
Burden associated with nonfatal slip and fall injuries in the 
surface stone, sand, and gravel mining industry

Mahiyar F. Nasarwanji*, Kan Sun
Pittsburgh Mining Research Division, National Institute for Occupational Safety and Health, 626 
Cochrans Mill Road, Pittsburgh, PA 15236, USA

Abstract

Slips, trips, and falls (STFs) pose a significant financial burden to employers and account for over 

33% of the total nonfatal workers’ compensation cost in the United States. Previous analyses 

documenting the burden of STF incidents in the mining industry have focused on occupational 

fatalities or STFs during equipment ingress, egress. There is limited information on the burden of 

nonfatal STF incidents in the mining industry and most of it is outdated. Hence, to increase 

awareness and highlight the importance of STFs in the mining industry, this analysis documents 

the burden associated with nonfatal STF incidents at surface stone, sand, and gravel (SSG) mines 

from 2008 through 2017. In this time frame, nonfatal STF incidents occurred at a rate of 62 per 

10,000 full-time equivalent (FTE) employees per year. Pits had a higher prevalence of injuries, but 

plants had a higher incidence rate. In addition, nonfatal STF incidents at surface SSG mines led to 

approximately 23,800 total days lost per year with an estimated cost to the mining industry of 

$17.5 million per year. Assessed violations that are not related to reported injuries but are related 

to STF hazards identified during Mine Safety and Health Administration (MSHA) inspections cost 

the mining industry approximately $3 million per year from 2013 through 2017. Based on the data 

analyzed in this study, falls to the lower level pose a higher burden in terms of cost; however, falls 

to the same level have a higher number of incidents and incidence rate.
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1. Introduction

Based on 2015 injury data for nonfatal accidents for all U.S. businesses, falls to the same 

level, falls to the lower level, and slips or trips without falls accounted for $11.2, $5.9, and 

$2.3 billion, respectively, in total workers’ compensation costs or direct costs (Liberty 

Mutual Insurance, 2018). These costs combined accounted for 33.1% of the direct cost of 
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workplace injuries, making slips, trips, and falls (STF) the single largest contributor to 

workplace injury costs, with overexertion as the second largest contributor at 23.4%. From 

2012 through 2015, there was an increase in the direct cost of STF injuries for all U.S. 

businesses; in contrast, the cost of overexertion injuries decreased from 2012 through 2015 

(Liberty Mutual Insurance, 2014, 2016, 2017, 2018). The increasing cost of STF injuries 

indicates that they continue to pose a significant financial burden to U.S. employers.

Over 20 years ago, Leamon and Murphy (1995) indicated that slips and falls are a significant 

cause of occupational injuries, and multiple studies have since investigated STFs. In 

addition, STFs are a recurring issue, are not isolated geographically, and account for 

between 20% and 40% of incidents across countries (U.S., U.K., and Sweden) (Courtney et 

al., 2001). STF-related incidents are not isolated to a specific industry, and they have been 

identified and investigated in industries as diverse as healthcare (Bell et al., 2008; Bell et al., 

2010), food service (Chang et al., 2008; Courtney et al., 2013, 2010), mail delivery (Bentley, 

1998; Bentley and Haslam, 2001), dairy farming (Bentley et al., 2005), helicopter 

manufacturing (Amandus et al., 2012), and among electricians (Lombardi et al., 2009).

One industry that is closely related to mining—the focus of this work—is construction. 

Mining and construction have similarities due to the nature of the work, which is often 

performed outdoors, using large mobile equipment, and in environments that will change as 

production or construction progresses. The burden associated with STF incidents in the 

construction industry has also received a significant amount of attention (Bentley et al., 

2006; Chi et al., 2005; Helander, 1991; Lehtola et al., 2008; Lipscomb et al., 2006; 

Radomsky et al., 2001).

STF-related incidents in the mining industry were investigated as early as the 1980s, where 

incidence rates of 22.65 per 1,000 employees were identified for mining and quarrying in the 

U.K. and accounted for 17.5% of all accidents (Buck and Coleman, 1985). Radomsky et al. 

(2001) analyzed Mine Safety and Health Administration (MSHA) data for the U.S. from 

1996 through 1999 and identified approximately 85 fall-related fatalities per year and a total 

of approximately 11,870 days lost due to nonfatal fall injuries per year. Their study 

identified that the largest proportion of fall fatalities occurred in stone (40%) and sand and 

gravel (21%) mines. In comparison, the largest proportion of nonfatal days lost injuries 

occurred in coal (43%) and stone (27%) mines. However, the type of mine (underground/

surface) was not identified in the analysis, which could potentially have a significant impact 

on the results due to the types of fall hazards encountered. A more recent analysis of STF-

related fatalities that took place from 2003 through 2012 indicated approximately 6.2 STF-

related fatalities per year based on MSHA fatal reports (Nasarwanji, 2016). Others have used 

Bureau of Labor Statistics (BLS) data to investigate STF injuries, and the portions of the 

mining industry that fall under the Occupational Safety and Health Administration (OSHA) 

are often included as part of the analysis (Yeoh et al., 2012; Yoon and Lockhart, 2006).

