de
nt

 v
ar

ia
bl

ec
5,

44
1

U
nl

ik
el

y 
th

re
sh

ol
d 

va
lu

es
 f

or
 le

ft
 e

ar
3,

81
1

U
nl

ik
el

y 
th

re
sh

ol
d 

va
lu

es
 f

or
 r

ig
ht

 e
ar

3,
91

3

L
ar

ge
 in

te
r-

au
ra

l d
if

fe
re

nc
ed

57
9,

67
5

N
eg

at
iv

e 
sl

op
ee

53
9,

01
7

N
ot

 th
e 

m
os

t r
ec

en
t v

al
id

 a
ud

io
gr

am
 in

 ti
m

e 
pe

ri
od

3,
98

9,
63

4

A
ll 

E
xc

lu
si

on
s

5,
37

8,
60

3

a So
m

e 
au

di
og

ra
m

s 
w

er
e 

el
im

in
at

ed
 f

or
 m

or
e 

th
an

 o
ne

 r
ea

so
n 

w
ith

in
 g

ro
up

in
gs

.

b In
du

st
ry

 (
N

A
IC

S 
co

de
).

c H
ea

ri
ng

 lo
ss

. I
nc

lu
de

s 
el

im
in

at
io

ns
 o

f 
af

fe
ct

ed
 e

ar
 r

es
ul

ts
 d

ue
 to

 “
no

 r
es

po
ns

e 
at

 m
ax

im
um

 v
al

ue
” 

th
re

sh
ol

d 
va

lu
es

.

d A
ud

io
gr

am
s 

w
ith

 la
rg

e 
(≥

 4
0 

dB
) 

in
te

ra
ur

al
 d

if
fe

re
nc

es
, w

ith
 li

ke
ly

 in
ac

cu
ra

te
 te

st
in

g 
of

 th
e 

be
tte

r 
ea

r, 
or

 s
ug

ge
st

in
g 

m
ed

ic
al

 e
tio

lo
gy

.

e A
ud

io
gr

am
s 

de
pi

ct
in

g 
ne

ga
tiv

e 
sl

op
e 

in
 e

ith
er

 e
ar

 in
di

ca
te

 p
os

si
bl

e 
th

re
sh

ol
d 

co
nt

am
in

at
io

n 
by

 b
ac

kg
ro

un
d 

no
is

e.

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lawson et al. Page 17

Ta
b

le
 II

.

E
st

im
at

ed
 P

re
va

le
nc

e 
an

d 
A

dj
us

te
d 

Pr
ob

ab
ili

ty
 R

at
io

s 
(P

R
s)

 f
or

 H
ea

ri
ng

 L
os

s 
(H

L
) 

by
 S

ub
-S

ec
to

r 
w

ith
in

 M
in

in
g,

 2
00

6–
20

15
 (

N
 =

 9
,3

89
)

In
du

st
ry

 (
N

A
IC

S 
20

07
 C

od
e)

n
P

re
va

le
nc

e 
of

 H
L

 (
%

)
P

re
va

le
nc

e 
95

%
 C

Ia
P

R
b

95
%

 C
I

A
ll 

In
du

st
ri

es
1,

91
0,

96
7

16
.2

0
16

.1
4–

16
.2

4

A
ll 

In
du

st
ri

es
 E

X
C

E
P

T
 C

ou
ri

er
s 

an
d 

M
es

se
ng

er
s 

(4
92

)
1,

80
7,

69
4

16
.5

8
16

.5
2–

16
.6

3
1.

18
1.

16
–1

.2
0

M
in

in
g,

 Q
ua

rr
yi

ng
, a

nd
 O

il 
an

d 
G

as
 E

xt
ra

ct
io

n 
(2

1)
10

,7
44

23
.0

2
22

.2
2–

23
.8

2
1.

24
1.

