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Abstract

Workplace injuries in the grain handling industry are common, yet little research has characterized worker
injuries in grain elevators across all hazard types. Learning from past injuries is essential for preventing future
occurrences, but the lack of injury information for the grain handling industry hinders this effort. The present
study addresses this knowledge gap by using data from over 7000 workers‘ compensation claims reported
from 2008 to 2016 by commercial grain handling facilities in the U.S. to characterize injury costs and severity.
The total amount paid for each claim was used as a measure of injury severity. The effects of employee age and
tenure, cause of injury, and body part injured on the cost of work-related injuries were investigated.
Contingency tables were used to classify the variable pairs. The chi-square test and chi-square residuals were
employed to evaluate the relationship between the variable pairs and identify the at-risk groups. Results
showed that the employee age and tenure, cause of injury, and body part injured have a significant influence
on the cost paid for the claim. Several at-risk groups were identified as a result of the analyses. Findings from
the study will assist commercial grain elevators in the development of targeted safety interventions and assist
grain elevator safety managers in mitigating financial and social losses from occupational injuries.
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Using Workers’ Compensation Claims Data to
Characterize Occupational Injuries in the
Commercial Grain Elevator Industry
S. K. Ramaswamy, G. A. Mosher
ABSTRACT. Workplace injuries in the grain handling industry are common, yet little research has characterized worker injuries in grain elevators across all hazard types. Learning from past injuries is essential for preventing future occurrences, but the lack of injury
information for the grain handling industry hinders this effort. The present study addresses
this knowledge gap by using data from over 7000 workers’ compensation claims reported
from 2008 to 2016 by commercial grain handling facilities in the U.S. to characterize injury costs and severity. The total amount paid for each claim was used as a measure of
injury severity. The effects of employee age and tenure, cause of injury, and body part
injured on the cost of work-related injuries were investigated. Contingency tables were
used to classify the variable pairs. The chi-square test and chi-square residuals were employed to evaluate the relationship between the variable pairs and identify the at-risk
groups. Results showed that the employee age and tenure, cause of injury, and body part
injured have a significant influence on the cost paid for the claim. Several at-risk groups
were identified as a result of the analyses. Findings from the study will assist commercial
grain elevators in the development of targeted safety interventions and assist grain elevator
safety managers in mitigating financial and social losses from occupational injuries.
Keywords. Chi-square test, Contingency tables, Grain elevators, Grain handling, Occupational injuries.

T

he grain handling industry in the U.S. is a hazardous work environment, with workers in these facilities constantly at risk of severe and life-threatening occupational
injuries (Issa et al., 2016a). Common sources of occupational hazards in grain handling facilities include grain dust, grain engulfment, entrapment in confined spaces, slips,
falls, trips, equipment-related hazards, and exposure to harmful chemicals and gases
(OSHA, 2016; Snyder and Bobick, 1995). Identification and characterization of past safety
incidents can drive potential intervention strategies intended to mitigate injury risks (Cohen
et al., 2006; Kines et al., 2007; Menckel and Carter, 1985; Verma et al., 2014). However,
the majority of past studies investigating injuries and fatalities in grain facilities have focused only on a few safety hazards. This is true even though the hazards in a grain handling
facility are plentiful. Some of the safety risks affecting workers in the grain handling industry include exposure to chemicals and gases, electrical hazards, noise hazards due to
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fast-moving machinery (such as conveyors, motors, and augers), slips, trips, and falls, and
finally suffocation and engulfment hazards (Van Fleet et al., 2013).
Despite the numerous workplace hazards in the grain handling industry, very few comprehensive studies have examined worker safety across all the hazard categories. Previous
research has examined specific hazards and resulting injuries in commercial grain handling
environments. For example, Freeman et al. (1998) examined entrapments in various bulk
commodities at commercial grain facilities. Similarly, Field et al. (2014) examined hazards
associated with grain vacuum systems at commercial grain storage facilities. No recent
comprehensive characterization of injuries in commercial grain handling has been completed. A National Institute for Occupational Safety and Health (NIOSH) study (NIOSH,
1983) was the last time a detailed analysis of injuries in grain elevators was conducted. A
review of recent literature showed that very few follow-up studies to the 1983 NIOSH
study were completed, even though the grain handling industry has experienced several
changes over the last few years (Rosentrater and Williams, 2004).
The grain handling industry plays an important role in U.S. agriculture by storing, distributing, and processing a variety of agricultural commodities (Williams and Rosentrater,
2004). According to the USDA National Agricultural Statistics Service, in 2015, there were
8,638 commercial grain facilities in the U.S., storing and handling 11 billion bushels of
grains such as corn, wheat, soybean, and oats. In the last five years, the grain storage capacity in the U.S. has increased by 15%, while the number of grain storage facilities has
decreased by 4% (NASS, 2011, 2016). Furthermore, from 2010 to 2015, the average
amount of grain stored at each facility increased by 22%. These numbers suggest that U.S.
grain handling facilities are getting larger and handling larger volumes of grain than in
previous years. This expansion of the grain handling industry has resulted in a high rate of
occupational injuries and fatalities as compared to previous years (Riedel and Field, 2011).
According to NIOSH, grain-handling machinery is the second largest factor in farm machinery-related deaths and disabilities (Snyder and Bobick, 1995).
The availability of injury data, especially non-fatal injury data, is a continuing challenge. This lack of data limits any potential development of research-based safety interventions in grain handling facilities (Issa et al., 2016a, 2016b; Patel et al., 2016; Zhou and
Roseman, 1994). Although Occupational Safety and Health Administration (OSHA)
Standard 29 CFR 1910.272 regulates the grain handling industry, OSHA record-keeping
does not always include injuries and fatalities that occur in the grain industry (Issa et al.,
2016b). Furthermore, many grain handling facilities are exempt from OSHA record-keeping requirements because they have fewer than 11 employees (Douphrate et al., 2006; Zhou
and Roseman, 1994). Even in larger facilities, because of budgetary, administrative, and
logistical constraints, OSHA collects data only from employers deemed as high hazard,
and most often, only from companies with more than 40 employees (Leeth, 2012). Additionally, data gathered from grain handling facilities is frequently mixed with other farmlevel data, so drawing conclusions about the workplace conditions of grain elevators becomes difficult (Douphrate et al., 2009b).
The most widely used sources for investigating occupational injuries and fatalities
across various industries are the Census of Fatal Occupational Injuries (CFOI) and the Survey of Occupational Injuries and Illness (SOII) published by the U.S. Bureau of Labor
Statistics (BLS) (Biddle and Marsh, 2002; Nanda et al., 2016). Waehrer et al. (2007) investigated the cost of occupational injuries in the high-hazard construction industry using
SOII data from BLS. Similarly, Asfaw et al. (2011) investigated workplace injuries across
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five industry sectors using SOII non-fatal injury data. While the BLS data are a useful
source for injury investigations, researchers have also highlighted the data’s limitations for
studying workplace injuries in the agricultural industry (Douphrate et al., 2009b; Landsteiner et al., 2015; Patel et al., 2016; Riedel and Field, 2013). According to Riedel and
Field (2013), BLS data include only annual totals for injuries and fatalities and do not
provide detailed information, such as causative factors, that is considered essential for studying workplace hazards. Furthermore, evidence from the scientific literature suggests that
BLS data significantly underreport work-related injuries, missing between 61% and 88%
of non-fatal injuries (Boden and Ozonoff, 2008; Leigh et al., 2004, 2014; Rosenman et al.,
2006). For these reasons, a need exists for an alternative injury data source to investigate
workplace injuries in the grain handling industry.
Records of workers’ compensation insurance claims can partially address the informational gap in occupational injuries in the grain handling industry, enhancing the ability of
companies to develop effective safety interventions (Utterback et al., 2014). Workers’
compensation insurance provides injured workers with medical benefits, a portion of the
employee’s wage, and a lump sum payment when the employee suffers a permanent impairment (Sengupta et al., 2012). Employers in all states in the U.S. except Texas are required to provide their employees with workers’ compensation insurance. Each year, companies across all industries in the U.S. spend approximately $85 billion on workers’ compensation insurance costs (Sengupta et al., 2012; Utterback and Schnorr, 2010). In addition
to providing benefits to injured workers, workers’ compensation insurance also protects
employers from lawsuits resulting from occupational injuries.
Workers’ compensation claims contain valuable information commonly used in injury
characterization (Utterback et al., 2012). In addition to information on the direct costs of
the injury (such as medical, indemnity, and disability payments), data on the industry, occupation, nature of the injury, cause of the injury, and demographic information on the
injured worker are also captured in workers’ compensation claims (Nestoriak and Pierce,
2009; Utterback et al., 2012). Several studies have highlighted the use of workers’ compensation claims as an excellent data source that provides information on workplace injuries and their contributing factors (Dement et al., 2004; Foley et al., 2013; Meyers et al.,
2013). The size and volume of workers’ compensation datasets provide a comprehensive
understanding of injury patterns, which can then be used to analyze the causal factors leading to an injury (Oleinick and Zaidman, 2004).
Previous research has shown that workers’ compensation claims data can be used to
characterize the risk, scope, and nature of workplace injuries across multiple industries.
Neuhauser et al. (2013) used workers’ compensation data to compare injury incidence by
gender and age while controlling for the occupation and type of industry of the injured
worker. Sears et al. (2013) used workers’ compensation data to predict occupational disability and medical cost outcomes. Smith et al. (2012) compared risk factors associated with
severe versus less severe occupational injuries using workers’ compensation data in industries such as agriculture, mining, and manufacturing. Coleman and Kerkering (2007) studied occupational injuries in coal mines and used workers’ compensation data to distinguish
between lower and higher risk operations and time periods. Schwatka et al. (2013) studied
the relationship between age and injury type on claim amount in the construction industry
using workers’ compensation claims from 1998 to 2008.
Review of the literature also showed that workers’ compensation claims data have been
used previously to characterize occupational injuries in some agricultural-based industries.
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For example, Bell and Helmkamp (2003) examined workers’ compensation claims to investigate patterns and rates of non-fatal logging injuries. Douphrate et al. (2009a) studied
tractor-related injuries by analyzing workers’ compensation data. Similarly, Bookman
(2012) used workers’ compensation data to investigate occupational injuries among Ohio
agricultural workers over a ten-year period (1999-2008). Despite the validated benefits of
using workers’ compensation data for studying agricultural injuries, limited research has
expanded the use of these data to study occupational injuries in the grain handling industry.
This study investigated occupational injuries in grain elevators using workers’ compensation claims data provided by a leading Midwest-based insurance company. The purpose
of this study was to characterize the direct cost of occupational injuries in the commercial
grain industry using information obtained from the workers’ compensation claims, including variables such as body part injured, cause of injury, employee age, and employee tenure. A secondary purpose of the study was to identify and classify at-risk groups within the
grain handling industry to enable development of targeted intervention strategies for mitigating the risk of occupational injuries.

