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Abstract

Objective—The purpose of this study was to estimate the national prevalence of respirator use 

among farm operators with farm work–related asthma and factors associated with respirator use.

Methods—The authors examined the 2011 Farm and Ranch Safety Survey, a national survey 

collected from 11,210 actively farming farm operators in the United States. Adjusted prevalence 

ratios (aPORs) of respirator use were calculated by demographic characteristics, farm 

characteristics, asthma characteristics, and selected exposures and hazards.

Results—Among the estimated 2.2 million farm operators in 2011, 35.7% reported using a 

respirator in the past 12 months. Respirator use was significantly (P <.05) associated with age, 

marital status, sex, smoking status, farm value of sales, farm type, farm acreage, and geographic 

region. Operators who work with pesticides were 3.5 times more likely to use respirator than those 

who did not work with pesticides (P < .0001). Among those with current asthma, 60.8% of 

operators with farm work–related asthma used respirators compared with 44.4% of operators with 

non–farm work–related asthma (P = .03). Farm operators with farm work–related asthma who had 

an asthma attack at work were 11.3 times more likely to report respirator use than those who did 

not have an asthma attack at work (P = .03).

Conclusions—Personal protective equipment, including respirators, is an approach to reducing 

respiratory exposures in agricultural settings, in particular among those with farm work–related 

asthma. Education for respirator use and evaluation for respirator tolerance should be considered.
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Introduction

In 2011, there were an estimated 2.2 million primary farm operators in the United States.1 

Primary farm operators are those who run a farm and make day-to-day management 

decisions2 and may be exposed to organic and inorganic dusts, microbial agents, diesel 
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exhausts, ammonia, pesticides, and other toxins.3 These respiratory agents can cause de 

novo or exacerbate existing asthma. A subset of asthma caused or exacerbated by exposure 

to specific substances in the workplace is termed “work-related asthma.”4 Work-related 

asthma has a substantial impact on individuals, as they experience more frequent asthma 

symptoms, activity limitation, and asthma attacks than those with non–work-related 

asthma.5 An estimated 5.1% of farm operators had current asthma in 2011, with 15.4% 

being told by a clinician that their asthma was related to their work on the farm. Among 

operators with farm work–related asthma, 54.8% had an asthma attack in the past 12 

months, and 33.3% had an asthma attack that occurred while working on the farm.1

Treatment for work-related asthma includes ceasing exposure by eliminating or substituting 

the causative agent.4 When eliminating or substituting the causative agent from the 

workplace is not possible, the worker may need to be removed from a worksite. When 

worker removal from the worksite is not possible, engineering controls are often 

implemented to reduce exposure.6 These controls can include enclosing tractor cabs and 

ventilating confined areas.7–9 Due to the diversity of exposures and physical demands of 

farm work, engineering controls are not always possible. Therefore, personal protective 

equipment (PPE), notably respirators, is still an important means to reducing respiratory 

exposures.10,11

A 2012 systematic review by the European Respiratory Society found that respirators can 

reduce respiratory symptoms in persons with work-related asthma during short-term 

exposures but do not provide complete protection.12 Similar conclusions were drawn from 

other reviews of work-related asthma management by the Agency for Healthcare Research 

and Quality and the British Occupational Health Research Foundation.13,14 Overall, studies 

of respirator effectiveness for work-related asthma are few. In one study, 26 farmers with 

occupational asthma were challenged with a 1-hour exposure to dusts found in agriculture 

with and without air purifying respirators. Eleven of the 26 farmers experienced no 

breathing difficulties when using a respirator, and 15 reported a reduction in their respiratory 

complaints. The authors concluded that although respirator use reduced the development of 

bronchial obstruction, it did not provide complete protection.15 Lack of complete protection 

among respirators has been attributed to filter and face-seal leaks.16–18

Workers who handle pesticides are required to use PPE, including respiratory protection, 

according to the specifications on the pesticides’ label.19 A study by Hoppin et al. found that 

certain pesticides were associated with allergic asthma and that pesticide exposure events 

were associated with both allergic and nonallergic asthma.20 Additionally, Henneberger et 

al. suggested that use of selected pesticides might be a risk factor for asthma exacerbation 

among adult pesticide applicators with active allergic asthma.21 Estimates from the 2006 

