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Depression, anxiety, inability to concentrate, and spatial disorientation associated
with pesticide poisoning may influence farmers' ability to comply with established
safety procedures. The purpose of this article is to describe the relationship between
safety practices, neurological symptoms, and pesticide poisoning. A survey of farm
residents was conducted in an eight-county area in Colorado. Multivariate logistic
regression models were used to determine associations between safety practices,
neurological symptoms, and previous pesticide poisoning. A number of safety
practices were associated with the following neurological symptoms: difficulty
concentrating; feeling irritable; relatives noticing memory difficulties; and difficulty
understanding reading materials. The associations between safety practices and
neurological symptoms were increased in the presence of pesticide poisoning.
Factors associated with failure to engage in established safety practices in this study
were neurological symptoms.
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Introduction

Agriculture has one of the highest injury rates of all industries in North America.
Both fatal and nonfatal injury rates are high among workers in agriculture. The type
of farm W [~ [JJ [.1] [.?J [Q] and exposure to specific agents of injury W [~[1] among

agricultural workers have been well documented, but less has been reported related
to specific safety practices and factors that influence those practices on farms. [~ [2]

[1Q] [ill

Pesticide intoxications occur in some parts of the world at rates that surpass or rival
those of infectious disease traditionally viewed as the most frequent health
problems. [ilJ In six Central American countries, active surveillance of pesticide
poisonings yielded a regional estimate of 400,000 cases a year, representing 1.9% of
the total population, 76% of which were work-related. [U] Impainnents resulting
from pesticide poisoning may include both cognitive and physical sequelae. [HJ [li] [l§]

Acute effects reported include nausea, vomiting, abdominal pain, numbness and/or
tremors in the extremities, fatigue, headaches, excessive salivation, diarrhea,
generalized weakness, respiratory problems, and blurred vision. [HJ [li] Acute

psychological effects reported include anxiety, depression, irritability and
restlessness. [HJ [li] [lQ] Additionally, neuropsychological effects such as difficulty

concentrating, word fmding problems, memory impainnents, decreased alertness
may result after an acute exposure. [HJ [li]

Exposure to organophosphates may have chronic, long-term effects and has been
linked to delayed-onset peripheral neuropathies, primarily affecting the extremities
and producing neuropsychological [11] [lli and neurobehavioral changes. [11] [lli [12] In a

1992 study of migrant farmworkers, 21 workers who had experienced two
documented acute exposures were evaluated with a neuropsychological battery,
medical history questionnaire, and an anxiety and depression scale. [11] The

investigators found the exposed group to be significantly more impaired on
measures of motor speed and coordination, visuospatial memory, anxiety,
depression, and physical symptoms. Savage et al [lli also found individuals with a

history of organophosphate poisoning to perform worse on tests of intellectual
functioning, academic skills, flexibility ofth inking, abstraction, and motor speed
and coordination than a group of nonpoisoned individuals. Rosenstock et al [12]

studied a group of36 agricultural workers with a history of hospitalization for acute
organophosphate poisoning and found that their performance on the neurological
and neuropsychological batteries was significantly inferior to controls. The workers
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were evaluated an average of 2 years postpoisoning, and exposure during the 3
months prior to testing was uncommon. The poisoned group had poorer
performance scores on five of six subtests evaluating verbal attention, visual
memory, visuomotor, and motor functions. In addition, the exposed group
performed significantly worse on neuropsychological tests of visuomotor
sequencing, problem-solving, and visual attention. U2J Steenland et al [.?:Q] reported
results of evaluating 128 individuals with suspected and conflrIned organophosphate
poisoning in California. These individuals differed significantly from controls on
tests of sustained visual attention and two mood scale tests. Those individuals with
conflrIned poisoning also differed significantly from controls on a test of
vibrotactile sensitivity and the symbol digit test. [.?:Q]

Depression, anxiety, inability to concentrate, and spatial disorientation associated
with a previous acute poisoning from organophosphates may lead to high risk of
injuries through reducing the frequency with which an individual uses established
safety procedures. Ability to comply with safety practices may be linked to specific
neurological symptoms, thereby increasing the risk of injury occurrence. The
purpose of this article is to describe the relationship between safety practices,
neurological symptoms, and pesticide poisoning in a population of farm residents.

