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Abstract

Approximately 75% of farmworkers in the United States are Latino mi-
grants, and about 50% of hired farmworkers do not have authorization to
work in the United States. Farmworkers face numerous chemical, physical,
and biological threats to their health. The adverse effects of these hazards
may be amplified among Latino migrant farmworkers, who are concurrently
exposed to various psychosocial stressors. Factors such as documentation
status, potential lack of authorization to work in the United States, and lan-
guage and cultural barriers may also prevent Latino migrants from accessing
federal aid, legal assistance, and health programs. These environmental, oc-
cupational, and social hazards may further exacerbate existing health dispar-
ities among US Latinos. This population is also likely to be disproportion-
ately impacted by emerging threats, including climate change and severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Latino migrant
farmworkers are essential to agriculture in the United States, and actions
are needed to protect this vulnerable population.
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INTRODUCTION

Latino migrants represent a large proportion of farmworkers in the United States. In the most
recent survey (2015-2016) of more than 5,000 hired crop workers surveyed from the National
Agricultural Workers Survey (NAWS) (49), 83% were Hispanic and nearly 70% were born
in Mexico (Table 1). While immigration status is difficult to measure and not often asked in

Table 1 Demographics of hired US farmworkers, 2015-2018

Characteristic | Proportion by category
Ethnicity®P
Non-Hispanic 17%
Hispanic 83%
Mexican 65%
Mexican American 9%
Other 9%
Birthplace?
Mexico 69%
United States 24%
Central/South America 6%
Other 1%
Employment eligibility®
Did not have work authorization 49%
Had work authorization 51%
US citizen 29%
Legal permanent resident 21%
Work authorization via other visa program 1%
Demographics and family composition?-¢
Sex
Male 75%
Female 25%
Average age 39 years
Housing®
Employer-provided 16%
Rented from someone other than employer 54%
Home owned by themselves or family member 28%
Rented from government, charity, or other organization 1%
Income?

US$17,500-19,999

Median income range

Health insurance?
Had health insurance 47%
Did not have health insurance 53%

*Data obtained from National Agricultural Workers Survey research report (49) for 2015-2016 (» = 5,342 hired crop
workers surveyed).

bSpecific ethnicity categories correspond to the 83% of participants who reported being Hispanic.

¢Specific employment eligibility categories correspond to the 51% of participants who reported having work authorizations.
4Data obtained from US Department of Agriculture Economic Research Service, 2018 (49).

¢Data are specific to hired farmworkers who were farm laborers, graders, and sorters.
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farmworker surveys, data from NAWS and the US Department of Agriculture (USDA) indicate
that about 50% of hired farmworkers do not have authorization to work in the United States
(Table 1) (49, 50, 108). The states with the largest Latino migrant farmworker populations are
California, Texas, Florida, Washington, Michigan, Oregon, North Carolina, and Georgia (86),
which is due in part to the labor-intensive nature of the crops grown in those states (108).

Various laws and regulations in the United States have been introduced to protect farmworkers.
The primary set of federal regulations aimed at protecting farmworkers from pesticides is the
Worker Protection Standards (WPS), first issued by the US Environmental Protection Agency
(EPA) in 1974 (14). Agricultural policy in the United States is shaped largely by the Farm Bill,
a legislation package that is renewed by Congress approximately every five years, with the last
bill being passed in 2018 (37). Additionally, the Migrant and Seasonal Agricultural Protection
Act (MSPA), established in 1983, aims to protect migrant and seasonal agricultural workers by
creating employment standards for wages, housing, transportation, discourses, and recordkeeping
(135). Full implementation of these regulations, particularly the reporting of work-related injuries,
is irregular at best (89). Thus, it is expected that injury data reported here and elsewhere are an
artificially low estimate and should be viewed with caution.

Farmworkers face numerous environmental threats to their health, including chemical hazards
such as pesticides (20, 29) and air pollutants (53, 122, 134); physical hazards, such as those causing
injuries (31, 105, 126) and the effects of heat (119); and biological hazards, such as inadequate ac-
cess to drinking water, basic sanitation, and hygiene and exposure to viruses, bacteria, parasites, and
fungi (91, 118, 121). These threats are of particular concern among Latino migrant farmworkers,
as they may interact with psychosocial stressors [e.g., housing and food insecurity, family sepa-
ration, discrimination, lack of social support (100, 147)] to synergistically impact their health. In
addition to chronic exposure to occupational, environmental, and social stressors, Latino migrant
farmworkers are a uniquely vulnerable population owing to factors such as documentation status
and potential lack of authorization to work in the United States, as well as language or cultural
barriers. Because of the immigration status of many Latino farmworkers, they may also be unable
to access federal aid, legal assistance, and health programs and often live in fear of deportation (22,
100, 131). The adverse effects of these hazards may be further amplified by emerging threats to
farmworker health, including climate change and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which causes coronavirus disease 2019 (COVID-19).

The above factors can exacerbate the existing health disparities observed among US Latinos.
Data from the Centers for Disease Control and Prevention (CDC) indicate that Latinos have
higher rates of adverse health outcomes such as overweight/obesity, type 2 diabetes, and nonalco-
holic fatty liver disease (NAFLD) than do other ethnicities (24). For example, the CDC reported
that 14.7% of US Latinos have type 2 diabetes, compared with 11.9% in non-Hispanic whites
(NHW), with the highest proportion among Mexican Americans (25). The unique psychosocial
challenges facing Latino migrants may also result in high levels of stress, depression, and anxiety
(147).

Herein, we describe the various chemical, physical, biological, and social hazards faced by
Latino migrant farmworkers and their potential impact on farmworkers’ health and safety.

CHEMICAL HAZARDS
Pesticides

More than one-billion pounds of pesticide active ingredients are used annually in US agricul-
ture to increase crop yield and to meet food production demands (5, 46). Organophosphate (OP),
pyrethroid, and neonicotinoid pesticides are among the most commonly applied insecticides, and
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glyphosate (Roundup) is the most commonly applied herbicide (5, 46). Widespread use of these
pesticides results in ubiquitous exposure, particularly in agricultural populations, via pesticide drift
from treated fields to nearby homes (33, 34), through the take-home exposure pathway (i.e., when
workers who have applied or come into contact with pesticides carry pesticides into the home on
their clothing or shoes, potentially exposing other household members) (56, 71), and by consump-
tion of contaminated food and water (34). Elevated occupational exposures are also a concern, as
farmworkers who apply pesticides and/or work in treated fields—particularly seasonal and migrant
farmworkers—often receive inadequate training on safe pesticide handling practices and lack ad-
herence to appropriate hygiene practices at work (49). In addition, most farmworkers have limited
control over some factors that lead to their elevated pesticide exposure, such as early reentry into
pesticide-treated areas, off-target pesticide drift, and presence in the treated area at the time of
the pesticide application (20). Farmworkers also tend to live near or on the fields.

Pesticides are an important source of injury and acute illness among farmworkers (20). For
example, estimates show that between 10,000 and 35,000 farmworkers suffer acute pesticide poi-
sonings every year in the United States (20, 50). However, the real number of acute pesticide
poisonings is likely much higher owing to incomplete reporting. Long-term occupational ex-
posure to pesticides, such as OPs and carbamates, has been linked to a broad range of chronic
health effects, including impaired neurobehavioral function (e.g., cognitive and behavioral disor-
ders) (29, 85, 127) and cancer (e.g., prostate, brain, and skin cancers, and lymphohematopoietic
malignancies) (12, 65). Occupational studies on the respiratory effects of pesticides are sparse
(19, 73), and more research is warranted regarding cardiometabolic (40) and endocrine outcomes
(43,44).

Both observational and intervention studies have shown that increasing personal protective
equipment (PPE) access and use (17), strengthening educational programs on safe use of pesti-
cides (67, 115), and promoting the implementation of integrated pest management and organic
farming practices (136) are effective measures to reduce pesticide exposure and its potential for
adverse health effects in farmworkers. In addition, greater compliance with and more stringent
enforcement of laws and regulations for pesticide application are needed to reduce farmworkers’
exposure to pesticides (20).

Air Pollution

Farmworkers are exposed to numerous air pollutants, including black carbon, particulate matter,
carbon monoxide, nitrogen dioxide, sulfur dioxide, and diesel-related emissions from farm activi-
ties, such as tractor driving, maintenance and repair of machinery and equipment, and agriculture
crop residue burning (122, 134). These exposures increase the risk of adverse respiratory and car-
diopulmonary outcomes among farmworkers, including lung cancer, wheeze, asthma, and chronic
obstructive pulmonary disease (COPD) (63, 122, 134).