Farm and Ranch Safety Survey showed that among farm operators who worked with 

pesticides, only one in five used respirators. Among all farm operators, 37.2% used a 

respirator, and respirator use occurred most frequently when working in a dusty 

environment.22 Even among agricultural crop production practices that require respirator use 

through a respiratory protection program, high rates of program inadequacies suggest 

widespread problems with respiratory protection programs in agricultural settings.23
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The National Occupational Research Agenda (NORA) is a program coordinated by the 

National Institute for Occupational Safety and Health (NIOSH) to stimulate innovative 

research and improve workplace practices in occupational safety and health.24 The NORA 

objectives for the US agriculture, forestry, and fishing industries focuses on surveillance; 

vulnerable populations; and outreach, communication, and partnerships.25 The goals for the 

surveillance objective seek to “describe: the nature, extent, and economic burden of 

occupational illnesses, injuries and fatalities; occupational hazards; and worker populations 

at risk for adverse health outcomes.” This study examined the 2011 Farm and Ranch Safety 

Survey data to estimate the national prevalence of respirator use among farm operators with 

farm work–related asthma and factors associated with respirator use.26

Methods

In 2011, the US Department of Agriculture’s National Agricultural Statistics Service 

(NASS) conducted the Farm and Ranch Safety Survey on behalf of NIOSH.26 From a 

sample of 25,000 farm operations selected for a random telephone survey, a total of 11,210 

(44.8%) active farm operations were surveyed.26 Respondents were the primary farm 

operator or the operator’s spouse; children were not permitted to act as a proxy for the farm 

operator. The adjusted survey response rate, excluding noncontacts, was 70.8%.

Definitions

Operators were considered to have current asthma if they had ever been told by a doctor, 

nurse, or other health professional that they had asthma and if they still have asthma. Those 

with current asthma were further asked whether a doctor, nurse, or other health professional 

ever told them that their asthma was related to their work on the farm. If the answer was 

“yes,” operators were considered to have farm work–related asthma. Respirator use was 

assessed by asking if the operators have used a respirator or dust mask on the farm or ranch 

in the past 12 months. Farm exposures and hazards were identified using responses to 

questions asking if the farm operator performed specific job duties or the presence or 

absence of a hazard on the farm. Detailed questions used to define exposures and hazards are 

listed in Table 1.

Statistical analysis

We used SAS software version 9.3 (SAS Institute, Cary, NC) for statistical analyses. Sample 

weights were used to account for unequal selection probabilities, unit nonresponse, and post-

stratification. Farms were stratified within US Census regions and post-stratified by the 

value of sales (<$10,000, $10,000–$99,000, ≥$100,000) following the NASS sampling 

methodology. Proportions with corresponding 95% confidence intervals (CIs) were 

estimated. Due to small number of observations, some categories had to be collapsed for 

analysis. The Rao-Scott chi-square test of independence was used to test the differences in 

bivariate proportions. Variables associated with respirator use at P < .25, were included in a 

multivariate logistic regression model. Using backward selection, variables were 

sequentially removed from the model until all beta coefficients were significant at alpha = .

05. In the final model, prevalence odds ratios (PORs) were adjusted for age, sex, region, 
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farm type, and value of sales. Estimates with a relative standard error that was >30% were 

considered unstable and were not reported.

Results

Demographic characteristics of primary farm operators and farm operators with asthma have 

been previously described.1 Briefly, of the estimated 2.2 million primary farm operators in 

2011, 94.7% were over 40 years old, 83.7% were males, 83.5% were married or living with 

a partner, and 60.3% were nonsmokers.1 Asthma prevalence among farm operators in 2011 

was 5.1%, and the proportion of farm operators with asthma who were told that their asthma 

is farm work related was 15.4%.

Among farm operators, an estimated 35.7% reported to have used a respirator in the past 12 

months. In the bivariate analysis, respirator use was significantly (P < .05) associated with 

age, marital status, sex, smoking status, farm value of sales, farm type, farm acreage, and 

geographic region. The proportion of farm operators using respirators increased with 

increasing farm acreage and farm value of sales. Farm operators managing farms that grow 

crops were significantly more likely to use respirator than those managing livestock farms 

(39.1% vs. 32.5%; P < .0001) (Table 1).

