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Abstract

Objective: This study estimated the prevalence of hearing difficulty and workplace exposures to 

ototoxic chemicals and noise within U.S. industries and occupations.

Methods: This cross-sectional study examined 2023 National Health Interview Survey data 

for 17,726 workers. Weighted prevalence and adjusted prevalence ratios of self-reported hearing 

difficulty and self-reported workplace exposures to ototoxic chemicals, noise and a combination of 

these exposures were estimated.

Results: Eleven percent of workers reported hearing difficulty. Within the past year, 13% were 

exposed to ototoxic chemicals, 16% were exposed to noise, and 7% were exposed to both. 

Twenty-eight percent had a history of noise exposure.

Conclusions: Workplace hearing hazards are common. This study was the first to report the 

overall prevalence of ototoxic chemical exposure among U.S. workers. This exposure cannot be 

overlooked when protecting worker hearing.
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Introduction

Within the United States, hearing loss is one of the most prevalent work-related illnesses.1 

Occupational hearing loss (OHL) is caused predominantly by workplace exposures to noise 

and chemicals that can damage hearing, known as ototoxic chemicals.2 Ototoxic chemicals 

(also called ototoxicants if manmade; ototoxins if naturally-occurring) can cause OHL in the 

absence of noise, make the ear more vulnerable to the harmful effects of noise, or both, with 

possible potentiated or synergistic effects when combined with noise. Ototoxic chemical 

classes include solvents, heavy metals, nitriles, pharmaceuticals, and asphyxiants.3–5 These 

are common chemicals such as industrial cleaners, thinners, paints, lacquers, industrial 

glues, pesticides, antineoplastic drugs, lead, organic tin compounds, organic cyanides, 

tobacco smoke and engine exhaust. Many are commonly found in loud workplaces.5,6

Despite the pervasiveness of these chemicals throughout industry and detrimental effects on 

hearing, there is no national prevalence estimate of worker ototoxic chemical exposure, or 

overall estimates by industry or occupation. Only a few national estimates for specific types 

of ototoxic chemicals are available and most are old. The National Institute for Occupational 

Safety and Health (NIOSH) estimated nearly 10 million workers were potentially exposed to 

organic solvents7 based on National Occupational Hazard Survey (NOHS) data collected in 

1972–1974.7,8 A follow-on study using 1981–1983 National Occupational Exposure Survey 

(NOES) data estimated that 5 million workers were co-exposed to noise and at least one of 

five solvents known to be ototoxic at that time (toluene, xylene, trichloroethylene, styrene 

and carbon disulfide).9–11

There is an estimate for secondhand smoke exposure using 2015 National Health Interview 

Survey (NHIS) data, which indicates that 10% of workers are exposed overall, and 

industry and occupation estimates are also provided.12 Secondhand smoke includes the 

ototoxic chemicals carbon monoxide, toluene, p-xylene, and ethylbenzene.13 Finally, a 

study examined Bureau of Labor Statistics (BLS) numbers of employees within industries, 

significant losses in hearing recorded on Occupational Safety and Health Administration 
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(OSHA) 300 logs, and 2012–2020 OSHA workplace inspection data and identified the top 

industries with ototoxicant exposure risk, finding most to be in Manufacturing.14 However, 

this study only covered select solvents and lead, and was limited by the non-representative 

nature of how OSHA inspection sites are chosen and the ototoxicants that happened to 

be measured during these inspections. The BLS/OSHA data study was also limited by 

the gross underestimate of OSHA 300 log entries for worker hearing loss.2 In addition, 

non-noise-exposed workers who are exposed to ototoxic chemicals are not required to 

receive audiometric testing, so their hearing losses are unlikely to be captured on an OSHA 

300 log.

Obtaining benchmark data on worker ototoxicant exposures is critical to identify high 

risk industries and occupations; especially when also in industries and occupations with 

high prevalences of noise exposure. In addition to a lack of information on ototoxic 

chemical exposures, the most recent national estimates for worker hearing difficulty and 

occupational noise exposure are based on data from 2014, the latest year that relevant 

hearing-related questions were available in a national survey with sufficient sample size to 

produce estimates by industry and occupation. That data indicated that 25% of U.S. workers 

(41 million) have a history of occupational noise exposure, with 14% exposed each year (22 

million).15 It is important to produce updated statistics to monitor progress (or regression) in 

reducing exposure to hearing hazards and worker hearing loss.

The purpose of this study was to estimate the prevalence of hearing difficulty and workplace 

exposures to ototoxic chemicals and noise within U.S. industries and occupations using 

data from the 2023 NHIS. Prevalence, adjusted risk compared with a reference industry or 

occupation, and the attributable fractions of hearing difficulty due to occupational exposures 

were estimated.

Materials and Methods

Study Design and Population

This was a cross-sectional study of 17,726 male and female current and recent workers 

aged 18+ who participated in the 2023 NHIS adult sample (the entire adult sample included 

29,522 participants). NHIS is a cross-sectional, nationally representative sample of the non-

institutionalized U.S. civilian population.16 The 2023 survey included sponsored hearing-

related questions and was a year when industry and occupation information were captured. 

Survey participants were identified as current or recent workers if they 1) answered ‘Yes’ 

to the question “Last week, did you work for pay at a job or business?”; or 2) answered 

‘Yes’ to the question “Did you have a job or business last week, but were temporarily absent 

due to illness, vacation, family or maternity leave, or some other reason?”; or 3) answered 

“Within the past 12 months” to the question “When was the last time you worked for pay 

at a job or business, even if only for a few days?”. Workers who answered that they were 

‘deaf’ to the hearing difficulty question were excluded (89 workers) as this level of hearing 

impairment is unlikely to have been caused predominately by occupational exposures.17

Weighted prevalences and weighted adjusted prevalence ratios (PRs) of self-reported 

hearing difficulty and self-reported workplace exposures to ototoxic chemicals, noise and 
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a combination of these exposures were estimated by industry, occupation and demographic. 

The PRs are weighted adjusted risk estimates compared with a reference group. Workplace 

exposure to secondhand smoke was examined combined with other ototoxic chemicals, but 

also separately. The hearing difficulty and occupational exposure questions are described 

in the next section. NHIS participants reported industry and occupation verbatim and these 

responses were coded by U.S. Census Bureau coding specialists into 2017 North American 

Industry Classification System (NAICS) codes and 2018 Standard Occupation Classification 

(SOC) Codes.18,19 The covariates of interest were age group, sex, education, race/ethnicity, 

obesity determined from body mass index (BMI) and smoking status (current, former and 

never smoker). Races other than ‘Hispanic’ are all non-Hispanic.

This study adhered to “Strengthening the Reporting of Observational Studies 

in Epidemiology (STROBE)” guidelines (Supplemental Digital Content, http://

links.lww.com/JOM/B982). The 2023 NHIS was approved by the Research Ethics Review 

Board of the National Center for Health Statistics and the U.S. Office of Management and 

Budget. All 2023 NHIS participants consented orally prior to participating. This study was 

reviewed by the Centers for Disease Control and Prevention (CDC), deemed not research, 

and was conducted consistent with applicable federal law and CDC policy. §§ See e.g., 45 

C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. 

§3501 et seq.

NHIS Outcome and Occupational Exposure Questions

All the data used in this study were self-reported, including the outcome and exposures. The 

outcome was hearing difficulty, determined from the question below. Workers who identified 

their hearing ability as “a little trouble hearing”, “moderate trouble” or “a lot of trouble” 

were identified as having hearing difficulty.

