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ABSTRACT

Introduction: The Environmental Protection Agency (EPA)'s Worker Protection Standards is the
primary set of legislation aimed at protecting farmworkers from occupational pesticide exposure
in the United States. Previous studies suggest that worker adoption of Pesticide Protective
Behaviors (PPBs) promoted by WPS is associated with lower urinary pesticide concentrations.
However, adoption of PPBs is often outside of the control of individual farmworkers and depen-
dent on workplace factors such as employer provisioning of Personal Protective Equipment (PPE)
and access to trainings/resources.

Methods: We conducted a mixed-method study including urinary pesticide biomonitoring,
surveys, and interviews with 62 Latinx farmworkers in southwestern Idaho from April to
July 2022. We integrated findings across the various data sources to identify emergent themes
relating to farmworkers’ perceptions of workplace compliance with WPS and potential implica-
tions for their pesticide risk perceptions, protective behaviors, and urinary pesticide concentra-
tions.

Results: Participants reported some indications of poor workplace compliance with WPS regula-
tions, notably inconsistent access to clean handwashing stations and notification of pesticide
applications. Some farmworkers, particularly pesticide applicators, viewed herbicides to be cate-
gorically safer than other classes of pesticides such as insecticides; these perceptions appeared to
influence protective behaviors, such as the relatively low use of PPE while applying herbicides.
These findings are underscored by the higher concentrations of biomarkers of herbicides, but not
insecticides, among pesticide applicators compared with non-applicators (e.g. median
2,4-D concentrations =1.40 ug/L among applicators and 0.69 ug/L among non-applicators).
Participants further reported concerns regarding the inadequacy of pesticide safety training,
pesticide drift, and the lack of communication regarding pesticide applications on and near fields
where they are working.

Discussion: Participants’ perceptions that herbicides are categorically safer than other pesticide
classes is in direct conflict with WPS training, raising concerns about discrepancies between WPS
instruction and other on-the-job training, as well as the inadequate provisioning of PPE during the
application of certain pesticides. Our findings also suggest that current WPS regulations may not
sufficiently address farmworkers’ concerns, particularly in regard to pesticide drift.
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Introduction disorders™*; genotoxicity, DNA damage, and oxida-

tive stress™; respiratory symptoms such as cough-
ing, wheezing, and asthma®’; and impacts on
thyroid function.?

The primary regulation aimed at protecting

Pesticides are substances designed to prevent,
destroy, repel, or reduce the effects of pests and
include substances such as insecticides, herbicides,
fungicides, and rodenticides." Occupational pesti-

cide exposure has been associated with a range of
adverse acute and chronic health effects, including
cancer™’; neurobehavioral deficits and diseases such
as Parkinson’s and Alzheimer’s®™; reproductive

farmworkers from pesticides in the United States
is the Environmental Protection Agency (EPA)’s
Worker Protection Standard (WPS). Originally
established in 1992 with revisions in 2015, the
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WPS aims to reduce the risk of occupational pes-
ticide exposure among agricultural workers (those
who peform hand-labor tasks in pesticide-treated
crops, such as harvesting, thinning, and pruning)
and pesticide handlers (those who mix, load, or
apply pesticides)."® The primary responsibilities of
employers mandated by the WPS pertain to 1)
training and 2) notification of pesticide applica-
tions. Specifically, employers are required to
ensure that all agricultural workers receive annual
EPA-approved pesticide safety trainings, including
pesticide handler training for those who apply or
handle pesticides®™®; to provide decontamination
supplies, including “ample” water, soap, and
towels®; and to post warning signs or provide
oral notification of any areas under a Restricted
Entry Interval (REI) after pesticide application.®™®
The primary goals of the annual training are to
educate workers about how to prevent pesticide
exposure before, during, and after work; to recog-
nize and understand signs notifying workers to
keep out of pesticide-treated areas under an REI;
to identify sources of pesticide exposure during
work (e.g., exposure to pesticide residues on
plants, tractors, and application equipment or
from pesticide drift); to adopt practices to mini-
mize pesticide exposure (e.g., wearing Personal
Protective Equipment (PPE), washing hands with
soap and water while working, showering with
soap and water after work, washing work clothes
separately from non-work clothes); and to recog-
nize the signs and symptoms of pesticide poison-
ing and know when to seek medical attention."’
Previous studies have provided consistent evi-
dence that Pesticide Protective Behaviors (PPBs)
promoted by WPS such as wearing PPE,”'® wash-
ing hands while working (particularly before eat-
ing or drinking), showering after work, and
removing work boots and clothes before entering
the home'>'®"*° are associated with lower urinary
pesticide biomarker concentrations among farm-
workers. However, there has been no systematic
evaluation of WPS training and its impacts on
farmworkers’ risk perceptions, protective beha-
viors, and pesticide exposure. While factors such
as perceived risk (i.e., an individual’s subjective
judgement of the potential for harm)*' may influ-
ence the adoption of PPBs,** evidence suggests
that structural factors that are often outside of

farmworkers’ control may be the most important
determinants of protective behaviors.”** For
example, studies of workers in North Carolina
and Washington have shown that workplace-level
factors such as access to trainings, resources, and
PPE support the adoption of PPBs*> > associated
with lower urinary pesticide biomarker concentra-
tions and adverse health outcomes.'**® Given that
farmworkers often have limited control over their
circumstances,”** it is imperative to assess how
factors such as workplace compliance with WPS
influence risk perceptions, protective behaviors,
and pesticide exposure, including whether there
are any differences by pesticide class.

This analysis is part of a larger mixed-methods
study assessing gender differences in pesticide expo-
sure and risk perceptions among Latinx farmworkers
in Idaho. Here, we assess participants’ experiences
and perceptions of markers of workplace compliance
with WPS from surveys and semi-structured inter-
views. We further examined potential implications
for risk perceptions, protective behaviors, and urin-
ary pesticide concentrations among agricultural
workers and pesticide applicators.

Methods
Recruitment, enrollment, and consent

We conducted a mixed-methods study examining
pesticide exposure and pesticide risk perceptions,
perceived control (i.e., a participant’s perception
that they have the ability, resources, and opportu-
nities to minimize pesticide exposure or their
adverse health effects),”” and self-reported protec-
tive behaviors among Latinx farmworkers in Idaho
during the pesticide spray season in 2022. This
study included urinary biological monitoring, sur-
veys, and semi-structured interviews. We enrolled
a convenience sample of 62 farmworkers in south-
western Idaho who 1) identified as Hispanic/
Latina/Latino, 2) were 18 years or older, 3) spoke
English or Spanish, and 4) reported currently
working in agriculture with food crops. We
recruited participants through collaborations with
local health districts, housing authorities, health-
care providers, and community organizations ser-
ving farmworkers; mobile health clinics; food box
distribution events; Head Start meetings; and



snowball sampling. Participants were enrolled and
all data were collected from April 24 through
July 22, 2022. We intentionally recruited farmwor-
kers outside of work and emphasized when
explaining the study that we would not ask speci-
tically where they worked or who employed them,
to prioritize their confidentiality and anonymity
and minimize potential concerns regarding the
impact of participating in the study on the indivi-
dual’s employment.

After explaining the study and assessing poten-
tial participants’ eligibly and interest, study staff
read the informed consent to participants in their
preferred language (English or Spanish). The urine
sampling and survey were covered under one
informed consent process. A subset of participants
who also participated in a semi-structured inter-
view completed a second consent process that
described this additional component. The
informed consent for the survey and urine sam-
pling described the process for the collection of the
urine samples, analysis of pesticide biomarkers,
and indicated that we would administer a survey
with questions regarding their history working as
a farmworker, the types of crops they work with,
the type of protective equipment they wear while
working, and their perceptions of pesticides. The
informed consent for the interview indicated that
we were asking a subset of individuals from the
larger study to participate in an open-ended inter-
view so that we could learn more about their
perspectives as a farmworker on issues related to
pesticide use. This form also indicated we would
ask participants questions such as their experi-
ences as a farmworker, their thoughts about pesti-
cides, and any challenges they face in their job
related to pesticides.

All study procedures were approved by the
Boise State University Institutional Review Board.
Participants received a $25 gift card for each com-
ponent of the study they completed (i.e., two sepa-
rate study visits with the administration of
a survey and collection of a urine sample and the
open-ended interview, for a maximum of $75).

Data collection

All study visits were scheduled at a time and loca-
tion that was convenient and comfortable for the
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participant; data collection occurred in either
English or Spanish, depending on the participant’s
preference. All participants were asked to complete
two study visits within a 7-day period that
included the collection of a spot urine sample
and the administration of a survey; a subset of 18
participants also completed a semi-structured
interview. The first survey assessed factors includ-
ing demographic information, occupational his-
tory, participants’ experiences and perceptions of
workplace compliance with specific components of
WPS regulations (e.g., notification of pesticide
applications, availability of handwash stations),
current occupational activities (e.g., types of
crops worked with, specific duties while working),
protective behaviors during and after work, and
perceptions regarding the risk of pesticides to
themselves and others. The second survey briefly
assessed a subset of questions from the first survey,
including recent pesticide applications, PPE, and
occupational activities during the previous 3 days.
At each of these two study visits, participants were
asked to provide at least 30 mL of urine in a 100
mL propylene cup to be analyzed for biomarkers
of various pesticides, as described below.

