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Background: Assessment of occupational pesticide exposures based on self-reported informa-
tion can be challenging, particularly with immigrant farm worker populations for whom
specialized methods are needed to address language and cultural barriers and account for
limited literacy. An audio computer-assisted self-interview (A-CASI) survey instrument was
developed to collect information about organophosphate (OP) and N-methyl-carbamate
(CB) exposures and other personal characteristics among male agricultural pesticide handlers
for an ongoing cholinesterase biomonitoring study in Washington State.

Objectives: To assess the feasibility of collecting data using the A-CASI instrument and eval-
uate reliability for a subset of survey items.

Methods: The survey consisted of 64 items administered in Spanish or English on a touch-
screen tablet computer. Participants listened to digitally recorded questions on headphones
and selected responses on the screen, most of which were displayed as images or icons to facil-
itate participation of low literacy respondents. From 2006-2008, a total of 195 participants
completed the survey during the OP/CB application seasons on at least one occasion. Percent
agreement and kappa coefficients were calculated to evaluate test-retest reliability for selected
characteristics among 45 participants who completed the survey on two separate occasions
within the same year.

Results: Almost all participants self-identified as Hispanic or Latino (98%), and 97 % com-
pleted the survey in Spanish. Most participants completed the survey in a half-hour or less,
with minimal assistance from on-site research staff. Analyses of test-retest reliability showed
substantial agreement for most demographic, work history, and health characteristics and at
least moderate agreement for most variables related to personal protective equipment use
during pesticide applications.

Conclusions: This A-CASI survey instrument is a novel method that has been used success-
fully to collect information about OP/CB exposures and other personal characteristics among
Spanish-speaking agricultural pesticide handlers.
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INTRODUCTION

Accurate classification of exposures is critical in occu-
pational epidemiology studies. Often, direct measure-
ments of exposures are unavailable, and researchers
must rely on questionnaires to collect exposure infor-
mation retrospectively. Although questionnaires can
be an efficient means of data collection, exposure mis-
classification due to inaccuracies in self-reporting can
obscure true exposure—response relations (Perry et al.,
2006). Even standardized survey instruments and
methods that have been well validated in the general
population may not be effective with population sub-
groups that differ with respect to primary language
and culture and have low levels of formal education
and literacy (Zahm et al., 2001). Recently developed
survey methods and technologies may be useful for
improving the accuracy of self-reported occupational
exposure information in studies involving immigrant
and low literacy worker populations.

One increasingly popular method that has been
used successfully in various epidemiologic studies is
audio computer-assisted self-interviewing (A-CASI).
With A-CASI software, questions and potential re-
sponses are displayed on the computer screen and
are narrated using digitally generated or recorded au-
dio. Responses are entered directly into the computer
on a touch screen, an adapted keyboard, or a tradi-
tional keyboard. Previous studies utilizing A-CASI
instruments have demonstrated that data are reliable
and that participants may be more willing to report
sensitive information with an A-CASI instrument
than in a paper-based self-administered questionnaire
or face-to-face interview (Turner ef al., 1998; Kurth
et al., 2004). Relative to traditional paper-based
self-administered questionnaires, potential advantages
of A-CASI instruments include privacy of responses,
participation of individuals with low literacy levels,
branching logic and automated skip patterns, and effi-
cient data entry and management (Bloom, 1998).
Other strengths relative to face-to-face interviews in-
clude standardized question delivery and the ability to
administer surveys in multiple languages.

A-CASI instruments have been more widely ac-
cepted in studies of sensitive behaviors (i.e. sexual
history, substance use) or stigmatized conditions
(i.e. psychiatric symptoms; Brown et al., 2008).
However, relatively few studies have used A-CASI
for occupational exposure assessment. In this paper,
we describe an A-CASI instrument that was devel-
oped to collect information about organophosphate
(OP) and N-methyl-carbamate (CB) exposures
among Washington State agricultural pesticide han-
dlers in an ongoing longitudinal study of risk factors

for cholinesterase (ChE) inhibition (Hofmann et al.,
2009; Hofmann et al., 2010). This study assessed the
feasibility of collecting data using the A-CASI in-
strument and evaluated the reliability of reported in-
formation for a subset of items in the survey.

