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Swine production has changed dramatically, and in the United States production often takes place in concentrated animal
feeding operations (CAFOs). Because of the size and density of these types of facilities, workers may be exposed to serious
occupational health risks such as noxious gases, agricultural dusts, elevated noise levels, and zoonotic diseases.This descriptive study
examines self-reported occupational injuries and perceived occupational health problems among a convenience sample of 40 Latino
immigrant swine confinement workers (92.5% male; M age = 36.1 years; SD = 10.0) in Missouri. Results indicated that seventeen
workers (42.5%) rated their health as fair or poor, thirteen (32.5%) had experienced an occupational injury, and eleven (28.2%)
reported occupational health problems such as burning eyes, muscular pain, headaches, coughing, nausea, nasal congestion, and
sneezing. The majority of workers did not perceive their job to be dangerous. Clearly, more must be done to protect workers,
especially immigrant workers, who may not have the same access to information, training, or other protections. Health and safety
should be a priority for both farmworkers and farm employers. Practical and policy-based implications and recommendations are
discussed.

1. Introduction

The United States is the second largest producer of pork ton-
nage in the world [1]. Tomeet the growing global demand for
meat, significant structural changes in the swine production
industry have taken place over the last few decades in USA
[2, 3]. Many farms now are specialized in specific phases
of production, are vertically integrated, and are corporately
owned [4, 5]. Because of these changes, there has been an
increase in concentrated animal feeding operations (CAFOs)
throughout USA defined as “where animals are kept and
raised in confined situations ([6], n.p.).” This type of animal
production was first developed in USA in the 1950s and
spread globally in the 1990s [7]. Currently, most of the swine
CAFOs are located in the upper Midwest and Southeastern
United States [1, 7]. These changes in production facilities
and processes have created a new occupational environment,

which has resulted in a need for more hired labor, often filled
by immigrant workers [8].

Immigrants may be vulnerable workers due to their
immigration legal status, the contingent nature of their
employment, and their mobility [9, 10]. Immigrant workers
may also have lower levels of formal education and have
limited English proficiency (LEP), which may restrict their
access and knowledge of occupational health and safety
information, labor rights, and training opportunities [11]. A
previous study of immigrant farmworkers highlighted that
workers who were proficient in English were significantly
more likely to have received job-related training than those
who had LEP [12]. As more and more immigrants fill agri-
cultural jobs, it will become increasingly important to ensure
that these workers have access to culturally and linguisti-
cally appropriate job-related health and safety information,
proper personal protective equipment, adequate training
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opportunities, and a regular source for healthcare servi-
ces.

Years of research have shown that working in agriculture
can be dangerous.The agriculture, forestry, and fishing sector
consistently has a high rate of both nonfatal and fatal occu-
pational injuries [13]. Farmworkers are exposed to chemicals,
machinery, animals, repetitive motions, extreme weather,
and long work hours, which may increase their risk for
occupational injury and both acute and long-term health
problems [14, 15]. They may have high levels of stress and
lack adequate healthcare services [16, 17]. Due to the size
and density of CAFOs, workers may be exposed to additional
health and safety risks such as high levels of noxious gases
(e.g., ammonia, methane, carbon dioxide, and hydrogen
sulfide), agricultural dusts, and elevated noise levels [5, 14, 18–
22]. A specific concern with CAFO facilities is the potential
capacity for the evolution and spread of novel diseases due to
limited air spaces andwaste removal practices [7, 23]. Among
swine production workers, these exposures may result in
chronic and acute respiratory conditions such as asthma,
bronchitis, chronic obstructive pulmonary disease (COPD),
coughing, hypersensitivity pneumonitis, throat irritation,
sinus problems such as sneezing, noise-induced hearing loss
(NIHL), and increased missed work days [5, 18, 19, 24].

Few studies have explored swine confinement worker
health as reported by the workers themselves [5, 20, 25].
Although the swine production industry is dependent on an
immigrant workforce [26], little is known about the health
and well-being of this important, yet vulnerable, workforce.
In order to better protect immigrant animal confinement
workers from occupational injuries or related health prob-
lems, we must first understand their experiences and percep-
tions. Therefore, the purpose of this study is to describe self-
reported occupational injuries and perceived occupational
health problems among Latino immigrant swine confine-
ment workers.