Interviews

There were 18 participants (11 women, 7 men)
who also completed semi-structured interviews
that included open-ended questions to allow par-
ticipants to describe in their own words their
perceptions of the risks and benefits of pesticides,
their perceived control to mitigate pesticide expo-
sure and its potential health impacts, and their
perceptions and experiences of workplace compli-
ance with WPS regulations. We aimed to conduct
these semi-structured interviews with 15-20 indi-
viduals. This range was selected given previous
knowledge and experience with the population of
interest, including the challenges that can be faced
with recruitment and development of trust neces-
sary for quality data collection. Further, we
believed this number would be sufficient to
develop the deeper understanding of experiences
with and perceptions related to pesticides among
farmworkers in our area of study.

Interviews lasted approximately 45-60 min and
occurred at a time and location of the participant’s
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choosing. If possible, interviews were scheduled in
conjunction with the second study visit, which
otherwise lasted about 10 min, to minimize parti-
cipant burden. If the participant was not able to
complete the interview at the second study visit,
we identified another time and location that was
convenient for them. As noted above, interview
participants were given choice with regards to
time and location of data collection. Additionally,
the interviews were conducted in locations where
participants’ responses could not be overheard.
Interviews were conducted primarily by the two
faculty members on the study with expertise in
qualitative methods. They were supported by
other researchers on the project who they trained
in qualitative data collection. Training included
reading on qualitative data collection, interview
shadowing and group practice. Interviews were
conducted in the language of the participant’s
choosing, either with one bilingual (Spanish/
English) study member or with two study mem-
bers that included an interpreter. All interviews
were audio-recorded, transcribed, and translated
as needed. After each data collection event, we
also recorded notes from anecdotal conversations
with participants and observations, in line with
norms in qualitative methodologies in the social
sciences and humanities.

Urinary pesticide analysis

Urine storage and analysis procedures have been
described previously.”® Briefly, study staff created
composite vials of each of the participants’ two
urine samples to more accurately reflect the partici-
pants’ exposure over a one-week period while mini-
mizing analysis costs. Urine samples were shipped
on dry ice overnight to Centre de Toxicologie du
Québec (CTQ), Institut national de santé publique
du Québec (INSPQ) for analysis of 17 pesticide
biomarkers in August 2022. These analytes were
chosen because they represent exposure to com-
monly used agricultural pesticides and were available
in the multi-pesticide residue and glyphosate panels.

Concentrations of 13 pesticide biomarkers repre-
senting exposure to OP and pyrethroid insecticides
and the herbicides 2,4-D, 2,4,5-T, and dicamba were
determined wusing Ultra Performance Liquid
Chromatography (UPLC I-Class, Waters Acquity,

Waters; Milford, MA, USA), as described
previously.”” Samples were also analyzed for glypho-
sate, glufosinate, and their respective metabolites
(aminomethylphosphonic acid [AMPA]) and
3-(methylphosphinico)propionic acid (3-MPPA)
using a second analytical method, as described
previously.>

Data analysis

We measured the specific gravity of each indivi-
dual sample within 24 h of collection and calcu-
lated the specific gravity of each participant’s
composite sample as the mean of the two samples
from which the composite was comprised. We
imputed values below the LOD as 92! and

2
adjusted urinary concentrations for specifl[c gravity

1.023—1 32
SG-1°

where Cgg is the adjusted result (ug/L), C is the
original concentration (pg/L), 1.023 is the mean
specific gravity measured within the study popula-
tion, and SG is the mean specific gravity of the
individual composite sample. All urinary concen-

using the following equation: Csg = C *

trations henceforth refer to specific gravity-
adjusted concentrations.

We examined participants’ univariate responses
to questions regarding markers of workplace com-
pliance with requirements from WPS,>>** such hav-
ing received pesticide safety training, the availability
of handwash stations, and how participants are
notified about pesticide applications at the fields
where they work. Urinary pesticide biomarker
data were non-normally distributed, and we exam-
ined differences in log-transformed concentrations
between pesticide applicators and non-applicators
using Wilcoxon rank-sum tests. We also examined
differences in pesticide risk perceptions, perceived
control, and protective behaviors between pesticide
applicators and non-applicators using Chi square
tests. We defined pesticide applicators as anyone
who reported that they had mixed, loaded, or
applied any pesticide, including insecticides, herbi-
cides, fungicides, or any other chemical used to
control weeds and pests within the last year.
Analyses were conducted in STATA Version 14.2.

Qualitative data were analyzed by the two
faculty researchers with relevant expertise in qua-
litative methods. The analysis of semi-structured



interviews began with a pilot phase,”> which
involved the creation of a codebook. This initial
codebook was developed from review of relevant
literature and initial research questions. The code-
book outlined these initial codes and documented
associated meanings. From there the two faculty
members involved in the qualitative data analysis
each hand coded one interview. They subsequently
met to review the results of this initial analysis,
and the codebook was modified accordingly.
Similar to the work of many other qualitative
researchers,’® this qualitative comparison between
coders helped to maintain coder agreement and
consistency.”” Next, the two faculty members uti-
lized this coding system and worked in MaxQDA,
a qualitative data analysis software package, to
completely code the entire set of interviews. Both
faculty members coded all interview transcrip-
tions. They met frequently to discuss additional,
relevant codes that were emerging from the data,
complementing the deductive approach with
inductive codding. This process enabled “coordi-

nation through mutual adjustment”.”®

Mixed methods data integration

We integrated data from the surveys, urinary pesti-
cide concentrations, and open-ended interviews to
identify and examine trends that would not have
been apparent from the quantitative data alone.
First, we identified emergent themes from the semi-
structured interviews and our notes from anecdotal
conversations with participants during data collec-
tion events. Second, we used these emergent themes
to identify relevant data from the surveys and urin-
ary pesticide analysis and provide context to these
findings. Third, we identified themes across these
data sources that provide a broader understanding
of participants’ experiences. We focused on how
findings from each of these data sources supported
each other. We note that we report some findings
from the surveys and urinary pesticide analysis that
were statistically nonsignificant based on p-values
but which, when viewed alongside our qualitative
data, provide a broader and more holistic analysis
of participants’ experiences and potential impacts
for protective behaviors and urinary pesticide
concentrations.
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Results

One of the primary themes from this project was
the perception, particularly among pesticide appli-
cators, that insecticides were the only “dangerous”
pesticide class, and that other pesticide classes
were not as harmful and required fewer safety
precautions. These perceptions are inconsistent
with WPS training and motivated us to examine
potential differences in training and risk percep-
tions between applicators and non-applicators,
and to assess participants’ perceptions of work-
place compliance with WPS regulations, across
the various data sources. We define a pesticide
applicator as anyone who had mixed, loaded, or
applied pesticides in the last year. Non-pesticide
applicators were individuals currently working in
agriculture that completed other tasks (e.g., weed-
ing, thinning, harvesting, moving water and irriga-
tion pipes).

We examined differences in urinary pesticide
concentrations, training, and risk perceptions
between pesticide applicators (n=12) and non-
applicators (n = 50). We found that pesticide appli-
cators were significantly more likely to be men but
were otherwise similar socio-demographically
compared with non-applicators (Table 1).
Applicators and non-applicators reported similar
pesticide risk perceptions, perceived control, and
protective behaviors in the surveys. However, mul-
tiple participants made statements during inter-
views and informal conversations suggesting that
they viewed “pesticides” to be synonymous with
“insecticides” and thought that substances used to
control other pests (e.g., herbicides, fungicides)
were inherently less dangerous. Pesticide applica-
tors, in particular, told us that they understood
herbicides, as a class, to be categorically safer
than other pesticides; these risk perceptions
appeared to impact their safety behaviors when
in contact with herbicides. For example, one par-
ticipant reported that they do not have a pesticide
applicator license and do not view themselves as
a pesticide applicator because they only spray her-
bicides, and not insecticides. This participant also
reported that they received training differentiating
insecticides from other types of pesticides (e.g.,
herbicides, fungicides), and they were told that
only those applying insecticides need to wear
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Table 1. Participant demographic characteristics, stratified by pesticide applicator status® (n [%] or mean [SD]).

