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Abstract

Agriculture is among the most dangerous industries in the U.S., yet routine surveillance of injury 

hazards is not currently being conducted on a national level. The objectives of this study were to 

describe a new tool, called the Hazard Assessment Checklist (HAC), to identify and characterize 

farm hazards that increase injury risk to farmers and farm workers, and (2) report the inter-rater 

reliability of the new tool when administered on row-crop farms in Iowa. Based on a literature 

review and a consensus of expert opinion, the HAC included hazards related to self-propelled 

vehicles, powered portable implements, fixed machinery and equipment, farm buildings and 

structures, fall risks, and portable equipment associated with fall risk. A scoring metric indicating 

the extent of compliance with recommended safety guidelines and standards was developed for 

each item of the HAC, which included compliant, minimal improvement needed, substantial 

improvement needed, and not compliant. Inter-rater reliability was assessed from data collected 

by research staff on 52 row crop farms in Iowa. Cohen’s weighted Kappa values demonstrated 

high inter-rater reliability, ranging between 0.86 and 0.94, for all HAC sections. The HAC can be 

completed in 1.5-2 hours on each farm and requires about three hours of training, two hours of 

which are spent in field training. The ability to monitor injury-related hazards over time using an 

empirically driven tool will contribute significantly to injury prevention efforts in an industry with 

consistently high rates of fatal and nonfatal injury.
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It is well-established that agriculture is among the most dangerous industries in the U.S. 

(NIOSH, 2020). However, surveillance of agricultural injuries and their risk factors – a 

key strategy for prevention – is not systematically conducted and has been limited by 

methodological challenges (Patel et al., 2017). Primary data sources for agricultural injury 

surveillance have traditionally included the Census of Fatal Occupational Injuries (CFOI), 

Survey of Occupational Injuries and Illnesses (SOII), hospital discharge and emergency 
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department data, and population surveys. However, these data sources likely capture only a 

fraction of the total injuries. For example, injuries on small farms are not reported in the 

SOII because this system only captures injury incidents occurring on farms with more than 

10 employees, and hospital discharge and emergency department data are likely to capture 

only the more severe injury incidents.

National level surveillance of risk factors for agricultural injuries had been conducted in 

the US for several decades. Since 1990, the National Institute for Occupational Safety 

and Health (NIOSH) partnered with the Bureau of Labor Statistics (BLS) and the US 

Department of Agriculture (USDA) to administer national surveys of farm workers, 

including the Childhood Agricultural Injury Survey, Occupational Injury Surveillance 

of Production Agriculture, and injury modules of the National Agricultural Workers 

Survey (NIOSH, 2019; NIOSH, 2018a; NIOSH, 2018b). Although extremely valuable for 

monitoring risk factors, funding for these efforts is no longer available nationally, and 

surveillance using these sources ended by 2015. In 2015, the National Children’s Center for 

Rural and Agricultural Health and Safety developed AgInjuryNews to systematically collect 

and categorize news articles related to fatal and nonfatal agricultural injuries in the U.S. 

(Weichelt et al., 2018). While it is a current and public data source, it was not developed 

with the goal of surveillance but rather as a comprehensive source of farm incidents and 

safety messaging.

Regional surveillance of agricultural injury and injury-related risk factors has been done 

on farms through efforts such as the Certified Safe Farm (CSF) program (Rautiainen et 

al., 2004). As part of the farm certification process, trained personnel conduct on-site 

farm reviews to assess farm injury characteristics and risk factors contributing to injury 

(Donham et al., 2007; Rautiainen et al., 2010). The on-site review consists of 124 questions 

that take approximately two hours to complete for each farm. The safety review covers 

on-farm hazards, including equipment, livestock structures, storage and other structures, and 

the general outdoor working environment. The most commonly identified problems found 

on farms using the CSF program involved tractors, chemical storage, non-self-propelled 

machines, machine shop and repair area structures, swine and poultry structures, and grain 

storage structures (Jaspersen et al., 2004; Storm et al., 2018; CSF, 2016).