19
–1

.2
9

M
in

in
g 

- 
A

L
L

 (
in

cl
ud

es
 S

up
po

rt
 A

ct
iv

it
ie

s)

M
in

in
g 

an
d 

Su
pp

or
t 

A
ct

iv
it

ie
s 

fo
r 

M
in

in
g 

(2
12

, 2
13

11
3–

21
31

15
)

9,
38

9
24

.0
6

23
.2

0–
24

.9
2

1.
25

1.
21

–1
.3

0

M
in

in
g 

O
nl

y 
(d

oe
s 

no
t 

in
cl

ud
e 

Su
pp

or
t 

A
ct

iv
it

ie
s)

M
in

in
g 

(e
xc

ep
t 

O
il 

an
d 

G
as

) 
(2

12
)

7,
81

5
25

.7
5

24
.7

8–
26

.7
2

1.
28

1.
23

–1
.3

3

C
oa

l M
in

in
g

C
oa

l M
in

in
g 

(2
12

11
)

29
0

25
.1

7
20

.1
7–

30
.1

7
1.

12
0.

94
–1

.3
3

 
B

itu
m

in
ou

s 
C

oa
l a

nd
 L

ig
ni

te
 S

ur
fa

ce
 M

in
in

g 
(2

12
11

1)
11

4
28

.0
7

19
.8

2–
36

.3
2

1.
65

1.
33

–2
.0

5

 
B

itu
m

in
ou

s 
C

oa
l U

nd
er

gr
ou

nd
 M

in
in

g 
(2

12
11

2)
0

IS
Sc

IS
S

 
A

nt
hr

ac
ite

 M
in

in
g 

(2
12

11
3)

17
6

23
.3

0
17

.0
5–

29
.5

5
0.

91
0.

71
–1

.1
6

Ir
on

 O
re

 M
in

in
g

Ir
on

 O
re

 M
in

in
g 

(2
12

21
, 2

12
21

0)
13

9
26

.6
2

19
.2

7–
33

.9
7

1.
34

1.
06

–1
.7

0

G
ol

d 
O

re
 a

nd
 S

ilv
er

 O
re

 M
in

in
g

G
ol

d 
O

re
 a

nd
 S

ilv
er

 O
re

 M
in

in
g 

(2
12

22
)

57
2

22
.9

0
19

.4
6–

26
.3

4
1.

71
1.

61
–1

.8
1

 
G

ol
d 

O
re

 M
in

in
g 

(2
12

22
1)

57
2

22
.9

0
19

.4
6–

26
.3

4
1.

71
1.

60
–1

.8
2

 
Si

lv
er

 O
re

 M
in

in
g 

(2
12

22
2)

0
IS

S
IS

S

C
op

pe
r,

 N
ic

ke
l, 

L
ea

d 
an

d 
Z

in
c 

M
in

in
g

C
op

pe
r,

 N
ic

ke
l, 

L
ea

d,
 a

nd
 Z

in
c 

M
in

in
g 

(2
12

23
)

22
8

17
.9

8
13

.0
0–

22
.9

6
1.

07
0.

75
–1

.5
3

 
L

ea
d 

O
re

 a
nd

 Z
in

c 
O

re
 M

in
in

g 
(2

12
23

1)
14

1
14

.1
8

8.
42

–1
9.

94
1.

07
0.

75
–1

.5
3

 
C

op
pe

r 
O

re
 a

nd
 N

ic
ke

l O
re

 M
in

in
g 

(2
12

23
4)

87
24

.1
4

15
.1

5–
33

.1
3

IS
S

O
th

er
 M

et
al

 O
re

 M
in

in
g

O
th

er
 M

et
al

 O
re

 M
in

in
g 

(2
12

29
)

21
3

30
.5

2
24

.3
4–

36
.7

0
1.

36
1.

15
–1

.6
1

 
U

ra
ni

um
-R

ad
iu

m
-V

an
ad

iu
m

 O
re

 M
in

in
g 

(2
12

29
1)

21
3

30
.5

2
24

.3
4–

36
.7

0
1.

36
1.