These next questions are about your hearing WITHOUT the use of hearing aids or 

other listening devices.

Without a hearing aid or other listening devices, is your hearing excellent, good, a 

little trouble hearing, moderate trouble, a lot of trouble, or are you deaf?

Below are the questions for occupational exposures to ototoxic chemicals and secondhand 

smoke. In this study, workers identified to have ototoxic chemical exposure answered yes 

to questions A & B, or yes to C, or yes to A, B and C. All workers with secondhand 

smoke exposure were included in the estimates for ototoxic chemicals. Workers exposed 

to secondhand smoke were also examined separately. The “Read if necessary” part of the 

questions were read to survey respondents if they had trouble understanding the question.

The next set of questions ask about your exposure to chemicals and tobacco smoke 

in your job.

A. During the past 12 months, did you work in a job where you were exposed to 

any of the following: solvents, industrial glues, heavy metals, pesticides or motor 

engine exhaust?

* Read if necessary: Solvents are liquids, not including water, used for dissolving 

other substances, such as dry-cleaning fluids, thinners, components of paints, 
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industrial cleaners and paint removers. Industrial glues are adhesives that include 

acrylic, epoxy, hot melt, polyurethane, silicone, thermoset and industrial sealants. 

Heavy metals include lead, nickel, mercury, cadmium, arsenic, chromium, zinc and 

copper.

B. [If YES to A] Were you exposed for 4 or more hours a week?

C. During the past 12 months, did you work in a job where you were exposed for 4 

or more hours a week to tobacco smoke from other people?

* Read if necessary: Tobacco smoke includes smoke from cigarettes, cigars, pipes, 

cigarillos, and hookahs. Do not include e-cigarettes or vaping devices that do not 

contain tobacco.

Below are the questions for occupational exposures to noise at any time (hereafter referred 

to as a history of noise exposure - question D) or exposure in the past 12 months (hereafter 

referred to as noise exposure - question E).

The next few questions are about your current or previous exposure to loud and 

very loud sounds or noises. First, we will ask about exposure to loud noises or 

sounds while working. Loud means so loud that you must speak in a raised voice to 

be heard.

D. Have you EVER had a job, or combination of jobs, where you were exposed to 

loud sounds or noise for 4 or more hours a day, several days a week?

E. [If YES to D] During the past 12 months, have you had a job, or combination of 

jobs, where you were exposed to LOUD sounds or noise for 4 or more hours a day, 

several days a week?

Read if necessary: Loud means so loud that you must speak in a raised voice to be 

heard.

Statistical Analysis

Analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC) and 

SUDAAN version 11 (RTI International, Research Triangle Park, NC) statistical software. 

Weighted prevalence estimates were obtained for the outcome (hearing difficulty) and each 

occupational exposure using the SAS surveyfreq procedure, incorporating NHIS sample 

weights. Estimates with a relative standard error ≥30% and ≤50% and their associated PRs 

were marked as such and estimates with a relative standard error ≥50% and their associated 

PRs were not reported. PRs (weighted adjusted risk estimates) with 95% confidence 

intervals were obtained using the SUDAAN procedure rlogist and adjusted for age group, 

sex, education, race/ethnicity, BMI and smoking status.

The PR reference groups were female for sex, 18–25 for age group, Asian for race/ethnicity, 

college degree for education, not obese for BMI, and never smoker for smoking status, as 

these groups have lower risks for hearing difficulty. Finance and Insurance was designated as 

the reference industry for the industry analyses, and Business and Financial Operations was 

assigned as the reference occupation for the occupation analyses, because these were used as 
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the reference groups in previous analyses of NHIS data and have low prevalences of hearing 

difficulty and occupational exposures.15,20

The attributable fraction [AF = (PR-1)/PR] was calculated for each exposure to identify the 

number of excess cases of hearing difficulty among the exposed [# excess cases = AF x 

total weighted prevalence of workers with exposure and hearing difficulty]. When a causal 

relationship has been established between an exposure and hearing difficulty, the number of 

excess cases among the exposed is also the number of cases that can be prevented if the 

exposure is reduced to a safe level. There is an established causal relationship between noise 

and hearing difficulty.2 Although a causal relationship has been established between some 

ototoxic chemicals and hearing difficulty, some chemicals (e.g., secondhand smoke) may not 

cause hearing difficulty on their own, but rather exacerbate the effects of noise. Thus, only 

the number of excess cases among the exposed can be identified for ototoxic chemicals and 

secondhand smoke in this study.

Results

Sample demographics of the 17,726 workers are provided in Table 1. About 50% were male 

and age groups were fairly evenly distributed, except for fewer in the youngest (18–25) and 

oldest (66–75, 76+) age groups. Most workers were white (63%) and had a college degree 

(57%). Thirty-four percent were obese, 11% were current smokers and 21% were former 

smokers.

Prevalence of Ototoxic Chemical Exposures

Within the past year, 13% of workers were exposed to ototoxic chemicals, including 

5% exposed to secondhand smoke (one substance containing ototoxic chemicals). The 

prevalence of ototoxic chemical exposure was three times higher among men and highest 

in the youngest age groups (18–25, 26–35). Asian workers had markedly lower exposures 

than the other races/ethnicities. Ototoxic chemical exposures were slightly lower among 

workers with some college but were otherwise fairly similar across levels of education. For 

secondhand smoke, the prevalence of exposure decreased as level of education increased. 

Obese workers had a slightly higher prevalence of exposure (15%) than those not obese 

(12%) and current smokers had the highest prevalence of exposure among all the levels of all 

demographics (26%).

Industry statistics are provided in Table 2. Industries with the highest prevalences of ototoxic 

chemical exposures were: Mining (49%); combined Mining and Oil and Gas Extraction 

(OGE) (44%); Construction (30%); Agriculture, Forestry, Fishing and Hunting (AFFH) 

(29%); Transportation (24%); and Manufacturing (24%). Finance and Insurance had the 

lowest prevalence of exposure (3%). Figure 1 depicts industries ranked by prevalence of 

ototoxic chemical exposure. Industries with the highest prevalences of secondhand smoke 

somewhat coincided: Mining (25%), combined Mining and OGE (22%); Warehousing 

(17%); Construction (14%); Arts, Entertainment, and Recreation (11%); and Utilities (9%). 

Secondhand smoke was lowest in Professional, Scientific and Technical Services (1%).
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Occupation statistics are provided in Table 3. Occupations with the highest prevalences of 

ototoxic chemical exposures were: Installation, Maintenance, and Repair (43%); Farming, 

Fishing, and Forestry (39%); Construction and Extraction (35%); Production (30%); 

Protective Service (26%); and Transportation and Material Moving (23%). The same six 

occupations had the highest prevalences of secondhand smoke, in a different rank order. 

Ototoxic chemical exposures and secondhand smoke exposures were lowest in Computer 

and Mathematical (2%) and Educational Instruction and Library (1%), respectively.

