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reducing sleep opportunities and increasing time-on-task 
and cognitive/physical load [4, 5].

Characterizing the burden of fatigue in miners and the 
resultant impacts for both individual workers and indus-
try are key to improving occupational safety and health in 
mines. Some limited research on fatigue risk factors has 
highlighted miners’ exposures to long work hours and poor 
sleep quality. Compared to a national Australian average 
of 43.6 weekly hours, those in mining averaged 50 weekly 
hours, with 17% of miners working at least 60 h per week 
[6]. A large Canadian study found that miners averaged 
6.2 h of sleep daily (5.5 h for night shift workers), with 79% 
indicating elevated fatigue and 84% exceeding poor sleep 
quality thresholds [7–9]. The potential impacts of fatigue 
are highlighted by Mine Safety and Health Administration 
(MSHA) injury data that demonstrated higher fatal risk 
for injuries occurring more than 8 h into a shift (odds ratio 
[OR] = 1.43) [10]. Other MSHA analyses indicated that 
9.6% of all injuries occurred 9 or more hours into a shift 
[11] as compared to 3% occurring within the first shift hour 
[12]. Together, these studies provide critical evidence that 
suggest miners face elevated exposure to fatigue risk fac-
tors and potential safety outcomes. However, comparable 

1  Introduction

Defined as a biological drive for recuperative rest [1], 
fatigue is both a natural physiological state and a signifi-
cant safety risk in workplace settings. It indiscriminately 
increases risk of harm to workers, equipment, and the work 
environment [2] while also negatively affecting productiv-
ity [3]. In mining, these risks may be particularly elevated 
due to common industry factors such as long working hours, 
shift work, physically demanding activities, monotonous or 
disengaging tasks, long commutes, extreme environmental 
conditions, loud noise exposure, and production pressures, 
all of which may synergistically amplify fatigue risk by 
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Miner fatigue is widely recognized as a ubiquitous and significant risk, yet there is minimal published evidence detailing 
its burden within the industry. Given the complexities of direct fatigue measurement and the consequential scarcity of 
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compared to the construction and oil and gas industries. We conducted exploratory analyses of fatigue risk factors across 
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practical and effective controls that prevent the occurrence of fatigue and mitigate its risks. Further research is encour-
aged to validate these findings; incorporate fatigue-related questions in surveys of miners; and assess multiple risk factors 
concurrently across various mining commodities, types, and contexts.
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U.S.-focused evidence that synthesizes patterns across mul-
tiple datasets and industries remains limited.

Furthermore, despite known risk factors, the burden of 
fatigue in U.S. mining—including prevalence, outcomes, 
and related costs—is largely unmeasured and poorly char-
acterized [13]. One possible explanation is the lack of legal 
frameworks for work hours or fatigue risk management in 
the U.S. outside select industries (e.g., maritime, railroad, 
airline, trucking) [14]. Unlike these regulated sectors where 
varying mandates require minimum rest periods and limit 
continuous work periods, mining operations in the U.S. 
have comparatively little federal restrictions on shift length 
or scheduling practices, if any. This reduces incentives for 
systematic fatigue monitoring and management. Another 
is the limited documentation of fatigue-related factors on 
mandatory injury reporting forms, which typically only 
allow optional narrative notes or retrospective calculations 
of working hours at the time of injury [11, 15]. Currently, 
these forms do not systematically capture key fatigue indi-
cators such as sleep duration, shift rotation patterns, or con-
secutive days worked, making it difficult to establish fatigue 
as a contributing factor in incident investigations. As a 
result, fatigue is rarely explicitly mentioned as a contribut-
ing factor in mining injury or fatality data, and evidence on 
the role of fatigue in incidents is typically limited to pri-
vate company records or indirect references. Moreover, data 
from analyses of miners are often aggregated with that from 
oil and gas workers [16–19], potentially obscuring indus-
try-specific patterns and preventing targeted intervention 
strategies for mining. Collectively, these limitations hinder 
benchmarking of fatigue risk factors in U.S. mining and 
constrain evidence-based fatigue risk management.

In the absence of reliable data on fatigue burden and resul-
tant impacts, this exploratory descriptive analysis addresses 
this knowledge gap by synthesizing multiple public data-
sets to characterize work-related fatigue risk among U.S. 
mining workers. By bringing together diverse data sources 
with quantitative information on proxy indicators of fatigue 
risk (e.g., work hours, commute patterns, sleep duration), 
this study provides the first comprehensive, multi-dataset 
assessment of the existence of fatigue risk factors in U.S. 
mining workers and interprets these data within the context 
of other relevant industries (e.g., construction, oil and gas).

2  Method

Given the absence of systematic fatigue monitoring in U.S. 
mining and limited documentation of fatigue-related factors 
in injury reporting systems, we conducted an exploratory, 
descriptive synthesis of publicly available datasets, to bet-
ter characterize fatigue risk factors (Table 1; Supplementary 

Material 1). Because fatigue is rarely measured directly in 
large-scale population surveys and no mining-specific fatigue 
surveillance system exists, we relied on established proxy 
measures [20], including the following: working hours, 
prevalence of extended or nonstandard shiftwork sched-
ules (especially night shifts), sleep duration, sleep disorder 
symptoms, and commute time. The validity of these metrics 
as fatigue measurement proxies is well established through 
their reliable associations with fatigue symptomology and 
injury risk [21]. This approach allowed us to construct a 
more comprehensive profile of fatigue risk by synthesizing 
data from several complementary sources spanning multiple 
fatigue-related dimensions, providing breadth and triangula-
tion not achievable through any single data source.

We identified publicly accessible U.S.-based data sets 
that met two essential criteria: (1) collection of variables 
broadly pertaining to risk factors for work-related fatigue 

Table 1  Summary of data set descriptions
Dataset Years Industries* Variables
Bureau of Labor Statistics 
(BLS): Current Employ-
ment Statistics (CES)

2014–
2023

M, OSS, MIG Work 
Hours

U.S. Census Bureau 
(USCB): American Com-
munity Survey (ACS)

2014–
2022

M, OSS, MIG Work 
Hours, 
Commute 
Duration, 
Commute 
Time of 
Departure 
& Arrival

U.S. Census Bureau 
(USCB): Current Popula-
tion Survey (CPS)

2014–
2023; 
May 
2004 
suppl.

M + OGE, 
OSS

Work 
Hours, 
Shift Type

National Institute for Occu-
pational Safety and Health 
(NIOSH): 2012 National 
Survey of the Mining 
Population

2008 M, MIG Work 
Hours, 
Shift Type

Mine Safety and Health 
Administration (MSHA): 
Mine Employment and 
Production Data

2014–
2022

M, MIG Work 
Hours

National Center for Health 
Statistics (CDC/NCHS): 
National Health Interview 
Survey

2004–
2018**

M, OSS Sleep 
Hours, Use 
of Sleep 
Medication

U.S. Department of Labor 
(DOL): Occupational Infor-
mation Network (O*NET)

Feb 
2024
(v. 28.2)

M, MIG, OSS Work Abil-
ities and 
Context

*M = Mining subsector excluding oil and gas extraction, 
M + OGE = Mining sector including oil and gas extraction, 
MIG = Mining industry groups (e.g., coal, metal, etc.), OSS = Other 
similar sectors (e.g., construction, manufacturing, transportation and 
warehousing, etc.)
**2004–2018 data used for hours of sleep variable, 2013–2018 data 
used for sleep medication variable
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(e.g., work schedule, work hours, sleep, etc.), and (2) inclu-
sion of substantive numbers of mining workers that would 
afford the ability to group variables by mining subsec-
tor (excluding oil and gas) or, if necessary, mining sector 
(includes oil and gas).

Using a mixture of internal knowledge and expertise, 
professional contacts, and internet searches, a total of seven 
different data sources from six separate public (government) 
agencies or units were identified:

	● Bureau of Labor Statistics (BLS): Current Employ-
ment Statistics (CES) - business-level reports from 
670,000 worksites covering one-third of U.S. nonfarm 
employees.

	● U.S. Census Bureau (USCB):

○ American Community Survey (ACS) − 3.5 million 
household addresses annually.

○ Current Population Survey (CPS) − 60,000 house-
holds monthly.

	● National Institute for Occupational Safety and Health 
(NIOSH): 2012 National Survey of the Mining Popula-
tion (based on 2008 data).

	● Mine Safety and Health Administration (MSHA): Mine 
Employment and Production Data - quarterly industry 
reports required by federal law.

	● National Center for Health Statistics (CDC/NCHS): Na-
tional Health Interview Survey (NHIS) - comprehensive 
annual household survey monitoring health of civilian 
non-institutionalized population.