An emerging threat to farmworker health is exposure to smoke, dust, and poor air quality from
wildfires, which are expected to increase in frequency and intensity in the coming years (9, 109).
Latino migrant farmworkers may have disproportionately higher exposures to wildfire-related
toxicants owing to their work outdoors and long shifts during an active fire and during cleanup
and recovery (97), to their lack of access to PPE, and to inadequate training on safety and protec-
tion measures. In a recent analysis of interviews and focus groups with farmworkers in California,
workers indicated that their ability to protect themselves from wildfire smoke depended on their
supervisors and highlighted the importance of educating employers to provide PPE and imple-
menting better safety practices (109).
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PHYSICAL HAZARDS
Machine-Related Injuries

Addressing physical hazards is critical for ensuring farmworker safety. Machine-related injuries
from the equipment used in agriculture are among the top occupational risks for farmwork-
ers (92). According to the National Institute for Occupational Safety and Health (NIOSH),
transportation-related incidents, including tractor accidents, were a leading cause of death for
farmworkers in 2017 (92). The US Department of Labor’s Occupational Safety and Health
Administration (OSHA) reports that tractor incidents cause the most farmworker injuries and
deaths (94), with tractor overturns causing about 130 deaths per year (93). Hearing loss and eye
injuries are common occupational hazards associated with the use of agricultural machinery. For
example, a study of 1,568 rural residents from southeast Iowa found a significant relationship
between hearing loss and specific agricultural tasks, such as the use of electrical equipment (55).
In a study in North Carolina, investigators found a higher incidence rate of lost work time due to
occupational-related eye injuries among the 300 migrant farmworkers surveyed compared with
the agricultural crop production industry as a whole (105).

According to OSHA, employers are responsible for installing engineering and administrative
controls and providing appropriate PPE to reduce the risk of machine-related injuries (93). This
responsibility includes equipping machinery with protective structures, such as seatbelts or roll
bars on tractors, and educating their employees on how to operate heavy machinery safely (94).
Further research is needed to evaluate methods that prevent machine-related morbidity and mor-
tality and to explore how these machine-related injuries disproportionately affect different farm-
worker subgroups, including Latino migrant, undocumented, and foreign-born workers.

Musculoskeletal Injuries

Agricultural work requires a great amount of physical exertion and repetitive motions, which
can cause physical stress and injury (31, 126). Actions such as constant bending, kneeling, and
carrying (81) can cause musculoskeletal disorders and injury. A 2007 review of musculoskeletal
disorders among agricultural workers found that farmworkers experienced high rates of back,
shoulder, and upper extremity disorders (31). More recently, a study of 153 Latino farmworkers
in North Carolina found that 19% had epicondylitis, 16% had rotator cuff syndrome, and 14%
had lower back pain (81).

Ergonomics training is especially important for farmworkers so that they can avoid muscu-
loskeletal injuries (8). NIOSH has published a booklet that outlines proper ergonomics for farm-
workers (8), but there is currently no legislation in place to protect farmworkers from physical
strain. Additional legislation that includes education, training, and more stringent enforcement of
ergonomics guidelines may help prevent agricultural-related physical injuries, particularly among
Latino migrant farmworkers, who may be afraid or unable to seek appropriate resources to protect
themselves.

Heat Exposure

According to data reported from 2005 to 2014, 20% of heat-related deaths among non-US
citizens occurred on a farm, and almost 95% of these deaths took place in Texas, Arizona, and
California (128). Agricultural workers are at risk of prolonged heat exposure—and thus heat
stress and strain—owing to their outdoor work, physical exertion, and limited water intake
(119). Heat tolerance varies, with risk factors including preexisting illness (e.g., cardiovascular or
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kidney disease), age, certain medications or drugs, clothing, body composition, type of activity
performed, and sex (28).

Heat exposure can lead to severe heat-related illnesses, such as heat exhaustion or heat stroke
(119) and acute kidney injury (145). In addition, emerging research suggests that chronic kidney
disease of unknown origin (CKDu) may be associated with heat strain in agricultural workers
(59). CKDu has been identified in places such as Central and South America and Asia (59), and
additional research is needed regarding its impacts in the United States. Globally, cases of CKDu
have grown steadily over the past decade, and evidence has indicated that populations with higher
rates of hypertension and diabetes, including Latino migrant farmworkers, may be at even higher
risk (90).

Excessive heat and sun exposure may also cause skin disorders, such as photoallergic reactions
or heat rashes (15). For example, a 2014 study of 100 migrant farmworkers in Oregon found that
10% of those surveyed reported skin rashes and bumps (11), which are symptoms of heat-related
illness. In another study of 300 farmworkers in North Carolina, sunburns were one of the most
frequently reported skin problems (140). Increased body temperatures and sun exposure can also
adversely affect cognitive performance in outdoor workers, thus decreasing task performance and
dexterity and increasing the likelihood of physical injuries, such as those outlined above (101).

While OSHA field sanitation standards require agricultural employers to provide potable
drinking water (96), research across the country suggests that farmworkers do not consume suf-
ficient water to replace water lost (32, 80, 84, 123). The California Department of Industrial Re-
lations states that workers must be able to drink at least one quart of water per hour, although
this requirement is difficult to enforce (32). A study of 474 farmworkers in California’s Central
Valley found that while more than 90% of the workers received training on heat illness, including
the importance of hydration, water consumption was low (123). Similarly, an investigation of hy-
dration status by measuring urine-specific gravity in 192 agricultural workers in Florida showed
that 53% of workers exhibited dehydration before starting their shift, and 81% of workers were
dehydrated by the end of their shift (80).

Research on the occupational health of Latino migrant farmworkers is particularly challenging
because study participants may be hesitant to report their injuries to avoid retribution from their
employers (68, 102), and undocumented migrants may not report health issues at all or seek health
care owing to fear of deportation (72). Furthermore, many of the above heat-related illnesses are
exacerbated by the piecemeal pay of many migrant farmworkers, in which they are paid on the basis
of the quantity of crop harvested (84). Piecemeal pay incentivizes farmworkers to exert a greater
physical effort at a faster rate. With limited water, shade, and rest breaks, these workers are at an
increased risk of heat-related illness and injury (84, 120). As a case in point, among 283 agricultural
workers in California, female workers hired by piece rate had increased odds of developing acute
kidney injury compared with those hired at hourly rates (84).

Requirements and guidelines regarding heat-related illness in the agricultural industry differ
by state, resulting in varying levels of protections for workers (98). Some recommendations that
have been made regarding how farmworkers can avoid heat-related illnesses include a focus on
hydration, use of proper clothing (e.g., PPE, lightweight clothing, and clothing that is light in
color), more frequent rest periods, and health education (28, 137). To avoid excessive heat ex-
posure, changes to work shifts have been adopted in some locations. This adaptation strategy,
however, has resulted in hours of work lost and consequently reduction in pay (141). Prevention
measures such as farm-level administrative controls to ensure provisions for adequate cooling,
rest, recovery, and water could be implemented more broadly to protect farmworkers and mini-
mize their time in intense heat. Additional clinical and field-based research is needed to examine
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the feasibility of these measures by examining how factors such as schedule changes, access to
shade, and additional water breaks may impact heat strain-related outcomes and productivity.

BIOLOGICAL HAZARDS
Access to Water, Sanitation, and Hygiene

As discussed above, it is important for agricultural workers to have access to regular water breaks
with safe drinking water, basic sanitation, and hygiene (e.g., water and soap for handwashing) in the
workplace and in their place of residence (79, 96, 99). Access to basic water, sanitation, and hygiene
(WaSH) services prevents the spread of disease and biological hazards, specifically bacteria, viruses,
and intestinal parasites (27, 38). OSHA field sanitation standards require agricultural employers to
provide at least one toilet and handwashing station for every 20 workers (96). Data from NAWS
indicate that more than 90% of farmworkers surveyed have access to handwashing water, drinking
water, and toilets; yet, farmworkers born outside of the United States, including Mexico, those who
were undocumented, and those hired by piece rate were significantly less likely to have access
to water for handwashing and toilets (99). While research from NAWS exists on the presence of
WaSH on farms, there is limited research on the safety of drinking water and the use of water
breaks, toilets, and handwashing stations (with water and soap) by Latino migrant farmworkers in
the United States.

Other Biological Threats

Additional biological threats to farmworkers include endotoxins and mycotoxins. Previous studies
have shown that there are high rates of endotoxin exposure within the agricultural industry and
that inhalation of certain endotoxins can lead to serious lung issues such as COPD (118). Myco-
toxins produced by microfungi also pose a serious threat to the pulmonary health of farmworkers
because they can be found in wheat dust and grain (91, 130). A 2017 study of 136 Costa Rican
grain production workers found that, within these grain storage facilities, there were elevated lev-
els of inhalable dust concentrations (111). Such exposure has also been shown to be associated
with incidence of asthma and eczema (112).

Farmworkers also face serious biological hazards caused by agents such as bacteria, fungi,
viruses, or parasites owing to close contact with sources such as infected livestock, plants, or soil
(121). Workers in the agricultural sector are at a higher risk of contracting zoonotic diseases such
as anthrax, bovine tuberculosis, rabies, and certain bacterial infections (87, 95). For instance, a
study of 86 pig farmers in northern Germany found evidence for a bacterial transmission (i.e.,
Staphylococcus aureus and Enterobacterales) from swine to humans (18). While some research out-
lines how these biological threats endanger the health of farmworkers (18, 110), future research
should focus on their effects on migrant farmworker populations.