METHODS

Survey development

This A-CASIinstrument was developed by a collab-
orative team including investigators from the Univer-
sity of Washington and pesticide safety educators
from the Washington State Department of Agriculture,
all of whom were bilingual in English and Spanish. A
preliminary version of the survey was developed in
English and translated into Spanish by a professional
medical translator. Subsequent revisions to the survey
were based on the Spanish version. The final English
and Spanish versions were reviewed for consistency
by the team that developed the questions.

The final survey included 64 items. Information
was collected about factors potentially related to pes-
ticide exposure during the 30-day period prior to the
interview, including use of specific OP/CB insecti-
cides, crops treated, handling activities performed,
spray equipment used, duration and frequency of han-
dling activities, use of personal protective equipment
(PPE), personal hygiene, decontamination practices,
and acute exposure events. We also asked about pes-
ticide safety training, non-occupational exposures,
symptoms of pesticide-related illness, concern about
pesticide-related health effects, health status, medica-
tion use, and demographic characteristics. Examples
of specific items within each of these categories are
provided in Table 1.

The survey was administered on a touch-screen
tablet computer. A software application that was
originally developed to collect data from patients re-
ceiving treatment for sexually transmitted infections
was adapted for use in this study (Kurth ez al., 2004;
Hendry et al., 2005). An example of the user inter-
face is shown below (Fig. 1). Questions and possible
responses were narrated by research team members
(O.B. for the Spanish version and M.K. for the En-
glish version). The survey instrument also featured
an avatar (i.e. a computer representation of an inter-
viewer) to explain how to enter information. Pictures
or icons were used to represent responses for most
questions. As each response is read out loud, the
background of the picture/icon and the response text
simultaneously change color on the screen.

The questions were revised after nine face-to-face
pilot interviews; most changes involved replacing
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Table 1. Examples of information collected using the computer-based survey instrument®

Category

Examples

OP/CB insecticides

Crops treated

Pesticide handling activities
Cleaning activities

Application methods
Duration/frequency of exposure
PPE

Decontamination practices

Acute exposure events

Pesticide safety training

Pesticide-related symptoms

Non-occupational factors

Demographic information

Chlorpyrifos, azinphos-methyl, carbaryl, malathion,
dimethoate, other OP/CBs

Apples, pears, peaches, apricots, plums, cherries, grapes,
hops, other crops

Mixing/loading pesticides, early re-entry into field or
orchard, equipment maintenance

Cleaned spray equipment, PPE, pesticide containers,
pesticide storage spaces, pesticide spills

Tractor-pulled air blast sprayer, tower sprayer, boom
sprayer, backpack sprayer

Days since last exposure, total handling hours, length of
spray sessions, time until decontamination

Use of respirator, face shield, safety glasses, goggles, gloves,
boots, and other chemical protective clothing

Consistency of hand washing practices, use of cleansing
agents, washing hands before eating, smoking, using
a cellular phone, or urinating in the field or orchard

Accidental splashes or spills, touching contaminated
equipment, unclogging spray nozzles
Applicator license, annual pesticide safety training

Dermatitis, eye irritation, asthma, headaches, blurred vision,
nausea/vomiting, diarrhea, other symptoms

History of liver disease, alcohol use, smoking status,
medication use, home use of pesticides, proximity of home
to orchards

Age, gender, race/ethnicity, education, literacy in Spanish
and English, length of employment as a pesticide handler

“Exposure-related questions and questions about pesticide-related symptoms refer to the 30-day period preceding the interview.

technical language regarding pesticide application
practices with lay terminology used by Spanish-
speaking pesticide handlers. Several additional
changes were made to the survey instrument after
the first year of data collection (2006) based on field
observations, participant feedback, and preliminary
reviews of the data. In the 2006 version of the survey,
some questions required numerical responses on
a calculator-style keypad (e.g. days since last OP/
CB exposure, frequency of alcohol consumption,
length of employment handling pesticides). Because
some participants had difficulties with these ques-
tions and several response errors were observed in
2006, these items were changed to categorical ques-
tions in subsequent years. Several questions were
added to the survey after 2006, and the questions
about literacy were changed from ‘yes/no’ responses
to categorical responses. (Question: How well can
you read in Spanish/English? Responses: not at all,
not very well, fairly well, or very well.)