15
–1

.6
0

 
A

ll 
O

th
er

 M
et

al
 O

re
 M

in
in

g 
(2

12
29

9)
0

IS
S

IS
S

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lawson et al. Page 18

In
du

st
ry

 (
N

A
IC

S 
20

07
 C

od
e)

n
P

re
va

le
nc

e 
of

 H
L

 (
%

)
P

re
va

le
nc

e 
95

%
 C

Ia
P

R
b

95
%

 C
I

St
on

e 
M

in
in

g 
an

d 
Q

ua
rr

yi
ng

St
on

e 
M

in
in

g 
an

d 
Q

ua
rr

yi
ng

 (
21

23
1)

3,
75

8
21

.5
3

20
.2

2–
22

.8
4

1.
02

0.
95

–1
.0

9

 
D

im
en

si
on

 S
to

ne
 M

in
in

g 
an

d 
Q

ua
rr

yi
ng

 (
21

23
11

)
14

5
15

.8
6

9.
91

–2
1.

81
IS

S

 
C

ru
sh

ed
 a

nd
 B

ro
ke

n 
L

im
es

to
ne

 M
in

in
g 

an
d 

Q
ua

rr
yi

ng
 (

21
23

12
)

2,
90

8
22

.1
8

20
.6

7–
23

.6
9

1.
00

0.
93

–1
.0

7

 
C

ru
sh

ed
 a

nd
 B

ro
ke

n 
G

ra
ni

te
 M

in
in

g 
an

d 
Q

ua
rr

yi
ng

 (
21

23
13

)
48

5
18

.1
4

14
.7

1–
21

.5
7

0.
88

0.
70

–1
.1

2

 
O

th
er

 C
ru

sh
ed

 a
nd

 B
ro

ke
n 

St
on

e 
M

in
in

g 
an

d 
Q

ua
rr

yi
ng

 (
21

23
19

)
22

0
24

.0
9

18
.4

4–
29

.7
4

1.
56

1.
33

–1
.8

3

Sa
nd

, G
ra

ve
l, 

C
la

y,
 a

nd
 C

er
am

ic
 a

nd
 R

ef
ra

ct
or

y 
M

in
er

al
s 

M
in

in
g 

an
d 

Q
ua

rr
yi

ng

Sa
nd

, G
ra

ve
l, 

C
la

y,
 a

nd
 C

er
am

ic
 a

nd
 R

ef
ra

ct
or

y 
M

in
er

al
s 

M
in

in
g 

an
d 

Q
ua

rr
yi

ng
 (

21
23

2)
2,

04
8

34
.1

3
32

.0
7–

36
.1

8
1.

64
1.

56
–1

.7
2

 
C

on
st

ru
ct

io
n 

Sa
nd

 a
nd

 G
ra

ve
l M

in
in

g 
(2

12
32

1)
1,

67
0

35
.6

3
33

.3
3–

37
.9

3
1.

63
1.

56
–1

.7
1

 
In

du
st

ri
al

 S
an

d 
M

in
in

g 
(2

12
32

2)
26

IS
S

IS
S

 
K

ao
lin

 a
nd

 B
al

l C
la

y 
M

in
in

g 
(2

12
32

4)
67

20
.9

0
11

.1
6–

30
.6

4
IS

S

 
C

la
y 

an
d 

C
er

am
ic

 a
nd

 R
ef

ra
ct

or
y 

M
in

er
al

s 
M

in
in

g 
(2

12
32

5)
19

IS
S

IS
S

O
th

er
 N

on
m

et
al

lic
 M

in
er

al
 M

in
in

g 
an

d 
Q

ua
rr

yi
ng

O
th

er
 N

on
m

et
al

lic
 M

in
er

al
 M

in
in

g 
an

d 
Q

ua
rr

yi
ng

 (
21

23
9)

14
9

15
.4

4
9.

64
–2

1.
24

1.
69

1.
13

–2
.5

3

 
Po

ta
sh

, S
od

a,
 a

nd
 B

or
at

e 
M

in
er

al
 M

in
in

g 
(2

12
39

1)
0

IS
S

IS
S

 
Ph

os
ph

at
e 

R
oc

k 
M

in
in

g 
(2

12
39

2)
0

IS
S

IS
S

 
O

th
er

 C
he

m
ic

al
 a

nd
 F

er
til

iz
er

 M
in

er
al

 M
in

in
g 

(2
12

39
3)

65
18

.4
6

9.
03

–2
7.