SOCIAL HAZARDS
Food Insecurity

Food insecurity is a widespread problem in the United States and has been consistently associ-
ated with adverse health outcomes such as gastrointestinal infections, obesity, asthma, and mental
disorders (74, 146). Estimates showed that 11% of the US population was food insecure in 2016;
however, the prevalence of low and very low food security differs significantly across racial and
ethnic lines (106). Latinos have the highest rates of food insecurity in the United States, with some
studies indicating that more than 25% are food insecure (60). While studies on food insecurity
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in the rural sector have been limited and largely cross-sectional, they have shown a consistent
pattern of higher incidence of food insecurity for migrant workers in the rural/agricultural sector.
A study conducted in California’s Central Valley found that 45% of migrant worker households
comprised primarily of farmworkers had poor food security (110), whereas a study of farmworker
families in the Salinas Valley observed that 29% and 10% of households had low and very low
food security, respectively (114). Additionally, a study of 100 migrant and seasonal farmworkers
living on the US-Mexico border found that 82% of households reported food insecurity (146).
The drivers of food insecurity are low income, lack of permanent employment, educational levels,
discrimination, lack of access to healthful food, and constant mobility while finding work, which
may impact Latino migrant farmworkers in particular (69, 117, 142).

Migrants working in the United States under the H-2A program are to be provided with food,
housing, and transportation to and from the country of origin. Despite the worker-friendly nature
of this program, a study indicated that, while workers with an H-2A visa were three times less likely
to be food insecure compared with those without an H-2A visa, they were still four times more
likely to experience food insecurity than was the general US population (52).

Lack of Quality Housing

The quality and accessibility of housing are social determinants of health and are of particular
concern among migrant farmworkers, as housing is linked directly to farmworkers’ employment
as part of their compensation in certain communities (139). Housing opportunities for migrant
farmworkers are limited and include options such as short-term rentals in the private market and
living in group quarters or trailer parks that are regulated by the entity hiring them (e.g., farm,
labor contractor). Although data on farmworker homelessness are not widely available, there is
anecdotal evidence of farmworkers reporting having slept in their cars for an extended period of
time or other makeshift housing (124). There are regional differences in housing options; most
farmworkers on the East Coast live in housing provided by the hiring entity and farmworkers on
the West Coast live in their own housing (103).

Previous studies in migrant farmworker populations have consistently reported high rates
of overcrowded housing (16, 36, 143). For example, a farmworker housing study conducted in
California estimated the people per room (ppr)—a measure of crowding—to average 2.3 (143), an
estimate well above the cutoff ppr for no-crowding of 1 as determined by the US Department of
Housing and Urban Development (13). This study found severe crowding conditions regardless
of whether the farmworker lived alone, with family, or with nonfamily members (143).

Farmworkers also live in substandard housing conditions, including structural deficiencies
(149), rodent or insect infestations (16), mold and water damage (16), and lack of necessities, such
as plumbing, kitchen facilities, and washing machines (36, 42, 139, 149). Notably, a study in colonias
of South Texas found that many farmworkers severely lacked access to clean water and sanitation
(58). Injury risk is also common in farmworker housing; sources of injury risk include lack of fire
extinguishers, poor flooring, and poor electrical systems (42, 103).

The poor conditions of most migrant farmworker housing contribute to various adverse
health outcomes, such as dermatitis and poor skin conditions, lack of sleep, and high transmission
of infectious diseases, including tuberculosis (103, 116, 139). Furthermore, substandard housing
conditions can amplify the negative effects of the various environmental and occupational threats
facing farmworkers, including exposure to environmental pollutants, poor working conditions
resulting from farm management practices, and the effects of heat waves and extreme working
conditions related to climate change (47, 104). Policies aimed at improving housing conditions
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and reducing crowding—which are frequent in migrant farmworker housing—are likely to result
in less transmission of infectious diseases and improved mental health outcomes (4).

Research on farmworker housing conditions also shows that a family’s well-being is impacted
negatively not only by poor housing conditions but also by the correlated negative characteristics
of the neighborhood where their home is located, such as heavy traffic, lack of access to healthy
food, and longer driving time to a grocery store (3, 75). The joint negative effects of poor hous-
ing and neighborhood characteristics include lack of sleep, elevated stress and family conflict, and
social isolation (particularly in rural settings) (3, 82). Interventions to reduce social isolation are
warranted because it has been associated with adverse mental health outcomes and increased fam-
ily violence (6, 10).

Fear of Deportation

As stated in the introduction, estimates indicate that approximately half of all farmworkers in the
United States are undocumented (49). The United States has not offered congressionally sup-
ported amnesty to undocumented immigrants since the 1990s [under the Departments of Com-
merce, Justice, and State, the Judiciary, and Related Agencies Appropriations Act of 1998; Pub.
L. 105-119]. The Deferred Action for Childhood Arrivals (DACA) policy of 2012 offered some
protections to undocumented immigrants brought to the United States as children. The Trump
administration has put forth efforts to end citizenship by birth (30, 125). During this same time
frame, Mexican immigrants have been characterized as criminals (144), there have been numer-
ous attempts to rescind DACA protections (133), and children have been forcibly separated from
migrant parents (54, 107). These actions have created anxiety in the immigrant community (70),
including among migrant farmworkers, and there is growing evidence that fear of deportation of
themselves or loved ones may impact the health of this population. Prior cross-sectional studies
have reported associations among deportation fear and poorer self-rated health (23, 41), depres-
sion and anxiety (138, 148), lower rates of health care utilization (51, 72, 83), and higher levels of
inflammation (77). In the Center for the Health Assessment of Mothers and Children of Salinas
(CHAMACOS) study, having “a lot” of worry about deportation even before the 2016 US pres-
idential election was associated with greater body mass, larger waist circumference, and higher
pulse pressure (131). Nearly half (48%) of these women, most of whom were born in Mexico and
were of unknown documentation status, reported “a lot” of worry about deportation. Higher worry
at baseline was associated with steeper increases in blood pressure over the subsequent four-year
period (which bracketed the 2016 election); the most robust findings were for systolic pressure
and mean arterial pressure (132). Additionally, women who reported higher levels of worry about
deportation had a twofold higher risk of incident hypertension than did those who reported low
deportation worry over the same period (132). Nearly half of these women’s adolescent children—
all of whom were born in the United States and are therefore citizens—worried at least sometimes
about the personal impact of the post-2016 election immigration policies, and this worry was as-
sociated with higher anxiety levels and poorer sleep (39).

In addition, fear of deportation can cause undocumented farmworkers to have higher risks re-
lated to occupational health hazards (68, 102) because they may be afraid to speak up. They also
have limited access to health care and worker’s compensation and are low-income (35). Their lim-
ited rights and the high portion of the labor supply that they provide for agriculture in the United
States increase their risks from occupational hazards and make them a vulnerable population (35,
66). US immigration policy should consider the impact of the uncertainty of deportation on the
health of this community and the importance of this workforce for US food supply.
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2I1.10

EMERGING HAZARDS TO LATINO MIGRANT FARMWORKERS

Emerging hazards such as climate change and SARS-CoV-2 may disproportionately impact Latino
migrant farmworkers and further amplify the adverse effects of the hazards outlined above. These
threats highlight the particular vulnerabilities of this population.

Climate Change

The agriculture sector faces serious threats from climate change, with rising temperatures in-
creasing the intensity and frequency of extreme events such as heat waves, which exacerbates
agricultural-related issues of heat exposures, droughts, and floods (45). As global temperatures
rise, farmworkers will face a greater risk of heat exposure and thus heightened heat illness and
related effects (61, 129). Without considerable adaptation efforts, climate change will result in
disruptions of crop viability and production, with consequent effects on employment levels and
reductions in worker productivity and wages due to extreme heat (64, 78). In addition, drought can
lead to the contamination and depletion of water sources (62), impacting low-income populations,
including farmworkers. Moreover, migrant workers—along with colonias on the US—Mexico bor-
der and homeless and tribal communities—are disproportionately affected by a decrease in and
lack of consistent access to potable drinking water in rural agricultural areas and by contaminated
water related to climate change (7, 57).

Limited capacity of low-income populations to adapt to expected weather extremes will result
in an ever more challenging and shifting environment for the US agricultural sector, with lasting
negative socioeconomic impacts on the horizon. Outdoor workers have specifically been deemed
“climate canaries,” owing to the heightened frequency, duration, and intensity of climate-related
exposures (113). Farming and rural communities in the United States are more vulnerable to the
mental health outcomes associated with a changing climate, such as depression and suicide related
to the financial implications of drought. The negative effects of heat waves are compounded by
impacts of heavy pesticide use (Figure 1). The convergence of these climate-related issues will
increasingly affect health, economic, and environmental systems impacting Latino migrant popu-
lations. There is a need to use basic and applied research to develop real-world and region-specific
solutions for adaptation.