Recruitment and record selection

The study population was comprised of male agri-
cultural pesticide handlers in a ChE monitoring

program administered by the Washington State De-
partment of Labor and Industries (L&I). In this state-
wide program, employers are required to offer ChE
testing for agricultural workers who handle OP/CB
insecticides, though workers have the option to de-
cline ChE monitoring. In 2006, 11% of the handlers
who were offered ChE testing declined to participate
in the program (SAC, 2006), and a similar proportion
declined testing in 2007 and 2008 (L&I, 2008). The
workers who participate in this program are tested
for ChE activity annually at baseline before the OP/
CB application season (typically in February or
March). Workers are re-tested during the application
season (typically April-July) if they handle OP/CBs
for 30+ h in a 30-day period. Of the 1889 handlers
who had baseline tests in 2006, 471 (25%) had at least
one follow-up test (SAC, 2006). The proportion who
returned for follow-up testing was somewhat lower in
2007 and 2008 (21 and 16%, respectively; L&I,
2008). Although most of the returning handlers had
only one follow-up test, some had multiple follow-
up tests during the same season if they continued to
handle OP/CB insecticides over a longer time period.
ChE inhibition relative to baseline levels may be
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Fig. 1. Example of the user interface for the computer-based survey instrument (photographs reprinted with permission courtesy
of the following individuals/organizations: (i) air blast sprayer photo—Steve Ringman, Seattle Times; (ii) boom sprayer
photo—Paul E. Sumner, University of Georgia; and (iii) tower sprayer photo—Ministry of Agriculture and Lands, Province of
British Columbia). Participants listened to the audio-recorded question and possible responses on headphones; the audio was
synchronized with the display on the screen.

indicative of overexposure; employers are required to
conduct work practice investigations or remove han-
dlers from exposure (with wage protection) depend-
ing on the degree of ChE inhibition observed.

Handlers were recruited for this study through two
collaborating clinics that provide ChE monitoring
services in a highly productive agricultural area in
central and eastern Washington State. Many tree fruit
orchards are located in this region (primarily apples
but also pears, cherries, peaches, and other crops).
Several OP/CBs including chlorpyrifos, azinphos-
methyl, and carbaryl are widely used in apple
orchards (USDA, 2008).

Participants were recruited by Spanish—-English
bilingual field research staff from the University of
Washington in the clinic or at the worksite when they
were seen for follow-up ChE testing from April
through July. Field staff were present for recruit-
ment at the clinic when most handlers in the ChE
monitoring program came in for follow-up testing.
Most handlers were seen for follow-up testing in
groups with fellow co-workers; up to 10 participants
were able to complete the survey at the same time

(limited only by the number of computers that were
available). During the interviews, research personnel
were available to address questions about the
survey or any technical difficulties with the instru-
ment. All study procedures were approved by the
Institutional Review Board at the University of
Washington.

From 2006-2008, a total of 195 participants com-
pleted the survey on at least one occasion, which rep-
resents 60% of the agricultural pesticide handlers
invited to participate in the study. Study participants
were similar to all pesticide handlers in the statewide
ChE monitoring program in terms of demographic
characteristics including age, race/ethnicity, and
sex (SAC, 2006). One record per participant was
selected at random for the frequencies reported in
this manuscript. A subset of 45 participants (23%)
completed the survey on at least two different visits
during the same year. Among these participants, we
selected two survey records from the same year
at random to evaluate test-retest reliability for
variables with responses that were considered un-
likely to change over time. These analyses included
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demographic characteristics, employment history,
health status, and PPE use.

Statistical analyses

Frequencies for personal characteristics and main
exposure variables were calculated using data from
the entire study population (N = 195). Percent
agreement and kappa coefficients were used to
evaluate reliability of responses for selected charac-
teristics among the subset of participants who com-
pleted two separate interviews in the same year
(N = 45). The 95% confidence intervals for kappa
coefficients were calculated using the analytical
method for dichotomous variables and the bias-
corrected method with 1000 bootstrap replications
for categorical variables with three or more possible
responses (Efron and Tibshirani, 1986). Weighted
kappa coefficients were also calculated for ordered
categorical variables using quadratic weights. Statis-
tical analyses were performed using Intercooled
Stata 9.2 (StataCorp, College Station, TX, USA).