	● U.S. Department of Labor (DOL): Occupational In-
formation Network (O*NET) – subject matter expert 
ratings providing standardized occupation data for 
800 + occupations.

These datasets were selected to provide extensiveness and 
alignment: large-scale employment surveys (e.g., BLS CES) 
offer nationally representative work hour and schedule data; 
health surveys (e.g., NHIS) provide sleep duration and 
quality measures unavailable in other work data; regulatory 
reporting (e.g., MSHA) captures industry-specific adminis-
trative records; and occupational databases (e.g., O*NET) 
enable characterization of fatigue-relevant job demands. In 
short, the selected sources collectively represent millions of 
workers annually and include both self-reported individual-
level data, business-reported administrative data, and expert 
ratings data of standardized job attributes.

Across sources, work-hour estimates were taken from 
establishment-based (CES) and administrative reporting 
(MSHA) as well as self-reported survey measures (ACS/

CPS). For CES, we summarized monthly seasonally 
adjusted estimates into annual means/standard deviations, 
and for MSHA we derived approximate annual weekly 
hours by dividing reported hours by employees. Commute 
time and timing were derived from pooled ACS microdata 
(e.g., distributions by departure/arrival time), sleep duration 
and sleep medication use were derived from pooled NHIS 
microdata, and fatigue-relevant work context/ability indi-
cators were explored via O*NET and linked to industries 
using OEWS occupational employment distributions.

Some datasets produced weighted estimates. For popu-
lation health surveys requiring nationally representative 
estimates (NHIS), we applied survey weights and variance 
adjustments following NCHS guidelines [22]. Employment 
survey estimates from CPS were obtained as published by 
BLS, which applies weights to match independent popula-
tion controls [23]. CES data utilized seasonally adjusted esti-
mates as published by BLS [24]. The NIOSH mining survey 
applied weights based on mine characteristics as described 
in the original study documentation [25] Annual data from 
2014 onwards was extracted where available, though the 
most recent data varied by source (ACS and MSHA through 
2022, CES and CPS 2023).

Where possible, we obtained data for workers in the 
North American Industry Classification System (NAICS) 
category 212 (Mining industry, excluding oil and gas 
extraction) to align with industry definitions. However, 
some datasets presented limitations. For example, the Cur-
rent Population Survey only provides data at the mining sec-
tor level (NAICS 21), which includes oil and gas extraction 
and cannot be disaggregated. Within these constraints, we 
analyzed fatigue-related variables available across the data-
sets, including weekly work hours, commute duration and 
timing, shift work patterns, work task demands, and sleep 
duration and quality.

Table  1 contains a summary of relevant information 
associated with each data set. For full description of agency 
information, survey program, and data extraction and analy-
sis for each of the seven data sources, refer to Supplemen-
tary Material 1.

3  Results

Results are organized within sections by variables across 
data sets. For simplicity, unless otherwise noted, the term 
“miners” is used henceforth to refer to workers in the min-
ing subsector (i.e., excluding oil and gas workers), and 
“industry” or “industries” for comparisons across sectors 
(e.g., construction, manufacturing) and subsectors (e.g., 
miners, oil and gas extraction).
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3.1  Weekly Work Hours

Tables 2, 3 and 4 detail the results from the CES, CPS, ACS, 
MSHA, and NIOSH data regarding average weekly hours 
worked. Estimates varied, but average weekly working 
hours for miners ranged between 44.9 and 47.0, compared 
to estimates for agriculture, forestry, fishing, and hunting 
(AFFH) (42.2–43.8 h), construction (39.1–40.9 h), and utili-
ties (42.3–42.4 h) (Table 2). Relative to all private industry 
workers (i.e., excluding military), miners worked on aver-
age between 9.1 and 10.4 more hours per week (based on 
ACS and CES estimates, respectively). In the CES data, 
miners worked 3.1 more hours per week on average than oil 
and gas. Although these averages were relatively equivalent 
in the ACS data, further exploring the data using frequency 
distributions (Table 3) revealed that 53.7% of miners worked 
at least 45 or more hours per week compared to 44.7% of 
oil and gas workers and 23.5% of all workers. Along these 
lines, 25.5% of coal miners worked at least 55 or more hours 
per week, compared to 19.6% of oil and gas workers and 
7.9% of all workers.

Regarding mining industry groups, workers in coal min-
ing tended to work slightly longer hours, with averages rang-
ing between 1.0 and 1.9 more hours per week compared to all 
miners (CES, ACS, and MSHA) (Table 4). These differences 
were more pronounced for NIOSH survey results, with 5.7 
and 7.7 more hours per week for coal workers depending on 

Table 2  Average weekly working hours by select industries across 
public data sources, means and standard deviations for annual esti-
mates

Dataset
NAICS CES CPS ACS
 11: AFFH 42.2 (0.6) 43.8 (0.4)
 1133: Logging 40.8 (2.2) 44.4 (0.4)
 21: MQOGE 45.4 (1.0) 47.5 (1.3) 49.6 (0.9)
 211: OGE 41.9 (0.9) 47.0 (0.7)
 212: Mining (except OGE) 44.9 (0.8) 47.0 (0.4)
 23: Construction 39.1 (0.3) 40.8 (0.4) 40.9 (0.2)
 31–33: Manufacturing 40.5 (0.4) 41.9 (0.3) 42.3 (0.2)
Trade, Transportation, Utilities 34.3 (0.2) 37.6 (0.2)
42–45: Trade 37.2 (0.2) 36.1 (0.2)
 42: Wholesale Trade 38.9 (0.2) 41.8 (0.3)
 44–45: Retail Trade 30.8 (0.5) 34.8 (0.1)
48–49, 22: Transportation and 
Utilities

41.3 (0.4) 41.6 (0.6)

 48–49: Transportation and 
Warehousing

38.6 (0.4) 41.4 (0.8)

 22: Utilities 42.4 (0.3) 42.3 (0.2)
Total* 34.5 (0.2) 38.7 (0.2) 37.9 (0.2)
CES Current Employment Statistics, 2014–2023, CPS Current Popu-
lation Survey, 2014–2023, ACS American Community Survey, 2014–
2022, NAICS North American Industry Classification System, AFFH 
Agriculture, Forestry, Fishing, Hunting, MQOGE Mining, Quarry-
ing, and Oil and Gas Extraction, OGE  Oil and Gas Extraction
*Total estimates include all except military workers for CPS and 
ACS; CES total estimates (i.e., “All Private”) exclude military and all 
workers in the public administration sector (NAICS 92)

Table 3  Percent distributions for average weekly working hours by industry in ACS 2014–2022 data
Average Weekly Working Hours (% of survey participants)

NAICS 1–34 h 35–44 h 45–54 h 55–64 h 65–74 h 75 + h
 11: AFFH 21.6 35.1 19.1 12.9 5.3 6.0
 1133: Logging 16.2 38.3 21.9 15.8 4.9 2.9
21: MQOGE 5.4 41.5 24.9 13.1 4.4 10.8
 211: OGE 5.2 50.1 25.1 9.1 2.5 8.0
 212: Mining (except OGE) 4.2 42.1 32.0 15.3 3.7 2.7
 2121: Coal Mining 3.4 37.7 33.5 18.5 4.6 2.4
 2122–2123: Metal/Nonmetal 4.6 44.2 31.2 13.8 3.3 2.9
 2122: Metal Ore 3.2 49.6 29.7 9.8 1.8 5.8
 2123: NMMQ 5.2 41.8 31.9 15.6 3.9 1.6
 23: Construction 15.3 56.3 18.6 7.1 1.7 1.0
 31–33: Manufacturing 7.9 59.4 23.8 6.8 1.2 0.8
Trade, Transportation, Utilities 28.9 47.4 15.3 5.7 1.7 1.0
42–45: Trade 33.4 45.9 14.2 4.7 1.1 0.6
 42: Wholesale Trade 12.4 52.9 24.1 8.0 1.6 0.9
 44–45: Retail Trade 38.1 44.4 12.0 4.0 0.9 0.6
48–49, 22: Transportation and Utilities 17.2 51.1 18.2 8.2 3.5 1.8
 48–49: Transportation and Warehousing 19.5 48.1 17.8 8.7 3.9 1.9
 22: Utilities 5.3 66.7 20.1 5.6 1.2 1.0
Total* 25.2 51.5 15.5 5.4 1.4 1.0
NAICS North American Industry Classification System, AFFH Agriculture, Forestry, Fishing, Hunting, MQOGE Mining, Quarrying, and Oil 
and Gas Extraction, OGE Oil and Gas Extraction, NMMQ Nonmetallic Mineral Mining and Quarrying, 
*Total estimates include all except military workers for ACS data
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OGE (48.5%). Additionally, 18.1% of miners spent 60 min 
or longer traveling to work, compared to 22.0% for log-
ging, 16.1% for construction, and 14.9% for OGE. These 
percentages were more pronounced for some mining indus-
try groups, with 24.5% of coal and 24.2% of metal mining 
workers traveling at least 60 min to work.