SARS-CoV-2

During the COVID-19 pandemic, farmworkers have been deemed “essential workers” and there-
fore continue to work (48). However, as stated above, many farmworkers live in crowded con-
ditions and some without running water, making it difficult to adhere to guidelines that aim to
minimize SARS-CoV-2 transmission, including frequent handwashing, isolation, and quarantine
(17, 36, 139, 149). Although there are no systematically collected surveys yet, a lack of health in-
surance and knowledge about federal or state benefits, replacement income programs, and free
SARS-CoV-2 health care may contribute to workers’ avoidance of testing or treatment. Concern
about immigration status of family or friends may hinder proper contact tracing activities. At work,
access to handwashing facilities, space between workers, and access to PPE are critically impor-
tant to protect workers from SARS-CoV-2 (26, 88). All these factors have likely contributed to the
clusters of farmworkers, who have become infected with SARS-CoV-2 (1). Currently, there is lit-
tle research on the frequency and use of water breaks, toilets, and handwashing stations; the latter
are especially important for crop workers and meat packers to reduce the spread of SARS-CoV-2
(88).
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Example of the potential compounding effects of high exposures to both pesticides and extreme heat on outdoor farmworkers in
California, United States. Panel # indicates the spatial distribution of total pesticide use in California for 2017 (from http://www.
trackingcalifornia.org/pesticides/pesticide-mapping-tool as of June 25, 2020). Panel 4 illustrates the summer [June, July, August
(JJA)] average daily temperature maxima (K) during the early twentieth century across California based on ground observations
(https://psl.noaa.gov/data/gridded/data.livneh.html). Black markers indicate county locations for both the Central Valley and
Imperial Valley, where 2017 estimates show high agricultural production, high agricultural labor force, and high population growth.
Map created by Michael Wehner of Lawrence Berkeley National Laboratory.

CONCLUSION

The health and well-being of migrant Latino farmworkers are affected by multiple chemical, phys-
ical, biological, and psychosocial hazards. In addition, these workers are particularly vulnerable to
emerging threats as evidenced during the SARS-CoV-2 pandemic. A lack of information on this
population exists, in part, because a large segment is hidden. Much of the research we have sum-
marized in this review describes the environmental hazards faced by farmworkers, in general, and
does not illustrate the particular hardships of Latino migrant farmworkers. Therefore, our review
likely underestimates the specific health risks of this population.

The United States currently depends heavily on Latino migrant farmworkers to bring food to
the table of Americans. Because of the 2008-2009 recession, the Trump administration’s immi-
gration policies, and a general increase in wages in Mexico’s rural sector, the flow of new migrant
labor into the US agricultural sector has slowed (76). However, even with increasing agricultural
technologies and mechanization of crops, the need for migrant agricultural labor force has not de-
creased (49, 76). In the coming decades, the demands of the agricultural sector will likely change,
and there will be a need to train a future generation of farmworkers who are skilled at utilizing
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newer technologies as a complement to diversified farming systems (2, 21) and who will contribute
to the maintenance of a stable labor force. Because the United States will continue to depend on
Latino migrant workers to farm its lands, effective and culturally appropriate public health educa-
tional interventions should target this workforce, opportunities to learn new technologies should
be made available, and policies should be developed to protect these workers. Of utmost impor-
tance is a reformation of our immigration policies so that this hidden workforce will be protected
and made visible.

1. Latino migrants represent a large proportion of US farmworkers: Approximately 70%
of farmworkers are born in Mexico, and about 50% have no authorization to work in the
United States.

2. Farmworkers face numerous environmental hazards, including chemical factors such as
pesticides and air pollutants; physical factors such as those causing machine-related in-
juries and exposure to heat; biological factors from exposures to viruses, bacteria, para-
sites, and fungi; and social factors such as inadequate access to WaSH services, housing
and food insecurity, discrimination, and lack of social and workplace protections.

3. Latino migrant farmworkers are a particularly vulnerable population because of their
limited knowledge of occupational health risks and worker rights, inadequate training on
protection from environmental hazards, lack of access to medical care, documentation
status, and language and/or cultural barriers.

4. Latino migrant farmworkers are predisposed to various adverse health outcomes such
as cardiometabolic disease, which may be further exacerbated by chronic exposure to
environmental, occupational, and psychosocial hazards.

5. Latino migrant farmworkers are particularly vulnerable to emerging health hazards, in-
cluding SARS-CoV-2 and climate change.

6. Latino migrants are essential to US agriculture, and actions need to be taken to protect
them through the enactment of policies (e.g., immigration reform and workplace pro-
tections), training, and education programs aimed at minimizing risks from the environ-
mental hazards outlined in this review as well as through improved access to necessities
such as health care, safe housing, water, and food.

DISCLOSURE STATEMENT

The authors are not aware of any affiliations, memberships, funding, or financial holdings that
might be perceived as affecting the objectivity of this review.

AUTHOR CONTRIBUTIONS

F.C.,A.M.M., and B.E. developed the concept of the article, guided the writing process, and edited
the final manuscript. F.C. and C.H. drafted the introduction; A.M.M. and C.H. drafted the section
on chemical hazards; G.K.,].V.,;and A.R.Y. drafted the sections on physical and biological hazards;
FE.C. and B.E. drafted the section on social hazards; J.V. and B.E. drafted the section on emerging
hazards; and A.M.M. and B.E. drafted the conclusion. All authors provided critical feedback and
helped to shape the manuscript.

Castillo et al.



Annu. Rev. Public Health 2021.42. Downloaded from www.annualreviews.org
Access provided by University of California - Berkeley on 01/06/21. For persona use only.

PU42CH21_Eskenazi ARjats.cls December 22,2020 15:8

ACKNOWLEDGMENTS

B.E., AAM.M,, and C.H. gratefully acknowledge funding from the National Institutes of Health
(grant numbers UH3ES030631, RO1ES026994, and R24ES028529) and the Innovative Ge-
nomics Institute at the University of California at Berkeley. F.C. and J.V. gratefully acknowledge
funding from the University of California Health Initiative of the Americas and the University of
California Program Alianza UCMX. F.C. also acknowledges funding from the National Science
Foundation (grant number 1824871). We thank Leslie Alfonso, a Latinx and the Environment
Initiative fellow at the University of California at Berkeley for her valuable assistance, and
Michael Wehner from the Lawrence Berkeley National Laboratory for allowing use of his work
as part of Figure 1.

LITERATURE CITED

1.

10.

11.

12.

13.

14.

15.

16.

Adno M. 2020. ‘Our bills won’t wait: the Florida town where farm laborers risk their lives to
work amid COVID-19. The Guardian, June 18. https://www.theguardian.com/us-news/2020/jun/
17/farmworkers-covid-19-immokalee-florida

Arcury TA, Quandt SA, eds. 2009. Latino Farmworkers in the Eastern United States. New York: Springer-
Verlag

Arcury TA, Trejo G, Suerken CK, Grzywacz JG, Ip EH, Quandt SA. 2015. Housing and neighborhood
characteristics and Latino farmworker family well-being. 7. Immigr. Minor. Health 17:1458-67

Arcury TA, Weir MM, Summers P, Chen H, Bailey M, et al. 2012. Safety, security, hygiene and privacy
in migrant farmworker housing. New Solut. 22:153-73

Atwood D, Paisley-Jones C. 2017. Pesticides industry sales and usage: 2008-2012 market estimates. Rep.,
US Environ. Prot. Agency, Washington, DC. https://www.epa.gov/sites/production/files/2017-01/
documents/pesticides-industry-sales-usage-2016_0.pdf

Bail KM, Foster J, Dalmida SG, Kelly U, Howett M, et al. 2012. The impact of invisibility on the health
of migrant farmworkers in the southeastern United States: a case study from Georgia. Nurs. Res. Pract.
2012:760418

Balazs CL, Ray I. 2014. The Drinking Water Disparities Framework: on the origins and persistence of
inequities in exposure. Anz. 7. Public Health 104:603-11

Baron S, Estill CF, Steege A, Lalich N, eds. 2001. Simple solutions: ergonomics for farm workers. Rep., Natl.
Inst. Occup. Saf. Health, Cincinnati, OH. https://www.cdc.gov/niosh/docs/2001-111/pdfs/2001-
111.pdf?id=10.26616/NIOSHPUB2001111

Bayram H, Bauer AK, Abdalatd W, Carlsten C, Pinkerton KE, et al. 2017. Environment, global climate
change, and cardiopulmonary health. Amz. 7. Respir. Crit. Care Med. 195:718-24

Benson P. 2008. EL CAMPO: faciality and structural violence in farm labor camps. Cult. Anthropol.
23:589-629

Bethel JW, Harger R. 2014. Heat-related illness among Oregon farmworkers. Int. J. Environ. Res. Public
Health 11:9273-85

Blair A, Freeman LB. 2009. Epidemiologic studies in agricultural populations: observations and future
directions. 7. Agromed. 14:125-31

Blake KS, Kellerson RL, Simic A. 2007. Measuring overcrowding in housing. Rep., Dep. Hous. Urban Dev.,
Oft. Policy Dev. Res., Washington, DC. https://www.huduser.gov/publications/pdf/measuring_
overcrowding_in_hsg.pdf