When considering STF injuries in the mining industry, one area that has received special 

attention is access to machinery and equipment. Albin and Adams (1989) indicated that 

STFs accounted for 20% of accidents when considering maintenance work at surface mines, 

with much of their study focused on access to machinery via stairs and ladders (Albin, 1988; 
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Albin and Adams, 1989). A more recent analysis by Santos et al. (2010) indicated that a 

large proportion of injuries from haul trucks were due to slips or falls. Other analyses have 

also found that STFs can play a major role in falls during ingress to and egress from 

equipment (Moore et al., 2009; Nasarwanji et al., 2018).

Although efforts have been made to identify and quantify the impact of STFs in the mining 

industry, most of the analysis has focused on general occupational fatalities or the use of 

equipment. The little information that is available for the mining industry on nonfatal 

incidents is either outdated or is not specific to commodity or location within the operation 

(operating location). This lack of information makes it difficult to determine the current 

impact of STFs on the mining industry. In addition, it is imperative to periodically evaluate 

the impact of STFs to identify if there have been changes and if additional research is 

warranted. Further, although the economic burden posed by STFs is known in general, the 

economic burden posed by STFs for the mining industry is largely unknown and warrants 

investigation.

The National Institute for Occupational Safety and Health (NIOSH) uses three key elements

—burden, need, and impact—to identify and define research priorities (www.cdc.gov/niosh/

programs/bni.html). Within this framework, “burden provides evidence of the health and 

safety and economic burden (or potential burden) of workplace risks and hazards.” The 

objective of the analysis in this paper is to document the burden associated with STFs from 

2008 through 2017 in terms of injury incidence rates (IRs), number of injuries, reported days 

lost from work, and cost to the surface stone, sand, and gravel (SSG) mining sector. The 

overall goal of this paper is to raise awareness and emphasize the importance of slips, trips 

and, falls in the mining industry, encourage research to reduce and prevent STF in the 

mining industry, and to encourage the industry and suppliers to adopt solutions that enable 

mines to proactively remediate STF risk.

2. Methods

2.1. Injury characterization

2.1.1. Datasets—Mines in the U.S. are required to report employment data as well as 

any accidents, injuries, or illnesses that occur (other than those requiring minor first aid 

only) to MSHA under part 50 of the U.S. Code of Federal Regulations (CFR). The annual 

records of accidents, injuries, or illnesses and employment records are publicly available 

through MSHA. NIOSH adds several recoded and computed variables to the accident, 

injury, or illness records and publishes these along with the employment records as SPSS 

(IBM SPSS Inc., Chicago, IL) datasets, details of which can be accessed at www.cdc.gov/

niosh/mining/data/default.html. Two separate datasets—the accident, injury, or illness 

dataset and the employment dataset—published by NIOSH were used for this analysis.

2.1.2. Case selection and analyses—The dataset was preliminary cleaned to exclude 

unclassified cases, non-work related injuries and fatalities, cases with no injuries, 

occupational illnesses, and fatalities. STF incidents were identified based on two pre-coded 

variables in the accident, injury, or illness dataset: the accident type or event (ATYPE) and 

the accident/injury/illness classification (AII). ATYPE is the actual event that led to the 
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reported injury (e.g. struck by, fall, caught in, or overexertion). In contrast, AII identifies the 

circumstances that contributed most directly to the accident or incident (e.g. hoisting, 

handling materials, or slip or fall of a person). For this analysis, STF incidents were defined 

as a slip or fall of a person (AII1 = 18) or when ATYPE started with the phrases “fall from,” 

“fall to,” “fall down,” or “fall on” (ATYPE = 9–19). The stone commodity was combined 

with sand and gravel to form the SSG category—the focus of this analysis. Contractors were 

eliminated due to a lack of employment information. Surface operations were selected based 

on the reported mine location (operating location) and were coded as pits (including surface 

operations, strip and open-pit mines and associated shops and yards, and dredge mining) 

(SUBUNIT = 3, 6) and plants (including mills, preparation plants, breaker operations, and 

independent shops and yards) (SUBUNIT = 17, 30). It is noteworthy that, although sand and 

gravel mines process materials in plants, MSHA only codes the mines as surface operations, 

strip, and open-pit mines and associated shops and yards, or dredge mining. Hence, in the 

current analysis for SSG mines, plants only include stone mines. Where reported, 

underground operating locations include underground operations and surface operations at 

underground mines including shops, yards, and tipples (SUBUNIT = 1, 2). In addition, 

where reported, coal mines have auger and culm banks (SUBUNIT = 4, 5) included under 

pits, and metal and nonmetal mines have other surface operations like brine pumping 

(SUBUNIT = 12) included under pits. From a total of 96,834 cases identified from 2008 

through 2017, selecting only non-fatal STF incidents for surface SSG mine operators yielded 

4,891 cases. The case selection flowchart and an overview of the analysis methods is shown 

in Fig. 1.