Materials and Methods

The study population was a stratified sample of farmers residing in eight counties in
Northeastern Colorado. A total of 479 farms and 761 farm residents were enrolled in
the survey between 1993 and 1997. In-person interviews were conducted.
Twenty- four neurological symptoms were assessed using the World Health
Organization-recommended Neurobehavioral Core Test Battery. Ten safety
practices were assessed related to use of protective equipment (hearing protection,
respirators, dust masks, machine guards, animal handling equipment), behavior
around animals, general maintenance of slippery surfaces, reading instruction
manuals for equipment, and chemical storage. Pesticide poisoning was based on
self-reported episodes of poisoning and symptoms associated with the event. The
question read as follows: "Have you ever become ill from any exposure to
pesticides?" Logistic regression was used to the model the relationship among safety
behaviors, neurological symptoms, and pesticide poisoning episodes. Neurological
symptoms examined here are those that were found significantly associated with
having reported a pesticide-related illness in a previous report [£1] and those that
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occurred frequently enough to be studied in relation to safety practices. These
symptoms were difficulty concentrating; trouble remembering things; having to
make notes to remember things; fmding it hard to understand the meaning of
newspapers, magazines, and books; feeling irritable; feeling depressed; and sleeping
more than usual. [ill

Statistical Analysis

Analyses of the safety practices questions were performed by flfst using three
categories in univariate, unadjusted proportional odds models, taking advantage of
the ordinal nature of the outcome variable. Proportional odds regression is similar to
logistic regression but allows the outcome of interest to have multilevel responses
rather than binary outcomes. It models the outcome as a function of cumulative log
odds using ordered logistic regression as opposed to simply modeling the log odds
as a linear function. The safety factor fell naturally into three categories of low,
intermediate, and high risk. The low-risk group included people who most of the
time or always engaged in the safety practice, the intermediate risk group included
individuals who sometimes engaged in the safety practice, and the high-risk group
reported rarely or never engaging in the practice. Factors that might account for
differences in safety practices between the low-risk and high-risk groups include
alcohol use; fatigue; increasing age; a neurological condition resulting in an inability
to concentrate; and having experienced a pesticide-related illness. Participants were
asked whether they had ever attended a 10- or 20-hour tractor safety-training
program through vocational agriculture. This variable was modeled as a risk factor
if they responded they had not attended the class. Safety practices and potential risk
factors were selected for further analysis in multivariate logistic regression models if
they were significant predictors of being in the high-risk safety practices group.
Unfortunately, the proportional odds assumption was not met, because of small
numbers, when covariates were included in the model, so the safety practices were
collapsed into all or most of the time as the group considered at low risk and
sometimes, rarely, or never as the group at high risk. The results from unadjusted
logistic regression models were compared to the proportional odds models to check
for significant differences due to classification of the safety factor. Health status,
hours spent working, alcohol use, smoking status, and social support indicators were
considered in age- and gender-adjusted logistic regression models. Age, hours of
work per day, the number of clubs an individual was active in, the number of close
relatives an individual had, and the number of people he or she was close to were
used as continuous variables in the models. Current smoking was classified as yes or
no. Alcohol consumption was used as a dichotomous variable as whether one drank
or not, a continuous variable reflecting the average number of drinks one had when
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drinking, coded to reflect a combination of how often one drank and the number of
drinks ingested on a usual occasion of drinking. Health status was used as a
dichotomous variable with those reporting excellent, very good and good health
being the reference group, while those reporting fair or poor health were considered
the high-risk group.