Finally, frequency distribution data was also available for 
the time of day that workers reported departing for work. 
We looked at the total percentage of workers that started 
their commute during the maximum period of sleepiness 
at physiological night (02:00 to 05:59), or Window of Cir-
cadian Low (WOCL) [26]. Results indicate that 41.7% of 
miners left for work in this window, compared to 42.6% in 
logging, 23.3% in OGE, 22.4% in construction, and 13.1% 
for all workers in private industry. Coal mining (41.1%) 
was roughly equivalent to miners as a whole, while metal 
mining was 52.0%. A summary of the ACS work hours and 
commute time results can be found in Fig. 1.

the employee type. In general, surface operations overall had 
longer weekly working hours on average compared to their 
underground counterparts, particularly for coal (4.0–5.7 h), 
metal (0.2–4.8 h), and all nonmetal (1.1–5.5 h).

3.2  Commute

Table  5 details commuting information results from ACS 
data. Average one-way travel time to work was 31.3 min for 
miners, compared to 29.7 for oil and gas, 14.5 min for AFFH, 
29.4 for logging, 27.0 for construction, and 25.5 for utilities. 
On average, miners reported traveling 10 min more to work 
compared to all workers combined. These differences were 
more pronounced for certain mining industry groups, par-
ticularly for coal (36.7 min) and metal (34.7 min).

For frequency distributions of commute duration, 51.9% 
of miners spent 30 min or longer traveling to work, which 
was similar to logging (51.0%), construction (50.4%), and 

Table 4  Average weekly working hours by industry across public data sources, means and standard deviations for annual estimates
Dataset
CES ACS MSHA NIOSH*

NAICS P PS PPM
 21: MQOGE 45.4 (1.0) 49.6 (0.9)
 211: OGE 41.9 (0.9) 47.0 (0.7)
 212: Mining (except OGE) 44.9 (0.8) 47.0 (0.4) 46.8 (1.0) 39.2 38.6 39.7
 --All Underground Mines 45.6 (1.4) 42.9 41.8 42.7
 --All Surface Mines 45.7 (0.9) 39.0 38.3 39.5
 2121: Coal Mining 46.2 (1.4) 48.0 (0.9) 48.7 (1.6) 46.9 44.3 45.6
 --Underground Coal 42.8 (1.5) 43.5 41.9 42.1
 --Surface Coal 47.9 (1.7) 49.2 45.9 46.4
 2122–2123: Metal/Nonmetal Mining 46.5 (0.6) 44.1 (0.6)
 --Underground MNM 38.7 (0.7)
 --Surface MNM 42.7 (0.6)
 2122: Metal Ore Mining 43.3 (1.1) 46.9 (1.2) 40.1 39.5 43.2
 --Underground Metal 40.0 37.6 39.9
 --Surface Metal 40.2 40.8 44.7
 2123: NMMQ 45.0 (1.1) 46.4 (0.5) 36.3 37.8 40.3
 --Underground Nonmetal 34.1 36.8 35.4
 --Surface Nonmetal 36.5 37.9 40.9
 21,231: Stone Mining 45.6 (1.2) 40.6 41.5 42.5
 --Underground Stone 45.8 45.2 47.7
 --Surface Stone 40.5 41.3 42.3
 212,312: Limestone 46.2 (1.4)
 212311,3,9: Dimension/Granite 44.8 (1.4)
 21,232: Sand & Gravel 36.8 35.3 31.7
 21,239: Other Nonmetal 43.6 (2.3)
Total* 34.5 (0.2) 38.0 (0.2)
CES Current Employment Statistics, 2014–2023, ACS American Community Survey, 2014–2022, MSHA Mine Safety and Health Administra-
tion, 2014–2022, NIOSH National Institute for Occupational Safety and Health, 2008,P Production Workers, PS Production Support Workers, 
PPM Preparation Plant and Mill Workers, NAICS North American Industry Classification System, MQOGE Mining, Quarrying, and Oil and 
Gas Extraction, OGE Oil and Gas Extraction, MNM Metal/Nonmetal (combined), NMMQ Nonmetallic Mineral Mining and Quarrying
*NIOSH estimates were only available for a single year (2008), therefore no standard deviations across multiple years were able to be calculated
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Table 5  Commute duration (minutes) and commute during WOCL by industry in ACS 2014–2022 data, means and percent distributions
NAICS Commute Duration (% of survey participants) WOCL (%)

Mean 1–29 min 30–44 min 45–59 min 60–74 min 75–89 min 90 + min
 11: AFFH 14.5 72.7 15.1 5.3 3.8 0.5 2.6 20.9
 1133: Logging 29.4 48.8 19.8 9.2 11.2 1.5 9.3 42.6
21: MQOGE 31.7 50.1 20.6 10.7 8.4 1.5 8.7 30.7
 211: OGE 29.7 51.4 22.3 11.3 7.5 1.1 6.3 23.3
 212: Mining (except OGE) 31.3 48.1 21.4 12.4 9.3 2.1 6.7 41.7
 2121: Coal Mining 36.7 36.5 23.0 16.1 13.0 3.0 8.5 41.1
 2122–2123: Metal/Nonmetal 28.8 53.6 20.6 10.7 7.6 1.7 5.9 41.9
 2122: Metal Ore 34.7 46.2 18.4 11.2 11.1 3.0 10.1 52.0
 2123: NMMQ 26.2 56.7 21.5 10.5 6.1 1.2 4.0 37.5
 23: Construction 27.0 49.7 23.8 10.5 9.0 1.4 5.7 22.4
 31–33: Manufacturing 23.8 59.3 22.8 9.3 4.9 0.9 2.6 25.0
Trade, Transportation, Utilities 21.8 63.6 20.0 7.8 4.8 0.8 2.9 15.6
 42–45: Trade 20.3 66.5 19.0 7.2 4.3 0.7 2.4 12.9
 42: Wholesale Trade 24.4 56.6 22.8 9.8 6.3 1.1 3.4 15.9
 44–45: Retail Trade 19.4 68.8 18.1 6.6 3.8 0.6 2.1 12.2
48–49, 22: Transportation & Utilities 25.6 56.5 22.5 9.5 6.1 1.1 4.3 22.2
 48–49: Transportation & Warehousing 25.6 56.5 22.5 9.3 6.1 1.0 4.6 22.3
 22: Utilities 25.5 56.7 22.4 10.2 6.2 1.2 3.4 21.5
Total* 21.4 62.1 20.6 8.3 5.2 0.9 2.9 13.2
NAICS North American Industry Classification System, AFFH Agriculture, Forestry, Fishing, Hunting, MQOGE Mining, Quarrying, and Oil 
and Gas Extraction, OGE  Oil and Gas Extraction, NMMQ Nonmetallic Mineral Mining and Quarrying, WOCL Window of Circadian Low; 
percentage of workers that reported departing for work (i.e., leaving home to initiate commute) between 0200 and 0559
*Total estimates include all except military workers for ACS data

Fig. 1  Work-related fatigue risk factors by % of workers in select industries. American community survey, 2014–2022 OGE = Oil and gas extrac-
tion T&W = Transportation and warehousing
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compared to AFFH (4.7%, 1.7%), OGE (3.6%, 1.5%), and 
construction (3.2%, 1.4%), but were smaller compared to 
transportation and warehousing (11.3%, 5.8%). Regarding 
mining industry groups, coal mining had the largest pro-
portion of workers arriving between noon and midnight 
(25.9%), followed by metal (11.6%) and nonmetal mining 
(9.4%).

Both CPS and NIOSH reported on rotating shifts. CPS 
data showed 15.1% of workers in the mining sector working 
under a rotating shift schedule compared to 4.4% of utili-
ties and 3.9% of transportation and warehousing. NIOSH 
estimates varied by employee type and mine category, with 
rotating shifts reported for 7.7%−11.5% of miners, and con-
siderably higher rates in underground mines (up to 42.2%) 
and metal mines (up to 72.4%).

3.4  Work Tasks

Tables  7 and 8 contain results from O*NET abilities and 
work context variables, respectively. For detailed O*NET 
item descriptions, see Supplementary Material 2.

3.3  Shift Work

Table  6 summarizes shift work patterns using data from 
CPS (2004 supplement only), NIOSH, and ACS. According 
to CPS data, 31.9% of mining sector workers (i.e., including 
oil and gas) reported working a non-daytime schedule, com-
pared to 9.9% in AFFH, 2.9% in construction, and 31.8% in 
transportation and warehousing. NIOSH data showed that 
21.5% of all mining worksites used multiple daily shifts for 
production crews, with higher usage in underground mines 
(67.0%), coal mines (68.3%), and metal mines (64.7%).