Prevalence of Noise Exposure

Sixteen percent of workers were exposed to noise within the past year and 28% had a 

history of noise exposure (Table 1). The prevalence of noise exposure and a history of 

noise exposure were twice as high among men. Noise exposure was most prevalent in the 

youngest age groups (18–25, 26–35), while a history of noise exposure was fairly similar 

across age groups. Noise exposure and a history of noise exposure were much lower among 

Asian workers compared to workers of other races/ethnicities. Noise exposure was lower 

among workers with some college or a college degree, while a history of noise exposure 

was lower among those with a college degree. Obese workers had a higher prevalence of 

noise exposure and a history of noise exposure (18% and 33%) than those not obese (14% 

and 25%). Current and former smokers had the highest prevalences of noise exposure and a 

history of noise exposure among all levels of all demographics (45% and 39%).

Industries with the highest prevalences of noise exposure were: Mining (56%); combined 

Mining and OGE (52%); Manufacturing (38%); Construction (37%); Warehousing (33%); 

and AFFH (30%) (Table 2). Figure 2 depicts industries ranked by prevalence of noise 

exposure. Industries with the highest prevalences of workers with a history of noise exposure 

were the same industries as those with prevalent noise exposures, in nearly identical 

order and with higher prevalences: Mining (66%); combined Mining and OGE (65%); 

Construction (52%); Manufacturing (51%); Warehousing (47%); and AFFH (44%). Noise 

exposure and a history of noise exposure were lowest in Finance and Insurance (3% and 

14% respectively).

Occupations with the highest prevalences of noise exposures were: Production (48%); 

Construction and Extraction (44%); Installation, Maintenance, and Repair (42%); Farming, 

Fishing, and Forestry (31%); Transportation and Material Moving (29%); and Protective 

Service (25%) (Table 3). The same six occupations had the highest prevalences of workers 

with a history of noise exposure, in a slightly different rank order and with higher 

prevalences than noise exposure. Noise exposure and a history of noise exposure were 

lowest in Computer and Mathematical (3%), and Community and Social Service (11%), 

respectively.

Prevalence of Both Ototoxic Chemical and Noise Exposures

Seven percent of workers were exposed to both noise and ototoxic chemicals (Table 1). 

Males (11%) had more than five times the prevalence of exposure than females (2%), and 

exposures were highest in the 26–35 age group (9%). All races/ethnicities had prevalences 

ranging from 6–8% except for Asian workers (2%). Exposure prevalences were highest 
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among those with less than a high school diploma (11%) and those with a high school 

diploma or GED (11%). Exposure was higher among obese workers (8%) than non-obese 

workers (6%) and was highest among current smokers (15%).

The industries with the highest combined exposures were the same industries with high 

prevalences of separate exposures to noise or ototoxic chemicals: Mining (37%); combined 

Mining and OGE (33%); Construction (19%); Manufacturing (17%); AFFH (17%); and 

Transportation (14%) (Table 2). Combined exposures were lowest in Health Care and Social 

Assistance (1%).

Prevalence of Hearing Difficulty and Risks from Exposures

Eleven percent of workers reported hearing difficulty (Table 1). The prevalence of hearing 

difficulty was higher in males, increased substantially with age, and was highest among 

White workers (15%) followed by Other Race/Ethnicity (10%). The prevalence of hearing 

difficulty was fairly similar across levels of education, with the exception of workers with 

less than a high school diploma, who had a lower prevalence. The prevalence was higher 

among obese workers and among former smokers and current smokers.

Industries with the highest prevalences were: combined Mining and OGE (18%); Public 

Administration (15%); Warehousing (14%); AFFH (14%); Mining (14%); and Construction 

(13%) (Table 2). Hearing difficulty was lowest in Real Estate and Rental and Leasing (7%). 

The adjusted risk (PR) of having hearing difficulty was significantly higher in Warehousing 

(94% higher) and Public Administration (42% higher) than in the reference industry. The 

adjusted risk was significantly lower (40%) in Real Estate and Rental and Leasing than in 

the reference industry.

Occupations with the highest prevalences of hearing difficulty were: Protective Service 

(16%); Construction and Extraction (14%); Production (13%); Legal (13%); Community 

and Social Service (13%); and Arts, Design, Entertainment, Sports, and Media (13%) (Table 

3). Hearing difficulty was lowest in Food Preparation and Serving Related (9%). Protective 

Service, Educational Instruction and Library, Construction and Extraction, and Production 

had adjusted risks 62%, 39%, 38% and 30% significantly higher, respectively, than the 

reference industry.

Attributable Fractions (AFs) and Excess Cases of Hearing Difficulty

Thirty-seven percent of hearing difficulty cases among workers exposed to ototoxic 

chemicals were attributable to that exposure, with 1.4 million excess cases among exposed 

workers (Table 4). For workers exposed to secondhand smoke, 32% of their hearing 

difficulty cases were attributable to secondhand smoke, with 453,392 excess cases among 

the exposed. Among workers exposed to noise, 43% of their hearing difficulty cases 

were attributable to noise, with 2.1 million excess cases among the exposed that could 

be prevented if the noise was reduced to a safe level. Fifty percent of hearing difficulty 

cases among workers with a history of noise exposure were attributable to that history, with 

4.5 million excess cases among the exposed that could be prevented. Among workers with 

combined exposures to noise and ototoxic chemicals, 41% of their hearing difficulty cases 

were attributable to these exposures, with nearly 1 million excess cases among the exposed.
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Discussion

This study was the first to report the prevalence of ototoxic chemical exposure among U.S. 

workers, overall and by industry and occupation, and this exposure is prevalent. Nearly 

22 million workers (13%) are exposed, with 1.4 million excess cases of hearing difficulty 

among these exposed workers attributable to their chemical exposures. This study’s survey 

questions on ototoxic chemicals, which were developed and sponsored by study authors, 

endeavored to estimate the prevalence of exposure for the most common ototoxic chemicals, 

across classes. No other similar estimates are available for comparison – the available 

literature provides estimates for one or two classes of ototoxic chemicals, or for general 

chemical exposure that includes ototoxicants. One Australian study does cover multiple 

chemical classes, but its estimates are based on “regular” exposure for any duration at any 

time during employment (ever exposed) determined by tasks performed rather than reported 

exposure to specific chemicals.21 The Lewkowski study [2019] estimates that 42% of the 

Australian workforce is exposed.21 This estimate would be expected to be much higher 

than the present study (13%), which is estimating the prevalence of exposure in the last 12 

months and requires 4 or more hours of exposure per week.

Other studies include results for the European Working Conditions Survey, which has 

collected and reported on working conditions in Europe since 1990, including exposures to 

broad categories of hazards.22 In 2015, approximately 11% of European workers reported 

inhaling vapors such as solvents and thinners, 19% reported inhaling smoke, fumes (e.g., 

exhaust, welding), powder, or dust (e.g., mineral, wood), and 14% reported handling 

chemical products or substances.23 Another recent study combined U.S. population data 

with a Canadian job exposure matrix to try to develop broad estimates for chemical agents 

by demographic.24 Among other agents, this study estimated exposure prevalences of 13% 

for non-diesel engine emissions, 8% for diesel emissions, 12% for organic solvents, and 

10% for polycyclic aromatic hydrocarbons. In both studies (as in the present study), it is 

likely that workers had exposures to multiple chemicals. Stephan-Recaido and colleagues 

[2024] also indicated that exposures were lowest among workers who were female, Asian, 

and had a Bachelor’s degree, which is consistent with the present study’s findings.24

There are no previous studies of ototoxic chemical exposures by occupation and little 

information by industry, but in general, these chemicals are found to be used ubiquitously 

across industries and occupations.3,7,25–28 There is limited information available on 

exposure to specific chemicals in select industries.