Responses to the seven neurological symptoms were not at all; a little; moderately;
quite a bit; or extremely often during the past month. Individuals reporting no
neurological symptom at all were the reference group and others were grouped as
experiencing a neurological symptom. This was done both because of the subjective
nature of symptom reporting and because of the low frequency of reports of
moderate, quite a bit, and extremely often experiencing the neurological symptoms.
Neurological symptoms were compared by gender and tested for significant
differences using the chi-square test.

Cross-sectional studies do not permit the establishment of a causal pattern of events.
It is possible that being in a high-risk safety category increases the probability of
having experienced a pesticide-related illness, rather than the pesticide illness

precipitating the poor safety practice. For this reason, i and Fisher's Exact tests
reporting two-sided P-values were used on a subgroup of those who reported having
no neurological symptoms, examining whether pesticide poisoning was significantly
associated with being in the high risk safety category. Ifbeing in a high-risk safety
group was not significantly associated with having had a pesticide-related illness
and an association occurred only in the presence of a neurological effect, this lends
support to the pesticide illness being the initiating event, followed by the failure to
practice a certain safety factor.

To examine the association of significant neurological symptoms and safety
practices with pesticide-related illness, the neurological symptom variable was
stratified into whether the individual had reported a pesticide-related illness or not.
This resulted in three categories, those having no neurological symptoms, those
having neurological symptoms and no pesticide-related illness, and those having
neurological symptoms and having reported a pesticide-related illness. Those who
did not experience any neurological symptoms were the reference group and
indicator variables were used in the models for the groups under study who reported
neurological symptoms with or without a pesticide illness.
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Results

Of the 761 farm residents surveyed, 51 did not participate in farm work and were
excluded from the analysis and 12 individuals were excluded because of missing
information on all neurological symptoms. These exclusions left 708 individuals in
the analysis. Only a few respondents refused to answer or did not know. Table 1
describes the 708 farm residents included in the analysis. Greater than 99% were
white, and nearly 50% were older than 50 years of age. They were married, high
school graduates and in good health. Approximately 25% of them had experienced a
substantial income decline. Nearly 10% had experienced a pesticide poisoning.
Pesticides used on the farms included herbicides, crop insecticides, and livestock
insecticides. Herbicides were applied by 44.8% of the farm workers, primarily 2,4-D
(37.1 %) and atrazine (17.1 %). Crop insecticides, applied by 29.5% of the farm
workers, included terbufos (20.8%), chlorpyrifos (7.5%), and other
organophosphates and carbamates (11.4%). Livestock insecticides were applied by
48.9% of participants and consisted ofdichlorovos (4.4%), phosmet (0.9%), and
other organophosphates and carbamates (37.1 %).

Table 1. Characteristics and Comparison of Male, Female, and Combined
Farm Residents in the Study Population, Colorado, 1993-1997

Males % (0) (n =

458)
Females % (0) (n

= 250)
Population % (n)

(n = 708)Characteristic

Age in years

<30 2.6

19.2

29.9

20.3

28.0

4.8 (12) 3.4 (24)

19.6 (139)

29.1 (206)

21.1 (149)

26.8 (190)

30-40 20.4 (51)

27.6 (69)

22.4 (56)

24.8 (62)

41-50

51-60

>60

Married

Yes 86.9 (398) 90.2 (639)

9.8 (69)No 13.1 (60)

96.4 (241)

3.6 (9)

Perceived general
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Many of the 708 fann residents who did perform farm work reported certain safety
practice questions were not applicable to their farm situation. Table 2 shows the
numbers and percentages of farm residents classified into risk categories based on
the safety practices questions and the numbers who reported the questions as not
applicable to their work. The only gender-related difference in safety practices was
that women were less likely to be calm around animals than their male counterparts
<-x2 18.89, P < 0.0001).
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Safety Practice

Use of a respirator when handling dusty
or moldy grain

Low risk

All Respondents % (n)