While CSF has been well-received by farmers (Kline et al., 2007; Storm et al., 2016; 

Schiller et al., 2010; Thu et al., 1998), sustainability as a community-based surveillance 

program has faced challenges. It has been difficult to recruit community organizations 

to conduct the on-farm safety reviews and move implementation of CSF from academic 

settings to the community (Schiller et al., 2010). Personnel who administer CSF assessments 

of farms require 20 hours of classroom and on-farm experiential learning (Rautiainen et al., 

2010), which may be contributing to implementation barriers. Implementation barriers may 

also result from a lack of organizational resources, where for example, more established 

infrastructures (such as Extension Offices) have more resources to invest in implementation 

than community initiatives (Schiller et al., 2010; Storm et al., 2016). The literature suggests 

that CSF may be a useful starting model for identifying and reducing hazards on farms but 

for which adaptations are needed to create a sustainable community-based program.
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Another program, called Farm/Agriculture/Rural Management- Hazard Analysis Tool 

(FARM-HAT), uses a gradated hazard scale to assess the safety of tractors, power take-off 

(PTO) machines, buildings and structures (e.g., farm shops, grain bins, manure storage), 

and emergency preparation. In a preliminary study of more than 200 farms in Pennsylvania, 

approximately two-thirds of farm operators did not have acceptable safety practices in place 

(Murphy et al., 1998; Legault and Murphy, 2000). FARM-HAT, now called Safer Farm, is 

available online through the National Farm Medicine Center. The reach of this online tool 

and its use as a surveillance system to collect farm hazard data is not known.

With the loss of NIOSH funding for national surveillance of farm injury and hazards, and 

because sustainable surveillance efforts are needed at the community level, it is critical to 

develop and evaluate surveillance strategies that can be easily implemented across multiple 

organizations that serve farmers. The purpose of this paper is to (1) describe a new tool to 

identify and characterize farm hazards that increase injury risk to farmers and farm workers, 

and (2) report the inter-rater reliability of the new tool when administered on row-crop farms 

in Iowa.

MATERIALS AND METHODS

DEVELOPMENT OF A HAZARD ASSESSMENT CHECKLIST

The Hazard Assessment Checklist (HAC), a new tool for surveillance of agricultural 

injury risk factors, was developed by experts in the fields of occupational safety, industrial 

hygiene, occupational medicine, ergonomics, and injury epidemiology with representation 

from national trade associations, extension and outreach offices, researchers, and row crop 

farm owners and operators. The contents were reviewed iteratively by the experts until no 

further revisions of content or wording were made. Items included assessment of hazards 

known to increase the risk of acute farm injuries (Pickett et al., 2001; Swanton et al., 

2016) as well as compliance with safety guidelines (e.g., American Society of Agricultural 

and Biological Engineers). The HAC was then pilot tested among operators of five row 

crop farms of varying sizes in Iowa, USA. Revisions from the pilot included: improving 

definitions of employee categories (e.g., distinguishing between contract workers and hired 

hands), improving definitions of the items to be scored, and modifying how duration of 

exposure to equipment and buildings was collected (e.g., hours per year for vehicles, times 

per day/week/month/year for buildings, frequency of use ranking for portable implements). 

The final version of the hazard assessment checklist is available in the Appendix.

SECTIONS OF THE HAZARD ASSESSMENT CHECKLIST

Based on a literature review and a consensus of expert opinion, the checklist included 

hazards related to: self-propelled vehicles (e.g., tractors, combines), powered portable 

implements (e.g., planters, augers), fixed machinery and equipment (e.g., feed mills, 

conveyors), farm buildings and structures (e.g., grain bins, shops), fall risks (e.g., 

elevated platforms, grain storage), and portable equipment associated with fall risk. Within 

each of these sections, 3-7 individual items assessed compliance with recommended 

safety guidelines (e.g., American Society of Agricultural and Biological Engineers, Iowa 

Department of Transportation) or OSHA safety standards. Each section of the HAC allowed 
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for three separate farm equipment/objects or spaces to be assessed (prioritizing those used 

most frequently). A description of what is included in each section, and the items assessed, 

are summarized in Table 1.

In addition to the sections assessed for compliance with recommended safety guidelines and 

OSHA standards, the following information was also included in the checklist:

• Years of Operation, defined as the number of years the farm had been in 

operation at the time of the assessment.

• Number of Employees, which included the number of current owners and 

operators, family members with no owner/operator stake in the farm operation, 

renters, contract farmers (defined as workers employed by a contracting 

agency or who are self-employed, including sprayers, crop dusters, fertilizers, 

veterinarians, shippers, etc.) and hired hands (excluding contract workers).