Methodology
The dataset used in this study was obtained from a private insurance company headquartered in a Midwestern state. A total of 7404 claims dated from January 2008 to March
2016 were analyzed in this study. The variables used in this research, shown in table 1,
were taken from the dataset, with the exception of employee age and employee tenure. The
age of the injured employee was calculated as the difference between the date of birth and
the injury date. Similarly, the tenure of the employee was calculated as the difference between the date of hire and the injury date. Based on input from the insurance company that
provided the data and to simplify the analysis, the claim amounts were categorized as: less
than $3,000, $3,000 to $9,999, and more than $10,000.
Grain elevators are classified as off-farm commercial enterprises and are required to
provide workers’ compensation insurance to their employees (AgWeb, 2015). Employers
provide this benefit to their employees by either purchasing insurance from an insurance
No.
1
2
3
4
5
6
7
8
9
10

Column
Claim number
Effective year
Account
Market
Gender
State
Date of birth
Date of hire
Injury date
Claim description

11
12
13

Claim status
Body part
Cause of injury

14
15

Nature of injury
Claim amount
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Table 1. List of variables in dataset.
Description
Unique identifier for each claim record
Filing year of the claim
Unique identifier to differentiate claims for each customer
Type of business (grain elevator)
Gender of injured worker
Name of state where injury occurred
Date of birth of injured worker
Date on which the present company hired the injured worker
Date on which the injury occurred
One-line account of incident resulting in injury, e.g., “Employee was cleaning
equipment and opened up a line, and acid sprayed in his face and mouth.”
If the claim is still open or closed
Body part(s) injured
Main cause of injury, e.g., “Cut, puncture, or scrape”, “heat or cold exposures”, “Fall, slip, or trip”, etc.
Describes the type of injury, such as fracture, strain, contusion, etc.
Total amount paid in medical, indemnity and other miscellaneous payments.
Used as a proxy for injury severity in this study.
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carrier or through self-insurance (Reville et al., 2001b). When an employee is injured on
the job, the insurance carrier or the self-insured employer pays the medical and indemnity
costs. To provide information and to facilitate the payment, employers must create a report
of the worker’s injury to inform their insurance provider (Utterback et al., 2012). Data
collected during the claims process are provided by employees, employers, insurance companies, and other involved parties (Utterback et al., 2014). The collection of information
from multiple stakeholders makes claims records an excellent data source for work-related
injuries (Dement et al., 2004; Janicak, 2010; Kim et al., 2012; Reville et al., 2001a).
The variables used in this study were categorical. For this reason, the statistical analysis
began with the construction of frequency counts, percentages, and contingency tables. The
chi-square test was used to validate the hypothesis of independence of the claim amount
from the demographic variables (age, tenure) and injury variables (nature of injury, body
part injured). This statistical methodology was also used by previous studies investigating
injuries in agriculture (Javadi and Rostami, 2007; Karttunen and Rautiainen, 2011; Sprince
et al., 2003). Standardized residuals were calculated to identify the source of dependence
between the two variables or at-risk groups. The standardized residual is the difference
between the observed value of a particular variable and its expected value divided by the
standard deviation of the expected value (Agresti and Finlay, 2008). A positive residual
implies that the observed value is greater than the expected value, while a negative residual
indicates the observed value is less than expected value. The value and sign (positive or
negative) of residuals are used to determine the nature of the relationship between the row
and column variables of the contingency tables (Lopez et al., 2011).
All descriptive and inferential analyses were performed with SAS software (ver. 9.4,
SAS Institute, Inc., Cary, N.C.). In SAS, residuals are standardized and calculated as:

Standardized residual  

nij  eij
eij (1  pi )(1  p j )

(1)

where nij is the observed value, eij = (ni * n.j)/n) is the expected value for the ith row and
jth column cell, pi. is the proportion in row (ni./n), and p.j is the proportion in column j
(n.j/n) (Shoukri and Chaudhary, 2007). According to Agresti and Finlay (2008), an adjusted residual of 2 is evidence of dependence between the row and column variables,
while an adjusted residual of 3 is evidence of strong dependence. Examining the adjusted
residuals of each cell in a contingency table helped identify the at-risk groups, i.e., where
the degree of dependence between the two variables was the strongest (Sharpe, 2015).
Because the purpose of this study was to characterize the direct costs of occupational
injuries using demographic and injury characteristics, the claim amount was used as a
proxy for the direct injury cost. The broad question that guided this study was: Is the claim
amount of injuries in grain elevators independent of the employee demographics and injury
characteristics? Specifically, the following research questions were analyzed: Is the claim
amount independent of: (1) age of employee? (2) tenure of employee? (3) nature of injury?
and (4) body part injured?

Results and Discussion
Characterizing Claim Amount Based on Employee Age
The first research question investigated if the claim amount and the age of the injured
23(3): 203-217
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employee were independent. The claim amount is the sum of all payments made by the
workers’ compensation insurance provider to the injured employee. This amount includes
medical, indemnity, and other miscellaneous payments made to the injured employee as
compensation for the work-related injury. For this reason, severe injuries, such as those
resulting in disability or death, have a higher claim amount than less severe injuries requiring less medical treatment (Sears et al., 2013, 2014).
To explore the relationship between employee age and claim amount, a contingency
table with age as the row variable and claim amount as the column variable was tabulated,
as shown in table 2. Each cell in the contingency table is a count of claims corresponding
to the respective age group and claim amount category. The last row in table 2 shows the
total number of claims in each claim amount category, while the last column indicates the
number of claims corresponding to each age group.
Of the 7404 claims, only 7399 had employee age information. The distribution of the
number of claims based on the claim amount indicates that nearly 84% were less than
$10,000, suggesting that small injury claims are the largest workers’ compensation expense
for grain handling facilities. The distribution of the number of claims based on age group
shows that 50% of the claims involved an employee less than 45 years old, and 76% of the
claims involved an employee less than 55 years old. One out of every four claims involved
an employee older than 55 years. This result is different from the studies by Douphrate et
al. (2009b), Bookman (2012), and Reiner et al. (2016), in which injuries to employees less
than 55 years old constituted over 90% of the injuries. One reason for this difference in
distribution between the current study and previous studies could be the type of occupation
investigated in these studies. For example, Bookman (2012) analyzed workers’ compensation claims of employees in various agricultural occupations, such as poultry and egg producers, logging or tree removal, and fisheries and hatcheries. Similarly, Reiner et al. (2016)
investigated only farm injuries caused by large machinery, such as augers, balers, and harvesters.
A chi-square test was conducted to evaluate if the claim amount varied based on the age
of the employee. The test results showed a p-value of less than 0.05, providing evidence
that the claim amount and the employee age were not independent. This finding implies
that the claim amount varied based on the age of the employee and that employee age is a
significant factor that can be used to determine the claim amount. This finding is consistent

[a]

Table 2. Relationship between age of employee and claim amount.[a]
Claim Amount
$3000-$9999
$10,000
<$3000
Age Group
Total
(nij) (SR)
(nij) (SR)
(nij) (SR)
(years)
(ni) (%)
<25
979 (8.8**)
64 (-2.3*)
82 (-8.6**)
1125 (15.2%)
26-30
636 (5.6**)
45 (-1.4)
67 (-5.5**)
748 (10.1%)
31-35
549 (2.3*)
50 (-2.7*)
84 (0.0)
683 (9.2%)
36-40
503 (0.2)
40 (0.6)
109 (-1.2)
652 (8.8%)
41-45
481 (-2.3*)
51 (0.5)
126 (2.4*)
658 (8.9%)
46-50
608 (-3.0**)
64 (0.4)
165 (3.2**)
837 (11.3%)
51-55
688 (-2.5*)
68 (-0.6)
180 (3.0**)
936 (12.7%)
56-60
652 (-4.0**)
72 (0.7)
188 (4.2**)
912 (12.3%)
60+
585 (-5.7**)
87 (3.5**)
176 (4.1**)
848 (11.5%)
5681 (76.8%)
541 (7.3%)
1177 (15.9%)
7399 (100%)
Total (nj) (%)
nij = count in ith row and jth column, (%) = row and column percentages, ni = row total, and nj = column
total. Residuals are shown in parentheses: * = evidence of relationship; ** = evidence of strong relationship
(2 = 180.14; df = 16; p < 0.0001 and  = 0.05; N = 7399).
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with previous studies that also found a significant relationship between employee age and
injury severity (Laflamme, 1996; Rogers and Wiatrowski, 2005; Salminen, 2004;
Takahashi and Miura, 2016). According to Rogers and Wiatrowski (2005) and Salminen
(2004), young workers (<25 years old) have a higher risk of injuries than older workers.
However, injuries to older workers are likely to be more severe when compared with
younger workers. More severe injuries require increased medical attention and could also
result in lost workdays, resulting in a higher claim amount.
To identify at-risk age groups, residuals were examined. The residuals indicate a strong
relationship between employee age and claim amount across all age groups, except employees 36 to 40 years old. It is noteworthy that as the employee age increases from <25 to
40 years, the sign of the residual indicates a greater than expected number of claims in the
<$3,000 category and fewer than the expected number of claims in the $10,000 category.
This finding implies that employees up to 40 years old are likely to have less severe injuries, which require minimum levels of workers’ compensation payments. The residual values for the 41 years and older age groups indicate exactly the opposite of that for the age
groups below 40 years. In the 41 years and older age groups, the number of claims in the
<$3,000 category is less than the expected value, while the number of claims in the
$10,000 category is more than the expected value. This finding implies that injuries to
grain elevator employees who are older than 40 years are likely to be more severe and
expensive as compared to employees who are younger than 40 years. In other words, as
the employee age increases, the number of claims for minor injuries tends to decrease. At
the same time, as the employee age increases, the number of claims for major injuries tends
to increase, suggesting that older employees in grain handling facilities should heighten
their focus on safe work practices. In this study, the minor claims for younger employees
become more “major” as the employee ages. This finding further corroborates the results
of previous studies (Laflamme, 1996; Rogers and Wiatrowski, 2005; Salminen, 2004;
Takahashi and Miura, 2016), which suggested that older workers are likely to have more
severe injuries than younger workers.
Characterizing Claim Amount Based on Employee Tenure
The second research question investigated if the tenure of the injured employee and the
claim amount were independent of each other. The contingency table used to investigate
this research question is shown in table 3. Of the 7404 claims, only 7396 had employee
tenure information. The distribution of the number of claims by employee tenure indicates
that nearly half of all injury-causing incidents involved an employee with two or fewer