The top industry for exposure was Mining. The present study estimated that 25% of workers 

are exposed to secondhand smoke in Mining, the highest of any industry. International 

and U.S. research also indicates the presence of heavy metals and solvents in mine dust 

emissions.29–33 Diesel exhaust exposures are also present and the level of exposure and 

components differ by mining operation and country.34–37 Workers in OGE have been found 

to be exposed to volatile organic compounds (including solvents) and diesel exhaust.38,39 

Solvent exposures in OGE during 1981–1983 were found to include toluene (3–10% 

exposed) and xylene (11–25% exposed).9
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Regarding chemicals in Construction, the Center for Construction Research and Training 

(CPWR) maintains an updated dashboard for exposure and in 2022 reported that 51% of 

Construction workers were exposed to “contaminants such as pollutants, gases, dust or 

odors” with frequency “at least once a week/more than half of the time to continually” 

and 46% were exposed “at least once a month/about half to more than half time”.40,41 

The top five occupations within Construction for contaminants were: Floor Sanders 

and Finishers; Insulation Workers, Mechanical; Boilermakers; Pile Driver Operators; and 

Cement Masons and Concrete Finishers.40,41 Not all “contaminants” would necessarily be 

ototoxic. Morata and colleagues [1994] found that solvents and percentages of exposed 

workers in Construction included trichloroethylene (≤2%), styrene (≤2–10%), toluene (3–

25%), and xylene (3–25%).9 Diesel engine exhaust is also emitted from predominantly 

off-road vehicles and equipment within Construction.37 In addition, the present study found 

that 14% are exposed to secondhand smoke.

Pesticides are the most prominent ototoxicants in Agriculture. About 1 billion pounds of 

pesticides are applied annually in the U.S., with 90% applied in Agriculture.42 Nearly one 

million U.S. farms used one or more types of pesticides in 2012, which represented most 

of the 1.3 million farms with harvested cropland.43 In addition to pesticides, Agriculture, 

Forestry and Fishing workers have also been found to be exposed to xylene, toluene and 

trichloroethylene.9 Diesel engine exhaust exposure also occurs when driving tractors and 

using other farm equipment.44 Exposure concentrations were 44% higher among farmers 

using diesel tractors/vehicles with open cabs vs. enclosed cabs.44 Finally, seven percent in 

AFFH are exposed to secondhand smoke (present study).

Within Transportation, railroad workers have been found to be exposed to diesel exhaust 

on or near locomotives.37 Determinants of exposure in locomotive cabs included where the 

exhaust stack was located in relation to the cab (in front of or behind the cab), windows 

being open or closed, and air flow outside the cab.37 Exposures have also been identified 

for airline baggage screening workers using diesel-powered tugs, mechanics working on 

airplane refueling trucks and equipment, and ship dock workers using diesel-powered tugs 

or lorries for loading and unloading containers.37 Long-haul truckers are also exposed 

to exhaust from idling vehicles.45 Solvent exposures have also been identified within 

Transportation, including toluene, styrene, trichloroethylene, and xylene.9

Within Manufacturing, chemicals are produced and workers can be exposed if not 

properly protected. Environmental Protection Agency (EPA) Toxic Substances Control 

Act risk evaluations identified exposures to carbon tetrachloride, perchloroethylene and 

trichloroethylene within Chemical Manufacturing.46 Exposures to benzene and nitrobenzene 

have also been documented.47,48 Solvent exposures in general were found to be pervasive 

across Manufacturing industries, but prevalences of exposures were particularly high (using 

1981–1983 NOES data) within the Standard Industrial Classification (SIC)49 groups: 

Petroleum Refining and Related Industries; Chemical and Allied Products; and Rubber and 

Miscellaneous Plastics Products.9

Regarding other workplace exposures, the present study indicates that the overall prevalence 

of noise exposure has continued to fluctuate, with large numbers of affected workers. 
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Sixteen percent of workers (27 million) were exposed to noise on the job in the past 12 

months and 28% had a history of occupational noise exposure (nearly 48 million). This is 

higher than what was estimated using 2014 NHIS data (14% exposed [22 million workers] 

with 25% having a history of exposure [41 million workers]).15 A study examining another 

nationally representative sample for years 1999–2004 found that 17% were exposed in the 

prior year (22 million workers).50 These results also indicate that there has not been progress 

in reducing the number of workers who are exposed to noise on the job.

The industries and occupations with the highest prevalences of noise exposure very 

closely model past study results. Mining continues to have the highest prevalence of noise 

exposure.15,20 The prevalence of a history of noise exposure was higher in 2023 (66% 

- present study) than in 2014 (61%).15 Construction, Manufacturing, and AFFH continue 

to have high prevalences of noise exposure and a history of noise exposure. Among 

occupations, prevalences within Production, Construction and Extraction, Installation, 

Maintenance and Repair, and Protective Service (law enforcement, firefighters) have stayed 

consistently high.15

Of note, the top industries for noise exposure are also the top industries for ototoxic 

chemical exposure, especially Mining, combined Mining and OGE, Construction, 

Manufacturing, and AFFH. Also, the same six occupations had the highest prevalences 

of exposure to ototoxic chemicals, secondhand smoke, noise, combined ototoxic chemical 

exposures and noise, and a history of noise exposure: Installation, Maintenance, and Repair; 

Farming, Fishing, and Forestry; Construction and Extraction; Production; Protective Service; 

and Transportation and Material Moving. Exposure determines risk and these industries and 

occupations are a top priority for monitoring and intervention.

The AFs provided in this study are generally consistent with expectations and confirm the 

importance of ototoxicant chemical exposures related to hearing difficulty. Noise is the 

predominant cause of OHL, followed by ototoxic chemical exposure.2 Results indicate that 

secondhand smoke exposure in the past 12 months had the lowest AF (32%). Secondhand 

smoke is only one substance containing ototoxic chemicals and it potentially exacerbates the 

effect of noise rather than causing hearing difficulty directly. The AF for ototoxic chemical 

exposure in the past 12 months is higher (37%). It incorporates all queried ototoxicants, 

including those known to directly cause hearing loss. Noise exposure in the past 12 months 

has an AF of 43% and is an established cause of hearing difficulty.2 A history of noise 

exposure has an AF of 50%. Note that this is lower than the AF found when examining 

2014 NHIS data (58%), which may indicate that other factors are now playing a larger 

role in contributing to hearing difficulty.15 The AF is lower for noise exposure in the past 

12 months than for a history of noise exposure because of the PRs on which these AFs 

are based. The PR for noise in the past 12 months compares the risk of those who have 

recent noise exposure to those who do not, but there will be workers with a less recent 

history of noise exposure in the reference group, diluting the difference. The history of noise 

exposure PR reference group only includes those without a history (no past exposure). The 

AF for combined noise and ototoxic chemical exposures in the past 12 months (42%) was 

slightly lower than noise exposures in the past 12 months (43%). A higher AF may have 

been expected (perhaps between 44% and 49%), but the difference was not substantial. It 
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is possible that most workers exposed to both noise and ototoxicants have somewhat lower 

levels of either exposure.

The prevalence of worker hearing difficulty estimated using nationally representative data 

has remained steady over time, with 11% in 2023 (this study), 12% in 2014, 11% in 

2007 and 11% in 1997–2003.15,20,51 This is not unexpected, as hearing difficulty is, in 

most cases, a permanent condition and improvement in hearing conservation practices or 

other contributing factors (e.g., medical care) would only be able to slowly reduce the 

overall number over time as affected workers retire/leave the workforce. However, a gross 

worsening of risk factors could increase the number much more quickly.