89
IS

S

 
A

ll 
O

th
er

 N
on

m
et

al
lic

 M
in

er
al

 M
in

in
g 

(2
12

39
9)

84
13

.1
0

5.
88

–2
0.

32
1.

69
1.

13
–2

.5
2

Su
pp

or
t 

A
ct

iv
it

ie
s 

fo
r 

M
in

in
g

Su
pp

or
t 

A
ct

iv
it

ie
s 

fo
r 

M
in

in
g 

(2
13

11
3–

21
31

15
)

1,
57

4
15

.6
9

13
.8

9–
17

.4
9

1.
13

1.
02

–1
.2

5

 
Su

pp
or

t A
ct

iv
iti

es
 f

or
 C

oa
l M

in
in

g 
(2

13
11

3)
68

5
18

.1
0

15
.2

2–
20

.9
8

2.
02

1.
83

–2
.2

3

 
Su

pp
or

t A
ct

iv
iti

es
 f

or
 M

et
al

 M
in

in
g 

(2
13

11
4)

0
IS

S
IS

S

 
Su

pp
or

t A
ct

iv
iti

es
 f

or
 N

on
m

et
al

lic
 M

in
er

al
s 

(e
xc

ep
t F

ue
ls

) 
M

in
in

g 
(2

13
11

5)
88

9
13

.8
4

11
.5

7–
16

.1
1

0.
82

0.
71

–0
.9

6

R
ef

er
en

ce
 in

du
st

ry

C
ou

ri
er

s 
an

d 
M

es
se

ng
er

s 
(4

92
) 

(r
ef

)
10

3,
27

3
9.

52
9.

34
–9

.7
0

re
f

a C
I 

=
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al

b PR
s 

w
er

e 
ad

ju
st

ed
 f

or
 g

en
de

r 
an

d 
ag

e-
gr

ou
p.

c IS
S 

=
 in

su
ff

ic
ie

nt
 s

am
pl

e 
si

ze
.

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lawson et al. Page 19

Ta
b

le
 II

I.

E
st

im
at

ed
 P

re
va

le
nc

e 
an

d 
A

dj
us

te
d 

Pr
ob

ab
ili

ty
 R

at
io

s 
(P

R
s)

 f
or

 H
ea

ri
ng

 L
os

s 
(H

L
) 

by
 S

ub
-S

ec
to

r 
w

ith
in

 O
il 

an
d 

G
as

 E
xt

ra
ct

io
n,

 2
00

6–
20

15
 (

N
 =

1,
07

6)

In
du

st
ry

 (
N

A
IC

S 
20

07
 C

od
e)

n
P

re
va

le
nc

e 
of

 H
L

 (
%

)
P

re
va

le
nc

e 
95

%
 C

Ia
P

R
b

95
%

 C
I

A
ll 

In
du

st
ri

es
1,

91
0,

96
7

16
.1

9
16

.1
4–

16
.2

4

A
ll 

In
du

st
ri

es
 E

X
C

E
P

T
 C

ou
ri

er
s 

an
d 

M
es

se
ng

er
s 

(4
92

)
1,

80
7,

69
4

16
.5

8
16

.5
3–

16
.6

3
1.

18
1.

16
–1

.2
0

M
in

in
g,

 Q
ua

rr
yi

ng
, a

nd
 O

il 
an

d 
G

as
 E

xt
ra

ct
io

n 
(2

1)
10

,7
44

23
.0

2
22

.2
2–

23
.8

7
1.

24
1.

19
–1

.2
9

O
il 

an
d 

G
as

 E
xt

ra
ct

io
n 

- 
A

L
L

 (
in

cl
ud

es
 S

up
po

rt
 A

ct
iv

it
ie

s)

O
il 

an
d 

G
as

 E
xt

ra
ct

io
n 

an
d 

Su
pp

or
t 

A
ct

iv
it

ie
s 

fo
r 

O
il 

an
d 

G
as

 E
xt

ra
ct

io
n 

(2
11

, 2
13

11
1,

 2
13

11
2)

1,
07

6
14

.4
1

12
.3

1–
16

.5
1

1.
25

1.
10

–1
.4

2

O
il 

an
d 

G
as

 E
xt

ra
ct

io
n 

O
nl

y 
(d

oe
s 

no
t 

in
cl

ud
e 

Su
pp

or
t 

A
ct

iv
it

ie
s)

O
il 

an
d 

G
as

 E
xt

ra
ct

io
n 

(2
11

)
99

27
.2

7
18

.5
0–

36
.0

4
1.