Analyses of SSG mine operators were carried out in five stages as described: (1) evaluation 

of nonfatal STF IRs compared to other incidents, (2) evaluation of nonfatal STF IRs across 

operating locations, (3) evaluation of trends in nonfatal STF IRs and number of incidents for 

surface SSG mine operators (hereafter referred to as surface SSG mines), (4) evaluation of 

severity of injury and days lost for nonfatal STF incidents at surface SSG mines, and (5) 

evaluation of nonfatal STF incidents at surface SSG mines aligned with the commonly used 

Occupational Injury and Illness Classification System (OIICS) (Bureau of Labor Statistics, 

2014).

2.1.2.1. Nonfatal STF incidence rates for SSG mine operators compared to other 
incidents.: To evaluate nonfatal STF incidence rates (IRs) compared to other incidents, the 

accident, injury, or illness dataset and the employment dataset were further processed in four 

steps. First, ATYPE from the accident, injury, or illness dataset was recoded from 44 

detailed categories to 10 overarching categories: (1) struck (against or by) (ATYPE = 1–8), 

(2) fall (from, down, to, on/onto) (ATYPE = 9–19), (3) caught in-under-between (ATYPE = 

20–24), (4) overexertion (ATYPE = 27–30), (5) contact with physical hazards (electricity, 

heat/hot object, cold/cold object) (ATYPE = 31–35), (6) exposure to noxious substances 

(ATYPE = 36–38), (7) flash burns (ATYPE = 39, 40), (8) rubbed or abraded (ATYPE = 25), 

1:Codes used in the MSHA accident, injury, or illness dataset available through NIOSH have been presented to aid replication of the 
analysis and to help health and safety professionals and organizations to categorize STF incidents at their own sites. The data coding 
scheme can be found at https://www.cdc.gov/niosh/mining/UserFiles/data/guide_2016.pdf and https://www.cdc.gov/niosh/mining/
UserFiles/data/codes.pdf.

Nasarwanji and Sun Page 4

Saf Sci. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/niosh/mining/UserFiles/data/guide_2016.pdf
https://www.cdc.gov/niosh/mining/UserFiles/data/codes.pdf
https://www.cdc.gov/niosh/mining/UserFiles/data/codes.pdf


(9) bodily reactions not elsewhere classified (ATYPE = 26), and (10) unclassified or not 

elsewhere classified (ATYPE = 41–43). Second, the total number of incidents were 

calculated per year from the accident, injury, or illness dataset. Third, the total employment 

hours per year were calculated from the employment dataset. Fourth, IR was computed per 

10,000 full-time equivalent (FTE) employees per year using Eq. (1) The total employee 

hours at a mine were only counted once, even if the mine had more than one reportable 

incident in that year.

Incidence rate = Total number o f  incidents  ×  20, 000, 000
Total employment hours (1)

2.1.2.2. Nonfatal STF incidence rates for SSG mine operators across operating 
locations.: To evaluate nonfatal STF incidence rates across operating locations, the accident, 

injury, or illness dataset was further reduced to include only STF incidents (as defined 

earlier), and the commodity was restricted to SSG. The employment dataset was also 

reduced to restrict the commodity to SSG. The total number of incidents per year was 

calculated for each operating location from the accident, injury, or illness dataset, and the 

total employment hours per year for each operating location were calculated from the 

employment dataset. The IR was computed per 10,000 FTE employees per year using Eq. 

(1).

2.1.2.3. Trends in incidence rates and number of incidents, severity of injury, and 
days lost for nonfatal STF incidents at surface SSG mines.: For all further analyses, cases 

were selected to represent nonfatal STF incidents for surface SSG mine operators (surface 

SSG mines). To calculate IRs, the total number of incidents per year and total employment 

hours per year were calculated for the two operating locations (pits and plants) from the 

accident, injury, or illness dataset and employment dataset, respectively. The IR was 

computed per 10,000 FTE employees per year using Eq. (1). The decreases in IRs and 

number of STF incidents were estimated with 95% confidence intervals (95% CI) using a 

linear regression model. The predictor in the model was the year and the criterion were the 

IRs or the number of STF incidents.

To evaluate seasonal trends, the four seasons were coded as spring (from March through 

May), summer (from June through August), autumn (from September through November), 

and winter (from December through February). To evaluate temporal trends during the 

working shifts, “hours worked” refers to the interval between the scheduled start time for the 

shift and the time when the injury occurred. A negative value indicates that the actual start 

time was earlier than the scheduled start time and that the injury occurred before the 

scheduled start time. Injury trends were also evaluated based on time and are shown on the 

military time scale.