[a]

Table 3. Relationship between tenure of employee and claim amount.[a]
Claim Amount
Employee
$3000-$9999
$10,000
<$3,000
Tenure
Total
(nij) (SR)
(nij) (SR)
(nij) (SR)
(years)
(ni) (%)
<1
1138 (2.5*)
98 (-0.8)
199 (-2.4*)
1435 (19.4%)
1-2
1641 (3.2**)
147 (-0.4)
281 (-3.4**)
2069 (28.0%)
3-5
1017 (-0.3)
94 (-0.4)
219 (0.6)
1330 (18.0%)
6-10
764 (-2.8*)
76 (0.0)
201 (3.2**)
1041 (14.1%)
11-20
648 (-2.9*)
77 (1.6)
164 (2.2*)
889 (12.0%)
20+
470 (-1.5)
49 (0.4)
113 (1.4)
632 (8.5%)
5678 (76.8%)
541 (7.3%)
1177 (15.9%)
7396 (100%)
Total (nj) (%)
nij = count in the ith row and jth column, (%) = row and column percentages, ni = row total, and nj = column
total. Residuals are shown in parentheses: * = evidence of dependence; ** = evidence of strong dependence
(2 = 33.56; df = 10; p = 0.0002 and  = 0.05; N = 7396).
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years of work experience. Similarly, 65% of all injury-causing incidents involved an employee with five or fewer years of experience, and 80% of all incidents involved an employee with ten or fewer years of work experience. Furthermore, the general trend of the
number of claims by employee tenure indicates that the number of claims decreases as
tenure increases. According to Vinodhkumar and Bhasi (2009), the length of service of an
employee influences the employee’s skills and attitudes toward safety. In their comprehensive study of farm injuries, Mariger et al. (2009) observed that experienced workers in
agriculture tend to have fewer injuries than less experienced workers.
The chi-square test to evaluate if the claim amount varied based on employee tenure
showed a p-value of less than 0.05, suggesting that the tenure of the injured employee is a
significant factor that can be used to determine the claim amount. The relationship between
employee tenure and injury severity has not been investigated in the agricultural industry.
Evidence from studies conducted in other high-hazard industries, such as construction and
petrochemicals, suggests a significant relationship between between employee tenure and
injury severity (Cheng et al., 2013; Lopez et al., 2012; Nouri et al., 2008; Suarez-Cebador
et al., 2014).
The residual values from the chi-square test show evidence of a relationship between
employee tenure and claim amount across most age groups. For claims below $3,000, the
residuals change from positive to negative as the employee tenure increases, suggesting
that the longer the tenure of an employee, the fewer small claims the employee incurs. The
opposite is true for claims above $10,000, with residual values shifting from negative to
positive. In this case, the longer the tenure of an employee, the more likely the employee
will incur a more expensive workers’ compensation claim. This shift in injury severity
could be attributed to the age of the employee, because tenure and age are highly correlated
(Vinodkumar and Bhasi, 2009). As employee tenure increases, so does employee age, reducing the employee’s ability to tolerate injuries (Brorsson, 1989) and thereby increasing
the likelihood of severe injuries.
Characterizing Claim Amount Based on Cause of Injury
The third research question investigated if the claim amount was statistically independent of the cause of injury. The contingency table used to classify the claim amount by cause
of injury is shown in table 4. The distribution of claims in table 4 revealed that “strain or
injured by” was the most common cause of injury, followed by “slip, fall, and trip” and
“struck or injured by”. Nearly 29% of claims were for strain and sprain injuries, while “heat
Table 4. Relationship between cause of injury and claim amount.[a]
Claim Amount
Total
$3,000-$9,999
$10,000+
<$3,000
Cause of Injury
(ni) (%)
(nij) (SR)
(nij) (SR)
(nij) (SR)
Strain or injured by
1552 (-4.3**)
173 (1.8)
387 (3.6**)
2112 (28.5%)
Slip, fall, or trip
1281 (-11.6**)
178 (3.9**)
448 (10.5**)
1907 (25.8%)
Struck or injured by
926 (7.4**)
62 (-2.2*)
94 (-7.0**)
1082 (14.6%)
Others
666 (7.5**)
31 (-3.6**)
63 (-6.1**)
760 (10.3%)
Cut, puncture, or scrape
650 (10.1**)
26 (-3.9**)
30 (-8.9**)
706 (9.5%)
Vehicle
190 (-5.3**)
35 (3.0**)
72 (4.0**)
297 (4.0%)
Heat or cold exposures
246 (3.0**)
13 (-1.9)
34 (-2.1*)
293 (4.0%)
Caught in, under, or between
175 (-2.6*)
23 (1.2)
49 (1.7)
247 (3.3%)
5686 (76.8%)
541 (7.3%)
1177 (15.9%)
7404 (100%)
Total (nj) (%)
[a]
nij = count in ith row and jth column, (%) = row and column percentages, ni = row total, and nj = column
total. Residuals are shown in parentheses: * = evidence of dependence; ** = evidence of strong dependence
(2 = 351.6; df = 14; p < 0.001 and  = 0.05; N = 7404).
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or cold exposures” and “caught in, under, or between” accounted for only 4% of the claims.
Furthermore, more than half (54%) of the injuries recorded were either due to “strain or
injured by” or to “slip, fall, and trip”.
The chi-square test suggested that the claim amount was not independent of the cause
of the injury. This finding means that the claim amount is not the same for all type of
injuries and that the cause of the injury is a significant factor that can be used to determine
the claim amount.
Examining the chi-square residuals indicates that certain injuries are more likely to have
higher claim amounts. For example, injuries in the “strain or injured by” and “slip, fall, and
trip” categories are likely to be more expensive when compared to the “struck or injured
by” and “others” categories. A review of the agricultural safety and health literature shows
that strain injuries and slips, trips, and falls are common across many industries, including
agriculture (Bobick and Myers, 1994; Davis and Kotowski, 2007; Douphrate, 2008; Fathallah et al., 2008). In the U.S., strain injuries alone cost $6.5 billion in workers’ compensation costs, with the average claim ranging from $5000 to $8000 (Baldwin and Butler,
2006; van Tulder et al., 2007).
Residuals from the chi-square test also indicate that the “slip, trip, or fall”, “struck or
injured by”, “others”, “cut, puncture, or scrape”, and “vehicle” categories have the strongest relationships with claim amount. Evidence of a significant relationship with claim
amount was also observed in one cell corresponding to the “caught in, under, or between”
category and in two cells corresponding to the “strain or injured by” and “heat or cold
exposures” categories. However, the sign of the residuals suggests that the claim amounts
are more likely to be $10,000 and less likely to be <$3,000 for the “strain or injured by”,
“slips, falls, or trips”, and “vehicles” categories. This finding suggests that injuries due to
slips, trips, and falls, injuries involving a strain, and injuries due to vehicles are likely to
be more expensive than other types of injuries. For the remaining categories (including
“others”, “struck or injured by”, and “cut, puncture, or scrape”), the residuals indicate that
the claim amount is likely to be lower. Based on these analyses, targeting slips, trips, and
falls, strain-related injuries, and vehicle-related injuries through safety interventions could
potentially reduce the claim amount significantly.
Characterizing Claim Amount Based on Body Part Injured
The final research question investigated if the claim amount was statistically independent of the injured body part. A contingency table constructed to address this research question is shown in table 5. The distribution of data suggests that upper extremities (such as
hands and fingers) were the most frequently injured body part, followed by lower extrem-