Bohme SR. 2015. EPA’s proposed Worker Protection Standard and the burdens of the past. Int. 7. Occup.
Environ. Health 21:161-65

Bradley K. 2002. Health bazards in agriculture: an emerging issue. Farm Saf. Fact Sheet, US Dep.
Agric., Washington, DC. https://nasdonline.org/1246/d001050/health-hazards-in-agriculture-
an-emerging-issue.html

Bradman A, Chevrier J, Tager I, Lipsett M, Sedgwick J, et al. 2005. Association of housing disrepair indi-
cators with cockroach and rodent infestations in a cohort of pregnant Latina women and their children.
Environ. Health Perspect. 113:1795-801

www.annualreviews.org o Environment and Latino Farmworker Health

21.13


https://www.theguardian.com/us-news/2020/jun/17/farmworkers-covid-19-immokalee-florida
https://www.epa.gov/sites/production/files/2017-01/documents/pesticides-industry-sales-usage-2016_0.pdf
https://www.cdc.gov/niosh/docs/2001-111/pdfs/2001-111.pdf?id=10.26616/NIOSHPUB2001111
https://www.huduser.gov/publications/pdf/measuring_overcrowding_in_hsg.pdf
https://nasdonline.org/1246/d001050/health-hazards-in-agriculture-an-emerging-issue.html

Annu. Rev. Public Health 2021.42. Downloaded from www.annualreviews.org
Access provided by University of California - Berkeley on 01/06/21. For persona use only.

PU42CH21_Eskenazi

ARjats.cls

21.14

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

December 22,2020 15:8

Bradman A, Salvatore AL, Boeniger M, Castorina R, Snyder J, et al. 2009. Community-based interven-
tion to reduce pesticide exposure to farmworkers and potential take-home exposure to their families.
F Exp. Sci. Environ. Epidemiol. 19:79-89

Bunke J, Receveur K, Oeser AC, Gutsmann I, Schubert S, et al. 2020. Epidemiology of bacteria and
viruses in the respiratory tract of humans and domestic pigs. APMIS 128:451-62

Buralli RJ, Ribeiro H, Mauad T, Amato-Lourenco LF, Salge JM, et al. 2018. Respiratory condition of
family farmers exposed to pesticides in the state of Rio de Janeiro, Brazil. Int. J. Environ. Res. Public Health
15:1203

Calvert GM, Karnik J, Mehler L, Beckman J, Morrissey B, et al. 2008. Acute pesticide poisoning among
agricultural workers in the United States, 1998-2005. Am. J. Ind. Med. 51:883-98

Carlisle L, Montenegro de Wit M, DeLonge MS, Iles A, Calo A, et al. 2019. Transitioning to sustainable
agriculture requires growing and sustaining an ecologically skilled workforce. Front. Sustain. Food Syst.
3:96

Castaiieda H, Holmes SM, Madrigal DS, DeTrinidad Young M-E, Beyeler N, Quesada J. 2015. Immi-
gration as a social determinant of health. Annu. Rev. Public Health 36:375-92

Cavazos-Rehg PA, Zayas LH, Spitznagel EL. 2007. Legal status, emotional well-being and subjective
health status of Latino immigrants. 7. Natl. Med. Assoc. 99:1126-31

CDC (Cent. Dis. Control Prev.). 2018. Health, United States, 2018—data finder. National Center for
Health Statistics. https://www.cdc.gov/nchs/hus/contents2018.htm

CDC (Cent. Dis. Control Prev.). 2020. National Diabetes Statistics Report, 2020, estimates of diabetes and its
burden in the United States. Rep., CDC, Atlanta. https://www.cdc.gov/diabetes/pdfs/data/statistics/
national-diabetes-statistics-report.pdf

CDC (Cent. Dis. Control Prev.), US Dep. Labor. 2020. Agriculture workers and employers: interim guidance
from CDC and the U.S. Department of Labor. Fact Sheet, CDC, Atlanta. https://stacks.cdc.gov/view/cdc/
88622

Ciesielski SD, Seed JR, Ortiz JC, Metts J. 1992. Intestinal parasites among North Carolina migrant
farmworkers. Am. J. Public Health 82:1258-62

Culp K, Tonelli S, Ramey SL, Donham K, Fuortes L. 2011. Preventing heat-related illness among His-
panic farmworkers. AAOHN 7. 59:23-32

Curl CL, Spivak M, Phinney R, Montrose L. 2020. Synthetic pesticides and health in vulnerable popu-
lations: agricultural workers. Curr: Environ. Health Rep. 7:13-29

Davis JH. 2018. President wants to use executive order to end birthright citizenship. New York Times,
Oct. 30. https://www.nytimes.com/2018/10/30/us/politics/trump-birthright-citizenship.html
Davis KG, Kotowski SE. 2007. Understanding the ergonomic risk for musculoskeletal disorders in the
United States agricultural sector. Am. 7. Ind. Med. 50:501-11

Dep. Ind. Relat. 2009. Sufficient amounts of drinking water: elements of your written program and effective
work practices. TBCCR 3395(c), Cal/OSHA, Oakland, CA. https://www.dir.ca.gov/dosh/etools/08-
006/EWP_water.htm

Deziel NC, Beane Freeman LE, Graubard BI, Jones RR, Hoppin JA, et al. 2017. Relative contributions
of agricultural drift, para-occupational, and residential use exposure pathways to house dust pesticide
concentrations: meta-regression of published data. Environ. Health Perspect. 125:296-305

Deziel NC, Friesen MC, Hoppin JA, Hines CJ, Thomas K, Beane Freeman LE. 2015. A review of
nonoccupational pathways for pesticide exposure in women living in agricultural areas. Environ. Health
Perspect. 123:515-24

Dreby J. 2015. Everyday lllegal: When Policies Undermine Immigrant Families. Oakland: Univ. Calif. Press
Early J, Davis SW, Quandt SA, Rao P, Snively BM, Arcury TA. 2006. Housing characteristics of farm-
worker families in North Carolina. 7. Immigr. Minor. Health 8:173-84

Econ. Res. Serv., USDA (US Dep. Agric.). 2019. Agriculture Improvement Act of 2018: highlights and
implications. Economic Research Service. https://www.ers.usda.gov/agriculture-improvement-act-of-
2018-highlights-and-implications/

Edokpayi JN, Rogawski ET, Kahler DM, Hill CL, Reynolds C, et al. 2018. Challenges to sustainable
safe drinking water: a case study of water quality and use across seasons in rural communities in Limpopo
province, South Africa. Water 10:159

Castillo et al.


https://www.cdc.gov/nchs/hus/contents2018.htm
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://stacks.cdc.gov/view/cdc/88622
https://www.nytimes.com/2018/10/30/us/politics/trump-birthright-citizenship.html
https://www.dir.ca.gov/dosh/etools/08-006/EWP_water.htm
https://www.ers.usda.gov/agriculture-improvement-act-of-2018-highlights-and-implications/

Annu. Rev. Public Health 2021.42. Downloaded from www.annualreviews.org
Access provided by University of California - Berkeley on 01/06/21. For persona use only.

PU42CH21_Eskenazi ARjats.cls December 22,2020 15:8

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

Eskenazi B, Fahey CA, Kogut K, Gunier R, Torres J, et al. 2019. Association of perceived immigration
policy vulnerability with mental and physical health among US-born Latino adolescents in California.
FAMA Pediatr. 173:744-53

Evangelou E, Ntritsos G, Chondrogiorgi M, Kavvoura FK, Herndndez AF, et al. 2016. Exposure to
pesticides and diabetes: a systematic review and meta-analysis. Environ. Int. 91:60-68

Finch BK, Vega WA. 2003. Acculturation stress, social support, and self-rated health among Latinos in
California. 7. Immigr. Health 5:109-17

Gentry AL, Grzywacz JG, Quandt SA, Davis SW, Arcury TA. 2007. Housing quality among North
Carolina farmworker families. 7. Agric. Saf- Health 13:323-37

Goldner WS, Sandler DP, Yu F, Hoppin JA, Kamel F, LeVan TD. 2010. Pesticide use and thyroid disease
among women in the Agricultural Health Study. Am. . Epidemiol. 171:455-64

Goldner WS, Sandler DP, Yu F, Shostrom V, Hoppin JA, et al. 2013. Hypothyroidism and pesticide
use among male private pesticide applicators in the agricultural health study. 7. Occup. Environ. Med.
55:1171-78

Gowda P, Steiner JL, Olson C, Boggess M, Farrigan T, Grusak MA. 2018. Agriculture and rural com-
munities. In Fourth National Climate Assessment. Vol. 11: Impacts, Risks, Adaptation in the United States, ed.
DR Reidmiller, CW Avery, DR Easterling, KE Kunkel, KLM Lewis, et al., pp. 391-437. Washington,
DC: US Glob. Change Res. Progr.