N/A = 287

39.8 (167)

60.2 (253)

N/A = 163

High risk

Being calm when around animals in
close quarters

Low risk 92.1 (501)

7.9(43)
N/A = 199

High risk

Replacing protective shields after
working on equipment

Low risk 88.6 (450)

11.4 (58)

N/A= 168

High risk

Wearing a dust mask during dusty

operations

Low risk 54.6 (294)

45.4 (245)

N/A = 251

High risk

Using restraining or handling facilities
for treating animals

Low risk 87.9(401)

High risk 12.1 (55)

N/A = 149Wearing ear protection when tending to
noisy fann operations

Low risk 34.5 (192)

65.5 (365)
N/A = 102

High risk

Keeping chemicals out of the reach of
children

Low risk 94.0 (568)

6.0 (36)High risk
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All Respondents % (n)

N/A = 162

91.7(497)

8.3 (45)

N/A = 160

85.1 (464)

14.9(81)
N/A = 158

Safety Practice

Keeping passage ways clear of slippery
substances

Low risk

High risk,Reading 

instruction manuals for farm

machinery

Low risk

High risk

Keeping moving equipment parts
shielded

Low risk

High risk

93.2 (508)

6.8 (37)
* Low risk are defined as 1

practice and high-risk as tl
hose reporting always or almost always practicing the safety
lose who sometimes, rarely, or never practice the safety practice.

Table 3 compares two different methods of categorizing the neurological symptom
variable and shows the large gap in the numbers between those with any symptoms
and those with a moderate degree of symptoms. With the exception of having to
make notes to remember things, very few individuals reported moderate to extreme

symptoms. Self-reported neurological symptoms differed between men and women,
but the gender effect was reduced when looking at those with more severe

symptoms.

Table 3. Numbers and Percentages of Two Different Categorizations of
Neurological Symptoms in the Study Population and, in the Broader Category,

Stratified by Gender, Colorado Farm Residents, 1993-1997
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I 

Neurological

Symptom
Had difficulty

concentrating?

Population
~% (n)

30.5 (216)

Males %

(n)

26.6 (122)

Females %

(n)

37.6 (94)

Population
1% (n)

3.9 (28)

I x2 (P value)19.17 

(0.003)

20.7(145) 22.1 (100) 18.2 (45) .45 (0.229) 3.6 (25)Have your

I relatives noticed that

you have

trouble

remembering

things?

Had to makeI 

notes to

remember
things?

64.1 (453) 57.6 (263) 76.0 (190) 23.9

«0.0001)
28.0~ (198)

I Found it hard
to understand
the meaning
of reading
materials?

13.2 (93) 14.2 (65) 11.2 (28) 1.32 (0.251) 2.8 (20)

Felt irritable? 52.5 (372) 45.4 (208) 65.6 (164) 26.4

«0.0001)

9.46 (0.002)

9.0 (64)

25.2(178) 21.5 (98) 32.0 (80) 4.4 (31)Felt

depressed?

I 

Sleeping more

than is usualI 
for you?

12.1 (86) 11.8 (54) 12.8 (32) 0.155
(0.694)

2.7(19)

* Those in the study population reporting experiencing at least a little of the neurological

symptom during the past month.

t Those in the study population reporting moderately, quite a bit and extremely experiencing a
neurological symptom in the past month.