2. Methods

Although the data presented are cross-sectional, they are
part of prospective cohort pilot study that addressed health
and well-being among Latino immigrant swine confinement
workers and another adult who lived in the same household.

2.1. Participants. According to the US Bureau of Labor Statis-
tics, a total of 1,939 people were employed in hog and
pig farming in Missouri in 2015 (North American Industry
Classification System [NAICS] code 1122) [27]. Although
the total number of Latino immigrant workers in swine
confinement in Missouri is not available, a small cohort of 40
Latino immigrant swine confinement workers was recruited
to participate in this study. To be eligible to participate in
this study, workers had to be at least 18 years old (the age
of majority in the state of Missouri), be an immigrant of
Hispanic/Latino descent, and currently work in a swine
CAFO in Missouri. Workers were employed at various con-
finement facilities throughout the state and were recruited
through convenience sampling methods in Audrain, Linn,
and Sullivan counties.

2.2. Procedures. This study was developed through a com-
munity-engaged research partnership between theUniversity
of Nebraska Medical Center (UNMC), Center for Reduc-
ing Health Disparities, and the Rural Community Workers
Alliance (RCWA), a worker advocacy nonprofit organization
inMissouri. First, study procedures and the rights of research
participants were explained to each participant and informed
consent was obtained. Verbal face-to-face interviews were
conducted with workers. Interviews were based on a stan-
dardized questionnaire consisting of valid and reliable mea-
sures to the extent possible. Questions addressed occupa-
tional context, physical health, emotional health, stress, and
demographics. All study materials were available in English
and Spanish. Interviewers were bilingual and bicultural;
therefore, participants had the option to participate in either
language. All interviewswere conducted in Spanish except for
one participant who chose to respond in English. Interviews
lasted approximately 45 minutes and were conducted at
participants’ homes or in the RCWA office. Participants were
given a $10 gift card for their participation. All data was
collected between June and August 2015. The study was
approved by University of Nebraska Medical Center’s Insti-
tutional Review Board.

2.3. Measures

2.3.1. Self-Rated Health. General health status was measured
using a single question related to self-rated health, “Would
you say that in general your health is. . .excellent, very good,
good, fair, or poor?” Response options were coded 4, 3, 2,
1, and 0, respectively. This question has been consistently
used on various population health surveys and was found to
be useful in predicting objective measures of various health
outcomes including morbidity and mortality [28–30]. Self-
rated health was dichotomized for part of the analysis based
on standard conventions, fair and poor (0) and good, very
good, and excellent (1).

2.3.2. Occupational Injury. Occupational injury was assessed
with a single question referring to the worker’s current
employment, “Have you ever been injured on the job?”
Response options were either yes (1) or no (0). If a participant
responded that they had been injured on the job, then a series
of questions about the injury followed, such as type of injury,
part of the body injured, source of the injury, and amount of
lost time due to the injury. Finally, participants were asked if
they knew any other workers who had been injured on the
job, yes (1) or no (0).

2.3.3. Occupational Health Problems Perceived to Be due to
Working with Swine. Participants were asked if they believed
that they had health problems as a result of working with
swine. Response options were either yes (1) or no (0).
Participants who responded “yes” were then asked what
types of occupational health problems they experienced such
as allergies, respiratory problems, burning eyes, headaches,
hearing problems, sinus problems, infections, muscular pain,
nausea, skin disorders, throat irritation, or others. Partici-
pants were also asked to disclose their smoking status, either
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not a smoker (0) or current smoker, which included both
daily and nondaily smokers (1).

2.3.4. Job Context. Job context was assessed using a series
of continuous variables including number of hours worked
per week, number of animals in the CAFO, and number
of animals a worker personally cared for in the CAFO.
Additionally, participants were asked “how dangerous do
you feel your job is?” to assess perceived occupational risk.
Response options included not at all dangerous (0), a little
dangerous (1), dangerous (2), or very dangerous (3).