[a]

Table 5. Relationship between body part injured and claim amount.[a]
Claim Amount
$3,000-$9,999
$10,000
<$3,000
Body Part
Total
(nij) (SR)
(nij) (SR)
(nij) (SR)
Injured
(ni) (%)
Upper extremities
1909 (-2.6*)
182 (-0.4)
454 (3.3**)
2545 (34.4%)
Lower extremities
1178 (-5.2**)
126 (0.7)
331 (5.4**)
1635 (22.1%)
Trunk
1203 (-0.5)
142 (2.9*)
231 (-1.5)
1576 (21.3%)
Head and neck
1071 (11.2**)
58 (-3.6**)
71 (-10.3**)
1200 (16.2%)
Others
325 (-2.2*)
33 (0.0)
90 (2.5*)
448 (6.1%)
5686 (76.8%)
541 (7.3%)
1177 (15.9%)
7404 (100%)
Total (nj) (%)
nij = count in ith row and jth column, (%) = row and column percentages, ni = row total, and nj = column
total. Residuals are shown in parentheses: * = evidence of dependence; ** = evidence of strong dependence
(2 = 155.1; df = 8; p < 0.001 and  = 0.05; N = 7404).
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ities (such as toes and feet) and trunk. In nearly 80% of the claims, the injured body part
was either an upper extremity, trunk, or lower extremity. This finding is different from the
results of the NIOSH (1983) study, which reported back, finger, and eyes as the three most
injured body parts.
The chi-square test results indicated that the claim amount was not independent of the
body part injured. This finding suggests that the claim amount varied based on the body
part injured and that the body part injured is a significant factor that can be used to determine the claim amount.
Examining the chi-square residuals indicates that upper extremities, lower extremities,
head and neck, and the “others” category show evidence of a relationship with the claim
amount. For upper extremities, lower extremities, and the “others” category, the residuals
indicate that the number of claims is more likely to be in the $10,000 category and less
likely to be in the <$3,000 category. This finding suggests that injuries to upper and lower
extremities tend to be more expensive compared to the “head and trunk” and “others” categories. Similarly, for trunk, head, and neck injuries, the residuals indicate that these injuries are more likely to be inexpensive compared with the other categories.

Conclusion
Occupational injuries across all hazard categories of the grain handling industry have
received little attention in the research literature. One reason for this is the lack of a centralized source of data to quantify the incidents. This study used workers’ compensation
claims data to investigate patterns of workplace injuries in the grain handling industry. The
first research question examined if the claim amount was independent of the age of the
employee. This study found that the employee age had a significant influence on the claim
amount. Furthermore, employees who are older than 40 years have a higher likelihood of
severe injury than employees who are younger than 40 years.
The second research question investigated if the claim amount was independent of the
tenure of the employee. The results showed that the tenure of the employee had a significant influence on the claim amount. In addition, employees with less than five years of
work experience were found to be the most at-risk group because the majority of injuries
involved employees in this category.
The third research question examined if the claim amount was independent of the cause
of injury. The results showed that the cause of injury had a significant influence on the
claim amount, suggesting that the injury cost varies based on the cause of injury. This study
found that strains and slips, falls, or trips were the most significant causes of injuries.
The final research question investigated if the claim amount was independent of the
body part injured. The data showed that the claim amount was significantly related to the
body part injured. Injuries to upper and lower extremities, the trunk, and to other body parts
have the most influence on claim amount.
While workers’ compensation data are extremely useful in injury prevention studies, the
recording of information during the workers’ compensation claims process could be prone
to human error, as the data are collected by field agents. In addition, the scope of analysis
is narrowed by the information available in the dataset. For example, the number of hours
worked by each of the injured employees was not available in the dataset. Therefore, implicit assumptions (e.g., that the number of hours worked was same for employees in all
age and tenure groups) were made in this study. However, the analysis of a large number
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of claims, recorded over an extended period, characterizes the strength and rigorousness of
this study.
The findings of this study will enhance the understanding of recommended areas of
preventative intervention in grain handling environments. Future work could involve analyzing the relationships between non-cost-related variables as well as simultaneously investigating all the variables and their interaction effects. A multivariate model of the claim
amount could also be constructed so that commercial grain elevators, as well as the workers’ compensation insurance providers, can better analyze the risks contributing to occupational injuries.
Acknowledgements
The authors would like to thank Dr. Charles Schwab and Dr. Steve Freeman for their
feedback on this research and the manuscript preparation. The authors would also like to
thank Mr. Jeremy Hadler for his help with the statistical analysis and Mr. Bret Ramirez for
his help reviewing this manuscript.