* Only making notes remained significantly different between men and women in those
reporting more frequent neurological symptoms (X = 9.93, P value 0.002).
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Table 4 shows the results of unadjusted proportional odds models. Keeping
chemicals out of the reach of children was removed from the analysis because it
appeared to be selecting for those whose approach to chemicals increased their risk
of a pesticide-related illness. Therefore, the direction of the effects could not be
determined. Neither increasing age of the respondent nor alcohol consumption was
significantly associated with any safety practice. Being a current smoker increased
the probability of not wearing a respirator when handling dusty or moldy grain
(odds ratio [OR] 2.05; 95% confidence interval [CI] = 1.09,3.83). Fatigue was not a
factor in safe fann practices. In fact, an increasing number of working hours each
day decreased the odds of being in the high-risk category for being calm around
animals (OR 0.86; 95% CI = 0.79,0.94), wearing a dust mask (OR 0.93; 95% CI =
0.89,0.97), and wearing hearing protection (OR 0.92; 95% CI = 0.88, 0.97). Fann
residents reporting fair or poor health status were less likely to replace protective
shields after working on equipment (OR 3.34; CI = 1.44,7.73), were less likely to
keep moving equipment parts shielded (OR 4.60; CI = 1.83, 11.53), and were less
likely to keep passageways clear (OR 3.63, CI = 1.40,9.40). The only significant

social support indicator was the number of clubs and organizations in which the
farm resident reported being active. This factor was protective for wearing a
respirator (OR 0.87; CI = 0.78,0.97), wearing hearing protection (OR 0.86; CI =
0.79,0.95), and keeping passageways clear (OR 0.78; CI = 0.61,0.95). Having

attended a 10- or 20-hour tractor safety program was protective for wearing a
respirator (P < 0.05), but was not associated with any other safety practice.
Difficulty concentrating was shown to be significant in six of 10 safety practices,
feeling irritable and sleeping more than is usual were significantly associated with
two safety practices, and feeling depressed was associated with one safety practice.

Table 4. Odds ratios and 95% Confidence Intervals From Unadjusted
Univariate Proportional Odds Regression Analyses, Modeling the Odds of
Being in a High-Risk Safety Category and Possible Explanatory Factors,

Colorado Farm Residents, 1993-1997

/2/2004 2 :22 PMI1of22
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Unadjusted logistic regression models using the dichotomized safety outcome
showed the same variables to be significant as the proportional odds models with
only slight changes in the ORs and 95% CIs. Age- and gender-adjusted logistic
regression models using the dichotomized safety variable showed some changes in
the significant variables (Table 5). Difficulty concentrating showed a reduced effect
in some safety practices, but neurological symptoms such as relatives noticing you
had trouble remembering things became significant. The number of hours worked in
a day was not as protective in gender adjusted models for being calm around
animals as it was in the unadjusted models.

Table 5. Odds Ratios and 95% Confidence Intervals From Age- and
Gender-Adjusted Logistic Regression Analyses, Modeling the Probability of

Being in a High-Risk Safety Category and Possible Explanatory Factors,
Colorado Farm Residents, 1993-1997
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Multivariate models were used to examine whether the protective factors attenuated
the significance of the neurological s)1Ilptoms. The protective effect of working a
greater number of hours in a day was not significant in the models for being calm
around animals when any neurological effect was also in the model. In the models
for wearing hearing protection, both hours per day of work and number of clubs
remained protective, with a slight reduction in the odds ratios of the neurological
s)1Ilptoms. Modeling keeping passageways clear showed that number of clubs
remained protective. Health status was insignificant for difficulty concentrating and
but remained significant in the model with feeling irritable, but showed a slightly
reduced odds ratio (OR 3.24; 95% CI = 1.18,8.90). The odds ratio for feeling

depressed remained elevated but was not significant when health status was
included in the model for keeping moving equipment parts shielded (OR 2.02, 95%
CI = 0.98, 4.13).

Further analysis focused on being calm around animals, using gates when handling
animals, wearing hearing protection, and keeping passageways clear of slippery
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substances because neurological effects were the strongest predictors of being in a
high risk safety group. Table 6 shows the results of analysis using models stratifying
the neurological variable by pesticide-related illness. Although the confidence
intervals are wide, reflecting the small numbers in these groups, the consistently
elevated odds ratios for safety practices shown to have a neurological component
suggests an increasing effect in those who had a pesticide-related illness compared
with those who did not.