Characteristic

All Participants (n =62)

Pesticide Applicators (n=12) Non-Applicators (n =50)

Gender

Man 30 (48.4)

Woman 32 (51.6)
Age (years)

<30 5(8.1)

30-39 18 (29.0)

40-49 16 (25.8)

50-59 19 (3.1)

>60 4 (6.5)
Marital status

Married/living as married 52 (83.9)

Divorced/separated 2(3.2)

Single 8 (12.9)
Number of people living in house® 4.6 (1.6)
Number of agricultural workers living in house® 2.6 (1.7)
Ethnic identity

Mexican 55 (88.7)

Mexican-American 3 (4.8)

Chicano/a 1(1.6)

Other Hispanic 3 (4.8)
Country of birth

United States 1(1.6)

Mexico 59 (95.2)

Guatemala 2 (3.2)
Work status

H2A worker 15 (24.1)

Non-H2A worker 47 (75.8)

10 (83.3) 20 (4.0)
2 (16.7) 30 (6.0)
1(8.3) 4 (8.0
3 (25.0) 15 (3.0)
3 (25.0) 13 (26.0)
4 (83.3) 15 (3.0)
1(8.3) 3 (6.0)
10 (83.3) 42 (84.0)
1(8.3) 12.0)
1(8.3) 7 (14.0)
44 (17) 47 (1.6)
2.5 (2.1) 26 (1.6)
12 (1.0) 43 (86.0)
0 (0.0) 3 (6.0)
0 (0.0) 12.0
0 (0.0) 3 (6.0)
0 (0.0) 1(2.0)
12 (1.0) 47 (94.0)
0 (0.0) 2 (4.0)
3 (25.0) 12 (24.0)
9 (75.0) 38 (76.0)

®Pesticide applicator defined as an individual who had mixed, loaded, or applied pesticides in the last year.

bValues include participant responding to questionnaire.

PPE. This subsequently reported
“rarely” or wearing PPE such as
a respirator, Tyvek suit, or eye protection while
applying pesticides. Further, this participant
reported that warning signs are placed in the fields
after insecticides are applied, but not after the
application of herbicides.

These findings regarding pesticide applicators’
perceptions of herbicide risk and subsequent safety
behaviors are notable given trends in the urinary
biomonitoring data (Table 2). While applicators
and non-applicators had similar urinary concen-
trations of biomarkers of organophosphate (OP)
and  pyrethroid insecticides (p=0.39-0.86,
depending on the biomarker), we observed consis-
tent trends in greater detection and higher urinary
concentrations of herbicide biomarkers among
applicators. For example, dicamba, glyphosate,
and AMPA were detected more frequently
among pesticide applicators (91-92%) compared
with non-applicators (62-86%) (Table 2).
Pesticide applicators also had higher median and
maximum concentrations of all four herbicides/
herbicide metabolites than non-applicators,

participant
“never”

though these differences were not statistically sig-
nificant (p = 0.14-0.32; Table 2 Figure 1). The dif-
ference in wurinary herbicide concentrations
between applicators and non-applicators was
most striking for 2,4-D (median = 1.40 ug/L vs.
0.69 pg/L and maximum =8.72 pg/L and 3.50 pg/
L, respectively; p value = 0.14). These findings were
consistent when we restricted to participants who
had applied pesticides in the three days prior to
either of the study visits (n=9).

We also examined participant-reported markers
of WPS compliance and use of PPE among pesti-
cide applicators (Table 3). Notably, fewer than half
of pesticide applicators (41.7%) reported typically
wearing a respirator while applying pesticides, and
none reported having had their respirator fit
tested. Participants who reported ever (i.e., rarely,
sometimes, often, or always) wearing eye protec-
tion or a respirator while applying pesticides
accessed the equipment almost exclusively from
their boss or supervisor, with only one participant
reporting they provided their own respirator and
two participants reporting they provided their own
eye protection. When asked why they did not wear
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Table 2. Specific-gravity adjusted urinary concentrations of herbicide and herbicide metabolites (ug/L)* among all participants and

stratified by pesticide applicator status.

Percentiles
% > LOD n 10t 25th 50t 75t oot Max Geometric mean (95% Cl) p value®
Herbicides
2,4D
All 100% 62 0.21 0.38 0.75 1.41 2.52 8.72 0.75 (0.59, 0.96)
Applicator 100% 12 0.20 041 1.40 2.38 443 8.72 1.14 (0.52, 2.47) 0.14
Non-applicator 100% 50 0.23 0.38 0.69 1.26 233 3.50 0.68 (0.53, 0.87)
Dicamba“
All 69% 58 0.10 0.14 0.25 0.49 1.09 5.95 0.29 (0.23, 0.38)
Applicator 91% 1 0.14 0.17 0.29 0.70 2.10 5.95 0.41 (0.17, 0.96) 0.32
Non-applicator 62% 47 0.10 0.12 0.24 0.45 1.03 2.20 0.27 (0.21, 0.35)
Glyphosate®
All 82% 59 0.08 0.10 0.15 0.34 0.45 3.63 0.18 (0.15, 0.23)
Applicator 92% 12 0.09 0.10 0.30 0.66 0.91 3.63 0.28 (0.12, 0.61) 0.26
Non-applicator 79% 47 0.08 0.10 0.14 0.30 0.41 0.82 0.16 (0.14, 0.20)
AMPA
All 87% 62 0.09 0.17 0.24 0.38 0.63 0.91 0.24 (0.20, 0.29)
Applicator 92% 12 0.15 0.21 0.27 0.56 0.79 091 0.29 (0.18, 0.48) 0.24
Non-applicator 86% 50 0.09 0.15 0.23 0.38 0.58 0.73 0.23 (0.20, 0.28)

Abbreviations.

®Machine-read values used for concentrations <LOD.
Pp-value for difference in urinary concentrations between applicators and non-applicators from Wilcoxon rank sum test.

“No result due to interference for four participants.

No result due to interference for three participants.

IS

Specifc-Gravity Adjusted Concentrations

Dicamba

—

Mon Applicator

Applicator

24-D

5.0

0.0

Non Applicator

Applicator

Glyphosate

. L

Non Applicator

Applicator

0.50

AMPA

Non Applicator

Applicator

Figure 1. Boxplots of urinary herbicide concentrations among pesticide applicators (blue boxplots) and non-applicators (red

boxplots).

PPE more often while applying pesticides, the
most common answers were that it is too hot
outside (58.3%), that the PPE is uncomfortable
(33.3%), that they do not have access to specific
types of PPE (e.g., a respirator) (33.3%), and that

they forget (33.3%). Two participants reported that
they do not always wear PPE while applying pes-
ticides because the pesticides that they use are not
dangerous, or that they do not wear PPE depend-
ing on the danger of the pesticides being applied.



8 (&) C HYLAND ET AL.

Table 3. Occupational characteristics among participants who
had mixed, loaded, or applied pesticides within last year (n = 12).

n (%) or Mean
Characteristic (SD)

Typical PPE use while applying pesticides

Rubber gloves 10 (83.3)
Other type of glove 5 (41.7)
Tyvek suit 2 (16.7)
Other type of suit 1(8.3)
Face shield 4 (33.3)
Eye protection 9 (75.0)
Respirator 5 (41.7)
Frequency of use of Tyvek suit while applying
pesticides
Never 0 (0.0
Rarely 7 (58.3)
Sometimes 1(8.3)
Often 1(8.3)
Always 2 (16.7)
Don’t know 1(8.3)
Frequency of use of eye protection while applying
pesticides
Never 0 (0.0)
Rarely 2 (16.7)
Sometimes 1(8.3)
Often 1(83)
Always 2 (16.7)
Don't know 6 (50.0)
Frequency of use of respirator while applying
pesticides
Never 0 (0.0
Rarely 5 (41.7)
Sometimes 1(8.3)
Often 3 (25.0)
Always 0 (0.0)
Don't know 3 (25.0)
Reasons for not wearing PPE while applying
pesticides
Don't have access 4 (33.3)
Not important 2 (16.7)
Too expensive 3 (25.0)
It is too hot outside 7 (58.3)
PPE doesn't fit properly 1(8.3)
PPE is uncomfortable 6 (50.0)
Forget to wear PPE 4 (33.3)
Other - the pesticides they use are not 2 (16.7)
dangerous/will not wear PPE depending on
danger of pesticides
Has had respirator fit tested 0 (0.0)

The emergent theme regarding pesticide applica-
tors” herbicide risk perceptions, which are inconsis-
tent with WPS training, also motivated the analysis
of participants’ perceptions of workplace compli-
ance with WPS regulations. In the survey, nearly
73% of participants reported they had received pes-
ticide safety training (Table 4). Of the pesticide
handlers, 8 of the 12 (66.7%) reported they had
received specific pesticide handler safety training,
however only 4 (33.3%) reported they had received
the training in the last year, as required by WPS.

Participants were asked about the way in which
they were notified about pesticide applications at
their workplace; most commonly, they reported
being notified by a supervisor (80.7%) and signs
being posted at the field in English only (19.4%),
Spanish only (4.8%), or both English and Spanish
(45.2%). Six participants (9.7%) reported that they
are not notified by their supervisor or posted signs,
as required by WPS, and are notified in another
manner, such as by the person applying pesticides,
seeing the pesticide application equipment, or being
able to smell the pesticides. Three participants
(4.8%) reported they are not normally notified in
any manner when pesticides are applied at the field
where they work.

