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The National Institute for Occupational Safety and Health conducted the National Occupational 
Health Survey of Mining (NOHSM) to characterize health-related agents, including 
musculoskeletal overload (MO) conditions, to which U.S. miners are potentially exposed (i.e., 
observed during on-site survey activity, but not quantified, measured, or evaluated). The 
percentage of miners potentially exposed to each separate MO condition was calculated, first for 

coal mining and then for metal/nonmetal (MNM) mining. The average percentage, over all 
twelve conditions, for coal mining (26.2%) was significantly larger than that for MNM mining 
(17.2%). Female miners comprised 1.6% of the total mining workforce, and were involved in 
1.5% of the MO potential exposures. Full-time potential exposures accounted for 19 .6% of the 
potential exposures in coal mining and 10.0% in MNM mining. The NOHSM data offer a 
unique body of information to musculoskeletal researchers, with ample opportunities for further 
analysis and comparison to other studies. 

INTRODUCTION 
Musculoskeletal disorders have been identified as a costly concern within the mining industry and 

analyses of these injuries have been examined by nature and body part, job title, and location on mine site. 
Pickett (1986) reviewed the problems of musculoskeletal injuries in coal miners but did not provide any 
statistics about body parts. Back injuries in underground mining have been described previously by a 
number of authors/investigators (Connelly, 1983; Peters, 1983; Stobbe, 1983; Stobbe, 1984; Leigh et al., 
1991; Stobbe et al., 1986). Connelly (1984) reported that from 1978 to 1981, back injuries accounted for 
21% of all injuries in coal mines, 15% of all injuries in metal mines, and 18% of all injuries in nonmetal 
mines. Stobbe et al. (1986) also provided specific body-part summary statistics for both coal and 
metal/nonmetal (MNM) musculoskeletal injuries. They reported that back injuries dominated both types 
of mining and accounted for about 55% of strains and sprains for coal mining and about 53% for MNM 
mmmg. In a safety manual by the National Mine Health and Safety Academy (1992), 
mechanics/electrician and laborers/cleanup were the most frequently involved with back injuries in 1990 
in both coal and MNM mining. The annual informational reports on injury experience in mining by the 
Mine Safety and Health Administration (MSHA, 1986-1989) provide summaries of injury statistics. The 
numbers of strain and sprain injuries in coal mining in 1985, 1986, 1987, and 1988 were 3,599, 4,120, 
6,564, and 6,568, respectively. 

Although a large amount of research has been conducted on musculoskeletal disorders, little research 
has examined the etiological factors which are task-specific to musculoskeletal injuries. In order to better 
understand these etiological factors the National Institute for Occupational Safety and Health (NIOSH) 
conducted the National Occupational Health Survey of Mining (NOHSM). The goal of the survey was 
to inventory and characterize all health-related agents to which U.S. miners are potentially exposed. The 
terms "potentially exposed" or "potential exposures" are used in this paper because the surveyors observed 
health-related agents during on-site survey activity, but did not quantify, measure, or otherwise evaluate 
the conditions. 

The NOHSM survey design, sample selection, and field protocol have been described previously 
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involved. If necessary, the surveyors asked the miners questions, such as if they were pushing hard, how 
much an object weighed, or whether the activity made their muscles sore. 

If more than one MO condition could be used to describe the same activity, only the more specific one 
was used. For example, if a miner was lifting while twisting, this was coded as awkward lifting, even 
though it might be also coded as neck and back. If, however, two aspects of a job were overloads, both 
codes were recorded. For example, if a miner was lifting 60 pounds, seven times a minute, both heavy 
lifting and frequent lifting were coded. 

The surveyors observed miners at every work site on the shift that was being surveyed. If a given job 
title was not represented on the shift being surveyed, and if a knowledgeable person who had extensive 
work experience in that job title could not be questioned, then the surveyors had to survey that job title 
on the shift when at least one miner in the job title was available. 

The accuracy of the data were dependent upon the surveyors' understanding of the MO conditions, the 
surveyors' powers of observation, and the surveyors' ability to faithfully record these observations within 
the coding system. Definitions, examples, and hypothetical sets of observations were provided to 
familiarize the surveyors with the survey strategy. The surveyors' professions included: mining engineer, 
geologist, chemical engineer, and industrial hygienist. All surveyors received identical orientation training 
which included specific instruction regarding MO observations. The surveyors' observations were further 
standardized as a result of occasional "quality control" checks by supervisory staff. 

Magnitude of musculoskeletal overload potential exposures 
The magnitude of projected MO potential exposures to each of the twelve conditions for a single 

commodity was determined by summing the MO observations found at the SR units and the MO 
observations found at the NSR units divided by their respective probabilities of selection. The projected 
total number of miners potentially exposed to each of the twelve MO conditions was then estimated for 
the entire mining industry by summing all the MO potential exposures for each commodity. The data were 
also analyzed by type of mining (i.e., coal and MNM), gender of miners, and exposure duration. 

The number of MO potential exposures to each MO condition is equal to the number of miners 
potentially exposed to that particular MO condition. Thus, the percent of miner population potentially 
exposed to each separate MO condition can also be calculated to express the magnitude of MO potential 
exposures to that particular MO condition. The average number of miners or percentage, over all twelve 
conditions, can then be calculated to indicate the magnitude of MO potential exposures to all conditions 
for each type of mining or other descriptors. The magnitude of MO potential exposures can also be 
expressed in term of average number of MO potential exposures per miner, i.e., the summation of MO 
potential exposures to all twelve conditions divided by the miner population. 

Statistical analysis 
The NOHSM survey data were analyzed using the analysis of variance (ANOV A). Statistical analysis 

was performed using the Statistical Analysis System (SAS) software (SAS Institute, 1989). The SAS 
ANOVA procedure was used for analyzing the balanced data sets (without missing cell). Duncan's 
Multiple Range Test was performed to compare means and detect significant differences between means. 
A significant level of 5% was used in all cases. 

RESULTS 
Coal mining and metal/nonmetal mining 

The projected number of miners potentially exposed to each of the twelve MO conditions was 
determined and summarized in Table I for coal mining, MNM mining, and both types of mining. The 
corresponding percentage of the total number of miners covered in this survey, i.e., miner population, was 
also calculated and shown in Table I. 

The miner populations, shown at the bottom of the table, were nearly equal for coal and MNM mining: 
135,378 for coal mining, and 138,352 for MNM mining, for a total of 273,730 miners. The magnitude 
of potential exposures in coal mining (424,821) was greater than that in MNM mining (285,588). The 
average numbers of projected MO potential exposures per miner were 3.l for coal mining and 2.1 for 
MNM mining. 

The projected number of miners potentially exposed to each MO condition in coal mining appeared 
to be larger than that in MNM mining except for the standing condition. The projected number of miners 
ranged from 958 for standing to 69,842 for diminished light in coal mining and from 2,648 for standing 
to 5 I, I 52 for neck and/or back in MNM mining. The average projected number of miners, over all twelve 
conditions, for coal mining was 35,402 (i.e., 26.2% of coal miners) and for MNM mining it was 23,799 
(i.e., I 7 .2% of MNM miners). This difference in average projected number of miners or percentage of 
miner population between coal mining and MNM mining was statistically significant. Therefore, all 
