Table 6. Odds Ratios and 95% Confidence Intervals from Gender-Adjusted
Logistic Regression Analyses, Modeling the Probability of Being in a High-Risk

Safety Category and Categorized Neurological Symptom and Pesticide
Poisoning, Colorado Farm Residents, 1993-1997

OR (95% CI)~No
Pesticide Poisoning

OR (95% CI)~Pesticide

PoisoningSafety Practice

Being calm when around
animals in close quarters

I

Difficulty concentrating 3.30 (1.01, 10.8)

4.67 (1.38, 15.8)

1.67 (0.84,3.31)

1.68 (0.75,3.76)

I 

Relatives noticed that

you have trouble

remembering

Feeling irritable 2.28 (1.03, 5.05) 4.60 (1.51, 14.1)

Using restraining facilities
for treating animals

Difficulty concentrating 1.76 (0.95, 3.27)

1.51 (0.73,3.11)

2.42 (0.76, 7.73)

3.88 (1.28, 11.8)Relatives noticed that
you have trouble

remembering

Hard to understand the
meaning of reading.materials

1.40 (0.59, 3.31) 7.11 (2.06, 24.5)

Feeling irritable 1.77 (0.95, 3.33) 3.30 (1.25, 8.74)

Keeping passage ways
clear of slippery
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* Referents are those reporting no symptoms, whether they reported a pesticide poisoning or

not.

The subgroup analysis using those who reported not having a certain neurological

symptom found only four significant associations using the :,xl and Fisher's Exact
tests, although the numbers of individuals who reported no neurological symptoms
and reported a pesticide-related illness were small. Those who reported no problems
with concentration were less likely to wear hearing protection if they had a pesticide
illness (:,xl = 4.27, P = 0.04). Those who reported not being depressed and not
sleeping more than usual were less likely to keep equipment parts shielded if they
had a past pesticide illness (P = 0.04 and P = 0.006). Those reporting not sleeping
more than usual also were less likely to keep passageways clear if they had a
pesticide illness (P = 0.04). None of these associations were observed in the
stratified analysis (Table 6) and may indicate symptoms indicative of depression,
which might result in unsafe practices, with or without a previous

pesticide-poisoning event.

Discussion

Previous reports noted a reduction in verbal and visual attention, visual memory,
and mood disorders with changes in motor function in those who experienced acute
and/or chronic exposure to organophosphate pesticides. The neurological symptoms
examined here, that is, difficulty concentrating, trouble remembering things,

1/2/20042:22 PM
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difficulty understanding reading materials, feeling irritable, feeling depressed, and
sleeping more than usual address the lack of alertness, attention deficits, memory,
and mood disorders addressed in other reports. If s}1nptoms were not associated
with safety practices, then, by chance alone, some s}1nptoms would show
significance and should appear randomly distributed among the various safety
practices and not clustered in particular practices, as they do in this study.

The major causes of farming injuries are the result of animal handling, working with
farm machinery, and unintentional falls. In this report, the most predictive factors,
and sometimes the only predictive factors, for failing to practice good safety
techniques when handling animals, working with equipment, and keeping
passageways clear were neurological symptoms. Difficulty concentrating was
associated with six of nine safety practices. Feeling irritable and sleeping more than
usual were significantly associated with several safety practices. Three of nine
safety practices showed significant differences between those who were pesticide
poisoned compared with those who were not.

Not wearing a respirator or a dust mask was not associated with any neurological
symptoms. Although health status is highly correlated with depression and other
neurological effects, it was not a major risk factor for most safety practices. Health
status was only associated with replacing shields after working on equipment, and to
a lesser extent, keeping passageways clear. Neurological symptoms were clustered
around animal handling, as reflected by being calm around animals and using
restraining or handling facilities for treating animals, and no other risk or protective
factors were associated with these safety practices. Animal handling is probably
where being alert is a critical component of being safe. Wearing hearing protection
had protective factors, such as the number of hours per day worked and the number
of clubs the farm resident was active in and several neurological components, but
these neurological components did not appear to be related to a previous pesticide
illness. In the animal handling safety practices where neurological effects were
strongest, protective factors did not lessen these effects.