References
Agresti, A., & Finlay, B. (2008). Statistical methods for the social sciences (4th ed.). Upper Saddle
River, NJ: Prentice Hall.
AgWeb. (2015). Grain stocks: On- and off-farm grain storage capacity. Philadelphia, PA: Farm
Journal. Retrieved from http://www.agweb.com/article/jan-12-grain-stocks-on--and-off-farmgrain-storage-capacity-agwebcom-editors/
Asfaw, A., Pana-Cryan, R., & Rosa, R. (2011). The business cycle and the incidence of workplace
injuries: Evidence from the USA. J. Saf. Res., 42(1), 1-8. https://doi.org/10.1016/j.jsr.2010.10.008
Baldwin, M. L., & Butler, R. J. (2006). Upper extremity disorders in the workplace: Costs and
outcomes beyond the first return to work. J. Occup. Rehab., 16(3), 296-316.
https://doi.org/10.1007/s10926-006-9043-2
Bell, J. L., & Helmkamp, J. C. (2003). Non-fatal injuries in the West Virginia logging industry: Using
workers’ compensation claims to assess risk from 1995 through 2001. American J. Ind. Med.,
44(5), 502-509. https://doi.org/10.1002/ajim.10307
Biddle, E. A., & Marsh, S. M. (2002). Comparison of two fatal occupational injury surveillance
systems in the United States. J. Saf. Res., 33(3), 337-354. https://doi.org/10.1016/S00224375(02)00030-0
Bobick, T. G., & Myers, J. R. (1994). Agriculture-related sprain and strain injuries, 1985-1987. Intl. J.
Ind. Ergon., 14(3), 223-232. http://dx.doi.org/10.1016/0169-8141(94)90098-1
Boden, L. I., & Ozonoff, A. (2008). Capture-recapture estimates of nonfatal workplace injuries and
illnesses. Ann. Epidemiol., 18(6), 500-506. https://doi.org/10.1016/j.annepidem.2007.11.003
Bookman, J. A. (2012). Describing agricultural injury in Ohio using the Ohio Bureau of Workers’
compensation database. Columbus, OH: Ohio State University.
Brorsson, B. (1989). Age and injury severity. Scandinavian J. Soc. Med., 17(4), 287-290.
https://doi.org/10.1177/140349488901700406
Cheng, C.-W., Yao, H.-Q., & Wu, T.-C. (2013). Applying data mining techniques to analyze the
causes of major occupational accidents in the petrochemical industry. J. Loss Prev. Proc. Ind.,
26(6), 1269-1278. https://doi.org/10.1016/j.jlp.2013.07.002
Cohen, M. A., Clark, R. E., Silverstein, B., Sjostrom, T., & Spielholz, P. (2006). Work-related deaths
in Washington State, 1998-2002. J. Saf. Res., 37(3), 307-319.
https://doi.org/10.1016/j.jsr.2006.02.007
Coleman, P. J., & Kerkering, J. C. (2007). Measuring mining safety with injury statistics: Lost
workdays as indicators of risk. J. Saf. Res., 38(5), 523-533.
https://doi.org/10.1016/j.jsr.2007.06.005

23(3): 203-217

213

Davis, K. G., & Kotowski, S. E. (2007). Understanding the ergonomic risk for musculoskeletal
disorders in the United States agricultural sector. American J. Ind. Med., 50(7), 501-511.
https://doi.org/10.1002/ajim.20479
Dement, J. M., Pompeii, L. A., Ostbye, T., Epling, C., Lipscomb, H. J., James, T., ... Thomann, W.
(2004). An integrated comprehensive occupational surveillance system for health care workers.
American J. Ind. Med., 45(6), 528-538. https://doi.org/10.1002/ajim.20017
Douphrate, D. I. (2008). Analysis of agriculture injuries using workers’ compensation data. PhD diss.
Fort Collins, CO: Colorado State University. Retrieved from
http://gradworks.umi.com/33/21/3321273.html
Douphrate, D. I., Rosecrance, J. C., & Wahl, G. (2006). Workers’ compensation experience of
Colorado agriculture workers, 2000-2004. American J. Ind. Med., 49(11), 900-910.
https://doi.org/10.1002/ajim.20387
Douphrate, D. I., Rosecrance, J. C., Reynolds, S. J., Stallones, L., & Gilkey, D. P. (2009a). Tractorrelated injuries: An analysis of workers’ compensation data. J. Agromed., 14(2), 198-205.
https://doi.org/10.1080/10599240902773215
Douphrate, D. I., Rosecrance, J. C., Stallones, L., Reynolds, S. J., & Gilkey, D. P. (2009b). Livestockhandling injuries in agriculture: An analysis of Colorado workers’ compensation data. American J.
Ind. Med., 52(5), 391-407. https://doi.org/10.1002/ajim.20686
Fathallah, F. A., Miller, B. J., & Miles, J. A. (2008). Low back disorders in agriculture and the role of
stooped work: Scope, potential interventions, and research needs. J. Agric. Saf. Health, 14(2), 221245. https://doi.org/10.13031/2013.24352
Field, W. E., Heber, D. J., Riedel, S. M., Wettschurack, S. W., Roberts, M. J., & Grafft, L. J. (2014).
Worker hazards associated with the use of grain vacuum systems. J. Agric. Saf. Health, 20(3), 147163. https://doi.org/10.13031/jash.20.9989
Foley, M., Rauser, E., Rappin, C., & Bonauto, D. (2013). Using workers’ compensation data to
conduct OHS surveillance of temporary workers in Washington State. Proc. 2012 Workshop: Use
of Workers’ Compensation Data for Occupational Safety and Health (pp. 57-62). Washington,
DC: NIOSH. Retrieved from https://www.cdc.gov/NIOSH/docs/2013147/pdfs/2013%E2%80%93147.pdf
Freeman, S. A., Kelley, K. W., Maier, D. E., & Field, W. E. (1998). Review of entrapments in bulk
agricultural materials at commercial grain facilities. J. Saf. Res., 29(2), 123-134.
https://doi.org/10.1016/S0022-4375(98)00008-5
Issa, S. F., Cheng, Y.-H., & Field, W. (2016a). Summary of agricultural confined-space related cases:
1964-2013. J. Agric. Saf. Health, 22(1), 33-45. https://doi.org/10.13031/jash.22.10955
Issa, S. F., Field, W. E., Hamm, K. E., Cheng, Y.-H., Roberts, M. J., & Riedel, S. M. (2016b).
Summarization of injury and fatality factors involving children and youth in grain storage and
handling incidents. J. Agric. Saf. Health, 22(1), 13-32. https://doi.org/10.13031/jash.22.10954
Janicak, C. (2010). Safety metrics: Tools and techniques for measuring safety performance. Lanham,
MD: Government Institutes.
Javadi, A., & Rostami, M. A. (2007). Safety assessments of agricultural machinery in Iran. J. Agric.
Saf. Health, 13(3), 275-284. https://doi.org/10.13031/2013.23352
Karttunen, J. P., & Rautiainen, R. H. (2011). Risk factors and prevalence of declined work ability
among dairy farmers. J. Agric. Saf. Health, 17(3), 243-257. https://doi.org/10.13031/2013.38185
Kim, H., Dropkin, J., Spaeth, K., Smith, F., & Moline, J. (2012). Patient handling and musculoskeletal
disorders among hospital workers: Analysis of seven years of institutional workers’ compensation
claims data. American J. Ind. Med., 55(8), 683-690. https://doi.org/10.1002/ajim.22006
Kines, P., Spangenberg, S., & Dyreborg, J. (2007). Prioritizing occupational injury prevention in the
construction industry: Injury severity or absence? J. Saf. Res., 38(1), 53-58.
https://doi.org/10.1016/j.jsr.2006.09.002
Laflamme, L. (1996). Age-related accident risks among assembly workers: A longitudinal study of
male workers employed in the Swedish automobile industry. J. Saf. Res., 27(4), 259-268.
http://dx.doi.org/10.1016/S0022-4375(96)00024-2