The severity of injury, in terms of days away from work and/or days of restricted activity, is 

reported using descriptive statistics, including the number of incidents and percentage for 

the two operating locations (pits and plants). For days lost, the days per year and days per 
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incident are reported for the days of restricted activity, actual days lost/away from work, and 

the total lost work days as averages and standard deviations (SD). Days of restricted activity 

and actual days lost/away from work are based on Form 7000–1 used by mines to report 

accidents, injuries, and illnesses to MSHA. Total lost work days is a variable computed by 

NIOSH, which represents the higher of the following two values: (1) the statutory days away 

from work (assigned based on the level of disability), or (2) the sum of days of restricted 

activity and the actual days lost from work.

2.1.2.4. Nonfatal STF incidents at surface SSG mines aligned with the Occupational 
Injury and Illness Classification System.: MSHA’s unique coding of injuries into two 

variables, ATYPE and AII, makes it difficult to compare results to other commonly used 

illness and injury classification schemes, such as the Occupational Injury and Illness 

Classification System 2.01 (OIICS) (Bureau of Labor Statistics, 2014). Therefore, the 

MSHA dataset was recoded to aid in a comparison with other published work, to help with 

estimation of economic burden, and to align the MSHA STF incidents with the OIICS. Two 

variables (AII and ATYPE) from the MSHA accident, injury, or illness dataset were 

combined and recoded into a single categorical variable with three categories: falls to the 

lower level (to match OIICS code: 43), falls to the same level (to match OIICS code: 42), 

and slips or trips without falls (to match OIICS code: 40/41) (Bureau of Labor Statistics, 

2014). Falls to the lower level were coded when ATYPE was a fall down a raise, a shaft, or a 

manway underground; a fall from scaffolding, elevated walkway, platform, headframe, 

derrick, tower, machine, vehicle, equipment, spilled material, ladder, down stairs; or a fall to 

the lower level not otherwise classified (ATYPE = 9–16). Falls to the same level were coded 

when ATYPE was a fall to a walkway or working surface, a fall onto or against objects, or a 

fall on the same level not otherwise classified (ATYPE = 17–19). Slips or trips without falls 

was coded when AII was a slip or fall of a person (AII = 18) with ATYPE, other than those 

included in falls to the lower level and falls to the same level (ATYPE = 1–8 & 20–44). 

Severity of injury and days lost were calculated as described in Section 2.1.2.3.

2.2. Economic burden

2.2.1. Safety Pays in mining estimates—Accessing the economic and financial 

burden associated with STF incidents in the mining industry can be a challenge due to a lack 

of data. Mines are not required to report to MSHA on the cost of injuries, and insurance 

claim data is not readily available for the mining industry specifically. To estimate the 

financial burden associated with STF injuries in the mining industry, an online cost estimator 

called “Safety Pays in Mining,” recently released by NIOSH, was utilized to estimate the 

direct and indirect cost of STF injuries. The tool is based on data provided by the Ohio 

Bureau of Workers’ Compensation and represents the costs of lost-time workers’ 

compensation insurance claims adjusted to the U.S. dollar value in 2015 (Heberger, 2018). 

Details and limitations of the Safety Pays in Mining cost estimator can be found at https://

www.cdc.gov/niosh/mining/content/economics/safetypays.html.

The Safety Pays in Mining cost estimator provides the percentile distribution of direct cost, 

the mean direct cost, and the associated indirect cost for “slips or trips without falls,” “falls 

on same level,” and “falls to the lower level” at surface SSG mines. The total number of 
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incidents per year from the accident, injury, or illness dataset aligned with the OIICS was 

used to calculate the cost of the nonfatal STF incidents. Estimates for the direct, indirect, 

and total cost of nonfatal STF incidents are reported based on the median (50th percentile), 

mean, and the cost distribution from the Safety Pays in Mining cost estimator. When 

calculating the cost based on the percentile distribution, the number of STF incidents were 

proportioned to match the percentile distribution of costs from the Safety Pays in Mining 

cost estimator; i.e. the first 25% of incidents were assigned an arbitrary minimum value of 

$1.00, the next 25% were attributed to the 25th percentile cost, the next 25% were attributed 

to the 50th percentile cost, the next 15% were attributed to the 75th percentile cost, the next 

5% were attributed to the 90th percentile cost, and the last 5% were attributed to the 95th 

percentile cost. As the cost distribution in the Safety Pays in Mining cost estimator is 

significantly skewed towards the higher end, the cost distribution calculated would be most 

representative of the cost of non-fatal STF incidents at surface SSG mines, with the mean 

overestimating the cost and the median underestimating the cost.

2.2.2. Cost of assessed violations related to STF—MSHA is responsible for 

conducting regular safety inspections at mines. Based on these inspections, MSHA may 

identify violations of Title 30 of the U.S. Code of Federal Regulations (30 CFR) on Mineral 

Resources. These violations can lead to an assessed monetary penalty to the mine. Assessed 

monetary penalties for violations related to STF hazards pose a financial cost to mining 

companies, and these penalties have been used as a second source to evaluate financial 

burden in this research study. It should be noted that violations are not directly related to 

reported injuries, but represent hazards identified during inspections by MSHA.