The number of hours a farm resident spent working each day was protective,
perhaps because busier farmers are more cognizant of the consequences of not using
safe practices all the time. Farmers who work more hours may feel less rushed to get
the work done and may take the time to put on personal protective equipment. The
number of hours worked and number of clubs the individual was active in could act
as surrogates identifying those who were not in a depressed state. Being active in
clubs may promote discussions among farmers that promote good safety techniques
and sharing of ideas to prevent injuries when performing specific tasks.
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Health status, which is highly associated with depression, was associated with three
safety practices, two of which were related to fann equipment. Health status was the
only risk factor associated with failing to replace protective shields after working on
equipment. Where the greatest number of neurological symptoms was observed in
relation to several safety factors, health status was not a significant variable,
indicating that health status is not likely to account for the neurological effects
observed in relation to the safety practice behavior.

Because approximately half of this overall healthy population was over 50 years of
age, it is not surprising that many individuals reported experiencing mild
neurological symptoms. Unfortunately, the number of people reporting more severe
symptoms was too small to be analyzed with respect to safety practices. However,
people reporting mild symptoms should distribute equally between those who
reported a pesticide poisoning and those who did not. If having an acute pesticide
poisoning is associated with neurological symptoms, then those with more severe
symptoms should cluster in the pesticide-poisoned group. Elevated ORs were
observed for those who both reported a pesticide poisoning and reported a
neurological symptom. Neurological effects resulting from a pesticide poisoning
may decrease concentration and cause irritability, making it difficult to engage in
good safety practices, especially when handling animals, where many of the farm
injuries occur. This may be especially true for female farm residents, who appear to
be more anxious around animals then male farm residents.

A major limitation of this type of cross-sectional study is the temporal sequence of
events. It is conceivable that individuals who tend to be careless are more likely to
be pesticide poisoned and develop neurological symptoms. There is no defmitive
way of knowing whether the failure to practice good safety techniques leads to
pesticide poisoning and neurological symptoms or whether the pesticide exposure
and subsequent neurological symptoms leads to the failure to exercise good safety
practices. In this study, it appeared that certain neurological symptoms were much
more strongly associated with safety behaviors than the pesticide-related illness was:
indicating the neurological symptom was mediating the safety behavior. There were
relatively few individuals with neurological symptoms who had not had a
pesticide-related illness and when examining certain safety behaviors, the cell
counts became small. It is possible that both temporal sequences could exist
simultaneously and further research is needed to elucidate the relationships between
pesticide poisoning, development of neurological symptoms and engaging in safety

practices that prevent injury.

1/2/2004 2:22 PM19 of22



Journal Article http://home.mdconsult.com!das/article/body/3 4245638-2/.

Acknowledgments

This work was funded by the Centers for Disease Control and Prevention, the
National Institute of Occupational Safety and Health, UO4/CCU806060, and the
National Center for Injury Prevention and Control, R49/CCR811509. Its contents
are solely the responsibility of the authors and do not necessarily represent the
official views of the Centers for Disease Control.

References

1. Zhou C , Roseman JM .Agricultural injuries among a population-based sample of farm
operators in Alabama. Am J lnd Med. 1994 ; 25 : 385-402. Abstract

2. Stallones L. Surveillance of fatal and non-fatal farm injuries in Kentucky. Am J lnd Med.
1990; 18 : 223-234. Abstract

3. Pickett W , Brison R , Niezgoda H , Chipman M .Nonfatal fann injuries in Ontario: a
population-based survey. Accid Anal Prevo 1995 ; 27: 425-433. Abstract

4. Crandall CS , Fullerton L , Olsen L , et at. Farm-related injury mortality in New Mexico,
1980-91 .Acc Anal Prevo 1997; 29: 257-261.