Grube A, Donaldson D, Kiely T, Wu L. 2011. Pesticides industry sales and usage: 2006-2007 market es-
timates. Rep., US Environ. Prot. Agency, Washington, DC. https://www.epa.gov/sites/production/
files/2015-10/documents/market_estimates2007.pdf

Gustafson CJ, Feldman SR, Quandt SA, Isom S, Chen H, et al. 2014. The association of skin conditions
with housing conditions among North Carolina Latino migrant farm workers. Int. J. Dermatol. 53:1091—
97

Hajek D. 2020. Farmworkers, deemed essential, don’t feel protected from pandemic. NPR, March 31.
https://www.npr.org/2020/03/31/824358228/farmworkers-deemed- essential-dont-feel-
protected-from-pandemic

Hernandez T, Gabbard S. 2018. Findings from the National Agricultural Workers Survey (NAWS) 2015-
2016: a demographic and employment profile of United States farmworkers. Res. Rep. 13, US Dep. Labor,
Employ. Train. Adm., Washington, DC. https://www.dol.gov/sites/dolgov/files/ETA/naws/pdfs/
NAWS_Research_Report_13.pdf

Hernandez T, Gabbard S, Carroll D. 2016. Findings from the National Agricultural Workers Survey
(INAWS) 2013-2014: a demographic and employment profile of United States farmworkers. Res. Rep. 12, US
Dep. Labor, Employ. Train. Adm., Washington, DC

Heyman JM, Nuiiez GG, Talavera V. 2009. Healthcare access and barriers for unauthorized immigrants
in El Paso County, Texas. Fam. Community Health 32:4-21

Hill BG, Moloney AG, Mize T, Himelick T, Guest JL. 2011. Prevalence and predictors of food insecurity
in migrant farmworkers in Georgia. Am. 7. Public Health 101:831-33

Hoppin JA, Umbach DM, Long S, London SJ, Henneberger PK, et al. 2017. Pesticides are associated
with allergic and non-allergic wheeze among male farmers. Environ. Health Perspect. 125:535-43
Horwitz S, Sacchetti M. 2018. Sessions vows to prosecute all illegal border crossers and separate
children from their parents. Washington Post, May 7. https://www.washingtonpost.com/world/
national-security/sessions-says-justice-dept-will- prosecute- every-person-who-crosses-
border-unlawfully/2018/05/07/e1312b7e-5216-11e8-9¢91-7dab596€8252_story.html

Humann MJ, Sanderson WT, Gerr F, Kelly KM, Merchant JA. 2012. Effects of common agricultural
tasks on measures of hearing loss. Amz. 7. Ind. Med. 55:904-16

Hyland C, Laribi O. 2017. Review of take-home pesticide exposure pathway in children living in agri-
cultural areas. Environ. Res. 156:559-70

Jepson W. 2014. Measuring ‘no-win’ waterscapes: experience-based scales and classification approaches
to assess household water security in colonias on the US-Mexico border. Geoforum 51:107-20

Jepson W, Brown HL. 2014. ‘If no gasoline, no water’: privatizing drinking water quality in South Texas
colonias. Environ. Plan. A 46:1032-48

www.annualreviews.org o Environment and Latino Farmworker Health

21.15


https://www.epa.gov/sites/production/files/2015-10/documents/market_estimates2007.pdf
https://www.npr.org/2020/03/31/824358228/farmworkers-deemed-essential-dont-feel-protected-from-pandemic
https://www.dol.gov/sites/dolgov/files/ETA/naws/pdfs/NAWS_Research_Report_13.pdf
https://www.washingtonpost.com/world/national-security/sessions-says-justice-dept-will-prosecute-every-person-who-crosses-border-unlawfully/2018/05/07/e1312b7e-5216-11e8-9c91-7dab596e8252_story.html

Annu. Rev. Public Health 2021.42. Downloaded from www.annualreviews.org
Access provided by University of California - Berkeley on 01/06/21. For persona use only.

PU42CH21_Eskenazi

ARjats.cls

21.16

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

December 22,2020 15:8

Johnson RJ, Wesseling C, Newman LS. 2019. Chronic kidney disease of unknown cause in agricultural
communities. N. Engl. . Med. 380:1843-52

Kiehne E, Mendoza NS. 2015. Migrant and seasonal farmworker food insecurity: prevalence, impact,
risk factors, and coping strategies. Soc. Work Public Health 30:397-409

Kim D, Lim U. 2017. Wage differentials between heat-exposure risk and no heat-exposure risk groups.
Int. J. Environ. Res. Public Health 14:685

Kim EJ. 2016. The impacts of climate change on human health in the United States: a scientific assess-
ment, by US Global Change Research Program. 7. Am. Plan. Assoc. 82:418-19

Kim K-H, Kabir E, Kabir S. 2015. A review on the human health impact of airborne particulate matter.
Environ. Int. 74:136-43

Kjellstrom T, Kovats RS, Lloyd SJ, Holt T, Tol RSJ. 2009. The direct impact of climate change on
regional labor productivity. Arch. Environ. Occup. Health 64:217-27

Koutros S, Alavanja MCR, Lubin JH, Sandler DP, Hoppin JA, et al. 2010. An update of cancer incidence
in the Agricultural Health Study. 7. Occup. Environ. Med. 52:1098-105

Ku L, Matani S. 2001. Left out: immigrants’ access to health care and insurance. Health Aff. 20:247-56
LePrevost CE, Storm JF, Asuaje CR, Arellano C, Cope WG. 2014. Assessing the effectiveness of the
Pesticides and Farmworker Health Toolkit: a curriculum for enhancing farmworkers’ understanding of
pesticide safety concepts. 7. Agromed. 19:96-102

Liebman AK, Juarez-Carrillo PM, Cruz Reyes IA, Keifer MC. 2016. Immigrant dairy workers’ percep-
tions of health and safety on the farm in America’s Heartland. Am. 7. Ind. Med. 59:227-35

Lim CJR. 2019. The Supplemental Nutrition Assistance Program (SNAP): an analysis of changing political
climates, welfare policies, and their subsequent impacts on immigrants and their families in San Diego, California.
MS Thesis, Columbia Univ., New York. https://academiccommons.columbia.edu/do0i/10.7916/d8-
xww4-qm13

Lopez MH, Gonzalez-Barrera A, Krogstad JM. 2018. Views of immigration policy. In More Latinos have
serious concerns about their place in America under Trump. Rep., Pew Res. Cent., Washington, DC. https://
www.pewresearch.org/hispanic/2018/10/25/views- of-immigration-policy/

Lépez-Gilvez N, Wagoner R, Quirés-Alcald L, Ornelas Van Horne Y, Furlong M, etal. 2019. Systematic
literature review of the take-home route of pesticide exposure via biomonitoring and environmental
monitoring. Int. 7. Environ. Res. Public Health 16:2177

Maldonado CZ, Rodriguez RM, Torres JR, Flores YS, Lovato LM. 2013. Fear of discovery among Latino
immigrants presenting to the emergency department. Acad. Emerg. Med. 20:155-61

Mamane A, Baldi I, Tessier J-F, Raherison C, Bouvier G. 2015. Occupational exposure to pesticides and
respiratory health. Eur. Respir: Rev. 24:306-19

Mangini LD, Hayward MD, Zhu Y, Dong Y, Forman MR. 2018. Timing of household food insecurity
exposures and asthma in a cohort of US school-aged children. BM7 Open 8:¢021683

Marsh B, Milofsky C, Kissam E, Arcury TA. 2015. Understanding the role of social factors in farmworker
housing and health. New Solut. 25:313-33

Martin P, Hooker B, Akhtar M, Stockton M. 2017. How many workers are employed in California
agriculture? Calif. Agricult. 71:30-34

Martinez AD, Ruelas L, Granger DA. 2018. Household fear of deportation in relation to chronic stres-
sors and salivary proinflammatory cytokines in Mexican-origin families post-SB 1070. SSM Popul. Health
5:188-200

McMichael AJ, Dear KBG. 2010. Climate change: heat, health, and longer horizons. PNAS 107:9483-84
Migr. Clin. Netw. 2017. Water and Sanitation. Migrant Clinicians Network. https://www.
migrantclinician.org/issues/occupational-health/water-and-sanitation.html

Mix J, Elon L, Thien Mac VV, Flocks J, Economos E, et al. 2018. Hydration status, kidney function, and
kidney injury in Florida agricultural workers. 7. Occup. Environ. Med. 60:¢253-60

Mora DC, Miles CM, Chen H, Quandt SA, Summers P, Arcury TA. 2016. Prevalence of musculoskeletal
disorders among immigrant Latino farmworkers and non-farmworkers in North Carolina. Arch. Environ.
Occup. Health 71:136-43

Mora DC, Quandt SA, Chen H, Arcury TA. 2016. Associations of poor housing with mental health
among North Carolina Latino migrant farmworkers. 7. Agromed. 21:327-34

Castillo et al.


https://academiccommons.columbia.edu/doi/10.7916/d8-xww4-qm13
https://www.pewresearch.org/hispanic/2018/10/25/views-of-immigration-policy/
https://www.migrantclinician.org/issues/occupational-health/water-and-sanitation.html

Annu. Rev. Public Health 2021.42. Downloaded from www.annualreviews.org
Access provided by University of California - Berkeley on 01/06/21. For persona use only.