A public record of violations and the assessed monetary penalties to the mines by MSHA 

were evaluated for violations that took place for the five-year period from 2013 to 2017. 

Violations initially cited can be contested, and after resolution a final assessed monetary 

value is attributed to the violation, which the mine is responsible for paying. The assessed 

violations dataset was cross-referenced with the MSHA employment dataset to select 

surface SSG operators. Most violations at surface SSG mines (84.8%) were associated with 

30 CFR Part 56, Safety and Health Standards. After a review of 30 CFR Part 56 

(www.msha.gov/regs/30cfr/), four specific categories of violations were investigated further 

that represent STF hazards in the environment: (1) 30 CFR Part 56 Subpart J (§56.11001–

§56.11027) on travelways, (2) 30 CFR §56.20003 on housekeeping, (3) 30 CFR Part 56 

Subpart P (§56.17001) on illumination of surface working areas, and (4) 30 CFR §56.15005 

on safety belts and lines. The number of violations, average and median cost per violation, 

and total cost of the violations are reported in the results.

3. Results

3.1. Nonfatal STF incidence rates compared to other incidents and across operating 
locations

Nonfatal STFs occurred at a rate of 54.2 (SD = 7.8) per 10,000 FTE employees per year at 

SSG mines across all operating locations and at a rate of 62.1 (SD = 9.6) per 10,000 FTE 

employees per year at surface SSG mines. Figs. 2 and 3 show the IRs at SSG mines based on 
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AII and ATYPE, respectively. Based on AII, slips or falls occurred at a rate of 52.9 per 

10,000 FTE employees per year at SSG mines and were the second highest IR, second only 

to handling materials. Based on ATYPE, falls occurred at a rate of 37.0 per 10,000 FTE 

employees per year and were the third highest IR, with struck-by and overexertion being the 

top two. Fig. 4 shows the STF nonfatal IRs for the four primary operating locations at SSG 

mines. There were significant differences in the IRs between locations (F (3,36) = 92.86, p < 

0.00); underground and plant were not significantly different, and pit and plant were not 

significantly different. IRs were the highest for underground locations (77.6 per 10,000 FTE 

employees per year), followed by the plants and then the pits (66.9 and 59.3 per 10,000 FTE 

employees per year, respectively). IRs at the office were the lowest among the four operating 

locations (7.2 per 10,000 FTE employees per year). Supplemental Data A provides a 

detailed table of IRs for SSG, metal, nonmetal, and coal mines based on AII, ATYPE, and 

operating location.

3.2. Trends in nonfatal STFs at surface SSG mines

There was a significant decrease in the overall number of STF injuries at pits and plants at 

SSG mines, from 692 per year in 2008 to 402 per year in 2017, which accounts for a 

reduction rate of about 26 cases per year (95% CI: −36.7 to −15.7) (Fig. 5(b)). After being 

adjusted for fluctuations in employment, IR reduced steadily from 75.0 per 10,000 FTE 

employees per year in 2008 to 48.7 per 10,000 FTE employees per year in 2017, with an 

average reduction of 3.1 per 10,000 FTE employees per year (95% CI −3.6 to −2.3) (Fig. 

5(a)). When separated into pits and plants at surface SSG mines, the number of STF 

incidents is higher at pits as compared to plants; however, the IR is higher at plants (Fig. 5(a) 

and (b)). The global trend in the reduction of STF incidents is mirrored in the IR for STFs 

when the STF codes are aligned with the OIICS (Fig. 5(c)). However, the decrease in IR for 

slips or trips without a fall (0.61 per year, 95% CI: −1.0 to −0.12) and falls to the lower level 

(0.84 per year, 95% CI: −1.3 to −0.43) have not shown a dramatic decrease as seen in falls to 

the same level (1.65 per year, 95% CI: −2.21 to −1.08). In addition, falls to the same level 

consistently have a higher IR as compared to falls to the lower level or slips or trips without 

falls.

Annual seasonal trends for STF incidents were identified. Autumn (September-November) 

had the lowest number of STF incidents, followed by spring (March-May), with the highest 

in summer (June-August) and winter (December-February) (Fig. 5(d)). The seasonal trend 

was more pronounced at pits as compared to plants. The number of STF-related incidents 

was the highest in the first four hours of the shift (based on the number of hours worked 

before the injury occurred) with a steady decline as the hours worked increases (Fig. 5(e)). 

Daily trends in the number of incidents were also identified with peaks at around 10 AM, 

and 2 PM with a slight dip around noon, potentially due to a break for lunch (Fig. 5(f)).