“Employers have a responsibility to provide a safe workplace”,52 so OHL, whether caused 

by noise, chemicals or a combination of exposures, still falls within the responsibility of the 

employer. The ototoxic effects of workplace chemicals have received much less attention 

than noise. This is likely due to 1) the strong established connection between noise and 

hearing loss, 2) that fact that noise is often present in occupational settings where chemical 

exposures occur, such that the hearing loss observed is often attributed solely to noise 

exposure with little or no consideration to the possibility of other exposures; and 3) the 

audiometric configuration in cases of noise-induced hearing loss and ototoxicity can be 

identical and therefore easily misattributed to noise. However, this important contributor 

to worker hearing loss has long been recognized by leaders in the field of hearing 

loss prevention, including NIOSH, OSHA, the American Industrial Hygiene Association 

(AIHA), the American Conference of Governmental Industrial Hygienists (ACGIH), and the 

American College of Occupational and Environmental Medicine (ACOEM).3,17,53–57

While current U.S. regulations do not require businesses to monitor the hearing of workers 

who are exposed to ototoxic chemicals in the absence of noise, this is highly encouraged. 

Recommendations in the recent AIHA Noise Manual (6th edition) include re-examining 

the eligibility requirements for including workers in hearing loss prevention programs to 

protect workers from chemical exposures or the interaction between noise and chemicals.54 

ACGIH “highly recommends” yearly audiograms for workers with exposures ≥20% of the 

threshold limit value for notated chemicals, which include ethyl benzene, styrene, toluene 

and xylene’s p-isomer (dimethylbenzene).53 OSHA and NIOSH [2018] also state that “…

wearing hearing protection and using audiometric testing to detect early signs of hearing 

loss, even in workers exposed below the action level and ototoxic chemicals below the 

permissible exposure limit (PEL), may prevent hearing loss from their synergistic effects.”3

The United States military has made changes to their hearing conservation programs to 

address ototoxicant exposures. In addition to required identification and mitigation of 

chemical exposures, the U.S. Army and U.S. Air Force now monitor the hearing of 

soldiers and airmen, respectively, and their civilian personnel, if they are exposed to noise 

or ototoxic chemicals.58,59 Soldiers, airmen and civilian personnel are enrolled in their 

hearing conservation programs when ototoxicant exposures exceed 50% of the occupational 

exposure limit.58,59 The hearing conservation program for the Marines is administered by 

the Navy. Both the Navy and Marines require the identification and assessment of ototoxic 
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chemical exposure but do not yet require audiometric testing based solely on chemical 

exposure.60,61

While monitoring is important, it is critical to prevent hearing loss before it appears on 

an audiogram. The hierarchy of controls can be implemented to protect workers from both 

noise and chemical exposures.57,62,63 Beginning with the most effective strategies in the 

hierarchy, first eliminate the noise or change the process that requires the use of an ototoxic 

chemical. If that is not possible, substitute a quieter piece of equipment or use a non-

toxic chemical. Use engineering controls to block or enclose the noise source or increase 

ventilation. Ensure all equipment is well-maintained. Adjust schedules to reduce the number 

of workers exposed and their duration of exposure to both noise and chemicals. The least 

effective strategy in the hierarchy is to make sure all workers are correctly and consistently 

wearing personal protective equipment, including as appropriate, hearing protection, long 

sleeves, gloves, aprons, eye protection, and respirators. OHL is preventable.1

Strengths and Limitations

This is the first study to estimate the overall prevalence of U.S. worker exposure to ototoxic 

chemicals, across substance classes, and by industry, occupation and demographic using 

a nationally representative sample. It is also the first study to estimate the prevalence of 

combined exposures to noise and ototoxic chemicals. In addition, this is the first study to 

provide the prevalence of workers with noise exposure in the past 12 months and with 

a history of noise exposure, side-by-side, along with ototoxicant exposures. This better 

elucidated those industries and occupations with multiple exposures that can damage hearing 

so they can be targeted for intervention. Secondhand smoke exposure was also provided 

separately so that it can be examined relative to other health outcomes. Lastly, this study 

provided the AF for each of the exposures to identify the number of excess cases among the 

exposed, and for the noise-exposed, the number of preventable cases of hearing difficulty if 

the noise exposure was reduced to a safe level.

This study had limitations. The chemicals that workers were asked about are not an 

exhaustive list of known ototoxic chemicals. This would make the question unwieldy, and 

there are also chemicals that are suspected to be ototoxic, but more research is needed to 

confirm their ototoxic properties. Therefore, it is likely that the ‘true’ prevalence of ototoxic 

chemical exposure is higher than reported in this study. As this is a cross-sectional study, 

no causation can be inferred between exposures and the outcome. However, causation is 

already well-established elsewhere between noise and hearing difficulty, and for some of the 

ototoxic chemicals.2,3,5

All survey responses were self-reported, which can introduce bias and inaccuracy. However, 

most of the NHIS questions have been validated over time. The hearing difficulty question 

was validated against audiometric threshold estimates,64 although research indicates that 

individuals sometimes under-report hearing difficulty, especially if it is mild or affecting 

the higher frequencies.65–67 Recall of occupational noise exposure has been found to 

be valid.68–70 While the ototoxic chemical exposure questions are new, the secondhand 

smoke question is very similar to a prior NHIS question and was modified for application 

to ototoxicity and consistency between the two ototoxic chemical questions. The prior 
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secondhand smoke question was included regularly in NHIS supplements and analyses have 

been published.12,71 The ototoxicant question was designed to cover the most common and 

important ototoxic chemical exposures in terminology that workers could likely recognize 

and understand.3,5 There is precedent for using self-report to assess chemical exposures. 

Examples include the National Health and Nutrition Examination Survey (NHANES) 

including question(s) every year since 1999 about pesticide exposures, and during 1999–

2000 about skin conditions and specific chemical exposures.72 The U.S. Department of 

Labor Occupational Information Network (O*NET) has included a question about the 

frequency of chemical exposures73 and the Hispanic Community Health Study – Survey 

of Latinos (HCHS-SOL) includes chemical exposure questions on their occupation survey.74

Due to a lack of sample size for OGE, no estimates could be provided. OGE does have 

some workers at high-risk for hearing loss.75 Estimates were provided combining OGE with 

Mining in order to achieve some representation for this industry. The NHIS underwent a 

significant redesign in 2019, including changes to weighting to address nonresponse, which 

could affect some comparisons to prior findings using pre-2019 NHIS data.76 Finally, SOC 

and NAICS are economic classifications which are not designed to group workers with 

similar exposures together.

Conclusions

Hearing hazards in the workplace are common. This study was the first to report the 

prevalence of ototoxic chemical exposure among U.S. workers. 22 million workers are 

exposed to ototoxic chemicals each year. NIOSH, OSHA, AIHA, ACGIH and ACOEM 

have all recognized the importance of this contributor to worker hearing loss.3,17,53–57 This 

exposure cannot be overlooked when protecting worker hearing. Both noise and ototoxic 

chemical exposures can be reduced using the hierarchy of controls. In addition, ACGIH 

highly recommends annual audiograms for workers with exposures ≥20% of the threshold 

limit value for certain ototoxicants.53 The U.S. Army and Air Force also enroll their 

soldiers and airmen in hearing conservation programs when ototoxicant exposures exceed 

50% of the occupational exposure limit.58,59 The 12 million workers with both noise and 

ototoxic chemical exposures deserve special attention in hearing conservation programs. 