During the interviews, participants shared con-
cerns regarding the quality of pesticide safety train-
ing and the lack of notification regarding pesticide
applications (representative quotes shown in
Table 5). Specifically, in addition to some interview
respondents reporting never having been to
a pesticide safety training, respondents shared con-
cerns about the content and quality of the training
they had received, particularly for video trainings.
Participants further reported a lack of notification
about pesticide applications while they are working
in the fields, especially in large fields where signs
could be missed, and some respondents reported
they have previously been working in a field during
aerial pesticide application. Participants additionally
voiced concerns regarding the lack of communica-
tion of pesticide use on nearby farms, and stated that
they are often exposed to pesticides through drift
from these nearby applications. Some suggestions
that participants offered to address these issues
included greater communication between neighbor-
ing farm owners and then between farm owners and
farmworkers, daily briefings for workers, and using
radio to relay health and safety messages.

We also assessed access to bathrooms and hand
wash stations with water, soap, and towels in the
surveys and interviews. While 77% of participants
reported that they are able to wash their hands at
work as often as they need during the survey, most
participants (69.4%) identified at least one barrier
when prompted with specific options. We provided
participants with six potential barriers, and they
could select multiple options. We found that 13
(21.0%) participants selected one barrier; 11
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Table 4. Participant-reported indicators of workplace compliance with worker protection stan-

dards (WPS) regulations.

Characteristic n (%)
Has attended pesticide safety training® 45 (72.6)
Pesticide handler safety training®
Has previously attended pesticide handler safety training (ever) 8 (66.7)
Has attended pesticide handler safety training within last year 4 (333)
Method of notification when pesticides are sprayed at the field where participant works*
Notification from boss/supervisor 50 (80.7)
Notification from person who applies pesticides 20 (32.3)
Sign in English posted in field 40 (64.5)
Sign in Spanish posted in field 31 (50.0)
Not usually notified 3 (4.8)
Frequency of handwashing while working and barriers to washing hands while working®
Able to wash hands at work as often as needed 47 (77.1)
Handwash stations are too far from where they work 25 (40.3)
Handwash stations run out of water 19 (30.1)
Handwash stations run out of soap 21 (33.9)
Handwash stations run out of towels 20 (32.3)
Not given enough breaks to wash hands 13 (21.0)

For all workers (n=62).
PFor pesticide handlers (n=12).
“Participant could select multiple options.

(17.7%) selected two; and 19 (30.6%) selected three
or more. The most commonly reported barriers were
that the handwash stations were too far from where
they typically work (40.3%), and that they run out of
soap (33.9%), water (30.1%), or towels (32.3%).
Seven participants (11.3%) reported that they do
not have handwash stations available where they
are working. Additional barriers to washing hands
as frequently as needed included that the bathrooms
and handwash stations were very dirty, there were
not enough handwash stations for the number of
employees, and that there was “pressure to only use
[the handwash stations] if necessary to deter lazi-
ness”. These results are consistent with findings from
the interviews, in which participants reported incon-
sistent access to bathrooms and hand washing sta-
tions with water, soap, and towels (Table 5).
Participants reported addressing these barriers by
bringing their own water or hand sanitizers, and
using the bathroom in the field.

Discussion

Participants reported indications of inconsistent
workplace compliance with WPS regulations and
training that may have influenced protective
behaviors and pesticide exposure in this mixed-
methods study of Latinx farmworkers in Idaho.
While participants generally indicated high

markers of WPS compliance in the questionnaire,
information from open-ended interviews and
observations made by participants revealed gaps
in workplace training and practices, including
multiple barriers to accessing clean handwashing
stations with soap, water, and towels; insufficient
systems to notify workers of pesticide applica-
tions; and incomplete or incorrect information
regarding the precautions required when working
with pesticides. Interview data also suggest that
existing regulations not sufficiently address parti-
cipants’ concerns, particularly regarding pesticide
drift from nearby farms, where notification may
not be required. Previous studies have high-
lighted the limited control many farmworkers
have over their circumstances at the
workplace,”** underscoring the need for
upstream development and enforcement of health
protective regulations.

The WPS is a federal regulation issued by the EPA
under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) that aims to reduce the
risks of occupational pesticide exposure among agri-
cultural workers and pesticide handlers." Under the
2015 revision, employers are mandated to ensure all
agricultural workers and pesticide handlers receive
annual EPA-approved pesticide safety training, with
some exceptions for immediate family members of
the farm owner." In addition, employers are required
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Table 5. Emerging themes and representative quotes from open-ended interviews highlighting participants’ concerns regarding
pesticide safety training, information about pesticide applications, and handwashing stations at the workplace.

Emerging Theme

Representative Quote(s)

Quality of training

“Well, | think that they should give more guidance. Like their side effects. In the
video, it explains that you have to use pants, gloves, and everything else. But
| think that they should have more signs about spraying pesticides, specifically
what day if it's been more than 72 hours. For us to be cautious because of the
residue. Wash your hands thoroughly. To protect ourselves.”

Lack of notification of pesticide applications

“And then one year ... when we were working on the beets ... and we were in
the fields and we saw the plane go by like that and he just passed and sprayed
over us and we dropped in the field, and | had my little boy, he was three years
old, and he saw it and he fell on the row of the beets and he was crawling and
everyone got sprayed on the back with white stuff on them. We all got
sprayed. But | guess - at that time, nobody reported anything. So, we just
changed our clothes and keep on going.”

“They don't let us know like that. | remember we were harvesting and a little
plane passed by very close by fumigating another field next to us. So, | don't
know if it's something that won't hurt us or if they don't care. | don’t know.
And they say that when they put chemicals on a field, they put a sign up or
something like that. When they put that sign up, they don't have us go in
there, but the sprayers, the tractors pass close by and that doesn’t - that’s
what happens, they don't let us know that much. They don't care that much
about letting us know.”

Pesticide drift

[When asked about experiences with direct contact with pesticides while
working in the fields] “Yes, when they fumigate the neighboring fields. We do
have direct contact with it.” [Interviewer]: “because the wind brings it over?”
[Participant]: “Yes.”

Communication about pesticide applications between
neighboring farms, and between farm owners and
farmworkers

“They could communicate a bit more between themselves and communicate
with us as workers. If they see that — the workers of the other farmer should let
the others know and say, “Hey your people are there, so get out.” Because
sometimes you get there and you smell it. Sometimes it has happened that —
| think more communication between themselves and with us ... “sometimes
[the fields are] long. We don’t know where they put them, if it's at the entry, or
if it's — there are 70 acres of onion ... sometimes you don't know where their
entrance is ... I'll to that edge, but at the other edge, they're fumigating from
the other farm. That's the only bad thing is that they don't communicate.

| think that they should communicate among themselves because sometimes
you're in the field, but the neighbor is spraying. They aren't spraying in your
work site, but someone else is spraying and it makes it to you.”

Access to bathrooms and handwash stations with soap, water,
and towels

“The bathroom is nearby, but sometimes there’s no water. Sometimes | have
water with me, but | also forget to bring it. | have a case of bottled water inside
my car. Just in case | need it.”

“Yes, they don't bring you any water. You are the one who has to bring your
water to wash your hands or your hand sanitizer.”

“I always bring my sanitizer with me, always, because sometimes you are not
near the car and you feel like it, or the bathroom is on the other side of the
field; well, I'm not ashamed to say it, outside the car, you open the door and
there we go to the bathroom. Most of the time we do that because it is close
to us; the bathroom is very far away, and when you really feel like going,
sometimes we don’t wait to go to the bathroom, you just turn around and say,
‘Everybody looks over there because | have an emergency.” We do that, but we
cover it with dirt.”

“Actually, the water is very restricted for us, but we use the same water from
the little bottles of water we drink from to wash our hands.”

to provide access to information about the pesticides ~ “ample” supply of water, soap, and towels (at least
with which workers and handlers may have contact,’ 1 gallon of water for each worker and 3 gallons for
notify workers within a quarter mile of any area that  each handler or early entry worker).® Further, the
is being treated with pesticides or that may be under = Occupational Safety and Health Administration
an REI verbally or by posting warning signs,” and ~ (OSHA) requires toilet facilities for 11 or more
provide decontamination supplies, including an  workers.®



The WPS has additional requirements for
employers of pesticide handlers, broadly defined
as a person who works at an agricultural establish-
ment who mixes, loads or applies agricultural pes-
ticides; assists with pesticide application; cleans,
handles, or disposes of opened pesticide contain-
ers; cleans, handles, or repairs pesticide application
equipment; works as a flagger; or enters an area
after  pesticide application under certain
conditions." In addition to providing or verifying
that each such worker receives annual pesticide
handler safety training, employers are required to
provide a respirator and fit-testing, training, and
a medical evaluation conforming to OSHA stan-
dards if the product labeling of any of the pesti-
cides requires the use of a respirator; provide,
clean, maintain, store, and ensure the use of all
required PPE; provide decontamination supplies;
and provide specific information about pesticide
use and labeling information."* Finally, the WPS
mandates that pesticide handlers follow the pesti-
cide label, which contains information specific to
each pesticide product such as PPE requirements,
safety precautions and directions for use, and the
re-entry interval after application.' If the handler
is not able to understand the pesticide label, it is
the employer’s responsibility to ensure that there is
someone available to explain the health, safety, and
directions for use information.*’