To help shed some light on the type of falls to the same level, falls to the lower level, and 

slips or trips without falls, detailed accident type (ATYPE) information is presented for the 

three categories of STF incidents aligned with the OIICS in Fig. 6. Falls to the same level 

were the most common, followed by slips or trips without falls and falls to the lower level 

(Fig. 6), similar to the trend seen in Fig. 5(c). Falls to the lower level were most often from 
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machines, vehicles, and equipment (59%) and from ladders and stairs (29%). Falls to the 

same level were primarily due to falls to the walkway or working surface (63%). Slips or 

trips without falls were most often attributed to overexertion (91%).

3.3. Severity of injury and days lost for nonfatal STF incidents at surface SSG mines

About 83% of the STF incidents resulted in days of restricted activity, days away from work, 

or both, and about 17% resulted in injuries without days off or restricted activity. There was 

a significant association between severity of injury and operating location (χ2(4) = 117.0, p 

< 0.00), with a higher proportion of injuries resulting in days away from work (37.0%) at 

pits as compared to a higher proportion of injuries resulting in days of restricted activity 

(39.5%) at plants (Table 1). A total of 23,789 (SD = 2,016) days were lost per year due to 

nonfatal STF incidents at surface SSG mines, which represents 49.6 (SD = 7.4) total days 

lost per incident (Table 1). There were significantly more (χ2(1) = 14.57, p < 0.00) days of 

restricted activity per incident at plants (19.7 days per incident) as compared to pits (14.3 

days per incident) due to STF incidents. In contrast, actual days lost per incident were higher 

at pits (34.5 days per incident) as compared to plants(28.8 days per incident) for STF 

incidents.

When the STF incidences were coded to align with the OIICS, falls to the lower level most 

often resulted in days away from work (39.9%) (Table 2). Slips or trips without falls most 

often led to days of restricted activity (36.8%); however, the number of days per incident 

was higher for actual days lost from work (9.2 days per incident) as compared to days of 

restricted activity (5.8 days per incident). Falls to the same level had a higher proportion of 

injuries without days lost or restricted activity (25.6%) as compared to the other two 

categories. Falls to the same level led to the highest total days lost per year (8,377 days per 

year) and represented 17.29 total days lost per incident, with falls to the lower level being a 

close second (8,308 days per year or 17.28 total days lost per incident). Slips or trips without 

falls had the lowest total days lost per year (7,103 days per year), accounting for 15.1 total 

days lost per incident.

3.4. Economic burden

3.4.1. Safety Pays in mining estimates—Based on the Safety Pays in Mining cost 

estimator, the total cost (based on distribution) of nonfatal STF injuries at SSG mines is 

$17.49 million per year, which is divided as $5.60 million in direct costs and $11.89 million 

in indirect costs (Table 3). Although the overall number of incidents and IRs was lower for 

falls to the lower level (Fig. 5(c)), they had the highest cost (based on distribution) per 

incident (Table 3) due to the high direct cost (and associated indirect cost) per incident. Falls 

to the same level had the lowest cost (based on distribution) per incident but the highest 

number of incidents and IRs (Fig. 5(c) and Table 3). The total mean costs were higher at 

$59.19 million per year as compared to the total median costs at $2.95 million per year.

3.4.2. Cost of assessed violations related to STF—The cost of assessed violations 

was considered for the five-year period from 2013 to 2017. Overall, the four specific 

violations of interest accounted for 13.7% (n = 23,688) of all health and safety violations at 

surface SSG mines with a total assessed monetary value of $14.9 million, which represented 
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about 23.6% of the overall assessed cost of health and safety violations to SSG mines from 

2013 through 2017 (Table 4). Travelways (Subpart J) was the third most cited health and 

safety violation (n = 13,387) overall and had the fourth highest total sum of assessed 

monetary value ($6.2 million), with the top two being related to machinery and equipment 

and electricity. Each assessed violation related to travelways had an average monetary value 

of $461 (SD = $2,187) and a median value of $116 per violation. Over 76% of the violations 

on travelways were attributed to safe access, handrails and toe boards, and construction and 

maintenance of ladders, and these violations accounted for about 83.6% of the total 

monetary assessed value.

Housekeeping was the most frequently cited violation in its Subpart related to miscellaneous 

items, and accounted for 8,692 violations with the total sum of assessed violations of $6.7 

million (average value of $773 [SD = $2,270] and median value of $138 per violation). 

Illumination accounted for 501 violations with the total sum of assessed violations of $0.13 

million (average value of $261 (SD = $555) and the median value of $116 per violation). 

Safety belts and lines was also the most frequently cited violation in its Subpart related to 

personal protective equipment and accounted for 1,108 violations with the total sum of 

assessed violations of $1.9 million (average value of $1,682 [SD = $4,369] and median 

value of $473 per violation).