74
1.

36
–2

.2
3

 
C

ru
de

 P
et

ro
le

um
 a

nd
 N

at
ur

al
 G

as
 E

xt
ra

ct
io

n 
(2

11
11

1)
6

IS
Sc

IS
S

 
N

at
ur

al
 G

as
 L

iq
ui

d 
E

xt
ra

ct
io

n 
(2

11
11

2)
93

27
.9

6
18

.8
4–

37
.0

8
1.

76
1.

38
–2

.2
3

Su
pp

or
t 

A
ct

iv
it

ie
s 

fo
r 

O
il 

an
d 

G
as

 E
xt

ra
ct

io
n

Su
pp

or
t 

A
ct

iv
it

ie
s 

fo
r 

O
il 

an
d 

G
as

 E
xt

ra
ct

io
n 

(2
13

11
1,

 2
13

11
2)

97
7

13
.1

0
10

.9
8–

15
.2

2
1.

17
1.

01
–1

.3
5

 
D

ri
lli

ng
 O

il 
an

d 
G

as
 W

el
ls

 (
21

31
11

)
0

IS
S

IS
S

 
Su

pp
or

t A
ct

iv
iti

es
 f

or
 O

il 
an

d 
G

as
 O

pe
ra

tio
ns

 (
21

31
12

)
97

7
13

.1
0

10
.9

8–
15

.2
2

1.
17

1.
01

–1
.3

5

R
ef

er
en

ce
 in

du
st

ry

C
ou

ri
er

s 
an

d 
M

es
se

ng
er

s 
(4

92
) 

(r
ef

)
10

3,
27

3
9.

52
9.

34
–9

.7
0

re
f

a C
I 

=
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al

b PR
s 

w
er

e 
ad

ju
st

ed
 f

or
 g

en
de

r 
an

d 
ag

e-
gr

ou
p.

c IS
S 

=
 in

su
ff

ic
ie

nt
 s

am
pl

e 
si

ze
.

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lawson et al. Page 20

Ta
b

le
 IV

.

M
in

in
g 

Se
ct

or
 D

em
og

ra
ph

ic
s 

w
ith

 E
st

im
at

ed
 P

re
va

le
nc

e 
an

d 
A

dj
us

te
d 

Pr
ob

ab
ili

ty
 R

at
io

s 
(P

R
s)

 f
or

 H
ea

ri
ng

 L
os

s 
(H

L
),

 2
00

6–
20

15
 (

N
 =

 9
,3

89
)

D
em

og
ra

ph
ic

n
(%

)
P

re
va

le
nc

e 
of

 H
L

 (
%

)
P

re
va

le
nc

e 
95

%
 C

Ia
P

R
b

95
%

 C
I

H
L

 (
ou

tc
om

e)

ye
s

2,
25

9
24

.0
6

no
7,

13
0

75
.9

4

 
m

is
si

ng
0

G
en

de
r

M
al

e
6,

89
5

93
.2

0
24

.1
3

23
.1

2–
25

.1
4

3.
57

2.
59

–4
.9

3

Fe
m

al
e 

(r
ef

)
50

3
6.

80
6.

76
4.

57
–8

.9
5

re
f

 
m

is
si

ng
1,

99
1

A
ge

 G
ro

up
 (

Y
ea

rs
)

18
–2

5 
(r

ef
)

1,
02

8
10

.9
5

2.
24

1.
34

–3
.1

4
re

f

26
–3

5
2,

04
4

21
.7

7
6.

02
4.

98
–7

.0
5

2.
70

1.
60

–4
.5

6

36
–4

5
2,

31
3

24
.6

4
17

.2
1

15
.6

7–
18

.7
5

7.
77

4.
73

–1
2.