RESULTS

Surveys were completed by 195 male pesticide
handlers. The median duration of the computer-based
interview was 27 min (range: 9-62 min). Almost all
participants (98%) self-identified as Hispanic/Latino,
and all but five participants completed the survey in
Spanish (Table 2). The median age among study par-
ticipants was 33 years (range: 19-57 years). Nearly all
participants were able to read in Spanish at least to
some degree, though most (56%) reported having
a primary school education or less. Relatively few
participants (29%) reported being able to read in En-
glish. Approximately half (48%) had been employed
as pesticide handlers for three years or less. The par-
ticipants in the test-retest reliability subsample were
similar to the other study participants in terms of de-
mographic and other personal characteristics (e.g.
age, level of education, and length of employment
as a pesticide handler).

In terms of pesticide handling activities in the last
30 days, almost all participants (94%) reported ap-
plying pesticides and most (69%) reported mixing/
loading pesticides (Table 3). Almost all participants
(95%) applied OP/CBs in apple orchards; some par-
ticipants also performed pesticide applications in
pear and cherry orchards (24 and 14%, respectively).
Chlorpyrifos was the most widely used pesticide
(61%), followed by carbaryl (31%) and azinphos-
methyl (19%). Of note, handlers who completed
the interview in April or May were significantly

more likely to report recent use of chlorpyrifos than
handlers who were interviewed in June or July (71
versus 23%, P < 0.001, chi-squared test) and

Table 2. Characteristics of study participants, 2006-2008
(N = 195)

Characteristic N %*

Year of participation

2006 91 47
2007 61 31
2008 43 22
Missing 0
Calendar month of participation
April 75 38
May 79 41
June 29 15
July 12 6
Missing 0
Race/ethnicity
Hispanic/Latino 191 98
African-American 2 1
White, non-Hispanic 1 1
Missing 1
Age in years
18-24 29 15
25-34 83 43
3549 64 33
>50 17 9
Missing 2
Country of education
Did not attend school 9 5
Mexico 176 90
USA 5 3
Mexico and USA 5 3
Missing
Level of education
Did not attend school 9 5
Did not complete primary school 30 15
Primary school 71 36
Middle school 62 32
High school 23 12
Missing 0
Able to read in Spanish®
No° 4 2
Yes* 191 98
Not very well 7
Fairly well 47
Very well 49
Missing 0
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Table 2. Continued

Table 2. Continued

Characteristic N %" Characteristic N %"
Able to read in English® 2-3 drinks per week 26 14
No°® 137 71 >3 drinks per week 10 6
Yes® 57 29 Missing 14
Not very well 4 *Missing values were excluded from percentages.
Fairly well 18 "Question was asked with ‘yes/no’ responses in 2006 and
Very well 1 with categorical responses in 2007-2008.
Missi 1 “Includes three participants who reported ‘no’ in 2006 and
1ssing one participant who reported ‘not at all” in 2008.

Survey language YIncludes 88 participants who reported ‘yes’ in 2006 and 104
Spanish 190 97 participants who reported ‘not very well’, ‘fairly well’, or
Enelish 5 3 ‘very well” in 2007-2008.

ngls “Includes 76 participants who reported ‘no’ in 2006 and 61
Missing 0 Participants who reported ‘not at all’ in 2007-2008.

Years employed as a pesticide handler Includes 14 participants who reported ‘yes’ in 2006 and 43
< 3 )1 participants who reported ‘not very well’, ‘fairly well’, or
S year ‘very well” in 2007-2008.

2-3 years 43 27

4-5 years 35 22 . .o

6 loy 31 1o reported recent use of azinphos-methyl was signifi-
D years cantly higher in June—July than in April-May (66
>A10.years 18 T Versus 7%, P < 0.001, chi-squared test). These find-

Missing 35 ings are consistent with expectations based on typi-

Have pesticide applicator license cal pesticide use patterns in Washington State tree
No 121 65 fruit orchards (Smith, 2006).