2.3.5. Demographic Covariates. Age, length of employment,
education, English-language proficiency, and relationship
status were used as covariates. Age was recorded as a con-
tinuous variable; however, age categories were also created,
18-24, 25-40, or over 41 years of age. Length of employment
was categorized into less than 1 year, 1-3 years, or more than
3 years tenure at the current employer. Education level was
assessed by a single question, “What is the highest grade or
year of school you completed?” There were six categorical
response options: (1) never attended school, (2) elementary
(grades 1-8), (3) some high school (grades 9-11), (4) high
school graduate/GED, (5) some college or technical training,
and (6) college graduate or higher. In part of this analysis,
education was dichotomized into completed less than a high
school education (0) or completed a high school education or
more (1). English-language proficiency was assessed using a
single question, “How well do you speak English?” Response
options included not at all (0), not very well (1), well (2),
and very well (3). Responses were dichotomized according to
standard procedures into LEP for those who responded that
they do not speak English at all or not very well and proficient
in English for those who responded that they speak English
well or very well [31]. Relationship status was categorical and
options includedmarried, member of unmarried couple, and
never married.

2.4. Data Analysis. SPSS version 23.0 was used to analyze the
data. Descriptive statistics including frequencies, means, and
standard deviations were calculated. Pearson’s correlations
were used to assess the strength of the relationships between
study variables and covariates that were hypothesized to
be related to occupational injury and job-related health
problems, and a standard p value of .05 was used to determine
significance.

3. Results

Of the 40 workers who participated in the study, the sample
was mainly male (92.5%) and was 36 years old on average.
Twenty-eight participants were from Mexico and 12 were
from Central America. As can be seen from Table 1, most
had low levels of formal education completion. Most workers
were relatively new to the swine production industry, and 34
workers (85%) had been employed at their current employer
for less than three years.

Participants worked an average of 53 hours per week,
but working hours ranged between 40 and 90 hours per

week. Anecdotally, some participants mentioned during the
interview that their regular schedule was to work 13 days
straight and then have one day off. Facilities ranged in size
from housing 2,800 swine to 80,000 swine. On average,
workers were responsible for caring for 2,890 animals each.

Seventeen workers (42.5%) rated their health as fair or
poor, and only half of the sample had health insurance.
Twenty-six workers (66.7%) did not have a regular healthcare
provider and twelve could not afford to see a doctorwithin the
past 12 months, thereby forgoing needed treatment (Table 2).

Thirteenworkers had experienced an occupational injury,
and, of these, the majority said that an animal was the source
of their injury. Five of the 13 workers who had been injured
lost productive time from work due to their injuries. Table 3
provides details about the occupational injuries and health
problems experienced by participants.

Only thirteen participants (32.5%) responded that their
job was dangerous or very dangerous; however, more than
half of the sample responded that they knew another worker
who had been injured on the job. As highlighted in Table 4,
reporting an occupational injury was significantly positively
associated with knowing another worker who had been
injured (r = .45 and p < .01). Age was significantly positively
associated with knowing another other worker who had been
injured (r = .49 and p < .01) and significantly negatively
associated with English-language proficiency (r = -.47 and p
< .01).

Finally, being a current smoker was significantly posi-
tively associated with reporting allergies (r = .57 and p < .05).
As length of employment increased, reports of coughing also
increased (r = .80 and p < .01).

4. Discussion

Few studies have explored immigrant swine confinement
worker health and safety in the Midwest. This study sought
to describe occupational injuries and health problems among
a small cohort of Latino immigrant swine CAFO workers.
We found that participants worked long hours and were
responsible for a large number of animals. Nearly, one-
third of workers had experienced an occupational injury,
mainly due to animal handling. Many workers reported
occupational health problems associated with working in a
CAFO including burning eyes, muscular pain, headaches,
coughing, nausea, nasal congestion, and sneezing. Consistent
with previous studies, being a current smoker increased the
risk of reporting occupational allergies [20], and the longer
a person worked at the CAFO, the more likely they were to
report coughing [5, 18, 19, 24, 32]. Clearly, there is a need
to improve the work environment within swine CAFOs to
improve worker perceived health and reduce the potential for
occupational injuries.

The first step in preventing occupational injuries and
health problems is to understand the current context of
the work environment. Then, workers, employers, and gov-
ernment entities can work together to implement strategies
to reduce such injuries and health problems. Missouri and
other major swine producing states could implement health
and safety strategies across the hierarchy of controls, a
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Table 1: Demographic characteristics of participants (𝑁 = 40).