76

46
–5

5
2,

40
3

25
.5

9
34

.8
7

32
.9

6–
36

.7
7

16
.3

8
10

.0
5–

26
.7

1

56
–6

5
1,

45
9

15
.5

4
53

.4
6

50
.5

9–
56

.0
2

24
.4

5
15

.0
1–

39
.8

3

66
–7

5
14

2
1.

51
68

.3
1

60
.6

6–
75

.9
6

30
.0

5
18

.1
5–

49
.7

7

 
m

is
si

ng
0

G
eo

gr
ap

hi
ca

l R
eg

io
n

M
id

-A
tla

nt
ic

/M
id

w
es

tc
3,

01
3

49
.5

1
28

.3
1

26
.7

0–
29

.9
2

i 

N
ew

 E
ng

la
nd

d
0

IS
Sh

i 

So
ut

he
1,

36
9

22
.4

9
27

.7
6

25
.3

9–
30

.1
3

i 

So
ut

hw
es

tf
49

4
8.

12
30

.3
6

26
.3

1–
34

.4
1

i 

W
es

tg
1,

21
0

19
.8

8
23

.0
6

20
.6

9–
25

.4
3

i 

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lawson et al. Page 21

D
em

og
ra

ph
ic

n
(%

)
P

re
va

le
nc

e 
of

 H
L

 (
%

)
P

re
va

le
nc

e 
95

%
 C

Ia
P

R
b

95
%

 C
I

 
m

is
si

ng
3,

30
3

a C
I 

=
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al

b E
ac

h 
de

m
og

ra
ph

ic
 v

ar
ia

bl
e 

w
as

 a
dj

us
te

d 
by

 a
ge

 g
ro

up
 a

nd
 g

en
de

r.

c M
id

-A
tla

nt
ic

/M
id

w
es

t: 
D

el
aw

ar
e,

 M
ar

yl
an

d,
 N

ew
 J

er
se

y,
 N

ew
 Y

or
k,

 P
en

ns
yl

va
ni

a,
 W

as
hi

ng
to

n,
 D

.C
., 

Il
lin

oi
s,

 I
nd

ia
na

, I
ow

a,
 K

an
sa

s,
 M

ic
hi

ga
n,

 M
in

ne
so

ta
, M

is
so

ur
i, 

N
eb

ra
sk

a,
 N

or
th

 D
ak

ot
a,

 O
hi

o,
 

So
ut

h 
D

ak
ot

a,
 W

is
co

ns
in

.

d N
ew

 E
ng

la
nd

: C
on

ne
ct

ic
ut

, M
ai

ne
, M

as
sa

ch
us

et
ts

, N
ew

 H
am

ps
hi

re
, R

ho
de

 I
sl

an
d,

 V
er

m
on

t.

e So
ut

h:
 A

la
ba

m
a,

 A
rk

an
sa

s,
 F

lo
ri

da
, G

eo
rg

ia
, K

en
tu

ck
y,

 L
ou

is
ia

na
, M

is
si

ss
ip

pi
, N

or
th

 C
ar

ol
in

a,
 S

ou
th

 C
ar

ol
in

a,
 T

en
ne

ss
ee

, V
ir

gi
ni

a,
 W

es
t V

ir
gi

ni
a

f So
ut

hw
es

t: 
A

ri
zo

na
, N

ew
 M

ex
ic

o,
 O

kl
ah

om
a,

 T
ex

as

g W
es

t: 
A

la
sk

a,
 C

al
if

or
ni

a,
 C

ol
or

ad
o,

 H
aw

ai
i, 

Id
ah

o,
 M

on
ta

na
, N

ev
ad

a,
 O

re
go

n,
 U

ta
h,

 W
as

hi
ng

to
n,

 W
yo

m
in

g

h IS
S 

=
 in

su
ff

ic
ie

nt
 s

am
pl

e 
si

ze
.

i PR
s 

no
t e

st
im

at
ed

 f
or

 g
eo

gr
ap

hi
ca

l r
eg

io
n 

du
e 

to
 c

el
l c

ha
ra

ct
er

is
tic

s 
(c

on
fi

gu
ra

tio
n 

of
 c

as
es

 a
nd

 n
on

-c
as

es
) 

an
d 

la
rg

e 
pe

rc
en

t o
f 

m
is

si
ng

 d
at

a.