An estimated 40% of farm operators reported working with pesticides, and among those, 

54.5% reported using a respirator. Operators who work with pesticides were 3.5 times more 

likely to use respirator than those who did not work with pesticides (P < .0001). Respirator 

use was frequently reported among farm operators who have manure storage facilities on the 

farm (52.1%) or work on a farm that involves grain production (51.2%).

Farm operators working in grain production were 2 times (P < .0001) more likely to wear a 

respirator than those who did not work in grain production (Table 1). An estimated 88.5% of 

farm operators reported having grain storage facilities on the farm, such as grain silos, bins, 

or trenches. Proportion of respirator users was significantly greater among farm operators 

reporting grain storage facilities compared with farm operators who did not have grain 

storage facilities (56.3% vs. 31.6%; P < .0001).

Compared with farm operators with no asthma, those with current asthma were significantly 

more likely to use a respirator in the previous 12 months (46.8% vs. 35.2%; P ≤ .0001). 

Among those with current asthma, 60.8% of operators with farm work–related asthma used 

respirators, compared with 44.4% of operators with non–farm work–related asthma (P = .

03). No significant difference in respirator use was found for farm operators with current 

asthma who reported an asthma attack in the past 12 months and those that did not (P = .27), 

nor between those who had an asthma attack at work in the past 12 months and those who 

did not (P = .13) (Table 2). Operators with farm work–related asthma who had an asthma 

attack at work were 11.3 times more likely to report respirator use than those who did not 

have an asthma attack at work (P = .03) (Table 3).

Prevalence of respirator use among primary farm operators by select characteristic and 

asthma status is shown in Table 4. The association of respirator use with pesticide exposure 

was strongest for farm operators who had farm work–related asthma (aPOR = 7.9) (Table 4). 
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Among farm operators who had exposure to pesticides in the past 12 months, 64.9% used 

some type of PPE the last time they handled pesticides. For those operators who used some 

form of PPE the last time they handled pesticides, 15.9% wore a respirator. Types of 

respirators used by farm operators who used PPE the last time they handled pesticides 

included filtering face pieces or dust masks (56.4%) and cartridge respirators (43.6%). No 

significant difference was found in the types of respirators used by those who have current 

asthma and those who do not have current asthma. Cartridge respirators were full-face 

(20.8%), half-face (72.2%) and air supplied respirators (7.1%).

Discussion

This study found that nearly half of farm operators with asthma and nearly two thirds of 

operators with farm work–related asthma used some type of respiratory protection in the 

past year. The proportion who use respirators was higher among operators with farm work–

related asthma than those with non–farm work–related asthma. This could be explained 

partially because work-related asthma is a more severe disease than non–work-related 

asthma.5 Persons with work-related asthma may have more frequent encounters with health 

care providers, and it is possible that clinicians discuss the use of respirators more often with 

these operators than with operators who have asthma that is not related to work.5

The US Environmental Protection Agency (EPA) requires respirator use when handling 

certain pesticides according to the manufacturer’s instructions.19 However, this survey did 

not specify the type of pesticide used when farm operators wore a respirator. For those 

operators who did wear some form of PPE the last time they handled pesticides, 15.9% wore 

a respirator. Conversely, among operators who handled pesticides anytime in the past 12 

months, only half (54.4%) wore a respirator at some time in the last year. Moreover, farm 

operators with farm work–related asthma who handled pesticides were more likely to report 

respirator use than operators who did not handle pesticides. Thus, although some farm 

operators who work with pesticides may use a respirator, a substantial proportion may not be 

adequately protected.

In this study, farm operators with farm work–related asthma who had an asthma attack at 

work used respirators more frequently than those who had an asthma attack that was not at 

work (aPOR = 11.3, 95% CI = 1.3–101.2; P = 0.03). Due to the cross-sectional design of 

this study, we were not able to determine if respirators were ineffective at preventing asthma 

attacks at work or if farm operators chose to wear a respirator as a result of having an asthma 

attack at work. In addition, although respiratory devices may reduce exposure, several 

studies and systematic reviews have found that they may not provide complete protection. 