214

Journal of Agricultural Safety and Health

Landsteiner, A. M., McGovern, P. M., Alexander, B. H., Lindgren, P. G., & Williams, A. N. (2015).
Incidence rates and trend of serious farm-related injury in Minnesota, 2000-2011. J. Agromed.,
20(4), 419-426. https://doi.org/10.1080/1059924X.2015.1075449
Leeth, J. D. (2012). OSHA’s role in promoting occupational safety and health. Found. Trends
Microecon., 7(4), 267-353. https://doi.org/10.1561/0700000055
Leigh, J. P., Du, J., & McCurdy, S. A. (2014). An estimate of the U.S. government’s undercount of
nonfatal occupational injuries and illnesses in agriculture. Ann. Epidemiol., 24(4), 254-259.
https://doi.org/10.1016/j.annepidem.2014.01.006
Leigh, J. P., Marcin, J. P., & Miller, T. R. (2004). An estimate of the U.S. government’s undercount of
nonfatal occupational injuries. J. Occup. Environ. Med., 46(1), 10-18.
https://doi.org/10.1097/01.jom.0000105909.66435.53
Lopez Arquillos, A., Rubio Romero, J. C., & Gibb, A. (2012). Analysis of construction accidents in
Spain, 2003-2008. J. Saf. Res., 43(5-6), 381-388. https://doi.org/10.1016/j.jsr.2012.07.005
Lopez, M. A., Ritzel, D. O., Gonzalez, I. F., & Alcantara, O. J. (2011). Occupational accidents with
ladders in Spain: Risk factors. J. Saf. Res., 42(5), 391-398.
https://doi.org/10.1016/j.jsr.2011.08.003
Mariger, S. C., Grisso, R. D., Perumpral, J. V., Sorenson, A. W., Christensen, N. K., & Miller, R. L.
(2009). Virginia agricultural health and safety survey. J. Agric. Saf. Health, 15(1), 37-47.
https://doi.org/10.13031/2013.25414
Menckel, E., & Carter, N. (1985). The development and evaluation of accident prevention routines: A
case study. J. Saf. Res., 16(2), 73-82. http://dx.doi.org/10.1016/0022-4375(85)90009-X
Meyers, A., Wurzelbacher, S., Bertke, S., Lampl, P. M., Robins, D., & Bell, J. (2013). Using workers’
compensation data for surveillance of occupational injuries and illnesses: Ohio, 2005-2009. Proc.
2012 Workshop: Use of Workers’ Compensation Data for Occupational Safety and Health (pp.
117-120). Washington, DC: NIOSH. Retrieved from https://www.cdc.gov/NIOSH/docs/2013147/pdfs/2013%E2%80%93147.pdf
Nanda, G., Grattan, K. M., Chu, M. T., Davis, L. K., & Lehto, M. R. (2016). Bayesian decision
support for coding occupational injury data. J. Saf. Res., 57, 71-82.
https://doi.org/10.1016/j.jsr.2016.03.001
NASS. (2011). Grain stocks. Washington, DC: National Agricultural Statistics Service. Retrieved
from http://usda.mannlib.cornell.edu/usda/nass/GraiStoc//2010s/2011/GraiStoc-01-12-2011.pdf
NASS. (2016). Grain stocks. Washington, DC: National Agricultural Statistics Service. Retrieved
from http://usda.mannlib.cornell.edu/usda/nass/GraiStoc//2010s/2016/GraiStoc-01-12-2016.pdf
Nestoriak, N., & Pierce, B. (2009). Comparing workers’ compensation claims with establishments’
responses to the SOII. Monthly Labor Rev., 132, 57-64.
Neuhauser, F. M., Mathur, A. K., & Pines, J. (2013). Gender, age, and risk of injury in the workplace.
Proc. 2012 Workshop: Use of Workers’ Compensation Data for Occupational Safety and Health
(pp. 173-178). Washington, DC: NIOSH. Retrieved from https://www.cdc.gov/NIOSH/docs/2013147/pdfs/2013%E2%80%93147.pdf
NIOSH. (1983). Occupational safety in grain elevators and feed mill. Washington, DC: NIOSH.
Retrieved from http://www.cdc.gov/niosh/docs/83-126/83-126.pdf
Nouri, J., Azadeh, A., & Mohammad Fam, I. (2008). The evaluation of safety behaviors in a gas
treatment company in Iran. J. Loss Prev. Proc. Ind., 21(3), 319-325.
https://doi.org/10.1016/j.jlp.2007.11.006
Oleinick, A., & Zaidman, B. (2004). Methodologic issues in the use of workers’ compensation
databases for the study of work injuries with days away from work: I. Sensitivity of case
ascertainment. American J. Ind. Med., 45(3), 260-274. https://doi.org/10.1002/ajim.10333
OSHA. (2016). Safety and health topics: Grain handling. Washington, DC: OSHA. Retrieved from
https://www.osha.gov/SLTC/grainhandling/
Patel, K., Watanabe-Galloway, S., Rautiainen, R., Haynatzki, G., & Gofin, R. (2016). Surveillance of
non-fatal agricultural injuries among farm operators in the Central States region of the United
States. Omaha, NE: University of Nebraska Medical Center.