More surveillance would also be needed to produce estimates for industries for which there 

was insufficient sample size.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments:

The authors wish to thank Jia Li for her expert advice related to the statistical analysis. The authors also wish to 
thank Theresa Y. Schulz for her assistance in identifying the appropriate U.S. military regulations.

Data Availability:

All study data used are publicly available.

Masterson et al. Page 14

J Occup Environ Med. Author manuscript; available in PMC 2025 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

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

2. Themann CL, Masterson EA. Occupational noise exposure: A review of its effects, epidemiology, 
and impact with recommendations for reducing its burden. The Journal of the Acoustical Society of 
America. 2019;146(5):3879–3905 [PubMed: 31795665] 

3. OSHA (Occupational Safety and Health Administration), NIOSH (National Institute for 
Occupational Safety and Health). Safety and Health Information Bulletin: Preventing hearing 
loss caused by chemical (ototoxicity) and noise exposure. SHIB 03-08-2018 / DHHS (NIOSH) 
Publication No. 2018–124; 2018. Accessed September 23, 2024. Available: https://www.cdc.gov/
niosh/docs/2018-124/default.html.

4. Campo P, Morata TC, Hong O. Chemical exposure and hearing loss. Dis Mon. 2013;59(4):119–138. 
[PubMed: 23507352] 

5. Johnson AC, & Morata TC 142. Occupational exposure to chemicals and hearing impairment. 
The Nordic Expert Group for Criteria Documentation of Health Risks from Chemicals. Nordic 
Expert Group. Gothenburg. Arbete och Hälsa. 2010;44(4). Available: https://gupea.ub.gu.se/handle/
2077/23240

6. EU-OSHA (European Agency for Safety and Health at Work). Combined exposure to noise 
and ototoxic substances. 2009;3–60. Available: https://osha.europa.eu/en/publications/combined-
exposure-noise-and-ototoxic-substances

7. NIOSH (National Institute for Occupational Safety and Health). Organic Solvent Neurotoxicity. 
1987. Current Intelligence Bulletin 48, DHHS (NIOSH) Publication Number 87–104. Available: 
https://www.cdc.gov/niosh/docs/87-104/.

8. NIOSH (National Institute for Occupational Safety and Health). National Occupational Hazard 
Survey, 1972–74. Cincinnati, OH: U.S. Department of Health, Education, and Welfare, Public 
Health Service, Center for Disease Control, National Institute for Occupational Safety and Health. 
1977. DHEW (NIOSH) Publication No. 78–114. Available: https://ntrl.ntis.gov/NTRL/dashboard/
searchResults/titleDetail/PB82229881.xhtml.

9. Morata TC, Dunn DE, Sieber WK. Occupational exposure to noise and ototoxic organic solvents. 
Arch Environ Health. 1994 Sep-Oct;49(5):359–65. [PubMed: 7944568] 

10. Sieber WK Jr. National occupational exposure survey. Volume II. Sampling methodology. 1990. 
Cincinnati, OH: 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. 89–102, 1990 Feb; II:1–88. Available: https://stacks.cdc.gov/view/cdc/
5829

11. Seta JA; Sundin DS; Pedersen DH. National occupational exposure survey. Volume I. Survey 
manual. 1988. Cincinnati, OH: U.S. Department of Health and Human Services,Centers for 
Disease Control and Prevention, National Institute for Occupational Safety and Health. Division 
of Surveillance, Hazard Evaluations, and Field Studies. DHHS publication no. (NIOSH) 88–106. 
Available: https://stacks.cdc.gov/view/cdc/5832

12. Dai H, & Hao J The prevalence of exposure to workplace secondhand smoke in the United States: 
2010 to 2015. Nicotine & Tobacco Research. 2017;19(11):1300–1307. [PubMed: 27986913] 

13. Arfaeinia H, Ghaemi M, Jahantigh A, Soleimani F, Hashemi H. Secondhand and thirdhand smoke: 
a review on chemical contents, exposure routes, and protective strategies. Environ Sci Pollut Res 
Int. 2023 Jul;30(32):78017–78029. [PubMed: 37306877] 

14. Beaver C, Schneider J. Evaluating the potential impact of ototoxicant exposure on worker health. 
Journal of Occupational and Environmental Hygiene. 2023;20(11):520–530. [PubMed: 37540204] 

15. Kerns E, Masterson EA, Themann CL, Calvert GM. Cardiovascular conditions, hearing difficulty, 
and occupational noise exposure within US industries and occupations. American Journal of 
Industrial Medicine. 2018;61(6):477–491. [PubMed: 29537072] 

16. NHIS (National Health Interview Survey). 2023 National Health Interview Survey (NHIS) 
Survey Description. 2023. Accessed September 23, 2024. Available: https://ftp.cdc.gov/pub/
Health_Statistics/NCHS/Dataset_Documentation/NHIS/2023/srvydesc-508.pdf.

Masterson et al. Page 15

J Occup Environ Med. Author manuscript; available in PMC 2025 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Mirza R, Kirchner B, Dobie RA, Crawford J. ACOEM Guidance Document: 
Occupational Noise-Induced Hearing Loss. Journal of Occupational and Environmental 
Medicine. 2018;60(9):e498–e501. Available: https://acoem.org/acoem/media/News-Library/
Occupational_Noise_Induced_Hearing_Loss.pdf. [PubMed: 30095587] 

18. BLS (Bureau of Labor Statistics). Standard Occupation Classification. 2018. Accessed October 9, 
2024. Available: https://www.bls.gov/soc/

19. U.S. Census Bureau. North American Industry Classification System. 2017. Accessed October 9, 
2024. Available: https://www.census.gov/naics/.

20. 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] 

21. Lewkowski K, Heyworth JS, Li IW, Williams W, McCausland K, Gray C, Ytterstad E, Glass DC, 
Fuente A, Si S, Florath I, Fritschi L. Exposure to noise and ototoxic chemicals in the Australian 
workforce. Occupational and Environmental Medicine. 2019;79:341–348.

22. Eurofound. European Working Conditions Surveys (EWCS). 2024. Available: https://
www.eurofound.europa.eu/en/surveys/european-working-conditions-surveys-ewcs.

23. Eurofound. Sixth European Working Conditions Survey – Overview report (2017 
update). 2017. Publications Office of the European Union, Luxembourg. Available: https://
www.eurofound.europa.eu/system/files/2019-06/ef1634en.pdf

24. Stephan-Recaido SC, Peckham TK, Lavoué J, Baker MG. Characterizing the Burden of 
Occupational Chemical Exposures by Sociodemographic Groups in the United States, 2021. Am J 
Public Health. 2024 Jan;114(1):57–67. Erratum in: Am J Public Health. 2024 Jul;114(7):743–745. 
[PubMed: 38091568] 

25. Solvents Snawder J. and Industrial Hygiene. In Hayes’ Principles and Methods of Toxicology. 7th 
Edition, by Hayes W and Kobets T (Editors). 2023. CRC: Boca Raton, FL.

26. Firth I, Capil R Metals in the workplace, in Principles of Occupational Health and Hygiene: An 
introduction, 3rd edition, Reed S, Pisaniello D, Benke G (editors). 3rd Edition. 2020. Routledge, 
London, UK.