• Inventory of Written Safety Policies, defined as any written signage on the farm 

or written policies available in physical or virtual form (see Table 2 for a list of 

policy topics).

• Inventory of Safety Training, defined as formal training or certification provided 

to or received by all employees (see Table 2 for list of safety training topics).

• Number of Work-Related Fatalities and Injuries by each category of employee 

(i.e., owner/operator, family member, renter, contract worker, hired hands) and 

included the following: (1) Number of work-related fatalities ever to occur on the 

farm, (2) number of injuries occurring on the farm in the past year that required 

hospitalization or surgery (not including those resulting in a fatality), (3) number 

of injuries occurring on the farm in the past 6 months that required attention from 

a primary care provider, urgent care provider or other healthcare provider (not 

including those that resulted in hospitalization or surgery or those resulting in a 

fatality), and (4) number of injuries in the past month that required first aid only.

RATING THE HAC ITEMS

A scoring metric of three or four levels indicating the extent of compliance with 

recommended safety guidelines and standards promulgated by the American Society 

of Agricultural and Biological Engineers (ASABE), Occupational Safety and Health 

Administration (OSHA), and Iowa Department of Transportation (IDOT) was developed 

for each HAC item outlined in Table 1. Equipment and spaces were scored as compliant 

(“C”), minimal improvement needed (“M”), substantial improvement needed (“S”) and not 

compliant (“NC”). For example, for the self-propelled vehicle item, “Vehicle has a clean, 

reflective slow-moving vehicle (SMV) sign that is visible from the rear of the vehicle”, 

a score of “C” was assigned when the SMV sign was mounted correctly, easily visible, 

and had a solid red triangle border that was entirely retro-reflective with a non-reflective 

fluorescent center (Figure 1.a); a score of “M” was assigned if the SMV sign was mounted 

correctly and easily visible but its red triangle was dirty, beginning to fade or the fluorescent 

center was faded, ripped or missing (Figure 1.b); a score of “S” was assigned if the SMV 

sign was no longer reflective or broken or if the sign was not mounted correctly to allow for 
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visibility from the rear (Figure 1.c); and a score of “NC” was assigned if an SMV sign was 

not present on the vehicle (Figure 1.d).

In addition to the four levels of compliance, individual HAC items could be recorded as 

“Not Observed” if the equipment/space to which the item referred could not be observed 

at the time of the assessment (e.g., implement was in storage or in use at the time of the 

assessment) or “Not Applicable” (e.g., farm did not have three examples of each type of 

equipment/space at the time of the assessment, or recommended safety guidelines were not 

applicable to that piece of equipment/space).

METHODS FOR INTER-RATER RELIABILITY ASSESSMENT

Iowa row crop farm owners/operators whose farms were accessible within a two-hour 

drive of a midwestern university were eligible for enrollment in the study. Farmers were 

identified and recruited into the study through a variety of methods, including: (1) calls to 

subscribers of Farm Journal magazine, (2) in-person recruitment at the Iowa Corn Growers 

Safety Fair in Johnson County, events sponsored by the Midwest Old Settlers and Threshers 

Association, and Practical Farmers of Iowa field day events, and (3) advertising through 

social media and existing registries. All individuals were screened for eligibility by the 

Iowa Social Science Research Center (ISRC) and scheduled for a farm visit if eligible and 

interested in participating. The farm visit was completed by two research assistants (RAs) 

with farming expertise who were trained to identify hazards and rate them for compliance 

using the HAC scoring procedure and an accompanying field manual (available from the 

investigators by request). The field manual consisted of definitions, examples and pictures 

of each rating category (Compliant, Minimal Improvement, Substantial Improvement, Not 

Compliant) for each item on the checklist. The field manual was used to ensure consistent 

application of rating criteria across the researchers and was kept with the RAs at all times 

during the farm visits.

Before field training to collect HAC data, the RAs reviewed the HAC questions and field 

manual with a senior study team researcher to ensure that the intent of the questions 

was understood and that definitions used in the rating system were clear. During the field 

training, the senior researcher trained the RAs on how to score HAC items by discussing 

the scoring in real-time. During this training period, only the senior researcher’s scores were 

coded, and they were not analyzed for agreement. Once the RAs were comfortable with 

the scoring system, the research pair completed several more visits where separate scoring 

occurred, followed immediately by a discussion of why items were assigned particular 

scores. Only when the RAs scores and rationale for the scores were consistent with the field 

manual, did they attend farm visits and complete the HAC independently.