Variables 𝑁 (%) M (SD)
Age 36.1 (10.0)

18-24 years 5 (12.8)
25-40 years 22 (56.4)
Over 41 years 12 (30.8)

Length of employment at current production facility
Employed for less than 1 year 17 (42.5)
Employed for 1-3 years 17 (42.5)
Employed for more than 3 years 6 (15.0)

Number of hours worked per week 52.7 (10.4)
40-45 hours/week 13 (33.3)
46-60 hours/week 20 (51.3)
More than 61 hours/week 6 (15.4)

Number of animals personally cared for 2890.2 (3476.7)
1-1000 swine 12 (41.4)
1001-3000 swine 9 (31.0)
More than 3001 swine 8 (27.6)

Education
Completed less than high school 31 (77.5)
Completed high school or higher 9 (22.5)

English language proficiency
Limited english proficiency 32 (80.0)
Proficient in English 8 (20.0)

Relationship status
Married 22 (56.4)
Member of unmarried couple 12 (30.8)
Never married 5 (12.8)

Note: total number in each category may not equal total number of participants due to missing data.

Table 2: Health and healthcare access characteristics of participants (𝑁 = 40).

Variables 𝑁 (%)
Health status

Good health (excellent, very good, or good self-rated health) 23 (57.5)
Poor health (fair or poor self-rated health) 17 (42.5)

Has health insurance coverage 20 (51.3)
Has a regular healthcare provider 13 (33.3)
Unable to seek care in last 12 months due to cost 12 (31.6)
Current smoker 7 (17.5)

framework to reduce and eliminate work-related hazards [33,
34]. Based on the framework, the most effective strategy is to
physically remove the hazard followed by substituting out the
hazard. Oftentimes, such changes are not feasible. Therefore,
following lower levels of the hierarchy of controls including
engineering controls that are built into the confinement facil-
ity, providing employee training, changing work practices
and behaviors, and ensuring the provision anduse of personal
protective equipment may be the most practical strategies
for reducing occupational injuries. The following discussion
will focus primarily on practical work-related implications
from this study such as providing training, changing work
practices and behaviors, and ensuring the provision and use

of personal protective equipment as well as modifying the
healthcare system and assisting providers to better identify
occupational health concerns.

Workers have a right to know about the hazards in
their workplace per the OSHA Hazard Communication
Standard, 29 CFR 1910.1200 [35], but most participants
in this study did not recognize the risks. By having job-
related safety and health information available, a worker or
potential worker can make informed decisions about their
livelihood and whether or not to accept the level of risk
associated with particular employment. Workers have a right
to safety and health training and instruction. According to
the International Labour Organization’s C-184 Safety and
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Table 3: Occupational injuries and health problems reported by
participants (𝑁 = 40).

Variables 𝑁 (%)
Experienced an occupational injury 13 (32.5)
Knows other workers who have been injured 21 (52.5)
Major types of injury (𝑁 = 13)

Broken bone 3 (23.1)
Inhalation 3 (23.1)
Accidental injection/needle stab 3 (23.1)
Muscle sprain or strain 3 (23.1)

Part of body injured
Leg, knee, or hip 4 (30.8)
Hand or wrist 3 (23.1)
Eyes 2 (15.4)
Head or neck 1 (7.7)
Back 1 (7.7)
Arms or shoulders 1 (7.7)
Fingers 1 (7.7)

Cause of injury
Animal 10 (76.9)
Machine 2 (15.4)
Other 1 (7.7)

Lost time due to injury
No time lost 8 (61.5)
2-6 days lost 1 (7.7)
More than 30 days lost 4 (30.8)

Have health problems due to working with hogs 11 (28.2)
Type of occupational health problems

Allergies 3 (7.5)
Asthma 2 (5.0)
Bronchitis 2 (5.0)
Coughing 7 (17.5)
Eyes burning 10 (25.0)
Headaches 7 (17.5)
Hearing problems 2 (5.0)
Infections 1 (2.5)
Muscular pain 9 (22.5)
Nausea 4 (10.0)
Nasal congestion 4 (10.0)
Sneezing 6 (15.0)
Skin disorders 1 (2.5)
Pain in throat 3 (7.5)

Note: total number in each category may not equal total number of
participants who reported an injury or health problem. Multiple health
problems may have been reported by a worker and each health concern is
represented in the table.