27. Dos Santos E, Villa A, Garnier R, Dufayet L, Langrand J. Surveillance and Analysis of 
Occupational Carbon Monoxide Poisoning in the Paris Region. Ann Work Expo Health. 2017 
Oct 1;61(8):986–993. [PubMed: 29028252] 

28. Reeb-Whitaker CK, Bonauto DK, Whittaker SG, Adams D. Occupational carbon monoxide 
poisoning in Washington State, 2000–2005. J Occup Environ Hyg. 2010 Oct;7(10):547–56. 
[PubMed: 20635297] 

29. Xu S, Sun M. Assessment of EMR ML mining methods for measuring association between 
metal mixture and mortality for hypertension. High Blood Pressure & Cardiovascular Prevention. 
2024;31:473–483. [PubMed: 39133252] 

30. Erdei E, Zhou X, Shuey C, Ass’ad N, Page K, Gore B, Zhu C, Kanda D, Luo L, Sood A, 
Zychowski KE. Serum autoantibodies and exploratory molecular pathways in rural miners: A pilot 
study. Journal of Translational Autoimmunity. 2023 Mar 9;6:100197. [PubMed: 36942097] 

31. Sultana Z, Rehman MYA, Khan HK, Malik RN. Health risk assessment associated with heavy 
metals through fractioned dust from coal and chromite mines in Pakistan. Environ Geochem 
Health. 2023 May;45(5):1617–1633. [PubMed: 35552963] 

32. Kahn C, Rehman MYA, Malik RN. Metal biomonitoring using fractioned dust to investigate 
urinary and oxidative stress biomarkers among occupationally exposed chromite mine workers. 
Environmental Science and Pollution Research. 2022;29:31164–31179. [PubMed: 35006571] 

33. Schulz H Coal mine workers’ pneumoconiosis (CWP): in vitro study of the release of organic 
compounds from coal mine dust in the presence of physiological fluids. Environmental Research. 
1997;74:74–83. [PubMed: 9339218] 

34. Casjens S, Neumann S, Rühle K, Gamrad-Streubel L, Haase LM, Rudolph KK, Birk T, Giesen J, 
Neumann V, Pallapies D, Bünger J, Käfferlein HU, Behrens T, Brüning T, Taeger D. Impact of 
diesel exhaust exposure on urinary 1-hydroxypyrene in underground salt and potash workers. Int J 
Hyg Environ Health. 2023 Jun;251:114190. [PubMed: 37253312] 

Masterson et al. Page 16

J Occup Environ Med. Author manuscript; available in PMC 2025 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



35. Silverman DT, Samanic CM, Lubin JH, et al. The diesel exhaust in miners study: a nested 
case-control study of lung cancer and diesel exhaust. J Natl Cancer Inst. 2012;104(11):855–868. 
[PubMed: 22393209] 

36. Coble JB, Stewart PA, Vermeulen R, Yereb D, Stanevich R, Blair A, Silverman DT, Attfield 
M. The Diesel Exhaust in Miners Study: II. Exposure monitoring surveys and development of 
exposure groups. Ann Occup Hyg. 2010 Oct;54(7):747–61. [PubMed: 20876232] 

37. Pronk A, Coble J, Stewart PA. Occupational exposure to diesel engine exhaust: a literature review. 
J Expo Sci Environ Epidemiol. 2009;19(5):443–57. [PubMed: 19277070] 

38. OSHA (Occupational Safety and Health Administration). Oil and Gas Extraction: Health Hazards 
Associated with Oil and Gas Extraction Activities. 2024a. Accessed October 22, 2024. Available: 
https://www.osha.gov/oil-and-gas-extraction/health-hazards.

39. Esswein EJ, Snawder J, King B, Breitenstein M, Alexander-Scott M, Kiefer M. Evaluation of 
Some Potential Chemical Exposure Risks During Flowback Operations in Unconventional Oil 
and Gas Extraction: Preliminary Results. Journal of Occupational and Environmental Hygiene. 
2014;11:D174–D184 [PubMed: 25175286] 

40. CPWR (The Center for Construction Research and Training). Occupational Exposures in 
Construction. 2022. Accessed October 22, 2024. Available: https://www.cpwr.com/research/data-
center/data-dashboards/occupational-exposures-in-construction/

41. O*NET. O*NET OnLine. 2022. Available: https://www.onetonline.org/

42. Guarna ON, Beyranevand LJ, Nelson LS, Pulaski T. Exposed and at risk: Opportunities to 
strengthen enforcement of pesticides regulations for farmworker safety. Center for Agriculture 
and Food Systems, Vermont Law and Farmworker Justice, VT. 2022. Available: https://
www.farmworkerjustice.org/wp-content/uploads/2022/09/Pesticide-Enforcement-Final-web.pdf

43. Atwood D, Paisley-Jones C. Pesticides Industry Sales and Usage: 2008–2012 Market Estimates. 
US Environmental Protection Agency. 2017. Available: https://www.regulations.gov/document/
EPA-HQ-OW-2019-0583-0132

44. Sauvé J, Stapleton EM, O’Shaughnessy PT, Locke SJ, Josse PR, Altmaier RW, Silverman DT, Liu 
D, Albert PS, Freeman LEB, Hofmann JN, Thorne PS, Jones RR, Friesen MC. Diesel exhaust 
exposure during farming activities: Statistical modeling of continuous black carbon concentrations. 
Ann Work Expo Health. 2020;64(5):503–513. [PubMed: 32219300] 

45. Frey HC, Kuo P, Villa C. Effects of Idle Reduction Technologies on Real World Fuel Use 
and Exhaust Emissions of Idling Long-Haul Trucks. Environmental Science & Technology. 
2009;43(17): 6875–6881. [PubMed: 19764263] 

46. Lynch HN, Gloekler LE, Allen LH, Maskrey JR, Bevan C, Maier A. Analysis of dermal 
exposure assessment in the US Environmental Protection Agency Toxic Substances Control Act 
risk evaluations of chemical manufacturing. Toxicol Ind Health. 2023;39(1):49–65. [PubMed: 
36420912] 

47. Sahmel J, Devlin K, Burns A, Ferracini T, Ground M, Paustenbach D. An analysis of workplace 
exposures to benzene over four decades at a petrochemical processing and manufacturing facility 
(1962–1999). J Toxicol Environ Health A. 2013;76(12):723–46. [PubMed: 23980839] 

48. Hanley KW, Viet SM, Hein MJ, Carreón T, Ruder AM. Exposure to o-toluidine, aniline, and 
nitrobenzene in a rubber chemical manufacturing plant: a retrospective exposure assessment 
update. J Occup Environ Hyg. 2012;9(8):478–90. [PubMed: 22708702] 

49. OSHA (Occupational Safety and Health Administration). Standard Industrial Classification (SIC) 
Manual. Accessed October 25, 2024. 2024b. Available: https://www.osha.gov/data/sic-manual.

50. Tak S, Davis RR, Calvert GM. Exposure to hazardous workplace noise and use of hearing 
protection devices among US workers–NHANES, 1999–2004. American Journal of Industrial 
Medicine. 2009;358–371. [PubMed: 19267354] 

51. Masterson EA, Themann CL, Luckhaupt SE, Li J, Calvert GM. Hearing difficulty and tinnitus 
among U.S. workers and non-workers in 2007. American Journal of Industrial Medicine. 
2016;59:290–300. [PubMed: 26818136] 

52. OSHA (Occupational Safety and Health Administration). Employer responsibilities. Accessed 
November 1, 2024. 2024c. Available: https://www.osha.gov/workers/employer-responsibilities.