Regarding shift timing, CPS data indicated that 3.6% of 
mining sector workers worked evening shifts (i.e., 2pm-
midnight) and 4.9% worked night shifts (i.e., 9pm-8am). 
These percentages were larger than those for evening and 
night shifts in AFFH (1.4%; 2.3%) and construction (0.5%; 
0.5%), but smaller than manufacturing (7.2%; 5.2%) and 
transportation and warehousing (5.6%; 5.6%). Work arrival 
time data from ACS indicated that a total of 9.4% of min-
ers starting between noon and 6pm, and 5.7% between 6pm 
and midnight. These percentages were respectively higher 

Table 6  Percent shift work by industry across public data sources
Source Shift Work (%) Shift Type (%) Arrival at Work (%) Rotating Shift (%)

CPS NIOSH CPS CPS ACS ACS CPS NIOSH NIOSH
Description
NAICS

Shift Work ≥ 2 Shifts/Day Evening
(2p-12a)

Night
(9p-8a)

12p-6p 6p-12a All P PPM

 11: AFFH 9.9 1.4 2.3 4.7 1.7 1.1
 1133: Logging 3.2 1.4
 21: MQOGE 31.9 3.6 4.9 6.5 3.4 15.1
 211: OGE 3.6 1.5
 212: Mining (except OGE) 21.5 9.4 5.7 7.7 11.5
 --All Underground Mines 67.0 42.2 22.9
 --All Surface Mines 18.6 5.5 10.7
 2121: Coal Mining 68.3 15.2 10.6 31.2 22.3
 2122–2123: MNM 6.6 3.4
 2122: Metal Ore 64.7 7.4 4.3 59.3 72.4
 2123: NMMQ 27.8 6.3 3.0 15.1 36.8
 23: Construction 2.9 0.5 0.5 3.2 1.4 0.3
 31–33: Manufacturing 18.1 7.2 5.2 9.5 4.6 3.3
Trade, transportation, utilities 12.3 4.0
42–45: Trade 16.3 4.4 3.2 13.2 3.6 3.6
 42: Wholesale trade 8.0 2.7 1.8 5.6 2.2 0.7
 44–45: Retail trade 19.4 5.0 3.7 14.9 3.9 4.6
48–49, 22: T & U 27.9 5.0 4.8 10.1 5.2 4.0
 48–49: T & W 31.8 5.6 5.6 11.3 5.8 3.9
 22: Utilities 9.5 1.9 0.8 4.2 2.0 4.4
Total* 15.4 5.0 3.3 7.8 2.8 2.6
CPS Current Population Survey, 2014–2023, ACS American Community Survey, 2014–2022, NIOSH, National Institute for Occupational 
Safety and Health, 2008,P Production Workers, PPM Preparation Plant and Mill Workers, NAICS North American Industry Classification 
System, AFFH Agriculture, Forestry, Fishing, Hunting, MQOGE Mining, Quarrying, and Oil and Gas Extraction, OGE Oil and Gas Extrac-
tion, MNM Metal/Nonmetal (combined), NMMQ Nonmetallic Mineral Mining and Quarrying, T & U Transportation and Utilities, T & W 
Transportation and Warehousing
*Total estimates include all except military workers for CPS and ACS
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visualization, and time sharing, while only perceptual speed 
was slightly more important for metal ore mining. For non-
metal mining, static strength was most notable (64.4%), 
exceeding construction (52.5%) and T&W (55.8%) but not 
AFFH (72.0%).

Select fatigue-relevant O*NET Work Context variables 
were also more frequent for miners (Table  8). Over half 
(51.9%) frequently worked in non-environmentally controlled 
indoor settings. While 57.1% frequently worked outdoors 
exposed to weather, less than AFFH (77.0%) and construc-
tion (71.7%), miners experienced some of the most frequent 
rates of exposure to excessive noise (79.5%), extreme tem-
peratures (63.6%), poor light (36.5%), and whole-body vibra-
tion (39.2%). Metal ore mining had the highest frequency of 
working in hazardous conditions (43.5%), while coal mining 
had the highest frequency of working with hazardous equip-
ment (76.4%). Except for logging (78.3%), miners as a whole 
(72.7%) and coal mining (73.0%) were the most likely to 
have a serious perceived consequence of error (i.e., how seri-
ous would the result usually be if the worker made a mistake 
that was not readily correctable?). Finally, machine-paced 
work was more common for miners (51.8%), particularly 
coal (52.0%) and nonmetal (53.7%).

3.5  Sleep

Table  9 details sleep results from NHIS. Approximately 
36.6% of miners reported sleeping six or less usual hours of 

The Occupational Information Network (O*NET) is a 
free, publicly accessible online database containing hun-
dreds of job titles, descriptions, and requirements that 
includes a variety of variables related to characteristics of 
both workers (e.g., abilities, knowledge, skills) and work 
itself (e.g., work activities, work context, tasks). For each of 
the 923 occupations in O*NET, data (ratings) are provided 
by surveys administered to job incumbents, job experts, and 
job analysts, which are converted to standardized scores 
ranging from 0 to 100 to aid in comparisons between dif-
ferent jobs and variables, where 50 represents the “average” 
or midpoint. For our analyses, we focused on identifying 
occupations at or above the midpoint (50 to 100) on fatigue-
relevant characteristics, corresponding to important or fre-
quent characteristics of the job.

The percentage of miners whose occupations rated at or 
above the midpoint (i.e., 50 to 100) on key O*NET Ability 
variables (i.e., were important to the occupation) was gener-
ally higher than in other industries (Table 7). For example, 
time sharing (i.e., the ability to switch between tasks) was 
important for 44.9% of miners, compared to 21.3% in T&W, 
17.8% in construction, and 18.7% in logging. Rate control 
(timing movements to match changes in speed/direction) 
(51.5%) and reaction time (53.8%) were also more promi-
nent among miners. The most striking contrast appeared 
in auditory attention, rated important for 53.0% of miners 
compared to 3.8–31.3% in other industries. Coal mining 
showed slightly higher importance on perceptual speed, 

Table 7  Percent of workers by industry working in occupations at or above midpoint ratings (≥ 50) on select O*NET Ability variables
NAICS Problem 

Sensitivity 
(%)

Per-
ceptual 
Speed 
(%)

Visual-
ization 
(%)

Selective 
Attention 
(%)

Time 
Sharing 
(%)

Response 
Orientation 
(%)

Rate 
Control 
(%)

Reac-
tion 
Time 
(%)

Static 
Strength 
(%)

Audi-
tory 
Atten-
tion (%)

11: AFFH 94.2 19.1 20.6 27.4 4.0 15.9 62.3 63.6 72.0 8.4
 1133: Logging 91.7 59.7 78.1 76.4 18.7 69.9 71.0 71.7 32.4 29.5
21: MQOGE 91.3 57.7 66.7 78.4 32.1 29.1 43.7 50.2 50.8 46.9
 211: OGE 89.4 55.0 49.8 66.1 16.5 15.4 19.1 34.2 29.8 24.4
 212: Mining (except 
OGE)

92.0 66.6 73.8 83.4 44.9 47.7 51.5 53.8 58.2 53.0

 2121: Coal Mining 90.4 72.6 79.0 85.0 49.0 44.7 51.7 52.7 55.1 55.1
 2122: Metal Ore 85.7 70.3 71.9 81.8 37.2 42.8 44.8 48.1 50.5 48.7
 2123: NMMQ 92.7 61.0 70.5 81.4 45.6 50.3 53.3 55.6 61.4 53.0
22: Utilities 89.6 61.0 52.1 73.0 9.4 14.0 14.3 17.5 21.8 15.9
23: Construction 90.0 48.6 62.1 77.5 17.8 8.7 22.1 21.7 52.5 10.0
31–33: Manufacturing 80.1 46.6 47.8 61.6 2.4 7.8 19.9 24.4 26.4 16.2
42: Wholesale Trade 84.7 23.0 21.4 41.3 5.6 11.8 9.3 14.1 29.9 10.9
44–45: Retail Trade 81.1 12.7 8.0 55.2 6.7 4.1 0.9 2.3 20.9 3.8
48–49: T & W 84.0 29.5 32.3 54.3 21.3 31.8 25.9 35.6 55.8 31.3
Total 77.7 24.5 22.5 54.2 13.8 5.4 5.8 8.3 22.2 7.3
O*NET=Occupational Information Network
Abilities=Enduring attributes of the individual that influence performance
Total estimates include percent of all occupations available in merged OEWS/O*NET data
See Supplementary Material 2 for detailed O*NET results
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industry by synthesizing multiple data sources. It also con-
textualizes findings through direct comparison with other 
similar industries. Our results indicate that miners experi-
ence a higher rate of several established fatigue risk factors, 
including extended work hours, longer and earlier com-
mutes, prevalent shift work schedules, greater exposure to 
physically and cognitively demanding work tasks and envi-
ronments, and shorter sleep durations.