Yes 65 35 In terms of PPE use, the vast majority of study par-
Missing 9 ticipants reported wearing chemical-resistant gloves

Location of home (97%), chemical-resistant footwear (95%), and a rain
In town 101 50 suit (88%). Almost all participants reported wearing
Rural area, away from orchards 21 11 some type of respirator; use of half-face respirators
Rural area, near orchards 27 14 Was most common (74%). Among half-face respira-
In/next to orchard 37 1o  torusers, safet.y glasses were the most common type

of eye protection (80%).
Other 7 4 L ..
Missi 5 Results of reliability analyses for participant charac-
1ss1mg teristics and reported PPE use are shown in Table 4.

Self-reported health status The median time span between interviews was 40
Excellent 25 13 days (range: 12-92 days). In general, responses for
Good 17 60 demographic and other personal characteristics
Poor/fair 53 27 showed substantial agreement across interviews.
Missing 0 Percent agreement ranged from 71-98%, and un-

Concerned about pesticide health effects weighted kappa coefficients ranged from 0.16-0.97.
Very concerned 152 78 When responses for ordered categorical variables
A little bit concerned 31 16  were weighted for partial agreement, kappa coeffi-
Not at all/no opinion 12 ¢  cients ranged from 0.36-0.98. The only variable with
Missing 0 less than mpderate agreement was leve% of. concern

. about pesticide-related health effects’, which is a more

Frequency of cigarette use R . .

subjective question, and may reflect changing percep-
Not at all 143 73 . .

tions of risk over the course of the spray season. Par-
Some days 36 18 . . .o . .

ticipants were significantly more likely to report being
E‘fer?’ day 16 8 ‘very concemed’ in the second interview relative
Missing 0 to the first interview (93 versus 68%, P = 0.008,

Frequency of alcohol consumption chi-squared test). Several exploratory analyses were
Never 71 39 performed to evaluate changes in exposures or other
<1 drink per week 74 41 characteristics among the 11 participants who

expressed a higher level of concern in the second
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Table 3. Reported exposures in the last 30 days and use of

PPE, 2006-2008 (N = 195)

Characteristic N %*
OP/CB use
Chlorpyrifos 103 61
Carbaryl 52 31
Azinphos-methyl 32 19
Other OP/CB 44 26
Missing 27
Handling activities
Applicator 179 94
Mixing/loading 131 69
Entering pesticide storage room 57 30
Repairing spray equipment 41 21
Early re-entry into treated area 35 18
Missing 4
Crops treated
Apples 170 95
Pears 43 24
Cherries 25 14
Other crops 6 3
Missing 16
Use of PPE
Respirator type
Half-face 139 74
Full-face 39 21
Powered air purifying respirator 6 3
Other/none 4 2
Missing 7
Eyewear”
Safety glasses 111 80
Goggles 14 10
Face shield 10 7
None 3 2
Missing 1
Gloves
Chemical-resistant 123 65
gloves alone
Chemical-resistant gloves 35 19
with disposable latex gloves
Chemical-resistant gloves 26 14
with cloth gloves
Other/none 5 3
Missing 6
Footwear
Chemical-resistant boots 182 95
Leather boots 4
Other 1
Missing
Rain suit® 171 88

J. N. Hofmann et al.

Table 3. Continued

Characteristic N %*
Missing 0

Chemical-resistant apron 24 12
Missing 0

“Missing values were excluded from percentages.
PRestricted to half-face respirator users (N = 139).
“Includes participants who reported wearing a chemical-
resistant rain jacket and/or chemical-resistant overalls.

interview than in the first interview. The only notable
differences between interviews were related to re-
ported OP/CB use; more participants reported using
chlorpyrifos and carbaryl in the first interview, and
reported use of azinphos-methyl was more common
in the second interview. Although use of different
OP/CBs could potentially explain the increased
concern among handlers in the second interview,
azinphos-methyl is typically applied later in the spray
season, so this observation may simply reflect the
timing of pesticide applications with respect to the
interview dates. Alternately, the increase in concern
may have resulted from greater awareness of pesti-
cide safety issues due to continued participation in
the ChE monitoring program and/or completion of
the questionnaire.