4. Discussion

Due to the limited and outdated literature on the burden associated with STF incidents in the 

mining industry, this analysis documents the burden of nonfatal STF incidents for surface 

SSG mines from 2008 through 2017—including IRs, number of injuries, days lost, injury 

cost, and cost of noncompliance with regulations. STF incidents are consistently among the 

top three causes of nonfatal incidents in mining (the top two based on AII and top three 

based on ATYPE). Nonfatal STF incidents occur at rates of approximately 62 per 10,000 

FTE employees per year at surface SSG mines or approximately 490 incidents per year. In 

comparison, Bureau of Labor Statistics (BLS) data for the five-year period from 2012 to 

2016 indicates that STF related nonfatal occupational injuries and illnesses across industries 

have an IR of approximately 28 per 10,000 FTE employees per year (Bureau of Labor 

Statistics, 2017).

Our findings indicate that the number of nonfatal STF incidents at surface SSG mines are 

higher at pits, but plants have a higher IR. In the current analysis, due to the way MSHA 

codes mines, pits include both stone mines and sand and gravel mines, which could be the 

cause of the higher prevalence of STF incidents at pits. In comparison, MSHA only provides 

codes that relate to plants at stone mines. Hence, the reported number of incidents and the 

associated IRs at plants only represent stone mines, due to limitations of the dataset. STF 

incidents at the pit also have a higher number of days away from work per incident 

compared to plants. Interventions to help reduce nonfatal STF incidents at pits would benefit 

all surface SSG mines.

Seasonal effects could be due to increased employment and outdoor production activities 

over the summer months, when most mines are fully operational, and due to environmental 
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hazards, such as ice and snow, experienced in the winter months. For this study, 

employment, production, or hazard-related information was not available by season—hence, 

the seasonal effects warrant further investigation to aid STF prevention efforts.

The trend to have a larger number of incidents at the beginning of the shift could be 

attributed to work environments or walkways that are either unfamiliar or have changed 

prior to the shift start with STF hazards present or could stem from environmental hazards 

that were not adequately identified and/or remediated prior to or during work. MSHA has 

acknowledged the importance of workplace examinations and recently (January 2017, 

revised in April 2018) published a new rule as part of 30 CFR Part 56 Subpart Q on Safety 

Programs related to “Examinations of Working Places in Metal and Nonmetal Mines”

(§56.18002 & §56.18002T). This rule includes pre-shift exams. There is a minor increase in 

the number of incidents at around hour 7, which may be close to the end of an 8-hour shift 

and could potentially be attributed to fatigue, hurrying to get work completed before the end 

of the shift, and putting away maintenance equipment such as hoses, ladders at the end of the 

shift (Bhatt et al., 2005; Espy et al., 2010; Helbostad et al., 2010; Lew and Qu, 2014; Parijat 

and Lockhart, 2008). Finally, daily trend findings should be viewed with caution as there are 

potentially more miners working during the day and there may be overlap between shifts, 

especially around early morning and late afternoon. The current employment dataset does 

not provide adequate information—such as employment by shift—to further interpret the 

observed daily trends.

One challenge associated with using the MSHA accident, injury, or illness dataset is that 

STF incidents are coded under two variables: AII and ATYPE. However, segregating STF 

incidents into three categories aligned with the OIICS led to some interesting insights into 

nonfatal STF incidents at SSG mines. Previous work has shown that falls from height 

accounted for nearly 60% of STF-related fatalities in the mining industry (Nasarwanji, 

2016). In comparison, our analysis indicates that falls to the lower level was the least 

prevalent cause of nonfatal STF incidents. Nonfatal falls to the same level has also shown a 

greater decline over the reporting period as compared to falls to the lower level, or slips or 

trips without falls. Potentially, this finding indicates a need to focus on the reduction of falls 

to the lower level and slips or trips without falls. However, considering the financial burden, 

falls to the lower level had the highest cost associated with the injuries. In addition, the days 

lost and days lost per incident for falls to the lower level were similar to those for falls to the 

same level. Falls to the lower level that are most commonly associated with falls from 

machines and equipment have been investigated previously (Albin, 1988; Albin and Adams, 

1989; Moore et al., 2009; Nasarwanji et al., 2018; Santos et al., 2010) and continue to 

warrant further research. In addition, falls down stairs and ladders should be investigated 

further.

Slips or trips without a fall accounted for nearly one-third of all incidents, and the IR had the 

least decline as compared to the other categories over the reporting period. Slips or trips 

without a fall were also most often categorized as overexertion (91.3%), which would 

usually be considered a musculoskeletal disorder (MSD). A recent analysis by Weston et al. 

(2016) also found that slips and falls contribute to MSDs and suggest that recovery from a 

slip or trip to prevent a fall may lead to MSDs. Exploring the overlap between slips and falls 
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and musculoskeletal disorders may help reduce the top two causes of nonfatal injuries in 

mining (Weston et al., 2016).

Finally, falls to the same level were the most prevalent STF incidents with the highest IR. 