Asthma symptoms and attacks may still occur when a respirator is being used, even when 

sensitizers’ levels in the ambient air are very low.27

Some farm operators with asthma may have difficulty tolerating respirators. Respirators can 

add inspiratory and expiratory resistances that cause an increase in tidal volume and a 

decrease in respiratory rate and ventilation.28,29 The Occupational Safety and Health 

Administration (OSHA) Technical Manual indicates that some individuals with respiratory 

conditions, such as asthma, may not be medically able to wear a respirator.30 Guidance for 
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respirator medical evaluation indicates that although most people with asthma should be able 

to wear a respirator, a field evaluation and a physician’s judgment may be necessary to 

assure safe respirator use and adequate protection.31

There are other limitations to this study. The data for the 2011 Farm and Ranch Safety 

Survey were self-reported either by the farm operator or their spouse. The information 

collected from the spouse may not accurately reflect the experience of the farm operator. 

There was no indicator variable available to the authors that specified whether the 

respondent was the farm operator or spouse. Moreover, because the survey asked 

respondents to recall events during the past 12 months, some events may not be recalled or 

recalled outside this period. Respirator use was not specifically defined in the survey, so 

responses to respirator use questions may reflect issues of adherence, regulations, and 

various respirator types. Both terms, respirator and dust mask, were used during the 

telephone interview. Cognitive testing of the questionnaire showed that respondents often 

associated the term respirator with a rubber face mask with cartridges or supplied air.19 

Respondents who used N-95 respirators responded “No” to the question about respirator use 

as they considered the N-95 respirator a dust mask. Consequently, the questionnaire was 

modified to include both terms. In addition, the survey question evaluating the types of 

respirators worn while working with pesticides considered a powered air supplying 

respirators as cartridge respirators. Since supplied air respirators use compressors or 

pressurized cylinders as a source of air, they are not considered to be cartridge respirators. 

For this reason, respondents who use powered air supplying respirators may have been 

incorrectly classified. The survey did not assess the type of pesticides used during respirator 

use. Also, no data were available to determine if operators were wearing dust masks or 

respirators while having an asthma attack and if the attack was due to inappropriate or 

inadequate respiratory protection. Asthma attacks were self-reported, and although some of 

these attacks likely had work-related triggers, non–work-related triggers could also be 

responsible. Physician diagnosed asthma and work-related asthma were self-reported in the 

survey. In addition, this survey was administered to farm operators working on active farm 

operations and may be subject to healthy worker bias; operators with severe asthma may 

have left the workforce. Thus, the results may be underestimating the population asthma 

prevalence. Finally, due to a small number of farm operators with farm work–related asthma 

some estimates could not be computed or were unreliable.

Farm operators with asthma should be educated on respirator use and evaluated for 

respirator tolerance as part of their asthma management plan.32 The American Thoracic 

Society advises that the use of respirators requires workers to adhere to professional 

guidance that includes device selection, fit testing, maintenance, and user training.32 Patients 

with asthma should be encouraged to discuss respirators with their clinician. Periodic 

assessment of asthma symptoms and lung function testing can help the clinician assess 

respirator efficacy and determine specific exposures that increase risk for adverse health 

effects. Respiratory symptoms and consistent decline in lung function after exposure to 

causative agents may indicate inadequate respiratory protection. However, repetitive 

demonstration that an exposure is not associated with lung function decline “can reassure the 

worker, physician, and management that adequate control is in place” according to the 

American Thoracic Society.32
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Occupational risk factors should be considered during assessments of patients with asthma-

like symptoms and those with existing asthma. However, only one in seven employed adults 

with asthma talks to their clinician about the possible role of work in their disease.33 

Clinician recognition of farm work–related respiratory symptoms and respirator education 

might allow for symptom improvement in farm operators with asthma by reducing exposure 

to the substances causing the illness. Education and evaluation for respirator tolerance 

should be considered when exposure or worker removal from the farm is not feasible. The 

findings and limitations of this study indicate a need for additional research. Future studies 

should address the specifics of respirator use, including respirator type, knowledge, proper 

use, and respiratory protection programs including questions with regard to medical fit 

testing. In addition, studies should also address questions regarding the type of pesticide 

used while wearing a respirator to better understand adherence to EPA guidance.
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