For reported PPE use, percent agreement ranged
from 62—-100%, and kappa coefficients ranged from
0.15-1.0. We observed substantial agreement for
respirator type, glove type, locker use, respirator fit
testing, and respirator seal check frequency (x >
0.63). Moderate agreement was observed for type
of footwear (kK = 0.48) and use of a chemical-
resistant rain suit (k = 0.54). It is possible that
PPE use may have changed between interviews,
which might account for inconsistencies in some
responses. When we restricted this analysis to partic-
ipants whose second interview took place within
40 days of the first interview (using the median
time interval between interviews as the cut point),
we observed slightly higher agreement for most
PPE variables including respirator type (x = 0.84),
eyewear type (x = 0.27), glove type (x = 0.78),
use of a chemical-resistant rain suit (x = 0.65), and
reported condition of PPE (Kyecightea = 0.59).

DISCUSSION

The A-CASI instrument that we used was developed
to collect information about recent OP/CB exposures
and other personal characteristics from agricultural
pesticide handlers who were predominantly Spanish
speakers. Results of test-retest analyses showed sub-
stantial agreement for most demographic and personal
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Table 4. Test-retest reliability for selected characteristics, 2006-2008 (N = 45)

Variable N % Exact Kappa (95% confidence interval®)
agreement Unweighted Weighted”
Demographics, work history, and health
Age category 45 98 0.97 (0.89-1.0) 0.98 (0.94-1.0)
Country of education 45 96 0.48 (—0.22 to 1.0) —
Level of education 45 80 0.71 (0.52-0.87) 0.64 (0.22-0.92)
Spanish literacy, categorical® 34 79 0.62 (0.37-0.84) 0.74 (0.53-0.89)
English literacy, categorical® 34 88 0.77 (0.54-0.94) 0.85 (0.65-0.97)
Length of employment handling pesticides 45 78 0.72 (0.57-0.87) 0.94 (0.89-0.97)
Applicator license 43 88 0.76 (0.57-0.96) —
Level of concern about pesticide-related health 45 71 0.16 (0.02-0.40) 0.36 (0.06-0.54)
effects
Self-reported health status 45 82 0.66 (0.41-0.85) 0.75 (0.54-0.90)
Frequency of cigarette use 45 98 0.94 (0.78-1.0) 0.95 (0.83-1.0)
Frequency of alcohol consumption 43 79 0.68 (0.51-0.87) 0.79 (0.56-0.93)
Location of home 45 87 0.78 (0.63-0.93) 0.80 (0.60-0.94)
PPE
Respirator type 43 93 0.72 (0.30-1.0) —
Eyewear type® 36 75 0.22 (—0.09 to 0.59) —
Glove type 43 81 0.63 (0.39-0.83) —
Footwear type 45 96 0.48 (—0.03 to 1.0) —
Rain suit® 45 93 0.54 (0.07-1.0) —
Apron 45 78 0.15 (=0.19 to 0.50) —
PPE use and condition
Condition of PPE 45 62 0.33 (0.08-0.59) 0.43 (0.10-0.66)
Locker for PPE storage 44 91 0.81 (0.64-0.99) —
Respirator fit testing in last 12 months" 39 100 1.0 —
Respirator seal check frequencyr 39 87 0.74 (0.51-0.94) 0.76 (0.54-0.94)

#Analytical for dichotomous variables, and bias-corrected with 1000 bootstrap replications for categorical variables.
PNot estimated for dichotomous or unordered categorical variables.

“Only available for participants in 2007 and 2008.
YRestricted to half-face respirator users.

“Includes participants who reported wearing a chemical-resistant jacket and/or chemical-resistant overalls.

"Restricted to half-face and full-face respirator users.

characteristics. Substantial or moderate agreement was
observed for some but not all questions regarding PPE
use. Although we could not evaluate reliability for
reported use of specific OP/CBs, the timing of reported
recent use among study participants was consistent
with expectations based on typical seasonal pesticide
use patterns in Washington State tree fruit orchards
(Smith, 2006).