Although the current analysis indicates that falls to the walkway and falls onto and against 

objects are a concern, they are relatively generic categories and additional investigation on 

the root cause of each incident—i.e., investigating how falls to the same level are initiated 

and how they can be prevented—would help reduce the burden of STF incidents at SSG 

mines.

4.1. Limitations

One of the limitations of this analysis was the use of only publicly available MSHA datasets. 

Although MSHA provides the most comprehensive accident, injury, or illness dataset for the 

mining industry and SSG sector, the BLS also publishes data on mine operations, which was 

not considered in this analysis. Another limitation of the dataset is the use of only reportable 

STF incidents. If an STF event does not lead to a reportable incident, such as an individual 

needing first aid due to the event, it would not be captured by this analysis. Previous work 

that considered reported STF events across three countries and multiple data sources (not 

including MSHA’s accident, injury, or illness dataset) found that there is a lack of good 

reporting of incidents, especially for STF events (Courtney et al., 2001). Hence, this analysis 

provides a conservative estimate of the burden associated with STF incidents in the SSG 

mining industry; the actual number of STF events may be higher. In addition, this analysis 

relied on the pre-coded accident, injury, or illness dataset and did not focus on any narrative 

text available for the incident, which can be considered for a more detailed future analysis 

for specific types of STF incidents.

Analysis of economic burden was based on the Safety Pays in Mining cost estimator; thus, 

our analysis has the same limitations as those of the application (Heberger, 2018). The main 

limitation of the Safety Pays in Mining cost estimator is that the data is solely based on lost-

time workers’ compensations claims from the Ohio Bureau of Workers’ Compensation. The 

assessed cost of violations was restricted to categories within 30 CFR; however, an assessed 

violation does not necessarily imply the hazard would lead to a reportable nonfatal injury or 

an STF incident specifically. In addition, we selected categories from 30 CFR Part 56, Safety 

and Health Standards, that were most related to STF hazards; however, there may be other 

categories that relate to STF hazards that were not captured.

5. Conclusions

The objective of this work was to document the burden associated with nonfatal STF 

incidents at surface SSG mines based on data from the years 2008–2017. Nonfatal STF 

incidents at surface SSG mines occurred at the rate of approximately 62 per 10,000 FTE 

employees per year, or approximately 490 incidents per year. These incidents led to 

approximately 23,800 total days lost per year and had a cost of $17.5 million per year. In 

addition to recorded injuries, assessed violations that are not related to reported injuries but 

related to STF hazards identified during MSHA inspections cost the mining industry 

approximately $3 million per year from 2013 through 2017, which represents approximately 
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14% of all health and safety violations and about 24% of the overall assessed cost of health 

and safety violations to SSG mines. Defining research priorities for nonfatal STF incidents 

at surface SSG mines can be challenging as falls to the lower level pose a higher burden in 

terms of cost, but falls to the same level have a higher number of incidents and incidence 

rate. Addressing both types of injuries, along with the overlap between STFs and MSDs, 

will be beneficial for reducing the burden of STFs at surface SSG mines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flowchart showing case selection and an overview of analysis methods.
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Fig. 2. 
Nonfatal incidence rates from 2008 through 2017 (per 10,000 FTE employees per year) at 

stone, sand, and gravel mines for the top ten accident/injury/illness (AII) classifications. 

Error bars show the standard deviation.
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Fig. 3. 
Nonfatal incidence rates from 2008 through 2017 (per 10,000 FTE employees per year) at 

stone, sand, and gravel mines based on accident type or event (ATYPE). Error bars show the 

standard deviation. NEC = not elsewhere classified.
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Fig. 4. 
Slip, trip, and fall nonfatal incidence rates from 2008 through 2017 (per 10,000 FTE 

employees per year) at stone, sand, and gravel mines across operating locations. Error bars 

show the standard deviation.
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Fig. 5. 
Trends in nonfatal STF incidents at surface SSG mines (n = 4,891): (a) incidence rates (IR) 

(per 10,000 FTE employees per year) by operating location, (b) total number of incidents by 

operating location, (c) incidence rates (IR) (per 10,000 FTE employees per year) aligned 

with OIICS categories, (d) number of incidents by season and operating location, (e) number 

of incidents by hours worked (n = 4,726 due to missing data), and (f) number of incidents by 

time of day (n = 4,741 due to missing data).
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Fig. 6. 
Proportion of STF incidents based on the Occupational Injury and Illness Classification 

System and details of the accident type (ATYPE) associated with each of the three categories 

(n = 4,891).
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Table 4

Cost of assessed violations between 2013 and 2017 for slip, trip, and fall related hazards.

Citation category Number of Citation Assessed value of citation

Sum Average SD Median

Travelways 13,387 $6,170,224 $461 $2,187 $116

Housekeeping 8,692 $6,719,937 $773 $2,270 $138

Safety belts and lines 1,108 $1,863,735 $1,682 $4,369 $473

Illumination 501 $130,916 $261 $555 $116

Total 23,688 $14,884,812
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