Data from surveys and interviews revealed
potential gaps in workers’ experiences of their
workplace’s compliance with these WPS regula-
tions, with the interviews providing more nuanced
details. For example, while most participants indi-
cated they were able to wash their hands as often
as needed while working, when prompted with
specific exemplars, the majority identified multiple
barriers to accessible hand washing. Further, most
participants indicated they are notified in some
manner about pesticide applications in the field
where they work during the questionnaire; how-
ever, data from interviews revealed multiple issues
regarding communication of pesticide applica-
tions. Namely, participants voiced concerns about
the use of signs alone, as many fields where they
work are extremely large and it can be easy to miss
the postings in certain areas of the field.
Participants also reported in the interviews and
anecdotally during conversations that they had
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been working in or near fields during aerial pesti-
cide application, with some participants reporting
they subsequently experienced an Acute Pesticide
Poisoning (APP). These inconsistencies regarding
workers’ experiences of their workplace’s adoption
of WPS regulations between survey and open-
ended interview responses are largely consistent
with previous studies that have reported discre-
pancies in WPS-endorsed PPBs between partici-
pant report and observations from investigators.
For example, in a study of 71 Latino farmworkers
in North Carolina, researchers found that partici-
pants significantly over-reported hand-washing
before eating or drinking compared to field obser-
vations (p <.01 for each); investigators further
reported that handwash stations were not even
available over one-third of the time.” Future
research studies should consider including open-
ended interviews and/or field observations in con-
junction with any survey questions to more thor-
oughly understand potential barriers.

One of the largest gaps in WPS compliance
participants reported was regarding the percep-
tion of the relative safety of herbicides compared
with other pesticide classes. Multiple participants,
particularly pesticide applicators, reported receiv-
ing information in direct conflict with WPS train-
ing that herbicides as a class are categorically less
dangerous than other pesticides. These percep-
tions of herbicide safety appeared to result in
the adoption of fewer protective behaviors, such
as not wearing PPE while working with herbi-
cides, and may have in turn impacted urinary
herbicide biomarker concentrations. We reviewed
manuals and videos approved for WPS worker/
handler pesticide safety training, and confirmed
these trainings consistently refer to a pesticide as
“any substance used to prevent, destroy, repel, or
reduce the effects of pests”, which may include
“insects, rodents, nematodes (microscopic
worms), fungi (fungus), and weeds”.***! None
of these training materials distinguished pesticide
classes (e.g., herbicides vs. insecticides) in regards
to the level of risk posed to workers/handlers or
the type of PPE that should be worn when hand-
ling that type of pesticide. Rather, all of the
reviewed materials indicate that the pesticide
label, which is unique to each product, contains
information about that product’s toxicity, and
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that handlers should read the pesticide label and
wear the PPE required for that product.

Supplementary Figure 1 provides examples of
pesticide label for products containing glyphosate,
2,4-D, and Dicamba. These example labels high-
light both the PPE requirements and the different
re-entry intervals for specific products, raising
concerns over participants’ comments that signs
are not typically placed in the fields after the
application of herbicides. Our review of these
training materials and pesticide labels suggests
that participants’ perceptions of the lower risk of
herbicides and subsequent behaviors, including
not wearing PPE while handling herbicides, likely
did not originate from EPA-approved WPS train-
ing. This is also particularly concerning due to
“herbicide stacking”. Weeds are increasingly
becoming resistant to multiple herbicides with dif-
ferent modes of action, requiring the use herbi-
cides mixtures (e.g., simultaneous use of
glyphosate and dicamba), when previously one of
these herbicides in isolation could have effectively
controlled weeds at the same application rates.*>*
While a particular pesticide product may have
minimal PPE requirements, the growth of multi-
herbicide resistant weeds suggests that farmwor-
kers are increasingly handling multiple types of
herbicides, underscoring concerns that they may
not be receiving proper safety instruction and
using the correct PPE.

Future studies should evaluate sources of infor-
mation guiding these herbicide risk perceptions to
address potential misconceptions. One potential
explanation is that participants may perceive
insecticides to present a greater acute health risk
(e.g., through pesticide poisoning). However,
exposure to herbicides has also been associated
with adverse health outcomes, underscoring the
importance of following proper safety behaviors.
Notably, the International Agency for Research on
Cancer (IARC) has listed glyphosate as a probable
human carcinogen,** and higher prenatal glypho-
sate exposure has been associated with an
increased risk of adverse birth outcomes, including
preterm birth,*> shortened gestational length,*
and reduced fetal growth®® in non-occupational
populations. Occupational exposure to herbicides
like 2,4-D has been associated with outcomes such
as Parkinson’s Disease,*”*® and in wvitro and

toxicological evidence suggest that glyphosate,
2,4-D, and dicamba, alone or in combination,
may have carcinogenic properties such as DNA
damage and oxidative stress.*>”°

Notably, while WPS requirements were updated
in 2015," there has been no systematic evaluation
of the training and its impacts on farmworkers’
pesticide exposure, risk perceptions, adoption of
protective behaviors, or perceived control to miti-
gate pesticide exposure. Findings from this study
highlight some potential gaps in WPS regulation
and suggest a widespread evaluation is warranted.
In addition to reported gaps in adherence with
WPS, participants voiced concerns suggesting
that current regulations may not be sufficiently
protective even at farms with high levels of com-
pliance, particularly in regards to pesticide safety
training. The EPA does not require employers to
provide the training to workers themselves and has
approved a variety of formats for administering
WPS training, including presentations by qualified
WPS trainers or showing an EPA-approved video.
The majority of participants anecdotally reported
receiving training from the videos; in line with
findings from previous studies,”** we found parti-
cipants typically did not view this as an engaging
or useful format to learn and retain important
safety information, and a number expressed
a preference for in-person trainings. Concerns
regarding video trainings raised in previous stu-
dies include workers not being able to ask ques-
tions, the ability for participants to not pay
attention, and not meeting the needs of non-
Spanish speakers.”!

In addition to improved trainings, the findings
from our study and others highlight that the
upstream provision of resources, including some
not currently required under WPS, are ultimately
necessary to protect farmworkers,” as individual
behavioral changes alone are insufficient,”® and
circumstances affecting pesticide exposure are
often outside of farmworkers’ control.”>> For
example, previously reported barriers to the adop-
tion of WPS-recommended PPBs including not
having access to PPE™* or laundry facilities*>”;
not being able to read warning signs after pesticide
application'>”"; and not being able to read the
pesticide safety label or simply not being provided
information on which pesticide product they are



handling.”>**” Further, previous studies have
shown that some of the primary determinants for
engaging in PPBs such as using PPE or washing
hands while working are employer provisioning of
protective equipment'"** and the availability of
handwash stations at the workplace.* Thus,
while trainings and education are important to
inform pesticide risk perceptions and encourage
the adoption of PPBs,** systematic changes inside
and outside of the workplace are ultimately needed
to provide farmworkers the autonomy and control
to engage in safety behaviors.

Findings from this study should be interpreted
in light of various strengths and limitations. This
was a relatively small cross-sectional pilot study
conducted in a limited geographic setting.
Further, the primary goal of this study was to
assess pesticide exposure and risk perceptions
among farmworkers. Thus, some observations
regarding participants’ perceptions are based on
informal observations and conversations with par-
ticipants; however, our findings are supported by
open-ended interviews, survey responses, and bio-
monitoring data. Additionally, we intentionally
did not ask participants about the farm where
they worked or who they were employed by to
protect their confidentiality and anonymity, and
it is likely some participants worked for the same
employer/labor contractor. Some of the items we
evaluated in this analysis are largely farm charac-
teristics (e.g., availability of hand wash stations),
and we are not able to disentangle how many
participants were reporting on characteristics at
the same farm. We suggest future studies explore
potential ways to assess or control for the number
of participants from a particular farm while also
prioritizing confidentiality.

This study also has a number of strengths.
Notably, this is one of the only mixed-methods
studies examining both urinary pesticide biomar-
ker concentrations and participants’ perceptions
and experiences of pesticide risk and WPS com-
pliance. The semi-structured interviews from this
study provide vital context to the findings from
the surveys and urinary pesticide biomarker ana-
lysis and also provide more nuanced information
regarding participants’ perceptions of potential
gaps in workplace compliance with WPS regula-
tions. We further examined these questions in one
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of the few studies enrolling a cohort of farmwor-
kers balanced on gender. Women are increasing in
the workforce in the US, and worldwide and gen-
der has been shown to influence risk perceptions
and protective behaviors,”® underscoring the
importance of examining the experiences of both
men and women. Our study provides novel data
regarding potential differences in the perceptions
of herbicide risk that should be explored in larger
studies with more geographical diversity.

We have a number of recommendations to
increase farmworker protection from pesticides
based on the findings from this and previous studies:

(1) Improved pesticide safety training. Taken with
previous studies, our findings suggest that
WPS-approved  pesticide safety  videos,
a common format through which this required
training is provided, may not be very effective
at providing farmworkers with necessary safety
information. We encourage the implementa-
tion of more engaging trainings, such as in-
person instruction or WPS-approved “train
the trainer” sessions that allows participants
to ask questions and interact with other farm-
workers and the instructor in the language
most comfortable to the workers.