5. Xiang H , Stallones L , Chiu Y , Epperson A .Non-fatal injuries and risk factors among
female farm residents. J Agromedicine. 1997; 5 : 21-33.

6. Stallones L , Keefe TS , Xiang H .Characteristics associated with increased farm-work
related injuries among male farm operators in Colorado, 1993 .J Aging Safety Health. 1997 ;

3 : 195-201.

7. Brison R, Pickett C .Non-fatal farm injuries on 117 Eastern Ontario beef and dairy farms
a one-year study. Am J Ind Med. 1992; 21 : 623-636.

8. Morgan SE , Cole HP , Struttmann T , Piercy L .Stories or statistics? Farmers' attitudes
toward messages in an agricultural safety campaign. J Agricult Safety Health. 2002 ; 82 :

1/2/2004 2:22 PM20 of 22



J oumal Article
http://home.mdconsult.com/das/article/body/34245638-2/...

225-239.

9. Aherin RA. The Prediction of Safety Behaviors Among Dairy Farmers in Central
Wisconsin. PhD Dissertation. 1987. University of Minnesota.

10. Murphy DJ. Human Behavior and Agricultural Safety: Understanding the Conflicts.
Engineering a Safer Food Machine. St. Joseph, MI : American Society of Agricultural
Engineers; 1980 .

11. Aherin RA, Murphy DJ, Westaby JD .Reducing Fann Injuries: Issues and Methods. St.
Joseph, MI :. American Society of Agricultural Engineers; 1992 .

12. Ieyaratnam IRS, DeA1wis Senewaratne, Copp1estone IF. Survey of pesticide poisoning
in Sri Lanka. Bull WHO. 1982 ; 60 : 615-619.

13. Murray D, Wessling C, Keifer M, Corriols M, Henao S .Surveillance of
pesticide-related illness in the developing world: putting the data to work. Int J Occup
Environ Health. 2002; 8 : 243-248. Abstract

14. Hayes AL, Wise RA, Weir FW. Assessment of occupational exposure to
organophosphates in pest control operators. Am J Ind Hyg. 1980 ; 41 : 568-575.

15. Johnson BL (editor). Prevention of Neurotoxic Illnesses in Working Populations. New
York: John Wiley and Sons; 1987 .

16. Mearns J , Dunn J , Lees-Haley PR .Psychological effects of organophosphate pesticides:
A review and call for research by psychologists. J Clin Psychol. 1994 ; 502 : 286-293.
Abstract

17. Reidy TJ, Bowler RM, Rauch SS , Pedrozza GI .Pesticide exposure and
neuropsychological impairment in migrant farm workers. Arch Clin Neuropsychol. 1992 ; 7
85-95.

18. Savage EP , Keefe TJ , Mounce LM , Heaton RK , Lewis JA , Burcar BJ .Chronic
neurological sequelae of acute pesticide poisoning. Arch Env Health. 1988 ; 43 : 38-45.

19. Rosenstock L, Keifer M, Daniell WE, McConnell R, Claypole K. Chronic central
nervous system effects of acute organophosphate pesticide intoxication. Lancet 1991 ; 338 :223-227. 

Abstract

20. Steenland K, Jenkins B , Ames RG, O'Malley M, Chrislip D, Russo J. Chronic and
neurological sequelae to organophosphate pesticide poisoning. Am J Public Health. 1994 ; 84
: 731-736. Abstract

21 of22 1/2/2004 2:22 PM



http://home.mdconsult.com/das/article/body/34245638-2/...Journal Article

21. Stallones L , Beseler C .Pesticide illness, faml practices, and neurological symptoms
among faml residents in Colorado. Environ Res. 2002 ; 90 : 89-97. Abstract

www.mdconsult.comCopyright @ 2003 Elsevier Inc. All rights reserved.

Bookmark URL:

1/2/20042:22 PM
22 of 22