Previous studies have utilized other specialized in-
terviewing methods with agricultural workers. Zahm
et al. (2001) described a life-events/icon calendar
questionnaire that was used to collect information
about lifetime occupational histories among migrant
and seasonal farm workers. In an interview, agricul-
tural workers were asked to delineate their lifetime
work history on a calendar with assistance from an

interviewer. Icons representing major life events
(e.g. weddings, births, major illnesses) were placed
on the calendar; participants then filled in their work
histories (including jobs held, work activities per-
formed, and crops grown) around these memorable
events. Engel er al. (2001b) found that it was possi-
ble to obtain a more comprehensive and detailed life-
time occupational history in an interview using the
icon/calendar questionnaire rather than a traditional
questionnaire. Engel et al. (2001a) observed good
agreement for job count and crop-specific agricul-
tural work activities when they evaluated test—retest
reliability for the icon/calendar questionnaire in
a sample of farm workers who were interviewed
twice (8-14 months apart). As with the icon/calendar
questionnaire, the computer-based survey instrument
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described in this paper used icons and an interactive
platform to facilitate data collection among Spanish-
speaking agricultural workers with limited formal
education and literacy.

Other computer-based instruments have been uti-
lized to collect data from agricultural workers in pre-
vious studies. Rohlman er al. (2003) developed a
computer-based test system to assess neurobehavioral
function; this system was used successfully in a study
among adult and adolescent Latino farm workers in
Oregon (Rohlman ez al., 2007). To facilitate participa-
tion of individuals with limited education and com-
puter use experience, the investigators developed the
‘OBUTTON’ keyboard cover with keys that were
larger and more widely spaced. For similar reasons,
we used an instrument that could be administered on
a touch-screen computer rather than asking partici-
pants to enter responses on a standard keyboard.

In addition to using computer-based instruments
for data collection in epidemiologic studies with ag-
ricultural worker populations, these instruments
have also been employed for worker training and
safety education. Anger et al. (2004) demonstrated
that computer-based training was an effective tool
for safety education among immigrant Latino nurs-
ery workers with limited formal education. In this
training instrument, the content is divided into
‘information sets’, which consist of a series of infor-
mation screens followed by quiz screens to assess
comprehension (Anger et al., 2001). Participants
receive feedback based on their responses to quiz
questions, and information sets are repeated when
participants enter incorrect responses. The computer-
based instrument that we used was developed for
research purposes and presently does not provide
training or feedback to participants. However, it
is possible that future versions of this instrument
could be developed to provide targeted messages
regarding safe pesticide handling practices based
on an individual’s responses.

Strengths and limitations

Other investigators have noted many challenges in
conducting research studies of pesticide exposures
and health outcomes with agricultural worker popu-
lations, including language barriers, low literacy lev-
els, and limited formal education (Arcury et al.,
2006; McCauley et al., 2006). Many of the partici-
pants in this study had relatively little formal educa-
tion, and some reported limited literacy. Moreover,
comments from open-ended follow-up interviews
with 11 participants indicated that most participants
likely had very limited, if any, previous experience
using computers (Cox, 2009).

Nonetheless, we found that it was possible to col-
lect information about OP/CB exposures and other
participant characteristics using the A-CASI survey
instrument. This interviewing method had several
strengths that may have facilitated more accurate
reporting in this population of Spanish-speaking agri-
cultural pesticide handlers. First, the touch-screen
user interface—which included pictures or icons rep-
resenting possible responses for most questions—and
the audio narration made it easier for participants to
enter responses, even if they had limited literacy. Sec-
ond, questions were standardized and delivered in the
same manner for all participants. Third, the privacy of
entering responses on the computer allowed partici-
pants to report potentially sensitive information, such
as exposure-related behaviors that are considered to
be inconsistent with accepted safe pesticide handling
practices (i.e. not washing hands before breaks during
pesticide applications).

Although the response rate in this study was 60%
and information about handlers who declined to
participate was unavailable, the study population
appeared to be demographically representative of the
overall population of pesticide handlers in the state-
wide ChE monitoring program (SAC, 2006). The
participants who were included in the reliability test-
ing were similar to other study participants in terms
of demographic and other personal characteristics,
which suggest that this subsample should be repre-
sentative of the entire study population.