Masterson et al. Page 17

J Occup Environ Med. Author manuscript; available in PMC 2025 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



53. ACGIH. TLVs and BEIs. Based on the documentation of the Threshold Limit Values for 
chemical substances and physical agents and Biological Exposure Indices. 2024. Cincinnati, Ohio: 
American Conference of Governmental Industrial Hygienists.

54. Meinke DK, Berger EH, Neitzel RL, Driscoll DP, Bright K (editors). Noise Manual, 6th edition. 
2022. Fairfax, VA: American Industrial Hygiene Association Association Press.

55. ACGIH. TLVs and BEIs. Based on the documentation of the Threshold Limit Values for 
chemical substances and physical agents and Biological Exposure Indices. 2018. Cincinnati, Ohio: 
American Conference of Governmental Industrial Hygienists.

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

57. NIOSH (National Institute for Occupational Safety and Health). Preventing Occupational Hearing 
Loss: A Practical Guide. Cincinnati, OH: U.S. Department of Health and Human Services, Centers 
for Disease Control and Prevention, National Institute for Occupational Safety and Health. 1996. 
DHHS (NIOSH) Publication No. 96–110.

58. U.S. Army. Army Regulation 40 – 501: Army Hearing Program. 
January 8, 2015. Headquarters Department of the Army Washington, DC. 
Available: https://armypubs.army.mil/ProductMaps/PubForm/Details.aspx?PUB_ID=68571 and 
https://armypubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/p40_501.pdf.

59. U.S. Air Force. Air Force Instruction 48–127: Occupational noise and hearing conservation 
program. DAFI48-127_DAFGM2024-01. 1780 Air Force Pentagon, Washington, DC 20330–
1780. 2024. Available: https://static.e-publishing.af.mil/production/1/af_sg/publication/afi48-127/
afi48-127.pdf.

60. U.S. Navy. Office of the Chief of Naval Operations Manual 5100.23: Navy safety and occupational 
health manual. OPNAV M-5100.23 CH-3. June 18, 2024. Available: https://www.secnav.navy.mil/
doni/SECNAV%20Manuals1/5100.23%20CH-3.pdf.

61. U.S. Navy. Industrial Hygiene Field Operations Manual: Chapter 2 
- Industrial Hygiene Surveys and Survey Reports. Technical Manual 
NMCPHC-TM6290.91-2. August 2022. Available: https://www.med.navy.mil/Navy-
and-Marine-Corps-Force-Health-Protection-Command/Environmental-Health/Industrial-Hygiene/
Program-Support/Industrial-Hygiene-Field-Operations-Manual-IHFOM/ 
and https://www.med.navy.mil/Portals/62/Documents/NMFA/NMCPHC/root/
Industrial%20Hygiene/IHFOM_CH2_220909.pdf

62. NIOSH (National Institute for Occupational Safety and Health). Chemicals and hearing 
loss. 2024a. Accessed October 26, 2024. Available: https://www.cdc.gov/niosh/noise/about/
chemicals.html.

63. NIOSH (National Institute for Occupational Safety and Health). Noise and hearing loss. 2024b. 
Accessed October 26, 2024. Available: https://www.cdc.gov/niosh/noise/about/noise.html.

64. Schein JD, Gentile A, Haase KW. Development and evaluation of an expanded hearing loss 
scale questionnaire. Rockville, MD: National.Center for Health Statistics. 1970;2(37). http://
www.cdc.gov/nchs/data/series/sr_02/sr02_037acc.pdf

65. Valete-Rosalino CM, Rozenfeld S. Auditory screening in the elderly: Comparison between self-
report and audiometry. Brazilian Journal of Otorhinolaryngology. 2005;71(2):193–200. [PubMed: 
16446917] 

66. Sindhusake D, Mitchell P, Smith W, et al. Validation of self-reported hearing loss. The Blue 
Mountains Hearing Study. International Journal of Epidemiology. 2001;30:1371–1378. [PubMed: 
11821349] 

67. Nondahl DM, Karen JC, Wiley TL, et al. Accuracy of self-reported hearing loss. Audiology. 
1998;37:295–301. [PubMed: 9776206] 

68. Neitzel RL, Daniell W, Sheppard L, Davies H, Seixas N. Comparison of perceived and quantitative 
measures of occupational noise exposure. Ann. Occup. Hyg 2009;53:41–54. [PubMed: 18984805] 

69. Schlaefer K, Schlehofer B, Schuz J. Validity of self-reported occupational noise exposure. Eur. J. 
Epidemiol 2009;24(8)L467–475.

Masterson et al. Page 18

J Occup Environ Med. Author manuscript; available in PMC 2025 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



70. Reeb-Whitaker C, Seixas N, Sheppard L, Neitzel R. Accuracy of task recall for epidemiological 
exposure assessment to construction noise. Occup. Environ. Med 2004;61:135–142. [PubMed: 
14739379] 

71. Su C, Syamlal G, Tamers S, Li J, Luckhaupt SE. Workplace secondhand tobacco smoke exposure 
among U.S. nonsmoking workers, 2015. MMWR. 2019;68(27):604–607. [PubMed: 31295233] 

72. NHANES (National Health and Nutrition Examination Survey). Questionnaires, datasets, and 
related documentation. 2021. Available: https://wwwn.cdc.gov/nchs/nhanes/.

73. DOL (Department of Labor). O*NET® Questionnaires. 2021. Available: https://
www.onetcenter.org/questionnaires.html.

74. NIH (National Institutes of Health). Hispanic Community Health Study / Study of Latinos. 2021. 
Available: https://sites.cscc.unc.edu/hchs/.

75. Lawson SM, Masterson EA, Azman AS. Prevalence of hearing loss among noise-exposed workers 
within the Mining, and Oil and Gas Extraction Sectors, 2006–2015. Am. J. Ind. Med 2019;62:826–
837. [PubMed: 31347715] 

76. NHIS (National Health Interview Survey). New procedures for nonresponse adjustments to 
the 2019 National Health Interview Survey sampling weights. 2020. Accessed September 23, 
2024. Available: https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Dataset_Documentation/NHIS/
2019/nonresponse-report-508.pdf.

Masterson et al. Page 19

J Occup Environ Med. Author manuscript; available in PMC 2025 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Learning Outcomes:

Upon completion of this learning activity, the learner will be better able to:

• Discuss the impact of ototoxic chemical exposures related to occupational 

hearing loss.

• Identify industries and occupations with the highest prevalences of exposures 

to ototoxic chemicals and noise in the workplace.

• Discuss mitigation strategies to reduce workplace exposures and prevent 

occupational hearing loss.
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Figure 1. Prevalence of Occupational Ototoxic Chemical Exposurea in the Past 12 Months by 
Industry Among U.S. Workers, 2023b (N = 17,726)
a Ototoxic chemical exposure includes secondhand smoke exposure
b Data are from the National Health Interview Survey, 2023 adult sample
c NAICS = North American Industry Classification System (2017)
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Figure 2. Prevalence of Occupational Noise Exposure in the Past 12 Months by Industry Among 
U.S. Workers, 2023a (N = 17,726)
a Data are from the National Health Interview Survey, 2023 adult sample
b NAICS = North American Industry Classification System (2017)
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