PU42CH21_Eskenazi ARjats.cls December 22,2020 15:8

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Morris JE, Palazuelos D. 2015. The health implications of deportation policy. 7. Health Care Poor Un-
derserved 26:406-09

Moyce S, Mitchell D, Armitage T, Tancredi D, Joseph J, Schenker M. 2017. Heat strain, volume deple-
tion and kidney function in California agricultural workers. Occup. Environ. Med. 74:402-9
Muiioz-Quezada MT, Lucero BA, Iglesias VP, Muifioz MP, Cornejo CA, et al. 2016. Chronic exposure
to organophosphate (OP) pesticides and neuropsychological functioning in farm workers: a review. Int.
7 Occup. Environ. Health 22:68-79

Napolitano M, Goldberg B. 2013. Migrant health. In Handbook of Immigrant Health, ed. S Loue,
pp- 261-76. New York: Springer Sci. Bus. Media

NCFH (Natl. Cent. Farmworker Health). 2018. Tuberculosis. Fact Sheet, NCFH, Buda, TX. http://www.
ncfh.org/uploads/3/8/6/8/38685499/fs-what_is_tb_2018.pdf

Neef A. 2020. Legal and social protection for migrant farm workers: lessons from COVID-19. Agric.
Hum. Values 37:641-42

Nevin RL, Bernt ], Hodgson M. 2017. Association of poultry processing industry exposures with reports
of occupational finger amputations: results of an analysis of OSHA Severe Injury Report (SIR) data.
7 Occup. Environ. Med. 59:¢159-63

Ng JK-C, Li PK-T. 2018. Chronic kidney disease epidemic: How do we deal with it> Nephrology 23:116—
20

Niculita-Hirzel H, Hantier G, Storti F, Plateel G, Roger T. 2016. Frequent occupational exposure to
Fusarium mycotoxins of workers in the Swiss grain industry. Zoxins 8:370

NIOSH (Natl. Inst. Occup. Saf. Health), CDC (Cent. Dis. Control Prev.). 2020. Agricultural safety. Na-
tional Institute for Occupational Safety and Health. https://www.cdc.gov/niosh/topics/aginjury/default.
html

OSHA (Occup. Saf. Health Adm.). 2015. Protecting agricultural workers from tractor bazards. Agric. Saf.
Fact Sheet, US Dep. Labor, Washington, DC. https://www.osha.gov/Publications/OSHA3835.pdf
OSHA (Occup. Saf. Health Adm.). 2018. FATALFucts: Confined space entry on a farm. Fact Sheet 16-2018,
US Dep. Labor, Washington, DC. https://www.osha.gov/Publications/OSHA3939.pdf

OSHA (Occup. Saf. Health Adm.). 2020. Animal-acquired infections and related hazards. Hazards and
Controls. https://www.osha.gov/dsg/topics/agriculturaloperations/hazards_controls.html

OSHA (Occup. Saf. Health Adm.). 2020. Clinician’s guide to OSHA Field Sanitation Standard. Fact Sheet,
Farmworker Justice, Washington, DC. http://www.farmworkerjustice.org/wp-content/uploads/
2012/08/2016-OSHAs-Field-Sanitation-Standard- Clinicians- Guide.pdf

Paquette D. 2018. During California wildfires, farmworkers say they felt pressure to keep working or
lose their jobs. Washington Post, Novemb. 20. https://www.washingtonpost.com/business/economy/
during- california-wildfires-farm-workers-felt-pressured- to-keep-working-or-lose- their-
jobs/2018/11/20/757f92a0-ec06-11e8-baac-2a674¢91502b_story.html

Park E-K, Hannaford-Turner K, Lee HJ. 2009. Use of personal protective equipment in agricultural
workers under hot and humid conditions. Ind. Health 47:200-1

Pena AA, Teather-Posadas ER. 2018. Field sanitation in US agriculture: evidence from NAWS and
future data needs. J. Agromed. 23:123-33

Philbin MM, Flake M, Hatzenbuehler ML, Hirsch JS. 2018. State-level immigration and immigrant-
focused policies as drivers of Latino health disparities in the United States. Soc. Sci. Med. 199:29-38
Piil JF, Lundbye-Jensen J, Trangmar SJ, Nybo L. 2017. Performance in complex motor tasks deteriorates
in hyperthermic humans. Temperature 4:420-28

Prado JB, Mulay PR, Kasner EJ, Bojes HK, Calvert GM. 2017. Acute pesticide-related illness among
farmworkers: barriers to reporting to public health authorities. 7. Agromed. 22:395-405

Quandt SA, Brooke C, Fagan K, Howe A, Thornburg TK, McCurdy SA. 2015. Farmworker housing in
the United States and its impact on health. New Solut. 25:263-86

Quandt SA, Grzywacz JG, Talton JW, Trejo G, Tapia J, et al. 2013. Evaluating the effectiveness of a
lay health promoter-led, community-based participatory pesticide safety intervention with farmworker
tamilies. Health Promot. Practice 14:425-32

Quandt SA, Schulz MR, Talton JW, Verma A, Arcury TA. 2012. Occupational eye injuries experienced
by migrant farmworkers. 7. Agromed. 17:63—69

www.annualreviews.org o Environment and Latino Farmworker Health

21.17


http://www.ncfh.org/uploads/3/8/6/8/38685499/fs-what_is_tb_2018.pdf
https://www.cdc.gov/niosh/topics/aginjury/default.html
https://www.osha.gov/Publications/OSHA3835.pdf
https://www.osha.gov/Publications/OSHA3939.pdf
https://www.osha.gov/dsg/topics/agriculturaloperations/hazards_controls.html
http://www.farmworkerjustice.org/wp-content/uploads/2012/08/2016-OSHAs-Field-Sanitation-Standard-Clinicians-Guide.pdf
https://www.washingtonpost.com/business/economy/during-california-wildfires-farm-workers-felt-pressured-to-keep-working-or-lose-their-jobs/2018/11/20/757f92a0-ec06-11e8-baac-2a674e91502b_story.html

Annu. Rev. Public Health 2021.42. Downloaded from www.annualreviews.org
Access provided by University of California - Berkeley on 01/06/21. For persona use only.

PU42CH21_Eskenazi

ARjats.cls

21.18

106.

107.

108.

109.

110.

111.

112.

113.
114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

December 22,2020 15:8

Rabbitt MP, Smith MD, Coleman-Jensen A. 2016. Food security among Hispanic adults in the United
States, 2011-2014. Econ. Inf. Bull. 153, US Dep. Agric., Washington, DC. https://www.ers.usda.gov/
webdocs/publications/44080/59326_eib-153.pdf

Radnofsky L, Andrews N, Fassihi F. 2018. Trump defends family-separation policy. Wail Street Jour-
nal, June 18. https://www.wsj.com/articles/trump-administration-defends-family-separation-
policy-1529341079

Reid A, Schenker MB. 2016. Hired farmworkers in the US: demographics, work organisation, and ser-
vices. Am. 7. Ind. Med. 59:644-55

Riden HE, Giacinto R, Wadsworth G, Rainwater J, Andrews T, Pinkerton KE. 2020. Wildfire smoke
exposure: awareness and safety responses in the agricultural workplace. 7. Agromed. https://doi.org/10.
1080/1059924X.2020.1725699

Rodriguez L, Horowitz M, Espinoza D, Aguilera A, de la Torre A, Kaiser LL. 2015. The impact of the
California drought on food security among rural families of Mexican origin. 7. Appl. Res. Child. Inform.
Policy Child. Risk 6:11

Rodriguez-Zamora MG, Medina-Escobar L, Mora G, Zock J-P, van Wendel de Joode B, Mora AM.
2017. Dust exposure in workers from grain storage facilities in Costa Rica. Int. 7. Hyg. Environ. Health
220:1039-45

Rodriguez-Zamora MG, Zock J-P, van Wendel de Joode B, Mora AM. 2018. Respiratory health out-
comes, rhinitis, and eczema in workers from grain storage facilities in Costa Rica. Ann. Work Expo. Health
62:1077-86

Roelofs C, Wegman D. 2014. Workers: the climate canaries. Am. 7. Public Health 104:1799-801

Rosas LG, Harley K, Fernald LC, Guendelman S, Mejia F, et al. 2009. Dietary associations of household
food insecurity among children of Mexican descent: results of a binational study. 7. Am. Diet. Assoc.
109:2001-9

Salvatore AL, Bradman A, Castorina R, Camacho J, Lépez J, et al. 2008. Occupational behaviors and
farmworkers’ pesticide exposure: findings from a study in Monterey County, California. 4. 7. Ind. Med.
51:782-94

Sandberg JC, Talton JW, Quandt SA, Chen H, Weir M, et al. 2014. Association between housing quality
and individual health characteristics on sleep quality among Latino farmworkers. 7. Immigr. Minor. Health
16:265-72