(2) Enhanced communication regarding the
specific pesticide products farmworkers are
handling, including all relevant safety
requirements.  Pesticide handlers are
expected to read and understand complex
pesticide safety labels to follow the proper
safety precautions and wear the required
PPE. There are multiple potential barriers
to this, including safety labels having incon-
sistent formatting, being printed in English,
whereas the majority of farmworkers speak
Spanish or another language, and handlers
not being provided with the required PPE.
Further, anecdotal evidence from this and
our previous work suggests farmworkers are
rarely informed of the specific products they
are handling, preventing the adoption of
proper safety precautions. This is particu-
larly important with the increasing use of
mixtures of pesticide products with different
PPE and safety requirements to address
multi-pesticide resistance.
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(3)

(4)

Improved communication about pesticide
applications on and near fields where peo-
ple are working. While the WPS does not
require notification of pesticide use out-
side of the Application Exclusion Zone
(AEZ) (which is typically 25 or 100 feet,
depending on the application type),” our
findings suggest farmworkers would like
to be notified of the timing, location, and
type of pesticide used in fields near where
they are working. These concerns are
underscored by multiple participants
reporting being in a field during aerial
pesticide application, suggesting there are
sometimes breakdowns in communication
resulting in people working inside the
AEZ. Some suggestions provided by parti-
cipants included improved communica-
tion between the owners of neighboring
farms, which is then transmitted clearly
to farmworker’s; daily briefings; and
radio messages with health and safety
information.

Improved regulations regarding hand-
wash stations and bathrooms at the
workplace.  'WPS encourages behaviors
such as washing hands before eating or
drinking while at work, and these beha-
viors have consistently been associated
with decreased urinary concentrations of
pesticide biomarkers. However, the offi-
cial WPS regulations are ambiguous, and
indicate there must be “ample” access to
water, soap, and towels. There are also no
specific guidelines regarding sanitation
requirements for bathrooms, and many
participants shared concerns regarding
the cleanliness of the toilets, with some
reporting solutions such as going to the
bathroom in the field. Further, some par-
ticipants reported using hand sanitizer
because water is not available at work,
which may not effectively reduce pesti-
cide residues. We also encourage
improved access to clean housing with
bathrooms and laundry facilities to
increase farmworkers’ ability to adhere
to WPS-recommended PPBs outside of
the workplace.

Conclusion

Our study provides novel data suggesting that
some farmworkers receive workplace training
that herbicides are categorically safer than other
pesticide classes, and that this may in turn impact
protective behaviors, and ultimately, urinary her-
bicide concentrations. These findings are particu-
larly concerning given the increased use of
herbicide mixtures with greater PPE requirements
to combat multiple-herbicide resistant weeds. Our
findings also suggest that current WPS regulations
may not sufficiently address farmworkers’ con-
cerns regarding notification of pesticide applica-
tions on and near the farm where they are
working. Systems-level regulations and provision
of resources inside and outside of the workplace
(e.g., provision of PPE; access to safe and clean
housing with laundry facilities; engaging pesticide
safety training; and improved communication
regarding pesticide applications) are needed to
provide farmworkers the control to engage in
behaviors to protect themselves from pesticides.

Abbreviations

EPA Environmental Protection Agency

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
opP Organophosphate

PPB Pesticide Protective Behavior

REI Restricted Entry Interval

WPS  Worker Protection Standard
Acknowledgments

We gratefully acknowledge the study participants and our
numerous community partners who helped us recruit parti-
cipants, including (but not limited to) the Idaho
Organization for Resource Councils, the Northwest Center
for Alternatives to Pesticides, Latinx Farmworkers of
Southern Idaho, the Boise State University College
Assistance Migrant Program, Community Council of Idaho,
St. Luke’s Ventana de Salad, the St. Alphonsus mobile health
clinics, the Centro de Comunidad y Justicia, the Mexican
Consulate in Boise, and various school districts and Head
Start programs. We thank Lorely Lira, Yasmin Estrella, and
Laura Villegas-Ortiz for assisting with fieldwork and data
collection. We thank Drs. Eric Gaudrea, Jessica Larose, and
Jean-Frangois Bienvenu at the Centre de Toxicologie du
Québec (CTQ), Institut national de santé publique du
Québec for conducting the urinary pesticide analysis. This
work was supported by the Pacific Northwest Occupational
Safety and Health Center (NIOSH/CDC Cooperative



Agreement #5 U54 OHO007544), the Northwest Center for
Occupational Health and Safety (NWCOHS) Professional
Training Opportunity Program grant (NIOSH Federal
Training Grant T420H008433), and the St. Luke’s Health
System.

Disclosure statement

The authors declare they have no actual or potential conflicts
of interest.

Funding

The work was supported by the National Institute for
Occupational Safety and Health [T420H008433] and [U54
OH007544].

References

1.

Weber J, Castro-Escobar A National Worker
Protection Standard: a manual for Trainers of
Agricultural Workers and pesticide handlers. pesticide
educational resources collaborative (PERC): 2016.
Zuniga-Venegas LA, Hyland C, Muioz-Quezada MT,
et al. Health effects of pesticide exposure in Latin
American and the Caribbean populations: a scoping
review. Environ Health Perspect. 2022;130(9):96002.
[published correction appears in Environ Health
Perspect. 2023  Aug;131(8):89001].  doi:10.1289/
EHP9934.

Curl CL, Spivak M, Phinney R, Montrose L. Synthetic
Pesticides and Health in vulnerable populations: agri-
cultural workers. Curr Environ Health Rep. 2020;7
(1):13-29. doi:10.1007/s40572-020-00266-5.

Kaur K, Kaur R. Occupational Pesticide Exposure,
Impaired DNA Repair, and Diseases. Indian ] Occup
Environ Med. 2018;22(2):74-81. doi:10.4103/ijoem.
IJOEM_45_18.

Ye M, Beach J, Martin JW, Senthilselvan A.
Occupational pesticide exposures and respiratory
health. Int J Environ Res Public Health. 2013;10
(12):6442-6471. doi:10.3390/ijerph10126442.

U.S. Environmental Protection Agency. Regulatory
information for the 2015 agricultural worker protec-
tion standard (WPS). https://www.epa.gov/pesticide-
worker-safety/regulatory-information-2015-
agricultural-worker-protection-standard-wps. Accessed
May 25, 2023 .

U.S. Environmental Protection Agency. Worker protec-
tion standard frequently asked questions. 40 CFR part
170. 2016. https://www.epa.gov/sites/default/files/2016-
04/documents/wps-faq.pdf. AccessedMay 25, 2023 .
U.S. Environmental Protection Agency. Pesticides;
agricultural worker protection standard revisions.
A rule by the Environmental protection Agency.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

JOURNAL OF AGROMEDICINE (&) 15

2015. https://www.epa.gov/pesticide-worker-safety
/regulatory-information-2015-agricultural-worker-
protection-standardwps

Walton AL, LePrevost C, Wong B, et al. Observed and
self-reported pesticide protective behaviors of latino
migrant and seasonal farmworkers. Environ Res.
2016;147:275-283. doi:10.1016/j.envres.2016.02.020.
Fuhrimann S, Staudacher P, Lindh C, et al. Variability
and predictors of weekly pesticide exposure in applica-
tors from organic, sustainable and conventional small-
holder farms in Costa Rica. Occup Environ Med.
2020;77(1):40-47. doi:10.1136/0emed-2019-105884.
Levesque DL, Arif AA, Shen ]. Effectiveness of pesti-
cide safety training and knowledge about pesticide
exposure among hispanic farmworkers. J Occup
Environ Med. 2012;54(12):1550-1556. doi:10.1097/
JOM.0b013e3182677d96.

Barron Cuenca J, Tirado N, Vikstrom M, et al.
Pesticide exposure among Bolivian farmers: associa-
tions between worker protection and exposure biomar-
kers [published correction appears in. 2019 Jun 14.
J Expo Sci Environ Epidemiol. 2020;30(4):730-742.
[published correction appears in J Expo Sci Environ
Epidemiol. 2022 Sep;32(5):782] doi:10.1038/s41370-
019-0128-3.

Lopez-Galvez N, Wagoner R, Beamer P, de Zapien J,
Rosales C. Migrant farmworkers’ exposure to pesticides
in Sonora, Mexico. Int | Environ Res Public Health.
2018;15(12):2651. doi:10.3390/ijerph15122651.
Furlong M, Tanner CM, Goldman SM, et al
Protective glove use and hygiene habits modify the
associations of specific pesticides with Parkinson’s
disease. Environ Int. 2015;75:144-150. do0i:10.1016/j.
envint.2014.11.002.

Salvatore AL, Bradman A, Castorina R,
Occupational behaviors and farmworkers’ pesticide
exposure: findings from a study in Monterey County,
California. Am J Ind Med. 2008;51(10):782-794. doi:10.
1002/ajim.20622.