Health in Agriculture Convention, employers shall “ensure
that adequate and appropriate training and comprehensible
instructions on safety and health and any necessary guidance
or supervision are provided to workers. . .including informa-
tion on the hazards and risks associated with their work and
the action to be taken for their protection, taking into account
their level of education and differences in language” [36, 37].

Therefore, all agricultural employers should provide health
and safety training to employees at the time of hire and at
regular intervals throughout their employment in a language
that is understandable to the workers. Training is particularly
important for new employees, many of which do not have
prior experience working with swine. Such training should
address specific animal handling strategies, since animals
were the primary source of injury but may also include
first aid, confined space entry, and equipment handling
techniques. Scheduling regular safety discussions may also
highlight farm management’s commitment to safety and
worker health.

Occupational injuries are often underreported, particu-
larly those experienced by immigrant workers due to fear of
reporting andworkingwithout legal status, lack of knowledge
of how to report injuries, and the financial impact of being
unable to work. All workers should know how to report an
injury and should be encouraged to report without having to
fear retribution. “Near miss” events, those that did not result
in injury or illness but had the potential to, should also be
recorded [38]. Understanding near miss risks may help both
workers andmanagement to develop stronger safety systems,
improve hazard controls, and reduce job-related risks over
time.

Because respiratory health issues are a primary health
concern in swine production facilities and among workers in
this study, farms should be encouraged to have a respiratory
protection program in place. This may help improve the
health of workers by reducing exposure to dusts, gases, and
zoonotic diseases but may also have secondary effects such as
improving animal growth [22]. Employers may also consider
preemployment screenings to assess respiratory health so that
workers can be assigned tasks that will not exacerbate any
preexisting health conditions. Ongoing health screening may
also help protect workers by monitoring any changes in their
health. All workers who smoke should be encouraged to
quit due to the potential synergistic respiratory and allergic
responses that may be triggered by exposures within the
CAFO environment.

Personal protective equipment is the first line of defense
against hazards for most workers. Workers need to under-
stand how to use and have access to appropriate personal
protective equipment such as respirators, hearing protection,
and goggles and be encouraged to use it consistently when
exposed to hazards [12, 21].

For workers who can access healthcare services, better
systems are needed to be able to identify job-related hazards
and health concerns [39]. Occupation should be incorporated
into electronic medical record systems and part of a routine
in-take procedures. Healthcare providers, especially those
in rural areas, need to be educated on occupational expo-
sures associated with agriculture, and specific agricultural
medicine courses are available throughout USA. Without
such training, workers may be misdiagnosed or not receive
appropriate treatment for occupation-related health con-
cerns.

Swine production is an important economic driver for
the state of Missouri and in 2015 resulted in $939 million
in cash receipts [40]. To maintain the economic vitality of
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Table 4: Correlations between study variables.

Occupational
injury

Number of
hours worked
per week

Number of
animals

personally cared
for

Know other
workers who
have been
injured

Age
English
language
proficiency

Education

Occupational injury -
Number of hours
worked per week .11 -

Number of animals
personally cared for -.14 .23 -

Know other workers
who have been
injured

.45∗∗ .16 .12 -

Age .31 .05 -.08 .49∗∗ -
English language
proficiency -.30 .03 .46∗ -.03 -.47∗∗ -

Education .01 .21 .29 -.09 -.21 .30 -
∗ indicates p < .05; ∗∗ indicates p < .01.

the industry, improving health and safety is necessary. This
may help to reduce insurance claims and lost productivity.
One policy implication that follows from this study is that
the state of Missouri may consider mandating that farm
employers provide workers’ compensation to ensure that all
workers have some sort of medical and/or disability coverage
if an occupational injury or illness occurs. Currently, farm
employers have the option to provide this coverage but are not
required to do so [41]. As highlighted in this study, many of
the injuries that occurred are serious and required extended
periods of lost work time, which may have affected these
workers’ quality of life. Undoubtedly, more can be done to
protect immigrant swine confinement workers.