Data from CES, CPS, ACS, MSHA, and NIOSH indicated 
that U.S. miners generally work more average weekly hours 
compared to other similar industries. Specifically, miners 
reported substantially greater hours compared to all private 
industry workers, moderately greater than logging and con-
struction, and slightly greater than oil and gas extraction. 
Within mining, coal and surface workers (except stone) had 
the highest average weekly working hours, exceeding the 
overall average for miners. Long working hours have been 
consistently associated with increased fatigue and safety 
risks [27, 28], particularly when shifts exceed 12  h [21]. 
Joint guidelines from the American Academy of Sleep Med-
icine (AASM) and Sleep Research Society (SRS) emphasize 

sleep per day, compared to 24.7% in AFFH, 32.3% in OGE, 
30.5% in construction, and 36.9% in Transportation and 
Warehousing (T&W). Likewise, 58.3% of miners as well 
as T&W workers reported sleeping seven to eight hours, 
compared to 68.9% in AFFH, 63.4% in OGE, and 64.8% in 
construction. No similarly discernible industry-related pat-
tern was observed for percent of workers reporting sleeping 
nine or more hours. Although several other sleep variables 
were considered (e.g., trouble falling/staying asleep), we 
report on percent of workers indicating any usage of sleep 
medication in the past week. Results indicate an elevated 
usage of sleep medication by miners (14.0%), compared to 
AFFH (7.7%), OGE (9.9%), construction (7.5%), and T&W 
(9.6%).

4  Discussion

This exploratory analysis summarizes publicly available 
evidence on patterns of proxy indicators of risk factors for 
work-related fatigue among workers in the U.S. mining 

Table 8  Percent of workers by industry working in occupations at or above midpoint ratings (≥ 50) on select O*NET Work Context variables
NAICS Indoors 

(%)
Out-
doors 
(%)

Noise 
(%)

Temp 
(%)

Light 
(%)

Vibration 
(%)

Hazardous 
Conditions 
(%)

Hazardous 
Equipment 
(%)

Conse-
quence of 
Error (%)

Pace 
Equip 
Speed 
(%)

11: AFFH 24.2 77.0 34.2 74.9 8.5 5.6 4.9 22.4 27.4 22.1
 1133: Logging 15.7 79.6 80.7 40.1 21.5 51.6 4.1 61.0 78.3 45.0
21: MQOGE 50.8 60.0 72.6 63.8 47.1 19.2 39.9 61.7 64.6 37.3
 211: OGE 42.2 48.3 56.6 45.3 37.6 3.5 38.2 47.0 53.4 21.7
 212: Mining (except 
OGE)

51.9 57.1 79.5 63.6 36.5 39.2 30.0 69.1 72.7 51.8

 2121: Coal Mining 60.4 58.4 81.7 65.9 44.3 44.3 37.9 76.4 73.0 52.0
 2122: Metal Ore 62.4 43.7 74.6 47.4 42.7 38.4 43.5 67.3 66.8 45.2
 2123: NMMQ 42.5 60.8 78.8 68.1 29.7 37.0 19.8 65.1 73.1 53.7
22: Utilities 48.9 47.1 59.1 49.0 32.5 11.6 38.8 48.7 57.2 15.0
23: Construction 50.1 71.7 76.7 72.9 51.9 8.8 23.9 68.2 68.7 21.5
31–33: Manufacturing 38.6 12.9 55.4 35.7 7.4 0.3 21.1 43.9 44.6 43.3
42: Wholesale Trade 22.3 23.8 28.3 27.6 10.6 0.9 7.7 13.1 24.1 11.5
44–45: Retail Trade 11.5 8.7 16.3 13.5 2.6 0.0 5.2 7.7 13.8 5.0
48–49: T & W 31.7 57.9 49.0 59.2 26.5 3.9 8.6 17.4 45.8 14.1
Total* 15.4 18.2 34.7 21.6 8.7 1.1 8.0 14.7 31.7 9.9
O*NET=Occupational Information Network
Work Context=Physical and social factors that influence the nature of work
Indoors=Indoors, Not Environmentally Controlled (separate from “Indoors, Environmentally Controlled”)
Outdoors=Outdoors, Exposed to Weather
Noise=Sounds, Noise Levels Are Distracting or Uncomfortable
Temp=Very Hot or Cold Temperatures
Light=Extremely Bright or Inadequate Lighting
Vibration=Exposed to Whole Body Vibration
Pace Equip Speed=Pace Determined by Speed of Equipment
Total estimates include percent of all occupations available in merged OEWS/O*NET data
See Supplementary Material 2 for detailed O*NET results
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drowsy driving incidents, particularly among shift workers 
[34–37].

Compared to other industries, miners were more fre-
quently engaged in shift work schedules, particularly those 
involving night, rotating, or nonstandard shifts. Shift work 
schedules are widely documented to negatively impact 
health, safety, and sleep quality through disruptions in cir-
cadian rhythms, sleep duration, and social misalignment 
[21, 38–40]. Rotating shifts especially can induce circadian 
disturbances and heightened fatigue [41, 42].

Many mining occupations are characterized by high 
exposure to fatigue risk factors. These same occupations 
also ranked consistently higher in fatigue-sensitive cogni-
tive demands, including response orientation, rate control, 
and time sharing, compared to other similar industries. 
Though previous reviews have suggested that work envi-
ronment and task-related factors can increase work-related 
fatigue risk for miners [4, 5], the present analyses of O*NET 
data are among the first to use standardized data to com-
pare risk factor prevalence across occupational categories 
and industries. Occupations in mining are among the most 
frequently exposed to distracting sounds, extreme tempera-
tures, inadequate lighting, and whole-body vibration. These 
factors exacerbate fatigue risk by increasing cognitive work 
demands, reducing vigilance, and negatively affecting 
physiological recovery [43–45]. In particular, the effects of 
work-related exposure to light [46], noise [47], temperature 
[48], and whole-body vibration [49] on fatigue risk have 
been consistently documented.

Consistent with prior studies, our findings showed min-
ers had shorter sleep duration, were less likely to achieve 
recommended sleep duration (7–8 h), and reported higher 
use of sleep medication. Use of sleeping medication is a 
core component on the Pittsburgh Sleep Quality Index 
PSQI [50]—often considered the gold standard for self-
reported sleep quality—and can be a strong albeit less 
consistent predictor of global PSQI scores, poorer sleep 
quality, fatigue, and physical and mental health outcomes 
[51, 52]. While the sleep health of miners has been inves-
tigated on a smaller scale with individual studies [4], more 
comprehensive research would benefit the development 
of practical interventions [7–9, 17–19, 53]. For example, 
clarifying sleep-related fatigue risks in workers with tem-
porary living arrangements, such as drive-in-drive-out 
(DIDO), would promote understanding and mitigation of 
fatigue risk [54, 55].

Our results show a consistent pattern of elevated fatigue 
risk in mining relative to other similar industries. The mul-
tiplicative nature of risk factors—including long hours, 
extensive commuting, and prevalent shift work—combined 
with the fatigue-sensitive and high-consequence nature of 
their work, suggest that miners are at significant risk of 

that extended shifts intensify fatigue by prolonging wake-
fulness and reducing recovery time [29]. Notably, approxi-
mately 22% of miners in our analyses, including 26% of 
coal, exceeded weekly working hours limits (55 + hours) 
recommended by several mining governing bodies [30, 
31], potentially placing them at heightened fatigue-related 
risk of injury or long-term illness. The observed pattern of 
extended hours aligns with common fatigue controls cen-
tered on roster design, situational limits on or conditional 
approval mechanisms for consecutive long shifts, and pro-
tection of adequate recovery time between shifts.