Quandt SA, Hernandez-Valero MA, Grzywacz ]G,
Hovey JD, Gonzales M, Arcury TA. Workplace, house-
hold, and personal predictors of pesticide exposure for

et al

farmworkers. Environ Health Perspect. 2006;114
(6):943-952. doi:10.1289/ehp.8529.
Hernidndez-Valero MA, Bondy ML, Spitz MR,

Zahm SH. Evaluation of Mexican American migrant
farmworker work practices and organochlorine pesti-
cide metabolites. Am J Ind Med. 2001;40(5):554-560.
doi:10.1002/ajim.10008.

Bradman A, Salvatore AL, Boeniger M, et al
Community-based intervention to reduce pesticide
exposure to farmworkers and potential take-home
exposure to their families. J Expo Sci Environ
Epidemiol. 2009;19(1):79-89. doi:10.1038/jes.2008.18.
Curwin BD, Hein M], Sanderson WT, Nishioka M,
Buhler W. Acephate exposure and decontamination
on tobacco harvesters’ hands. J Expo Anal Environ


https://doi.org/10.1289/EHP9934
https://doi.org/10.1289/EHP9934
https://doi.org/10.1007/s40572-020-00266-5
https://doi.org/10.4103/ijoem.IJOEM_45_18
https://doi.org/10.4103/ijoem.IJOEM_45_18
https://doi.org/10.3390/ijerph10126442
https://www.epa.gov/pesticide-worker-safety/regulatory-information-2015-agricultural-worker-protection-standard-wps
https://www.epa.gov/pesticide-worker-safety/regulatory-information-2015-agricultural-worker-protection-standard-wps
https://www.epa.gov/pesticide-worker-safety/regulatory-information-2015-agricultural-worker-protection-standard-wps
https://www.epa.gov/sites/default/files/2016-04/documents/wps-faq.pdf
https://www.epa.gov/sites/default/files/2016-04/documents/wps-faq.pdf
https://www.epa.gov/pesticide-worker-safety/regulatory-information-2015-agricultural-worker-protection-standardwps
https://www.epa.gov/pesticide-worker-safety/regulatory-information-2015-agricultural-worker-protection-standardwps
https://www.epa.gov/pesticide-worker-safety/regulatory-information-2015-agricultural-worker-protection-standardwps
https://doi.org/10.1016/j.envres.2016.02.020
https://doi.org/10.1136/oemed-2019-105884
https://doi.org/10.1097/JOM.0b013e3182677d96
https://doi.org/10.1097/JOM.0b013e3182677d96
https://doi.org/10.1038/s41370-019-0128-3
https://doi.org/10.1038/s41370-019-0128-3
https://doi.org/10.3390/ijerph15122651
https://doi.org/10.1016/j.envint.2014.11.002
https://doi.org/10.1016/j.envint.2014.11.002
https://doi.org/10.1002/ajim.20622
https://doi.org/10.1002/ajim.20622
https://doi.org/10.1289/ehp.8529
https://doi.org/10.1002/ajim.10008
https://doi.org/10.1038/jes.2008.18

16 (&) C.HYLAND ET AL.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Epidemiol.
7500271.
Arcury TA, Quandt SA, Rao P, et al. Organophosphate
pesticide exposure in farmworker family members in
Western North  Carolina and  Virginia: case
comparisons. Hum Organ. 2005;64(1):40-51. doi:10.
17730/humo.64.1.t8t156m6mf3w5bp3.

Darker C. Risk perception. In: Gellman M Turner J,
eds. Encyclopedia of Behavioral Medicine. New York:
Springer; 2013:pp. 1689-1691.

Edelson M, Monani S, Platt RV. Migrant farmworkers’
perceptions of pesticide risk exposure in Adams
County, Pennsylvania: a cultural risk assessment.
J Agric Food Sys Community Dev. 2018;8(1):71-96.
doi:10.5304/jafscd.2018.081.005.

Strong LL, Thompson B, Koepsell TD, Meischke H.
Factors associated with pesticide safety practices in
farmworkers. Am J Ind Med. 2008;51(1):69-81. doi:10.
1002/ajim.20519.

Ciesielski S, Loomis DP, Mims SR, Auer A. Pesticide
exposures, cholinesterase depression, and symptoms

2003;13(3):203-210. doi:10.1038/sj.jea.

among North Carolina migrant farmworkers. Am
J Public Health. 1994;84(3):446-451. doi:10.2105/ajph.
84.3.446.

Walton AL, LePrevost CE, Linnan L, Sanchez-
Birkhead A, Benefits MK, Facilitators. Barriers, and
strategies to improve pesticide protective behaviors:
insights from farmworkers in North Carolina tobacco
fields. Int J Environ Res Public Health. 2017;14(7):677.
doi:10.3390/ijerph14070677.

Zahm SH, Weisenburger DD, Babbitt PA, et al. A case-
control study of non-Hodgkin’s lymphoma and the
herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) in
eastern Nebraska. Epidemiology. 1990;1(5):349-356.
doi:10.1097/00001648-199009000-00004.

Thompson SC, Schlehofer MM. Perceived control
2020. National Cancer Institute Division of Cancer
Control & Population Sciences. https://cancercontrol.
cancer.gov/brp/research/constructs/perceived-control.
Hyland C, Hernandez A, Gaudreau E, et al
Examination of urinary pesticide concentrations, pro-
tective behaviors, and risk perceptions among latino
and latina farmworkers in Southwestern Idaho.
Int ] Hyg Environ Health. 2024;255:114275. doi:10.
1016/j.ijheh.2023.114275.

Larose J, Bienvenu JF, Bélanger P, E G Yuly,
Guise DM. New sensitive LC-MS/MS method for the
simultaneous determination of 13 phenolic and car-
boxylic acid pesticide biomarkers in human urine,
including dicamba. Chemosphere. 2023;344:140349.
doi:10.1016/j.chemosphere.2023.140349.

Bienvenu JF, Bélanger P, E G, Provencher G, Fleury N.
Determination of glyphosate, glufosinate and their
major metabolites in urine by the UPLC-MS/MS
method applicable to biomonitoring and epidemiolo-
gical studies. Anal Bioanal Chem. 2021;413
(8):2225-2234. d0i:10.1007/s00216-021-03194-x.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Hornung RW, Reed LD. Estimation of average concen-
tration in the presence of nondetectable values. Appl
Occup Environ Hygiene. 1990;5(1):46-51. doi:10.1080/
1047322X.1990.10389587.

Duty SM, Ackerman RM, Calafat AM, Hauser R.
Personal care product use predicts urinary concentra-
tions of some phthalate monoesters. Environ Health
Perspect. 2005;113(11):1530-1535. doi:10.1289/ehp.8083.
U.S. Department of Labor. OSHA field sanitation for
agricultural employers. https://www.dol.gov/agencies/
whd/agriculture/field-sanitation/osha-field-sanitation-
for-ag-workers.cited .AccessedNovember 23, 2022.
U.S. EPA. Agricultural Worker Protection Standard
(WPS). https://www.epa.gov/pesticide-worker-safety
/agricultural-worker-protection-standard-
wps#complying. Accessed November 23 ,2022.

Giesen L, Roeser A. Structuring a team-based approach
to coding qualitative data. Int ] Qual Methods.
2020;19:1-7. doi:10.1177/1609406920968700.

Elliott V. Thinking about the coding process in quali-
tative data analysis. Qual Rep. 2018;23:2850-2861.
doi:10.46743/2160-3715/2018.3560.

O’Kane P, Smith A, Lerman M. Building transparency
and trustworthiness in inductive research through
computer-aided qualitative data analysis software.
Organ Res Methods. 2019;24(1):104-139. doi:10.1177/
1094428119865016.

Hall WA, Long B, Bermbach N, Jordan §,
Patterson K. Qualitative teamwork issues and strate-
gies: coordination through mutual adjustment. Qual
Health  Res.  2005;15(3):394-410.  doi:10.1177/
1049732304272015.

U.S. EPA. Agricultural Worker Protection Standard
(WPS) comparison of the revised protections to the
previous protections 2017. https://www.epa.gov/sites/
default/files/2017-01/documents/comparison_chart_
wps_011117_cwpb.pdf. Accessed May 25, 2023.
Pesticide Education Resource Collaborative (PERC).
Worker Protection Standard (WPS) for pesticide
handlers. EPA Approval Number: EPA Handler PST
00031. 2018 https://www.youtube.com/watch?v=
22RGYppZw_E. Accessed May 25, 2023.

Pesticide Education Resource Collaborative (PERC).
Worker Protection Standard (WPS) for agricultural
workers. EPA approval number: EPA Worker PST
00028. 2018 https://www.youtube.com/watch?v=
1SQ9pMy02dU. Accessed May 25, 2023.

Ganie Z, Jhala A Multiple herbicide-resistant weeds
and challenges ahead. 2015. University of Nebrasksa
Institute of Agriculture and Natural Resources. https://
cropwatch.unl.edu/multiple-herbicide-resistant-weeds-
and-challenges-ahead.