4.1. Limitations. This study had a number of limitations to
note. First, this study had a small sample size and used a cross-
sectional design; therefore, it is not possible to determine
causality. Since this study focused specifically on Latino
immigrant swine CAFO workers, it is not possible to draw
conclusions about swine CAFO workers of different racial
or ethnic backgrounds or agricultural workers in other pro-
duction sectors. Although trained interviewers conducted the
interviews with workers, participant responses were subject
to social desirability bias and caution should be used when
interpreting these results. Cultural connotations of strength
and masculinity (e.g., machismo) may have played a role
in potential underreporting of injuries and health problems.
Next, unhealthy individuals may have chosen not to work
in swine confinement because it may exacerbate their health
issues; therefore, there could be a selection bias based on
the healthy worker effect [18, 19]. Finally, data were not
corroborated with employer reports of occupational injury or
illness.

5. Conclusion

Farmworker health is a social justice and public health
concern. This study found high rates of self-reported

occupational injuries and perceived job-related health prob-
lems among Latino immigrant swine confinement workers;
however, there was low awareness among these workers of
the risks associated with working in a swine confinement
facility. Because this was not an intervention study, our results
only provide a limited characterization of the situation. How-
ever, by understanding the workers’ perspective, agricultural
health and safety specialists and industrial hygiene profes-
sionals may be able to develop relevant and effective control
strategies and training initiatives. Future research should
explore objective measurements of various occupationally
related health conditions among immigrant farmworkers,
incorporate employer reports of injury and associated work-
ers’ compensation costs, and use longitudinal designs that
incorporate both subjective and objective measures to assess
the health impact of working in a swine CAFO over time.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

Funding for this study was provided by Central States Center
for Agricultural Safety and Health (CS-CASH), NIOSH
(Grant no. U54 OH010162). The research team would like to
acknowledge and thank all of the workers who participated
in this study.

References

[1] M. Carrel, S. G. Young, and E. Tate, “Pigs in space: Determining
the environmental justice landscape of swine concentrated
animal feeding operations (CAFOs) in Iowa,” in Proceedings of
the International Journal on Environmental Research and Public
Health, vol. 13, 2016.

[2] K. J. Donham, “Community and occupational health concerns
in pork production: a review.,” Journal of Animal Science, vol.
88, no. 13, pp. E102–111, 2010.



Journal of Environmental and Public Health 7

[3] N. Key and W. McBride, The changing economics of U.S.
hog production, U.S. Department of Agriculture, Economic
Research Service, 2007, https://www.ers.usda.gov/webdocs/
publications/45936/12767 err52.pdf?v=41056.

[4] K. J. Donham and A. Thelin, Agricultural medicine: Rural occu-
pational and environmental health, safety, and prevention, John
Wiley & Sons, Inc, Hoboken, NJ, USA, 2nd edition, 2016.

[5] R. S. Tripp, D. K. Olson, J. Shutske, andM. Schermann, “Health
and safety issues in hog production: A review of the literature,”
Journal of Agromedicine, vol. 6, no. 2, pp. 3–23, 1999.

[6] U. S. Environmental Protection Agency [EPA], Animal feeding
operations (AFOs), 2017, https://www.epa.gov/npdes/animal-
feeding-operations-afos.

[7] J. E. Hollenbeck, “Interaction of the role of Concentrated
Animal Feeding Operations (CAFOs) in Emerging Infectious
Diseases (EIDS),” Infection, Genetics and Evolution, vol. 38, pp.
44–46, 2016.

[8] C. Boessen, G. Artz, and L. Schulz, A baseline study of labor
issues and trends in U.S. pork production, National Pork Pro-
ducers Council, Urbandale, IA, USA, 2018, http://nppc.org/wp-
content/uploads/2018/04/Boessen-Artz-Schulz-NPPC-Labor-
Study-Submitted-2018-03-07.pdf.

[9] T. A. Arcury, J. G. Grzywacz, J. Sidebottom, and M. F. Wiggins,
“Overview of immigrant worker occupational health and safety
for the agriculture, forestry, and fishing (AgFF) sector in the
southeastern United States,” American Journal of Industrial
Medicine, vol. 56, no. 8, pp. 911–924, 2013.

[10] E. Tompa, H. Scott-Marshall, R. Dolinschi, S. Trevithick, and S.
Bhattacharyya, “Precarious employment experiences and their
health consequences: Towards a theoretical framework,”Work,
vol. 28, no. 3, pp. 209–224, 2007.

[11] T. A. Arcury, J. M. Estrada, and S. A. Quandt, “Overcoming
language and literacy barriers in safety and health training of
agricultural workers,” Journal of Agromedicine, vol. 15, no. 3, pp.
236–248, 2010.