Commuting time further compounds fatigue risk among 
miners. ACS data demonstrated that miners have longer 
average commutes compared to workers in construction 
and oil and gas extraction, amounting to nearly 99 addi-
tional minutes commuting per week under a standard five-
day schedule. Weekly commute times were even longer for 
workers in metal ore mining (132.1 additional minutes) and 
coal mining (152.6 additional minutes). For approximately 
24% of metal and coal, weekly commuting exceeded 10 h 
or more. Nearly 42% of miners (52% of metal) commuted 
during times of peak physiological sleepiness (WOCL). 
Indeed, driving during WOCL has been associated with 
higher-risk for sleep-related vehicle crashes [32], especially 
those involving fatigue, speeding, and younger male drivers 
[33]. Extended commutes in general have been associated 
with sleep disturbances, physical inactivity, and elevated 
fatigue-related risks, including increased likelihood of 

Table 9  Usual hours of sleep per day and any usage of sleep medica-
tion in past week by percent of industry workers, NHIS 2004–2018 
and 2013–2018 data
NAICS Sleep Duration %†

≤ 6 h 7–8 h ≥ 9 h % 
Sleep 
Med 
Used‡

11: AFFH 24.7% 68.9% 6.4% 7.7%
211: OGE 32.3% 63.4% 4.4% 9.9%
212: Mining (except OGE) 36.6% 58.3% 5.0% 14.0%
22: Utilities 34.3% 63.4% 2.4% 8.8%
23: Construction 30.5% 64.8% 4.7% 7.5%
31–33: Manufacturing 35.8% 60.1% 4.1% 9.5%
42: Wholesale Trade 30.3% 65.1% 4.6% 9.7%
44–45: Retail Trade 31.1% 62.1% 6.8% 10.2%
48–49: T&W 36.9% 58.3% 4.9% 9.6%
Total* 31.7% 63.2% 5.2% 10.9%
NHIS National Health Interview Survey, NAICS North American 
Industry Classification System, AFFH Agriculture, Forestry, Fish-
ing, Hunting, OGE Oil and Gas Extraction, T & W Transportation 
and Warehousing
*Total estimates include all except military workers
†2004–2018 NHIS data
‡2013–2018 NHIS data
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hours and shift work, challenging work environments char-
acterized by heat, noise, and high cognitive demands), and 
non-work influences such as extended commuting times, and 
compromised sleep health. The elevated burden of fatigue 
risk factors in mining highlights an opportunity to design and 
implement practical and effective strategies to better prevent 
the occurrence of fatigue and mitigate its risks.
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experiencing a level of fatigue that has implications for 
safety and health. The findings also suggest opportunities 
for targeted interventions, highlighting patterns which point 
toward several potential areas for industry and regulatory 
attention: fatigue risk management systems that incorpo-
rate fatigue monitoring and science-based scheduling prac-
tices, sleep health programs including education about sleep 
hygiene for shift workers, access to sleep disorder screen-
ing, and workplace environmental controls targeting the 
specific exposures miners face (noise, vibration, tempera-
ture extremes, lighting) that compound fatigue risk beyond 
scheduling factors alone.

Future research building on these exploratory find-
ings could strengthen evidence for specific interventions 
by determining industry-specific burden through direct 
assessment rather than proxy measures. Other efforts might 
include determining the industry-specific burden of fatigue; 
assessing fatigue risk factors across mine types, commodi-
ties, and geography; and working with industry partners to 
pilot and evaluate practical interventions and control mea-
sures. This work would be strengthened by examining other 
health determinants that may influence fatigue and sleep 
health, such as age, education, and rurality. Particular atten-
tion to workers with temporary living arrangements such 
as in drive-in-drive-out (DIDO) operations would clarify 
population-specific fatigue risks and inform tailored mitiga-
tion approaches.

Because these analyses are exploratory and descriptive, 
findings should be interpreted with caution. Direct measures 
of fatigue were largely unavailable, necessitating reliance 
on proxy indicators such as hours worked or sleep dura-
tion, which may not fully capture the multifaceted nature of 
fatigue [56, 57]. Also, certain estimates of central tendency 
may not be stable because miners represent a small frac-
tion (< 0.2%) of workers in national public data sets [58]. 
In addition, restricted access to raw data precluded statis-
tical significance testing, and shared industry coding com-
plicated distinctions between mining and oil gas workers. 
Broad classification of mining industry groups can mask 
operational diversity within each commodity type (e.g., 
coal, gold, molybdenum), restricting detailed interpretations 
of specific industry characteristics. Despite these limita-
tions, the convergence of evidence across multiple datasets 
suggests that fatigue risk is a salient and persistent concern 
with the U.S. mining industry.

5  Conclusion

Compared with workers in similar industries, U.S. miners 
are exposed to fatigue risk factors at a higher rate. These 
include demanding work schedules such as long working 

1 3

https://doi.org/10.1007/s42461-026-01537-9
https://doi.org/10.1007/s42461-026-01537-9
https://doi.org/10.1016/j.aap.2009.11.011
https://doi.org/10.1111/j.1365-2869.1995.tb00220.x
https://doi.org/10.1111/j.1365-2869.1995.tb00220.x
https://doi.org/10.1002/ajim.23301
https://doi.org/10.1002/ajim.23301
https://doi.org/10.3390/min1010049
https://www.resources.nsw.gov.au/sites/default/files/documents/digging-deeper-report-vol-1.pdf
https://www.resources.nsw.gov.au/sites/default/files/documents/digging-deeper-report-vol-1.pdf
https://www.resources.nsw.gov.au/sites/default/files/documents/digging-deeper-report-vol-1.pdf
https://zone.biblio.laurentian.ca/bitstream/10219/3476/1/Thesis_DENNIE_A_FINAL.pdf
https://zone.biblio.laurentian.ca/bitstream/10219/3476/1/Thesis_DENNIE_A_FINAL.pdf


Mining, Metallurgy & Exploration

Ergon Manuf Serv Ind 31:208–222. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​h​f​​m​
.​2​0​8​8​0

28.	 Techera U, Hallowell M, Stambaugh N, Littlejohn R (2016) 
Causes and consequences of occupational fatigue: meta-analysis 
and systems model. J Occup Environ Med 58:961–973. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​J​O​​M​.​0​0​0​0​0​0​0​0​0​0​0​0​0​8​3​7

29.	 Gurubhagavatula I, Barger LK, Barnes CM, Basner M, Boivin 
DB, Dawson D, Drake CL, Flynn-Evans EE, Mysliwiec V, Pat-
terson PD, Reid KJ, Samuels C, Shattuck NL, Kazmi U, Caran-
dang G, Heald JL, Van Dongen HPA (2021) Guiding principles 
for determining work shift duration and addressing the effects of 
work shift duration on performance, safety, and health: guidance 
from the American Academy of Sleep Medicine and the Sleep 
Research Society. J Clin Sleep Med 17:2283–2306. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​5​​6​6​4​​/​j​c​​s​m​.​9​5​1​2

30.	 Commission for occupational safety and health (2006) code of 
practice: working hours. Government of Western Australia. ​h​t​t​p​​s​:​
/​​/​w​w​w​​.​w​​o​r​k​​s​a​f​e​​.​w​a​​.​g​o​​v​.​a​​u​/​s​​y​s​t​e​​m​/​​f​i​l​​e​s​/​m​​i​g​r​​a​t​e​​d​/​s​​i​t​e​​s​/​d​e​​f​a​​u​l​t​​/​f​i​l​​
e​s​/​​a​t​o​​m​s​/​​f​i​l​​e​s​/​c​​o​p​​w​o​r​k​i​n​g​h​o​u​r​s​.​p​d​f

31.	 Resources Regulator (2019) Fatigue management: Guidance 
for the NSW mining, petroleum and extractives industries 
(PUB18/141). Government of New South Wales.

32.	 Horne J, Reyner L (1999) Vehicle accidents related to sleep: a 
review. Occup Environ Med 56:289–294. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​
/​o​e​​m​.​5​6​.​5​.​2​8​9

33.	 Chipman M, Jin YL (2009) Drowsy drivers: the effect of light and 
circadian rhythm on crash occurrence. Saf Sci 47:1364–1370. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​s​c​i​.​2​0​0​9​.​0​3​.​0​0​5

34.	 Kim S, Kim Y, Lim SS, Ryoo JH, Yoon JH (2019) Long commute 
time and sleep problems with gender difference in work-life bal-
ance: a cross-sectional study of more than 25,000 workers. Saf 
Health Work 10:470–475. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​h​a​w​.​2​0​1​9​.​0​8​
.​0​0​1

35.	 Raza A, Pulakka A, Magnusson Hanson LL, Westerlund H, 
Halonen JI (2021) Commuting distance and behavior-related 
health: a longitudinal study. Prev Med 150:106665. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​1​6​​/​j​.​​y​p​m​e​d​.​2​0​2​1​.​1​0​6​6​6​5

36.	 Scott LD, Hwang WT, Rogers AE, Nysse T, Dean GE, Dinges 
DF (2007) The relationship between nurse work schedules, sleep 
duration, and drowsy driving. Sleep 30:1801–1807. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​9​3​​/​s​l​​e​e​p​/​3​0​.​1​2​.​1​8​0​1

37.	 Swanson LM, Drake C, Arnedt JT (2012) Employment and 
drowsy driving: a survey of American workers. Behav Sleep Med 
10:250–257. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​5​​4​0​2​0​0​2​.​2​0​1​1​.​6​2​4​2​3​1