Upon arrival at the farm after farm owner/operator enrollment, the researchers introduced 

themselves, re-explained the purpose of the study and collected farm information (e.g., 

number of employees, years in operation). Next, the farm owner/operator or designee led the 

researchers on a tour of the farm. During this time, the researchers communicated with the 

owner/operator and each other about which hazards on the farm they had selected to rate but 

did not share their ratings with each other. Individual HAC items were assessed and rated 

independently so that inter-rater reliability could be accurately evaluated. For each section of 
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the HAC, the researchers asked to be shown the most commonly used equipment/object or 

space and rated that object or space using the C/M/S/NC scale described above. The farm 

visits typically required 60 to 90 minutes depending on the size and layout of the farm. At 

the end of the visit, the farm owner/operator or designee was thanked for their time and 

compensated $50 cash. HAC data were collected between June 2019 and March 2020.

Data were collected on hard-copy forms while on the farm and then entered into REDCap 

(Research Electronic Data Capture) (Harris et al., 2009; Harris et al., 2019) after the farm 

visit. For data entry quality control, each hazard assessment checklist was entered twice by 

two researchers and checked for discrepancies. The study was reviewed by the Institutional 

Review Boards of the universities from which the authors are employed.

Inter-rater reliability (IRR) was assessed between the two raters for 52 farms using weighted 

Kappa statistics for ordinal outcomes (i.e., C, S, M, NC). If an item on the HAC was not 

observed (NOB) or not applicable (NA) on a farm, then that item was not included in the 

inter-rater reliability assessment. The weighted Kappa statistic (Cohen, 1968) is a measure 

of agreement for ordinal categorical ratings assigned by two raters that is corrected for 

agreement due to random chance. An IRR score of at least 0.80 is defined as having strong 

inter-rater agreement (McHugh, 2012). For each item of the HAC, point estimates and 95% 

confidence limits were calculated for weighted Kappa, based on Cicchetti-Allison agreement 

weights (Cicchetti and Allison, 1971). Averages of weighted Kappa were subsequently 

calculated for each section of the HAC. All analyses were completed using SAS, version 

9.4, with weighted Kappa statistics obtained via the FREQ procedure.

RESULTS AND DISCUSSION

The estimated weighted Kappas demonstrated high inter-rater reliability (IRR) for all 

sections (Table 3) and items (Table 4) of the HAC. Average weighted Kappa values for 

the six HAC sections ranged between 0.86 (indicating a strong level of agreement) and 

0.94 (indicating almost perfect agreement). The sections with the highest IRR were for 

self-propelled vehicles (average weighted Kappa=0.94) and powered-portable implements 

(average weighted Kappa=0.93). The sections with the lowest IRR were for ladders (average 

weighted Kappa=0.86) and fall areas (average weighted Kappa=0.89).

The weighted Kappa values for individual items on the HAC ranged between 0.81 and 

1.00 (Table 4). Items scoring hydraulic lines and hoses and safety chain or hitch pins for 

powered portable implements had perfect agreement between raters. The individual items 

with the lowest IRR were walking/working surfaces in buildings were free of trip hazards 
(weighted Kappa=0.81; 95% CL: (0.72, 0.89)) and fixed ladders were free from damage 
and adequately clear from permanent structures (weighted Kappa=0.81; 95% CL: (0.58, 

1.0)). Across all items of the HAC (n=27), two-thirds had weighted Kappa values indicating 

almost perfect agreement (i.e., between 0.90 and 1.00).

All sections and items of the Hazard Assessment Checklist (HAC) had very high inter-rater 

reliability. This was likely due to the use of a detailed standard field manual, the extensive 

training research assistants received, and the expertise of the research assistants (RAs) in 
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agricultural safety. The HAC developed in this study can be completed in one to one and 

a half hours and requires about three hours of training, two hours of which are spent in 

field training. While it also requires a user with some knowledge of farming practices and 

agricultural safety, the HAC is simple and straightforward to complete and requires minimal 

training time. It also has excellent inter-rater reliability, whereas other tools have shown 

mixed scores across raters (Murphy et al., 1998; Legault and Murphy, 2000; Rautiainen et 

al., 2010).