Torra J, Osuna MD, Merotto A, Vila-Aiub ME.
Multiple herbicide-resistant weeds and non-target site
resistance mechanisms: a global challenge for food
production. Front Plant Sci. 2021;12:763212. doi:10.
3389/fpls.2021.763212.


https://doi.org/10.1038/sj.jea.7500271
https://doi.org/10.1038/sj.jea.7500271
https://doi.org/10.17730/humo.64.1.t8t156m6mf3w5bp3
https://doi.org/10.17730/humo.64.1.t8t156m6mf3w5bp3
https://doi.org/10.5304/jafscd.2018.081.005
https://doi.org/10.1002/ajim.20519
https://doi.org/10.1002/ajim.20519
https://doi.org/10.2105/ajph.84.3.446
https://doi.org/10.2105/ajph.84.3.446
https://doi.org/10.3390/ijerph14070677
https://doi.org/10.1097/00001648-199009000-00004
https://cancercontrol.cancer.gov/brp/research/constructs/perceived-control
https://cancercontrol.cancer.gov/brp/research/constructs/perceived-control
https://doi.org/10.1016/j.ijheh.2023.114275
https://doi.org/10.1016/j.ijheh.2023.114275
https://doi.org/10.1016/j.chemosphere.2023.140349
https://doi.org/10.1007/s00216-021-03194-x
https://doi.org/10.1080/1047322X.1990.10389587
https://doi.org/10.1080/1047322X.1990.10389587
https://doi.org/10.1289/ehp.8083
https://www.dol.gov/agencies/whd/agriculture/field-sanitation/osha-field-sanitation-for-ag-workers.cited
https://www.dol.gov/agencies/whd/agriculture/field-sanitation/osha-field-sanitation-for-ag-workers.cited
https://www.dol.gov/agencies/whd/agriculture/field-sanitation/osha-field-sanitation-for-ag-workers.cited
https://www.epa.gov/pesticide-worker-safety/agricultural-worker-protection-standard-wps#complying
https://www.epa.gov/pesticide-worker-safety/agricultural-worker-protection-standard-wps#complying
https://www.epa.gov/pesticide-worker-safety/agricultural-worker-protection-standard-wps#complying
https://doi.org/10.1177/1609406920968700
https://doi.org/10.46743/2160-3715/2018.3560
https://doi.org/10.1177/1094428119865016
https://doi.org/10.1177/1094428119865016
https://doi.org/10.1177/1049732304272015
https://doi.org/10.1177/1049732304272015
https://www.epa.gov/sites/default/files/2017-01/documents/comparison_chart_wps_011117_cwpb.pdf
https://www.epa.gov/sites/default/files/2017-01/documents/comparison_chart_wps_011117_cwpb.pdf
https://www.epa.gov/sites/default/files/2017-01/documents/comparison_chart_wps_011117_cwpb.pdf
https://www.youtube.com/watch?v=z2RGYppZw_E
https://www.youtube.com/watch?v=z2RGYppZw_E
https://www.youtube.com/watch?v=1SQ9pMy02dU
https://www.youtube.com/watch?v=1SQ9pMy02dU
https://cropwatch.unl.edu/multiple-herbicide-resistant-weeds-and-challenges-ahead
https://cropwatch.unl.edu/multiple-herbicide-resistant-weeds-and-challenges-ahead
https://cropwatch.unl.edu/multiple-herbicide-resistant-weeds-and-challenges-ahead
https://doi.org/10.3389/fpls.2021.763212
https://doi.org/10.3389/fpls.2021.763212

44.

45.

46.

47.

48.

49.

50.

51.

52.

Cressey D. Widely used herbicide linked to cancer.
Nature. 2015. doi:10.1038/nature.2015.17181.

Silver MK, Fernandez J, Tang J, et al. Prenatal exposure
to glyphosate and its environmental degradate, amino-
methylphosphonic acid (AMPA), and preterm birth:
a Nested Case-Control Study in the PROTECT cohort
(Puerto rico). Environ Health Perspect. 2021;129
(5):57011. doi:10.1289/EHP7295.

Parvez S, Gerona RR, Proctor C, et al. Glyphosate
exposure in pregnancy and shortened gestational
length: a prospective Indiana birth cohort study.
Environ Health. 2018;17(1):23. do0i:10.1186/s12940-
018-0367-0.

Narayan S, Liew Z, Bronstein JM, Ritz B. Occupational
pesticide use and Parkinson’s disease in the parkinson
environment gene (PEG) study. Environ Int.
2017;107:266-273. doi:10.1016/j.envint.2017.04.010.
Tanner CM, Ross GW, Jewell SA, et al. Occupation and
risk of parkinsonism: a multicenter case-control study.
Arch Neurol. 2009;66(9):1106-1113. doi:10.1001/arch
neurol.2009.195.

Mesnage R, Brandsma I, Moelijker N, Zhang G,
Antoniou MN. Genotoxicity evaluation of 2,4-D,
dicamba and glyphosate alone or in combination with
cell reporter assays for DNA damage, oxidative stress
and unfolded protein response. Food Chem Toxicol.
2021;157:112601. doi:10.1016/j.fct.2021.112601.
Laborde MRR, Larramendy ML, Soloneski S. Cytotoxic
and genotoxic assessments of 2,4-dichlorophenoxyacetic
acid (2,4-D) in in vitro mammalian cells. Toxicol In Vitro.
2020;65:104783. doi:10.1016/j.tiv.2020.104783.

Arcury TA, Estrada JM, Quandt SA. Overcoming lan-
guage and literacy barriers in safety and health training
of agricultural workers. ] Agromedicine. 2010;15
(3):236-248. doi:10.1080/1059924X.2010.486958.
Arcury TA, Quandt SA, Cravey AJ, Elmore RC,
Russell GB. Farmworker reports of pesticide safety

53.

54.

55.

56.

57.

58.

59.

JOURNAL OF AGROMEDICINE (&) 17

and sanitation in the work environment. Am ] Ind
Med. 2001;39(5):487-498. doi:10.1002/ajim.1042.
Austin C, Arcury TA, Quandt SA, Preisser JS,
Saavedra RM, Cabrera LF. Training farmworkers
about pesticide safety: issues of control. J Health Care
Poor Underserved. 2001;12(2):236-249. doi:10.1353/
hpu.2010.0744.

Colindres C, Cohen A, Caxaj CS. Migrant Agricultural
Workers’ Health, safety and access to protections:
a Descriptive Survey Identifying Structural Gaps and
vulnerabilities in the Interior of British Columbia,
Canada [published correction appears in int.
Int ] Environ Res Public Health. 2021 [2021 Sep 28]
;18(7):3696. doi:10.3390/ijerph18073696.

Whalley LE, Grzywacz JG, Quandt SA, et al. Migrant
farmworker field and camp safety and sanitation in
eastern North Carolina. ] Agromedicine. 2009;14
(4):421-436. doi:10.1080/10599240903389508.
LePrevost CE, Storm JF, Blanchard MR, Asuaje CR,
Cope WG. Engaging latino farmworkers in the devel-
opment of symbols to improve pesticide safety and
health education and risk communication. J Immigr
Minor  Health. 2013;15(5):975-981.  d0i:10.1007/
$10903-012-9685-4.

Galvin K, Kasner E, Cruz I, Palmandez P. Bridging
safety language disparities in orchards: a pesticide
label Mobile app. J Agromed. 2021;26(1):6-14. doi:10.
1080/1059924X.2020.1795035.

Cabrera NL, Leckie JO. Pesticide risk communication,
risk perception, and self-protective behaviors among
farmworkers in California’s Salinas Valley. Hisp
] Behav  Sci. 2009;31(2):258-272.  doi:10.1177/
0739986309331877.

Pesticide education resource collaborative (PERC).
WPS fact sheet: application exclusion zone (AEZ).
https://pesticideresources.org/wps/guide/aez/short.
html. cited June 2, 2023.


https://doi.org/10.1038/nature.2015.17181
https://doi.org/10.1289/EHP7295
https://doi.org/10.1186/s12940-018-0367-0
https://doi.org/10.1186/s12940-018-0367-0
https://doi.org/10.1016/j.envint.2017.04.010
https://doi.org/10.1001/archneurol.2009.195
https://doi.org/10.1001/archneurol.2009.195
https://doi.org/10.1016/j.fct.2021.112601
https://doi.org/10.1016/j.tiv.2020.104783
https://doi.org/10.1080/1059924X.2010.486958
https://doi.org/10.1002/ajim.1042
https://doi.org/10.1353/hpu.2010.0744
https://doi.org/10.1353/hpu.2010.0744
https://doi.org/10.3390/ijerph18073696
https://doi.org/10.1080/10599240903389508
https://doi.org/10.1007/s10903-012-9685-4
https://doi.org/10.1007/s10903-012-9685-4
https://doi.org/10.1080/1059924X.2020.1795035
https://doi.org/10.1080/1059924X.2020.1795035
https://doi.org/10.1177/0739986309331877
https://doi.org/10.1177/0739986309331877
https://pesticideresources.org/wps/guide/aez/short.html
https://pesticideresources.org/wps/guide/aez/short.html

	Abstract
	Introduction
	Methods
	Recruitment, enrollment, and consent
	Data collection
	Interviews
	Urinary pesticide analysis
	Data analysis
	Mixed methods data integration

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Disclosure statement
	Funding
	References