23(3): 203-217

215

http://digitalcommons.unmc.edu/etd/141
Reiner, A. M., Gerberich, S. G., Ryan, A. D., & Mandel, J. (2016). Large machinery-related
agricultural injuries across a five-state region in the Midwest. J. Occup. Environ. Med., 58(2), 154161. https://doi.org/10.1097/jom.0000000000000584
Reville, R. T., Bhattacharya, J., & Sager Weinstein, L. R. (2001a). New methods and data sources for
measuring economic consequences of workplace injuries. American J. Ind. Med., 40(4), 452-463.
https://doi.org/10.1002/ajim.1115
Reville, R. T., Polich, S., Seabury, S. A., & Giddens, E. (2001b). Permanent disability at private, selfinsured firms. Santa Monica, CA: Rand Corporation.
Riedel, S. M., & Field, W. E. (2011). Summary of over 800 grain storage and handling-related
entrapments and suffocations documented in the US and Canada between 1970 and 2010. Proc.
34th CIOSTA CIGR 5th Conf. Retrieved from
https://extension.entm.purdue.edu/grainlab/content/pdf/CIOSTASum.pdf
Riedel, S. M., & Field, W. E. (2013). Summation of the frequency, severity, and primary causative
factors associated with injuries and fatalities involving confined spaces in agriculture. J. Agric. Saf.
Health, 19(2), 83-100. http://dx.doi.org/10.13031/jash.19.9326
Rogers, E., & Wiatrowksi, W. J. (2005). Injuries, illnesses, and fatalities among older workers.
Monthly Lab. Rev., 128, 24-30. Retrieved from https://www.bls.gov/opub/mlr/2005/10/art3full.pdf
Rosenman, K. D., Kalush, A., Reilly, M. J., Gardiner, J. C., Reeves, M., & Luo, Z. (2006). How much
work-related injury and illness is missed by the current national surveillance system? J. Occup.
Environ. Med., 48(4), 357-365. https://doi.org/10.1097/01.jom.0000205864.81970.63
Rosentrater, K. A., & Williams, G. D. (2004). Design considerations for the construction and
operation of grain elevator facilities: Part II. Process engineering considerations. ASABE Paper
No. 044146. St. Joseph, MI: ASAE.
Salminen, S. (2004). Have young workers more injuries than older ones? An international literature
review. J. Saf. Res., 35(5), 513-521. https://doi.org/10.1016/j.jsr.2004.08.005
Schwatka, N. V., Butler, L. M., & Rosecrance, J. C. (2013). Age in relation to worker compensation
costs in the construction industry. American J. Ind. Med., 56(3), 356-366.
https://doi.org/10.1002/ajim.22093
Sears, J. M., Blanar, L., & Bowman, S. M. (2014). Predicting work-related disability and medical cost
outcomes: A comparison of injury severity scoring methods. Injury, 45(1), 16-22.
https://doi.org/10.1016/j.injury.2012.12.024
Sears, J. M., Blanar, L., Bowman, S. M., Adams, D., & Silverstein, B. A. (2013). Predicting workrelated disability and medical cost outcomes: Estimating injury severity scores from workers’
compensation data. J. Occup. Rehab., 23(1), 19-31. https://doi.org/10.1007/s10926-012-9377-x
Sengupta, I., Reno, V. P., Burton Jr., J. F., & Baldwin, M. L. (2012). Workers’ compensation:
Benefits, coverage, and costs, 2010. Washington, DC: National Academy of Social Insurance.
Retrieved from https://www.nasi.org/research/2012/report-workers-compensation-benefitscoverage-costs-2010
Sharpe, D. (2015). Your chi-square test is statistically significant: Now what? Practical Assessment,
Research, and Evaluation, 20(8) (April 2015). Retrieved from
http://pareonline.net/getvn.asp?v=20&n=8
Shoukri, M. M., & Chaudhary, M. A. (2007). Analysis of correlated data with SAS and R. Boca
Raton, FL: CRC Press.
Smith, P., Hogg-Johnson, S., Mustard, C., Chen, C., & Tompa, E. (2012). Comparing the risk factors
associated with serious versus and less serious work-related injuries in Ontario between 1991 and
2006. American J. Ind. Med., 55(1), 84-91. https://doi.org/10.1002/ajim.21000
Snyder, K. A., & Bobick, T. G. (1995). Safe grain and silage handling. Washington, DC: NIOSH.
Retrieved from https://www.cdc.gov/niosh/docs/95-109/storage.html
Sprince, N. L., Zwerling, C., Lynch, C. F., Whitten, P. S., Thu, K., Logsden-Sackett, N., ... Alavanja,
M. C. (2003). Risk factors for agricultural injury: A case-control analysis of Iowa farmers in the
Agricultural Health Study. J. Agric. Saf. Health, 9(1), 5-18. https://doi.org/10.13031/2013.12346

216

Journal of Agricultural Safety and Health

Suarez-Cebador, M., Rubio-Romero, J. C., & Lopez-Arquillos, A. (2014). Severity of electrical
accidents in the construction industry in Spain. J. Saf. Res., 48, 63-70.
https://doi.org/10.1016/j.jsr.2013.12.002
Takahashi, A., & Miura, T. (2016). At what age is the occupational accident risk high? Analysis of the
occurrence rate of occupational accidents by age. In P. Arezes (Ed.), Advances in Safety
Management and Human Factors (pp. 3-10). Cham, Switzerland: Springer International.
https://doi.org/10.1007/978-3-319-41929-9_1
Utterback, D. F., & Schnorr, T. M., Eds. (2010). Use of workers’ compensation data for occupational
injury and illness prevention. Washington, DC: NIOSH. Retrieved from
https://www.cdc.gov/niosh/docs/2010-152/pdfs/2010-152.pdf
Utterback, D. F., Meyers, A. R., & Wurzelbacher, S. J. (2014). Workers’ compensation insurance: A
primer for public health. Washington, DC: NIOSH.
Utterback, D. F., Schnorr, T. M., Silverstein, B. A., Spieler, E. A., Leamon, T. B., & Amick III, B. C.
(2012). Occupational health and safety surveillance and research using workers’ compensation
data. J. Occup. Environ. Med., 54(2), 171-176. https://doi.org/10.1097/JOM.0b013e31823c14cb
Van Fleet, E., Frank, O., & Rosenbeck, J. (2013). A guide to safety and health in feed and grain mills.
Raleigh, NC: North Carolina Department of Labor. Retrieved from
http://www.nclabor.com/osha/etta/indguide/ig29.pdf
van Tulder, M., Malmivaara, A., & Koes, B. (2007). Repetitive strain injury. Lancet, 369(9575),
1815-1822. https://doi.org/10.1016/S0140-6736(07)60820-4
Verma, A., Das Khan, S., Maiti, J., & Krishna, O. B. (2014). Identifying patterns of safety-related
incidents in a steel plant using association rule mining of incident investigation reports. Saf. Sci.,
70, 89-98. https://doi.org/10.1016/j.ssci.2014.05.007
Vinodkumar, M. N., & Bhasi, M. (2009). Safety climate factors and its relationship with accidents and
personal attributes in the chemical industry. Saf. Sci., 47(5), 659-667.
https://doi.org/10.1016/j.ssci.2008.09.004
Waehrer, G. M., Dong, X. S., Miller, T., Haile, E., & Men, Y. (2007). Costs of occupational injuries in
construction in the United States. Accid. Anal. Prev., 39(6), 1258-1266.
https://doi.org/10.1016/j.aap.2007.03.012
Williams, G. D., & Rosentrater, K. A. (2004). Design considerations for the construction and
operation of grain elevator facilities: Part I. Planning, structural, and life safety considerations.
ASABE Paper No. 044145. St. Joseph, MI: ASAE.
Zhou, C., & Roseman, J. M. (1994). Agricultural injuries among a population-based sample of farm
operators in Alabama. American J. Ind. Med., 25(3), 385-402.
https://doi.org/10.1002/ajim.4700250307

23(3): 203-217

217