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lawson et al. Page 22

Ta
b

le
 V

.

O
il 

an
d 

G
as

 E
xt

ra
ct

io
n 

Se
ct

or
 D

em
og

ra
ph

ic
s 

w
ith

 E
st

im
at

ed
 P

re
va

le
nc

e 
an

d 
A

dj
us

te
d 

Pr
ob

ab
ili

ty
 R

at
io

s 
(P

R
s)

 f
or

 H
ea

ri
ng

 L
os

s 
(H

L
),

 2
00

6–
 2

01
5 

(N
 =

 

1,
07

6) D
em

og
ra

ph
ic

n
(%

)
P

re
va

le
nc

e 
of

 H
L

 (
%

)
P

re
va

le
nc

e 
95

%
 C

Ia
P

R
b

95
%

 C
I

H
L

 (
ou

tc
om

e)

ye
s

85
14

.4
1

no
92

1
85

.5
9

 
m

is
si

ng
0

G
en

de
r

M
al

e
97

7
91

.1
4

15
.2

5
13

.0
0–

17
.5

0
2.

18
1.

02
–4

.6
8

Fe
m

al
e 

(r
ef

)
95

8.
86

6.
32

1.
43

–1
1.

21
re

f

 
m

is
si

ng
4

A
ge

 G
ro

up
 (

Y
ea

rs
)

18
–2

5 
(r

ef
)

15
4

14
.3

1
1.

95
−

0.
23

–4
.1

3
re

f

26
–3

5
37

2
34

.5
7

5.
91

3.
51

–8
.3

1
3.

00
0.

91
–9

.8
6

36
–4

5
27

3
25

.3
7

13
.9

2
9.

31
–1

8.
03

6.
88

2.
16

–2
1.

92

46
–5

5
21

3
19

.8
0

29
.1

1
23

.0
0–

35
.2

1
14

.6
7

4.
70

–4
5.

84

56
–6

5
64

5.
95

46
.8

8
34

.6
5–

59
.1

1
23

.1
2

7.
32

–7
3.

01

66
–7

5
0

IS
Sh

IS
S

 
m

is
si

ng
0

G
eo

gr
ap

hi
ca

l R
eg

io
n

M
id

-A
tla

nt
ic

c
15

8
14

.7
0

25
.3

2
18

.5
4–

32
.1

0
i 

M
id

w
es

td
93

8.
65

27
.9

6
18

.8
4–

37
.0

8
i 

N
ew

 E
ng

la
nd

e
0

IS
S

i 

So
ut

hf
0

IS
S

i 

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lawson et al. Page 23

D
em

og
ra

ph
ic

n
(%

)
P

re
va

le
nc

e 
of

 H
L

 (
%

)
P

re
va

le
nc

e 
95

%
 C

Ia
P

R
b

95
%

 C
I

W
es

t-
So

ut
hw

es
tg

82
4

76
.6

5
10

.8
0

8.
68

–1
2.

92
i 

 
m

is
si

ng
1

a C
I 

=
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al

b E
ac

h 
de

m
og

ra
ph

ic
 v

ar
ia

bl
e 

w
as

 a
dj

us
te

d 
by

 a
ge

 g
ro

up
 a

nd
 g

en
de

r.

c M
id

-A
tla

nt
ic

: D
el

aw
ar

e,
 M

ar
yl

an
d,

 N
ew

 J
er

se
y,

 N
ew

 Y
or

k,
 P

en
ns

yl
va

ni
a,

 W
as

hi
ng

to
n,

 D
.C

.

d M
id

w
es

t: 
Il

lin
oi

s,
 I

nd
ia

na
, I

ow
a,

 K
an

sa
s,

 M
ic

hi
ga

n,
 M

in
ne

so
ta

, M
is

so
ur

i, 
N

eb
ra

sk
a,

 N
or

th
 D

ak
ot

a,
 O

hi
o,

 S
ou

th
 D

ak
ot

a,
 W

is
co

ns
in

.