38.	 Folkard S, Tucker P (2003) Shift work, safety and productivity. 
Occup Med (Lond) 53:95–101. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​o​c​​c​m​e​d​/​k​
q​g​0​4​7

39.	 Jensen MA, Garde AH, Kristiansen J, Nabe-Nielsen K, Hansen 
AM (2016) The effect of the number of consecutive night shifts 
on diurnal rhythms in cortisol, melatonin and heart rate variability 
(HRV): a systematic review of field studies. Int Arch Occup Envi-
ron Health 89:531–545. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​2​0​-​0​1​5​-​1​0​9​
3​-​3

40.	 Moreno CRC, Marqueze EC, Sargent C, Wright JK, Ferguson 
SA, Tucker P (2019) Working time society consensus statements: 
evidence-based effects of shift work on physical and mental 
health. Ind Health 57:139–157. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​4​8​6​​/​i​n​​d​h​e​a​l​t​h​.​
S​W​-​1

41.	 Niu SF, Chung MH, Chen CH, Hegney D, O’Brien A, Chou KR 
(2011) The effect of shift rotation on employee cortisol profile, 
sleep quality, fatigue, and attention level: a systematic review. J 
Nurs Res 19:68–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​J​N​​R​.​0​b​0​1​3​e​3​1​8​2​0​c​1​
8​7​9

42.	 Pilcher JJ, Lambert BJ, Huffcutt AI (2000) Differential effects 
of permanent and rotating shifts on self-report sleep length: a 

10.	 Muzaffar S, Cummings K, Hobbs G, Allison P, Kreiss K (2013) 
Factors associated with fatal mining injuries among contractors 
and operators. J Occup Environ Med 55:1337–1344. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​9​7​​/​J​O​​M​.​0​b​0​1​3​e​3​1​8​2​a​2​a​5​a​2

11.	 Friedman LS, Almberg KS, Cohen RA (2019) Injuries associated 
with long working hours among employees in the US mining 
industry: risk factors and adverse outcomes. Occup Environ Med 
76:389–395. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​/​o​e​​m​e​d​-​2​0​1​8​-​1​0​5​5​5​8

12.	 De S, Almberg KS, Cohen RA, Friedman LS (2020) Injuries dur-
ing the first hour at work in the U.S. mining industry. Am J Ind 
Med 63:1124–1133. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​a​j​​i​m​.​2​3​1​8​6

13.	 Felknor SA, Schulte PA, Schnorr TM, Pana-Cryan R, Howard J 
(2019) Burden, Need and Impact: An Evidence-Based Method to 
Identify Worker Safety and Health Research Priorities. Ann Work 
Expo Health 63:375–385. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​a​n​​n​w​e​h​/​w​x​z​0​1​
1

14.	 Brown DB (2022) Legal aspects of fatigue- and safety-sensitive 
professions. In: Kryger M, Roth T, Goldstein CA, Dement WC 
(eds) Principles and practice of sleep medicine, 7th edn. Elsevier, 
Philadelphia, pp 723–726

15.	 Safety M, Administration H, MSHA Mine Accident, Injury and 
Illness, Report (2022) MSHA Form 7000-1. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​m​​s​h​a​​.​g​
o​v​​/​s​i​​t​e​s​​/​d​e​​f​a​u​​l​t​/​f​​i​l​​e​s​/​​S​u​p​p​​o​r​t​​_​R​e​​s​o​u​​r​c​e​​s​/​F​o​​r​m​​s​/​7​0​0​0​-​1​.​p​d​f

16.	 Alterman T, Luckhaupt SE, Dahlhamer JM, Ward BW, Calvert 
GM (2013) Prevalence rates of work organization characteristics 
among workers in the U.S.: data from the 2010 National Health 
Interview Survey. Am J Ind Med 56:647–659. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​0​0​2​​/​a​j​​i​m​.​2​2​1​0​8

17.	 Luckhaupt S (2012) Short sleep duration among workers–United 
States, 2010. MMWR 61:281–285. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​d​c​.​​g​o​v​/​​m​m​w​​r​/​
p​​d​f​/​w​k​/​m​m​6​1​1​6​.​p​d​f

18.	 Luckhaupt SE, Tak S, Calvert GM (2010) The prevalence of short 
sleep duration by industry and occupation in the National Health 
Interview Survey. Sleep 33:149–159. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​s​l​​e​e​
p​/​3​3​.​2​.​1​4​9

19.	 Shockey TM, Wheaton AG (2017) Short Sleep Duration by 
Occupation Group – 29 States, 2013–2014. MMWR Morb Mortal 
Wkly Rep 66:207–213. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​5​8​​5​/​m​​m​w​r​.​m​m​6​6​0​8​
a​2

20.	 Saito K (1999) Measurement of fatigue in industries. Ind Health 
37:134–142. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​4​8​6​​/​i​n​​d​h​e​a​l​t​h​.​3​7​.​1​3​4

21.	 Wagstaff AS, Sigstad Lie JA (2011) Shift and night work and long 
working hours–a systematic review of safety implications. Scand 
J Work Environ Health 37:173–185. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​2​7​1​​/​s​j​​w​e​
h​.​3​1​4​6

22.	 Blewett LA, Drew R, King JA, M. L., Williams KCW (2019) 
IPUMS health surveys: national health interview survey, Version 
6.4 [data set]. Minneapolis, MN. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​8​1​2​​8​/​D​​0​7​0​.​
V​6​.​4

23.	 Bureau of Labor Statistics (n.d.). Current population survey. U.S. 
Department of Labor. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​b​​l​s​.​​g​o​v​/​​o​p​u​​b​/​h​​o​m​/​c​p​s​/​h​o​m​e​.​h​
t​m

24.	 Bureau of Labor Statistics (n.d.). Current Employment Statistics: 
Design. U.S. Department of Labor. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​b​​l​s​.​​g​o​v​/​​o​p​u​​b​/​h​​o​
m​/​c​e​s​/​d​e​s​i​g​n​.​h​t​m

25.	 McWilliams LJ, Lenart PJ, Lancaster JL, Zeiner JR Jr (2012) 
National Survey of the Mining Population, Part II: Mines. US 
Department of Health & Human Services, CDC/NIOSH IC, 
9528:2012 – 153. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​d​c​.​​g​o​v​/​​n​i​o​​s​h​/​​m​i​n​​i​n​g​​/​U​s​e​​r​F​​i​l​e​​s​/​w​
o​​r​k​s​​/​p​d​​f​s​/​2​0​1​2​-​1​5​3​.​p​d​f

26.	 Window of Circadian Low (2012) 14 C.F.R. § 117.3 ​h​t​t​p​​s​:​/​​/​w​w​w​​
.​e​​c​f​r​​.​g​o​v​​/​c​u​​r​r​e​​n​t​/​​t​i​t​​l​e​-​1​​4​/​​p​a​r​t​-​1​1​7​#​p​-​1​1​7​​.​​​​​3​(​W​i​n​d​o​w​%​2​0​o​f​%​2​0​c​i​
r​c​a​d​i​a​n​%​2​0​l​o​w​)​​​

27.	 Abu Hanifah MS, Ismail N (2020) Fatigue and its associated risk 
factors among shift workers: a systematic review. Hum Factors 