Of the six sections of the HAC, the assessment of self-propelled vehicles and powered 

portable implements had the best agreement between raters. They both also included a high 

number of items (6 and 7 items, respectively), increasing the precision of the averaged 

estimates. All individual items scored in the self-propelled vehicles section had an average 

weighted Kappa > 0.90 with the exception of headlights, perimeter lights, turn signals, and 
reflectors are installed, visible and working on vehicles? (weighted Kappa=0.84). Upon 

further investigation of this item, we found that older vehicles with headlights or taillights 

but no turn signals were recorded as compliant by one research assistant (because they had 

taken the lighting and marking requirement at the time of manufacture of the older vehicle 

into consideration) and minimal improvement recommended by the other research assistant 

(in comparison to current requirements), therefore contributing to the lower agreement. 

The field manual has been clarified to prevent heterogeneity of self-propelled vehicles and 

powered portable implement lighting and marking scoring.

The high agreement for the powered portable implements category was likely influenced 

by the two questions about hydraulics, which had perfect agreement. These questions were: 

hydraulic lines and hoses are free from cracks or breaks? and safety chain or appropriate 
hitch pin securing device (i.e., lynch pin or other hitch pin locking device) attached? 
Agreement between researchers was likely high for these items because there was little 

or no personal judgment necessary to assign the compliance categories of these items. 

The inclusion in the field manual of several pictures that clearly distinguished between the 

categories on the scale likely also contributed to the high level of observed agreement.

One of the individual items with the lowest agreement assessed the degree to which walking 

and working surfaces were free from trip hazards. There was substantial variation in the type 

of floors that were present across farm buildings, for example dirt floors in barns, gravel 

floors in machine sheds, and cement floors in workshops. Therefore, what may have been 

considered safe for one flooring type (e.g., the presence of straw on a barn floor reduces 

slipperiness from mud) may have been hazardous for another (e.g., the presence of straw on 

a cement floor makes it more slippery). This example suggests that the field manual needs to 

be revised with examples and definitions for various flooring types.

The Hazard Assessment Checklist was designed initially to be administered by agricultural 

safety research staff but has the potential to be translated to multiple users, including 

insurance company representatives, extension office staff and farmers. To our knowledge, 

a common tool for assessing injury hazards is not consistently used across organizations 

that serve farmers. Based on the literature, there have been barriers to translating injury 

surveillance efforts from the academic research setting to community-led settings where 
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they are more likely to be sustained long-term (Schiller et al., 2010). However, audit tools 

exist, including Farm/Agriculture/Rural Management- Hazard Analysis Tool (FARM-HAT). 

FARM-HAT was developed and tested in the late 1990s and was the first to measure 

the degree of protection against various farm hazards (Murphy et al., 1998; Legault and 

Murphy, 2000). Previously, farm hazards had been dichotomously rated as ‘safe or unsafe’ 

or ‘satisfactory or not satisfactory’, which limits how hazards are described and how they 

can be corrected. Similar to FARM-HAT, now SaferFarm, the Hazard Assessment Checklist 

uses a gradation of compliance to industry and regulatory standards to assess injury-related 

farm hazards.

This study has several limitations. The first concerns the way in which data was collected 

to perform the inter-rater reliability assessment. Two researchers went to the farm visit 

together, as it was determined to be too burdensome on the farm owner/operator to schedule 

two separate farm visits. Therefore, researchers needed to be compliant with instructions 

to complete the HAC independently while at the same visit. Another limitation was that 

the HAC only focused on hazards associated with row crop farms (i.e., there were no 

assessments of animal-related hazards). This was intentional due to the limited number of 

dairy, beef, and chicken farms within feasible travel distance from the midwestern university 

and concerns about recruiting a sufficient number of animal and poultry farms to meet 

sample size requirements. While pork farms are prevalent in Iowa, there was an outbreak of 

African swine fever during the study period which likely would have negatively influenced 

recruitment. We also incentivized farmers $50 cash for the time they participated in HAC 

data collection, which is likely not a sustainable or realistic implementation strategy outside 

of a research study. Finally, the study excluded chemical hazards in the assessment. This 

was also intentional because most acute traumatic injuries from chemicals on farms are 

task-specific which we were unlikely to observe during a farm visit.