Sano Y, Garasky S, Greder KA, Cook CC, Browder DE. 2011. Understanding food insecurity among
Latino immigrant families in rural America. 7. Fam. Econ. Issues 32:111-23

Singh J, Schwartz DA. 2005. Endotoxin and the lung: insight into the host-environment interaction.
7. Allergy Clin. Immunol. 115:330-33

Spector JT, Bonauto DK, Sheppard L, Busch-Isaksen T, Calkins M, et al. 2016. A case-crossover study
of heat exposure and injury risk in outdoor agricultural workers. PLOS ONE 11:¢0164498

Spector JT, Krenz J, Blank KN. 2015. Risk factors for heat-related illness in Washington crop workers.
7 Agromed. 20:349-59

Spiewak R.2020. Farmers and farmworkers. In Kanerva’s Occupational Dermatology, ed. S John, J Johansen,
T Rustemeyer, P Elsner, H Maibach, pp. 1929-46. Cham, Switz.: Springer

Stapleton EM, O’Shaughnessy PT, Locke SJ, Altmaier RW, Hofmann JN, et al. 2018. A task-based
analysis of black carbon exposure in Iowa farmers during harvest. 7. Occup. Environ. Hyg. 15:293-304
Stoecklin-Marois M, Hennessy-Burt T, Mitchell D, Schenker M. 2013. Heat-related illness knowledge
and practices among California hired farm workers in the MICASA Study. Ind. Health 51:47-55
Strochlic R, Villarejo D, Nichols S, Wirth C, Liévanos R. 2007. An Assessment of the demand for farm
worker housing in Napa County. Rep., Calif. Inst. Rural Stud., Davis, CA. http://www.cirsinc.org/index.
php/publications/majorstudies.html

Swan J, Kight SW. 2018. Exclusive: Trump targeting birthright citizenship with executive order. Axios,
Oct. 30. https://www.axios.com/trump-birthright- citizenship-executive-order-0cf4285a-16c6-
48f2-2933-bd71fd72ea82.html

Castillo et al.


https://www.ers.usda.gov/webdocs/publications/44080/59326_eib-153.pdf
https://www.wsj.com/articles/trump-administration-defends-family-separation-policy-1529341079
https://doi.org/10.1080/1059924X.2020.1725699
http://www.cirsinc.org/index.php/publications/majorstudies.html
https://www.axios.com/trump-birthright-citizenship-executive-order-0cf4285a-16c6-48f2-a933-bd71fd72ea82.html

Annu. Rev. Public Health 2021.42. Downloaded from www.annualreviews.org
Access provided by University of California - Berkeley on 01/06/21. For persona use only.

PU42CH21_Eskenazi ARjats.cls December 22,2020 15:8

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Taghavi SM, Mokarami H, Ahmadi O, Stallones L, Abbaspour A, Marioryad H. 2017. Risk factors for
developing work-related musculoskeletal disorders during dairy farming. Int. 7. Occup. Environ. Med.
8:39-45

Tago D, Andersson H, Treich N. 2014. Pesticides and health: a review of evidence on health effects,
valuation of risks, and benefit-cost analysis. In Preference Measurement in Health, Vol. 24, pp. 203-95. Adv.
Health Econ. Health Serv. Res. Ser. Bingley, UK: Emerald Group. https://doi.org/10.1108/S0731-
219920140000024006

Taylor EV, Vaidyanathan A, Flanders WD, Murphy M, Spencer M, Noe RS. 2018. Differences in heat-
related mortality by citizenship status: United States, 2005-2014. Asm. . Public Health 108:S131-36
Tigchelaar M, Battisti D, Spector J. 2020. Work adaptations insufficient to address growing heat risk for
US agricultural workers. Environ. Res. Lett. 15:094035

Todd BE, Buchan RM. 2002. Total dust, respirable dust, and microflora toxin concentrations in Colorado
corn storage facilities. Appl. Occup. Environ. Hyg. 17:411-15

Torres JM, Deardorff J, Gunier RB, Harley KG, Alkon A, et al. 2018. Worry about deportation and
cardiovascular disease risk factors among adult women: the Center for the Health Assessment of Mothers
and Children of Salinas Study. Ann. Behav. Med. 52:186-93

Torres JM, Deardorff J, Holland N, Harley KG, Kogut K, et al. 2019. Deportation worry, cardiovascular
disease risk factor trajectories, and incident hypertension: a community-based cohort study. 7. Am. Heart
Assoc. 8:e013086

Trump DJ. 2017. Statement from President Donald J. Trump. Immigration. News Release, Sept. 5. https://
www.whitehouse.gov/briefings- statements/statement-president-donald-j- trump-7/

Tual S, Silverman DT, Koutros S, Blair A, Sandler DP, et al. 2016. Use of dieselized farm equipment
and incident lung cancer: findings from the Agricultural Health Study Cohort. Environ. Health Perspect.
124:611-18

US Dep. Labor. 1983. The Migrant and Seasonal Agricultural Worker Protection Act (MSPA). Wage and
Hour Division. https://www.dol.gov/agencies/whd/agriculture/mspa#:~:text=The %20Migrant%
20and%20Seasonal %20Agricultural, %2C%20transportation%2C%20disclosures %20and %
20recordkeeping

USDA (US Dep. Agric.). 2018. A national roadmap for Integrated Pest Management. Agriculture Research
Service. https://www.ars.usda.gov/arsuserfiles/opmp/ipm %20road %20map%20final.pdf
Vaidyanathan A, Malilay J, Schramm P, Saha S. 2020. Heat-related deaths—United States, 2004-2018.
MMWR 69:729-34

Valdez CR, Padilla B, Valentine JL. 2013. Consequences of Arizona’s immigration policy on social capital
among Mexican mothers with unauthorized immigration status. Hisp. 7. Bebav. Sci. 35:303-22

Vallejos QM, Quandt SA, Grzywacz JG, Isom S, Chen H, et al. 2011. Migrant farmworkers’ housing
conditions across an agricultural season in North Carolina. Am. 7. Ind. Med. 54:533-44

Vallejos QM, Schulz MR, Quandt SA, Feldman SR, Galvan L, et al. 2008. Self report of skin problems
among farmworkers in North Carolina. Am. 7. Ind. Med. 51:204-12

Vanos J, Vecellio DJ, Kjellstrom T. 2019. Workplace heat exposure, health protection, and economic
impacts: a case study in Canada. Am. 7. Ind. Med. 62:1024-37

Vasquez-Huot LM, Dudley JR. 2020. The voices of Latinx people: overcoming problems of food inse-
curity. 7. Hunger Environ. Nutr: https://doi.org/10.1080/19320248.2020.1717713

Wadsworth G, Villarejo D, Mines R, Cummings-Carlisle 1. 2018. Farmworker study and action plan: Salinas
Valley and Pajaro Valley. Rep., Calif. Inst. Rural Stud., Davis, Calif.

Wash. Post Staff. 2015. Full text: Donald Trump announces a presidential bid. Washington Post,
June 16. https://www.washingtonpost.com/news/post-politics/wp/2015/06/16/full- text-donald-
trump-announces-a-presidential-bid/

Weaver VM, Fadrowski JJ, Jaar BG. 2015. Global dimensions of chronic kidney disease of unknown
etiology (CKDu): a modern era environmental and/or occupational nephropathy? BMC Nephrol. 16:145
Weigel MM, Armijos RX, Hall YP, Ramirez Y, Orozco R. 2007. The household food insecurity and
health outcomes of US-Mexico border migrant and seasonal farmworkers. 7. Immigr. Minor: Health
9:157-69

www.annualreviews.org o Environment and Latino Farmworker Health

21.19


https://doi.org/10.1108/S0731-219920140000024006
https://www.whitehouse.gov/briefings-statements/statement-president-donald-j-trump-7/
https://www.dol.gov/agencies/whd/agriculture/mspa#:~:text=The%20Migrant%20and%20Seasonal%20Agricultural,%2C%20transportation%2C%20disclosures%20and%20recordkeeping
https://www.ars.usda.gov/arsuserfiles/opmp/ipm%20road%20map%20final.pdf
https://doi.org/10.1080/19320248.2020.1717713
https://www.washingtonpost.com/news/post-politics/wp/2015/06/16/full-text-donald-trump-announces-a-presidential-bid/

Annu. Rev. Public Health 2021.42. Downloaded from www.annualreviews.org
Access provided by University of California - Berkeley on 01/06/21. For persona use only.

PU42CH21_Eskenazi

ARjats.cls December 22,2020 15:8

2I1.20

147. Winkelman SB, Chaney EH, Bethel JW. 2013. Stress, depression and coping among Latino migrant and
seasonal farmworkers. Int. 7. Environ. Res. Public Health 10:1815-30

148. Yoshikawa H. 2011. Immigrants Raising Citizens: Undocumented Parents and Their Children. New York:
Russell Sage Found.

149. Ziebarth A.2006. Housing seasonal workers for the Minnesota processed vegetable industry. Rural Sociol.
71:335-57

Castillo et al.