1 3

https://doi.org/10.1002/hfm.20880
https://doi.org/10.1002/hfm.20880
https://doi.org/10.1097/JOM.0000000000000837
https://doi.org/10.1097/JOM.0000000000000837
https://doi.org/10.5664/jcsm.9512
https://doi.org/10.5664/jcsm.9512
https://www.worksafe.wa.gov.au/system/files/migrated/sites/default/files/atoms/files/copworkinghours.pdf
https://www.worksafe.wa.gov.au/system/files/migrated/sites/default/files/atoms/files/copworkinghours.pdf
https://www.worksafe.wa.gov.au/system/files/migrated/sites/default/files/atoms/files/copworkinghours.pdf
https://doi.org/10.1136/oem.56.5.289
https://doi.org/10.1136/oem.56.5.289
https://doi.org/10.1016/j.ssci.2009.03.005
https://doi.org/10.1016/j.ssci.2009.03.005
https://doi.org/10.1016/j.shaw.2019.08.001
https://doi.org/10.1016/j.shaw.2019.08.001
https://doi.org/10.1016/j.ypmed.2021.106665
https://doi.org/10.1016/j.ypmed.2021.106665
https://doi.org/10.1093/sleep/30.12.1801
https://doi.org/10.1093/sleep/30.12.1801
https://doi.org/10.1080/15402002.2011.624231
https://doi.org/10.1093/occmed/kqg047
https://doi.org/10.1093/occmed/kqg047
https://doi.org/10.1007/s00420-015-1093-3
https://doi.org/10.1007/s00420-015-1093-3
https://doi.org/10.2486/indhealth.SW-1
https://doi.org/10.2486/indhealth.SW-1
https://doi.org/10.1097/JNR.0b013e31820c1879
https://doi.org/10.1097/JNR.0b013e31820c1879
https://doi.org/10.1097/JOM.0b013e3182a2a5a2
https://doi.org/10.1097/JOM.0b013e3182a2a5a2
https://doi.org/10.1136/oemed-2018-105558
https://doi.org/10.1002/ajim.23186
https://doi.org/10.1093/annweh/wxz011
https://doi.org/10.1093/annweh/wxz011
https://www.msha.gov/sites/default/files/Support_Resources/Forms/7000-1.pdf
https://www.msha.gov/sites/default/files/Support_Resources/Forms/7000-1.pdf
https://doi.org/10.1002/ajim.22108
https://doi.org/10.1002/ajim.22108
https://www.cdc.gov/mmwr/pdf/wk/mm6116.pdf
https://www.cdc.gov/mmwr/pdf/wk/mm6116.pdf
https://doi.org/10.1093/sleep/33.2.149
https://doi.org/10.1093/sleep/33.2.149
https://doi.org/10.15585/mmwr.mm6608a2
https://doi.org/10.15585/mmwr.mm6608a2
https://doi.org/10.2486/indhealth.37.134
https://doi.org/10.5271/sjweh.3146
https://doi.org/10.5271/sjweh.3146
https://doi.org/10.18128/D070.V6.4
https://doi.org/10.18128/D070.V6.4
https://www.bls.gov/opub/hom/cps/home.htm
https://www.bls.gov/opub/hom/cps/home.htm
https://www.bls.gov/opub/hom/ces/design.htm
https://www.bls.gov/opub/hom/ces/design.htm
https://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2012-153.pdf
https://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2012-153.pdf
https://www.ecfr.gov/current/title-14/part-117#p-117.
https://www.ecfr.gov/current/title-14/part-117#p-117.


Mining, Metallurgy & Exploration

people. Sleep Med 30:57–63. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​l​e​e​p​.​2​0​1​
6​.​0​3​.​0​0​8

52.	 Mollayeva T, Thurairajah P, Burton K, Mollayeva S, Shapiro 
CM, Colantonio A (2016) The Pittsburgh sleep quality index as 
a screening tool for sleep dysfunction in clinical and non-clinical 
samples: a systematic review and meta-analysis. Sleep Med Rev 
25:52–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​m​r​v​.​2​0​1​5​.​0​1​.​0​0​9

53.	 Yeoman K, Sussell A, Retzer K, Poplin G (2020) Health risk fac-
tors among miners, oil and gas extraction workers, other manual 
labor workers, and nonmanual labor workers, BRFSS 2013–2017, 
32 states. Workplace Health Saf 68:391–401. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
1​7​7​​/​2​1​​6​5​0​7​9​9​2​0​9​0​9​1​3​6

54.	 Ferguson SA, Baker AA, Lamond N, Kennaway DJ, Dawson D 
(2010) Sleep in a live-in mining operation: the influence of start 
times and restricted non-work activities. Appl Ergon 42:71–75. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​p​e​r​g​o​.​2​0​1​0​.​0​5​.​0​0​1

55.	 Maisey G, Cattani M, Devine A, Lo J, Fu SC, Dunican IC (2022) 
Digging for data: How sleep is losing out to roster design, sleep 
disorders, and lifestyle factors. Appl Ergon 99:103617. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​p​e​r​g​o​.​2​0​2​1​.​1​0​3​6​1​7

56.	 Dálete DCFM, Pimenta CAM (2006) Self-report instruments for 
fatigue assessment: A systematic review. Res Theory Nurs Pract 
20:49–78

57.	 Laverghetta AJr, Tran M, Braynen A, Steinle S, Moydinboyev B, 
Daas H, Licato J (2025) A survey of fatigue measures and models. 
J De?F Model Simulation-Applications Methodol Technology-
Jdms 22:147–173. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​5​​4​8​5​1​2​9​2​3​1​1​5​8​5​8​0

58.	 Robinson T, Sussell A, Scott K, Poplin G (2023) Health condi-
tions among male workers in mining and other industries reliant 
on manual labor occupations: National Health Interview Survey, 
2007–2018. Am J Ind Med 66:692–704. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​0​2​/​​a​​
j​i​m​.​2​3​4​8​3

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

meta-analytic review. Sleep 23:155–163. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​
s​l​​e​e​p​/​2​3​.​2​.​1​b

43.	 Gander P, Graeber C, Belenky G (2017) Operator fatigue: impli-
cations for human–machine interaction. Book operator fatigue: 
implications for human–machine interaction, CRC Press, pp 
365–382

44.	 Glimne S, Brautaset R, Osterman C (2020) Visual fatigue during 
control room work in process industries. Work 65:903–914. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​2​3​3​​/​W​O​​R​-​2​0​3​1​4​1

45.	 Rogé J, Pébayle T, Kiehn L, Muzet A (2002) Alteration of the useful 
visual field as a function of state of vigilance in simulated car driv-
ing. Transportation Research Part F: Traffic Psychology and Behav-
iour 5:189–200. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​s​1​​3​6​9​-​8​4​7​8​(​0​2​)​0​0​0​1​7​-​7

46.	 Smolders KCHJ, de Kort YAW (2014) Bright light and mental 
fatigue: effects on alertness, vitality, performance and physiologi-
cal arousal. J Environ Psychol 39:77–91. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​
j​.​​j​e​n​v​p​.​2​0​1​3​.​1​2​.​0​1​0

47.	 Kjellberg A, Muhr P, Sköldström B (1998) Fatigue after work in 
noise-an epidemiological survey study and three quasi-experi-
mental field studies. Noise Health 1:47–55

48.	 Gonzalez-Alonso J, Teller C, Andersen SL, Jensen FB, Hyldig 
T, Nielsen B (1999) Influence of body temperature on the devel-
opment of fatigue during prolonged exercise in the heat. J Appl 
Physiol (1985) 86:1032–1039. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​2​​/​j​a​​p​p​l​.​1​9​9​9​
.​8​6​.​3​.​1​0​3​2

49.	 Troxel WM, Helmus TC, Tsang F, Price CC (2016) Evaluating 
the impact of whole-body vibration (wbv) on fatigue and the 
implications for driver safety. Rand Health Q 5(4):6

50.	 Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ 
(1989) The Pittsburgh Sleep Quality Index: a new instrument for 
psychiatric practice and research. Psychiatry Res 28:193–213. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​0​1​​6​5​-​1​7​8​1​(​8​9​)​9​0​0​4​7​-​4

51.	 Hinz A, Glaesmer H, Brahler E, Loffler M, Engel C, Enzenbach 
C, Hegerl U, Sander C (2017) Sleep quality in the general popu-
lation: psychometric properties of the Pittsburgh Sleep Qual-
ity Index, derived from a German community sample of 9284 

1 3

https://doi.org/10.1016/j.sleep.2016.03.008
https://doi.org/10.1016/j.sleep.2016.03.008
https://doi.org/10.1016/j.smrv.2015.01.009
https://doi.org/10.1177/2165079920909136
https://doi.org/10.1177/2165079920909136
https://doi.org/10.1016/j.apergo.2010.05.001
https://doi.org/10.1016/j.apergo.2010.05.001
https://doi.org/10.1016/j.apergo.2021.103617
https://doi.org/10.1016/j.apergo.2021.103617
https://doi.org/10.1177/15485129231158580
https://doi.org/10.1002/ajim.23483
https://doi.org/10.1002/ajim.23483
https://doi.org/10.1093/sleep/23.2.1b
https://doi.org/10.1093/sleep/23.2.1b
https://doi.org/10.3233/WOR-203141
https://doi.org/10.3233/WOR-203141
https://doi.org/10.1016/s1369-8478(02)00017-7
https://doi.org/10.1016/j.jenvp.2013.12.010
https://doi.org/10.1016/j.jenvp.2013.12.010
https://doi.org/10.1152/jappl.1999.86.3.1032
https://doi.org/10.1152/jappl.1999.86.3.1032
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/0165-1781(89)90047-4

	﻿The Prevalence of Risk Factors for Work-Related Fatigue in the U.S. Mining Industry: An Exploratory Analysis of Public Data Sets
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Method
	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Weekly Work Hours
	﻿3.2﻿ ﻿Commute
	﻿3.3﻿ ﻿Shift Work
	﻿3.4﻿ ﻿Work Tasks
	﻿3.5﻿ ﻿Sleep

	﻿4﻿ ﻿Discussion
	﻿5﻿ ﻿Conclusion
	﻿References