e N
ew

 E
ng

la
nd

: C
on

ne
ct

ic
ut

, M
ai

ne
, M

as
sa

ch
us

et
ts

, N
ew

 H
am

ps
hi

re
, R

ho
de

 I
sl

an
d,

 V
er

m
on

t.

f So
ut

h:
 A

la
ba

m
a,

 A
rk

an
sa

s,
 F

lo
ri

da
, G

eo
rg

ia
, K

en
tu

ck
y,

 L
ou

is
ia

na
, M

is
si

ss
ip

pi
, N

or
th

 C
ar

ol
in

a,
 S

ou
th

 C
ar

ol
in

a,
 T

en
ne

ss
ee

, V
ir

gi
ni

a,
 W

es
t V

ir
gi

ni
a

g W
es

t-
So

ut
hw

es
t: 

A
la

sk
a,

 C
al

if
or

ni
a,

 C
ol

or
ad

o,
 H

aw
ai

i, 
Id

ah
o,

 M
on

ta
na

, N
ev

ad
a,

 O
re

go
n,

 U
ta

h,
 W

as
hi

ng
to

n,
 W

yo
m

in
g,

 A
ri

zo
na

, N
ew

 M
ex

ic
o,

 O
kl

ah
om

a,
 T

ex
as

h IS
S:

 in
su

ff
ic

ie
nt

 s
am

pl
e 

si
ze

.

i PR
 n

ot
 e

st
im

at
ed

 f
or

 g
eo

gr
ap

hi
ca

l r
eg

io
n 

du
e 

to
 c

el
l c

ha
ra

ct
er

is
tic

s 
(c

on
fi

gu
ra

tio
n 

of
 c

as
es

 a
nd

 n
on

-c
as

es
) 

an
d 

la
rg

e 
pe

rc
en

t o
f 

m
is

si
ng

 d
at

a.

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lawson et al. Page 24

Ta
b

le
 V

I.

C
oa

l M
in

in
g 

N
oi

se
 E

xp
os

ur
e 

M
ea

su
re

m
en

t f
or

 E
qu

ip
m

en
t a

nd
 A

re
as

 b
y 

L
oc

at
io

n

E
qu

ip
m

en
t 

/ A
re

a
N

oi
se

 E
xp

os
ur

e 
(d

B
A

)
L

oc
at

io
n

A
ux

ili
ar

y 
F

an
s

84
–1

20
a

U
nd

er
gr

ou
nd

C
on

ti
nu

ou
s 

M
in

in
g 

M
ac

hi
ne

s
78

–1
09

a
U

nd
er

gr
ou

nd

R
oo

f 
B

ol
te

rs
92

–1
03

a
U

nd
er

gr
ou

nd

D
ra

gl
in

e 
E

qu
ip

m
en

t
88

–1
12

b
Su

rf
ac

e

F
lo

or
s

83
–1

15
c

Pr
ep

ar
at

io
n 

Pl
an

t

M
as

te
r 

C
on

tr
ol

 C
en

te
r 

R
oo

m
s

74
–9

0c
Pr

ep
ar

at
io

n 
Pl

an
t

a  B
ab

ic
h 

et
 a

l.,
 2

00
6 

b  B
au

er
 e

t a
l. 

20
04

 

c  B
au

er
 e

t a
l.,

 2
00

6 

Am J Ind Med. Author manuscript; available in PMC 2022 January 28.


	Abstract
	Introduction
	Materials and Methods
	Study Design and Population
	Materials
	Audiogram Exclusion Criteria
	Statistical Analysis

	Results
	Mining
	Oil and Gas Extraction

	Discussion
	Mining
	Coal Mining
	Gold Ore and Silver Ore Mining
	Other Metal Ore Mining
	Sand, Gravel, Clay, and Ceramic and Refractory Minerals Mining and Quarrying
	Other Nonmetallic Mineral Mining and Quarrying

	Oil and Gas Extraction
	Risk Factors and Preventative Measures Common within Mining and OGE
	Limitations

	Conclusions
	References
	Table I.
	Table II.
	Table III.
	Table IV.
	Table V.
	Table VI.