There were several limitations in the design and
evaluation of this survey instrument. The lack of het-
erogeneity in responses for some questions made it
difficult to evaluate agreement using kappa coeffi-
cients, which are strongly influenced by the preva-
lence of the characteristic being evaluated (Sim
and Wright, 2005). In situations where the preva-
lence of the characteristic is very high or very low,
the kappa coefficient can be low even if there is
a high level of exact agreement. This was the case
for some of the characteristics that were evaluated
in this study. For example, because a high proportion
(90%) of participants were educated in Mexico, the
kappa coefficient for country of education was 0.48
even though there was 96% exact agreement for this
variable.

The inability to evaluate the reliability of all study
variables was also a limitation. Because of the relatively
long time interval between interviews (median = 40
days), we were unable to evaluate the reliability of
exposures that were expected to change over time.
Although we did evaluate the reliability of PPE
variables, depending on the chemicals applied and the
handling activities performed during the 30-day time



A computer-based survey for pesticide exposure assessment 649

period prior to each interview, it is possible that PPE use
may have changed between interviews. Pesticide label
requirements for PPE use are different for chlorpyrifos,
carbaryl, and azinphos-methyl (the three most com-
monly reported OP/CBs in this study). We found that
wearing a protective face shield was more common
among azinphos-methyl users than among chlorpyrifos
users (21 and 2%, respectively), which is consistent
with the label requirements for these chemicals. It is
possible that this may have affected the results of the
reliability analysis for type of eyewear, which showed
relatively poor agreement (k. = 0.22). That is, different
PPE use practices during the 30-day period before each
interview may explain, in part, the lower levels of agree-
ment observed for some characteristics of PPE use rel-
ative to other characteristics that are fixed or less likely
to vary over a short time period. To the extent that PPE
use differed between interviews, the observed kappa co-
efficients may be falsely low estimates of true agree-
ment. Interestingly, when we restricted this analysis to
the 12 participants who reported using the same chem-
ical prior to both interviews, there was perfect agree-
ment in terms of respirator type. However, the impact
of changes in PPE use between interviews on test—retest
results was otherwise likely minimal because: (i) we did
not observe any other notable differences in PPE use be-
tween handlers who reported using chlorpyrifos, carba-
ryl, or azinphos-methyl and (ii) there did not appear to
be any systematic differences in reported PPE use be-
tween the first and second interviews (data not shown).

As discussed above, during the first year of data
collection some participants had difficulties with
questions that required numerical responses, and
these items were reformatted as categorical questions
in subsequent years. Although some information was
sacrificed by replacing continuous responses with
categorical responses, we considered this change to
be necessary in order to obtain valid data from
a greater number of study participants.

As with other questionnaire-based studies, reli-
ance on self-reported data was an inherent limitation
of this research project. Missing data were a concern
for some questions. In particular, 25 participants
(13%) reported on the survey that they were uncer-
tain about which specific OP/CBs they used in the
last 30 days. It is possible that recall might be
improved for these specific items in future versions
of the survey through changes in the question format
(i.e. larger response icons, fewer response options
per screen).

Finally, the relatively high initial costs of A-CASI
instrument development may be a barrier to imple-
mentation in some research settings. However, Brown
et al. (2008) found that computer-based surveys can

be more cost effective than self-administered ques-
tionnaires for studies with large sample sizes or when
questionnaires are used in multiple studies. Moreover,
improvements in technology have reduced the unit
cost of portable touch-screen computers, which will
likely facilitate the use of computer-based surveys
in future studies.

CONCLUSIONS

This study suggests that computer-based survey
instruments can be useful tools for occupational
exposure assessment. We developed a computer-based
survey that has been used to assess self-reported OP/
CB exposures and collect other information from
Spanish-speaking agricultural pesticide handlers
with limited formal education and literacy levels.
Analyses of test—retest reliability showed substantial
agreement for most personal characteristics and
moderate to substantial agreement for most ques-
tions related to PPE use. In addition to its present
use for data collection and exposure assessment,
in the future, this instrument could potentially be
adapted to promote safe pesticide handling practices
by providing immediate feedback and delivering
tailored messages based on the participants’
responses.
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