[12] A. K. Ramos, A. Fuentes, and N. Trinidad, “Perception of
occupational risks, personal protective equipment (PPE) use,
and prevention opportunities among Latino immigrant hog
CAFOworkers inMissouri,” Safety, vol. 2, no. 4, pp. 25-10, 2016.

[13] Centers for Disease Control and Prevention [CDC], Occupa-
tional injury surveillance of production agriculture (OISPA)
survey, 2017, https://www.cdc.gov/niosh/topics/aginjury/oispa/
default.html.

[14] F. M. Mitloehner and M. S. Calvo, “Worker health and safety in
concentrated animal feeding operations,” Journal of Agricultural
Safety and Health, vol. 14, no. 2, pp. 163–187, 2008.

[15] A. Reid and M. B. Schenker, “Hired farmworkers in the US:
Demographics, work organisation, and services,” American
Journal of Industrial Medicine, vol. 59, no. 8, pp. 644–655, 2016.

[16] R. Jadhav, C. Achutan, G. Haynatzki, S. Rajaram, and R.
Rautiainen, “Risk Factors for Agricultural Injury: A Systematic
Review andMeta-analysis,” Journal of Agromedicine, vol. 20, no.
4, pp. 434–449, 2015.

[17] A. K. Ramos, G. Carlo, K.M. Grant, N. Trinidad, andA. Correa,
“Stress, depression, and occupational injury among migrant
farmworkers in Nebraska,” Safety, vol. 2, no. 4, pp. 23-10, 2016.

[18] D. Cole, L. Todd, and S. Wing, “Concentrated swine feeding
operations and public health: A review of occupational and
community health effects,” Environmental Health Perspectives,
vol. 108, no. 8, pp. 685–699, 2000.

[19] K. J. Donham, “Challenges to occupational and community
health and the environment in animal production and housing:
A North American perspective,” in Livestock housing: Modern
management to ensure optimal health and welfare of farm ani-
mals, A. Aland and T. Banhazi, Eds., pp. 455–481, Wageningen
Academic Publishers, Netherlands, 2013.

[20] A. L. Hafer, R. L. Langley, W. E. M. Morrow, and J. J. Tulis,
“Occupational hazards reported by swine veterinarians in the
United States,” Journal of Swine Health and Production, vol. 4,
no. 3, pp. 128–141, 1996.

[21] P. O’Shaughnessy, T. Peters, K. Donham, C. Taylor, R. Altmaier,
andK.Kelly, “Assessment of swineworker exposures to dust and
endotoxin during hog load-out and power washing,” Annals of
Occupational Hygiene, vol. 56, no. 7, pp. 843–851, 2012.

[22] S. von Essen, G.Moore, S. Gibbs, and K. L. Larson, “Respiratory
issues in beef and pork production: Recommendations from an
expert panel,” Journal of Agromedicine, vol. 15, no. 3, pp. 216–
225, 2010.

[23] S. J. Campbell, P. Kauffman, N. Parinandi et al., “Indoor air-
borne dust/particulate matter causes occupational respiratory
disease: Novel lipidocentric mechanism of airway inflamma-
tion,” in Proceedings of the American Thoracic Society Interna-
tional Conference, Environmental dust and particulates in airway
disease (A3893), Washington, DC, USA, 2017.

[24] C. J. McClendon, C. L. Gerald, and J. T. Waterman, “Farm
animal models of organic dust exposure and toxicity: Insights
and implications for respiratory health,” Current Opinion in
Allergy andClinical Immunology, vol. 15, no. 2, pp. 137–144, 2015.

[25] T. M. Hurley, J. B. Kliebenstein, and P. F. Orazem, “An analysis
of occupational health in pork production,” American Journal
of Agricultural Economics, vol. 82, no. 2, pp. 323–333, 2000.

[26] National Pork Producers Council,The U.S. pork industry needs
a viable workforce, 2017, http://nppc.org/wp-content/uploads/
2017/11/Work-Force-Issue-Paper-11.6.17.pdf.

[27] Missouri Economic Research and Information Center, issouri
target industry brief: Biosciences, 2017, https://www.missour-
ieconomy.org/pdfs/ti bio.pdf.
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