CONCLUSIONS

Future directions for the HAC include its digitization into a mobile app format for faster 

data entry and dissemination efforts, expanding the tool beyond row crop operations, and 

developing the tool for multiple users with a goal of sustainability. Future research should 

focus on developing and evaluating dissemination protocols to maximize use of the Hazard 

Assessment Checklist in organizations that serve, regulate or market products or services 

to farms. Ultimately, we believe that the ability to monitor injury-related hazards over time 

using an empirically driven tool will contribute significantly to injury prevention efforts in 

an industry with consistently high rates of fatal and nonfatal injury.
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Highlights

• Sustainable tools for conducting surveillance of farm injury and injury-related 

hazards in the U.S. is needed.

• A new tool for the surveillance of injury hazards on row crop farms has 

excellent inter-rater reliability.

• The new tool is simple and straightforward to complete and requires minimal 

training time.
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Figure 1. 
Scoring of compliance to self-propelled vehicle item, “Vehicle has a clean, reflective SMV 

sign that is visible from the rear.”
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Table 1.

Items assessed for compliance in the Hazard Assessment Checklist

Description of Equipment and Spaces Assessed
Characteristics Assessed for Compliance to 
Recommended Safety Guidelines or OSHA Standards

Self-Propelled Vehicles
Included vehicles equipped with a seated operator’s station or standing 
operator’s station, including tractors, combines, skid steer loaders, all terrain 
vehicles (ATVs), utility vehicles (UTVs), and some commercial mowing 
equipment.
Excluded any vehicle originally sold for public roadway and highway use.

• Rollover protective structure
• Operator’s seatbelt
• Slow moving vehicle (SMV) emblem
• Lighting and marking
• Fire extinguisher
• First aid kit

Powered Portable Implements
Included any moveable implement powered by a mobile power source that 
transmits power with either a power take-off (PTO) shaft and/or hydraulic 
power system, including planters, augers, balers, spreaders, pumps, feed 
grinders, and combine heads.

• Machine guarding
• Power take-off (PTO) shaft
• SMV emblem
• Lighting and marking
• Hydraulic line and hose
• Safety chain and hitch pin
• Bolts, metal tubing and fasteners

Fixed Machinery and Equipment
Included augers, fans, feed mills, conveyors, grain dryers, and pressure 
washers.

• Emergency off switch
• Machine guarding
• Electrical wiring

Inside Buildings and Structures
Included the interior of buildings and structures used as part of the farming 
operation, including grain bins, shops, livestock barns, and storage sheds. 
Excluded residential buildings or other buildings not used as part of the 
farming operation.

• Housekeeping and maintenance of walking/working surface
• Electrical panel condition
• Emergency gas shutoff valve
• GFCI outlet/breaker
• Fire extinguisher
• First aid kit
• Electrical cord on power tools

Fall Prevention
Included fixed but elevated working areas, including grain storage, elevated 
platforms, stairs, and fixed ladders on buildings.

• Handrail
• Fixed ladder
• Opening on the floor

Portable Ladders
Included portable ladders and scissor lifts. Included availability of personal 
fall arrest system, and if so, if it had been used in the past year.

• Damage to ladder
• Availability of fall arrest equipment
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Table 2.

Written safety policies and safety training topics collected in the Hazard Assessment Checklist

• Animal handling
• First aid/Injury response
• Pesticide/Chemical handling
• Safe burning
• Vehicle operation
• Lockout/Tagout
• Emergency notification
• Fire safety

• Noise
• Solitary work
• Electrical safety
• Eye protection
• Fall protection
• Ladder safety
• Other (with a description of the “other” topic(s))
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Table 3.

Inter-rater reliability by section of the Hazard Assessment Checklist, 52 farms assessed.

HAC Section Total items in section Average of weighted Kappa values Range of weighted Kappa values

A. Self-Propelled Vehicles 6 0.94 0.84-0.98

B. Powered-Portable Implements 7 0.93 0.87-1.0

C. Fixed Machinery / Equipment 3 0.91 0.87-0.94

D. Inside Buildings / Structures 7 0.92 0.81-0.97

E. Fall Areas 3 0.89 0.81-0.94

F. Portable Ladders 1 0.86 0.86
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