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Abstract

Pesticide poisoning is a major public health concern in developing countries. We conducted a
population survey among farmers in three parishes of northwestern Jamaica to determine the
occurrence of acute pesticide poisoning and to identify factors associated with pesticide poisoning.
Approximately 16% of 359 farmers who participated in the study reported one or more incidents
of acute pesticide poisoning within the last two years. Only 25% of the farmers reported ever
receiving training in pesticide handling or safety. The majority (68%) of farmers who reported
pesticide poisoning never sought medical attention for poisoning. The factors found to be
associated with pesticide poisoning in this study indicate that implementation of specific
intervention strategies and education of farmers is needed in order to improve safe handling, use
and disposal of pesticides and reduce incidents of acute pesticide poisoning.

Introduction

The safe production and marketing of food is a major step towards food security. However,
many farmers put themselves at risk from pesticide poisoning during the production process.
This is a major public health concern, especially in developing countries where the most
persistent and hazardous pesticides are used by untrained farmers.12 Further, pesticides that
are banned, unregistered or suspended in developed countries due to their toxicity and
harmful health effects are often exported to developing nations.23 Many of these highly
toxic pesticides are applied by people with minimum or no training in safe application or
storage of pesticides, and without suitable protective gear.12 Many developing countries do
not have effective monitoring systems in place to assess the extent of pesticide poisonings
and the majority of cases are unreported.* Acute pesticide exposure can lead to death or
serious illness. An estimated 99% of human pesticide fatalities occur in developing
countries, although these countries account for only 20% to 30% of pesticide use. >/ In
1986 the World Health Organization (WHO) estimated that there were about one million
cases of pesticide poisoning occurring annually.

Farmers and agricultural workers face chronic health effects from chronic exposure to
pesticides.8 Chronic exposure can increase the risk of developmental and reproductive
disorders, immune system disruption, endocrine disruption, impaired nervous system

function and development of certain cancers.® There is a high risk of exposure to toxic
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pesticides through lack of protective gear, leaky spray equipment, from mixing and applying
pesticides with bare hands and storage of pesticides near food.1:2:> Global estimates of acute
pesticide poisoning are largely based on hospital data as very few studies have been
conducted to study the problem of acute pesticide poisoning among agricultural workers.?
Many episodes of poisoning are not registered, as they are considered minor and in some
regions information is missing because the episodes of poisoning are not registered and most
patients do not seek medical attention.19 The milder cases that do seek care at health
facilities often go unrecognized because the symptoms such as dizziness, rashes, nausea and
diarrhea are similar to other health conditions.11-13 In a study conducted by Mourad (2005),
62.5% of the participants experienced burning sensations in the eyes or face and 37.5%
experienced itching or irritated skin after spraying organophosphate insecticides.4

Excessive and careless use of pesticides is identified as one of the major causes of chemical
poisoning in the Caribbean Region.1® Farmers in developing countries have grown
dependent on pesticides to obtain high yields but this has led to increased risk of pesticide
exposure and pest resistance.*16 The dependence on pesticides makes it difficult for farmers
to practice alternative pest control methods such as biological pest control and Integrated
Pest Management (IPM). Biocontrol of pests has been proven effective worldwide and in the
Caribbean.1” In Jamaica, a number of studies have detected high levels of residues of the
organochlorine pesticide, Endosulfan, in surface water and aquatic life. Endosulfan is used
across the island to control pests on coffee plants.1819 Residues of other pesticides such as
DDT, aldrin, endrin and di-eldrin, which were released into the Rio Cobre Basin a few
decades ago, have been detected in coastal waters and sediment of Kingston Harbour.20
Organochlorine pesticides affect the nervous system causing convulsions, tremors, seizures
and fatalities.2! Other pesticides such as chlordane and Dichlorodiphenyltrichloroethane
(DDT) are associated with cancer;22 alachor, altrazine and diazinon are associated with low
semen quality.23:24

The objectives of this study were to determine the occurrence of pesticide poisoning and
identify factors associated with reported incidents of acute pesticide poisoning among
farmers in northwestern Jamaica. These findings could be used to develop and implement
strategies to encourage the safe handling, use and disposal of pesticides and decrease the
occurrence of acute pesticide poisoning among farmers.

Study Designh and Methods

A population survey study design was used. Participants completed an interviewer-
administered questionnaire on knowledge and practices concerning the handling, use,
storage and disposal of agricultural pesticides and the occurrence of episodes of pesticide
poisoning. The outcome variable of interest was self-reported occurrence of acute pesticide
poisoning within the last two years. Predictive variables of interest included education, years
of farming experience, pesticide safety training, pesticide storage and handling practices,
pesticide safety practices, and pesticide knowledge and symptoms of acute pesticide
poisoning.

The study was conducted in the parishes of Westmoreland, St. James and Hanover in
northwestern Jamaica from June to August 2006. Potential participants were defined as
adults age 19 years and older who worked on a farm in any of the three parishes. The
purpose of the study was explained to the farmers and they were asked to participate. Those
who expressed interest in participating were asked to read and sign the informed consent
form. If the potential participants were unable to read the consent form, the form was read to
them by a member of the farm team, or a neighbor and those who were still interested in
participating were asked to make an X indicating their consent. The Institutional Review
Board of the University of Alabama at Birmingham, the Advisory Panel on Ethics and
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Medico-Legal Affairs in the Ministry of Health, Jamaica, and the Western Regional Health
Authority of Jamaica approved the study protocol prior to its implementation.

Data Analysis

Results

Absolute and relative frequencies (N and %) were obtained for the distributions of the
selected variables for the two groups: those who reported one or more incidents of acute
pesticide poisoning within the last two years and those who did not. The General
Association Statistic was used to determine differences in the distributions of selected
variables by the two groups. Trend was assessed with the Mantel Haenszel chi-square test.
Odds ratios (OR) and 95% confidence intervals (CI) were generated as measures of
association for all variables by the two groups. Both crude and adjusted measures of
association were generated for all variables. All OR and CI were calculated from logistic
regression equations. Missing values were excluded from the analysis. The analysis was
conducted with SAS software, version 9.0. All reported p-values are two-tailed.

Demographic and farm characteristics of the study population

The demographic and farm characteristics of the study population are shown in Table 1.
Approximately 16% of the study population reported one or more incidents of acute
pesticide poisoning within the last two years. Most of the participants (87%) were males.
Although women constituted only 13% of the participants they accounted for 21% of
participants who reported one or more episodes of acute pesticide poisoning. Farmers who
completed secondary school accounted for 37% of participants who reported acute pesticide
poisoning. Farmers who had 40 or more years of farming experience accounted for 11% of
participants who reported episodes of acute pesticide poisoning and about 26% of the
participants who did not. There were also significant differences in the distributions of
pesticide poisoning on family owned versus non-family owned farms. Almost a half (47%)
of farmers who worked on non-family owned farms reported acute pesticide poisoning
compared to only 13% of farmers who worked on family-owned farms. Farmers who
traveled 0.25 to 1 mile from their home to the farm accounted for 56% of participants who
reported one or more episode of acute pesticide poisoning compared to farmers (22%)
whose home was situated <0.25 miles from the farm.

Symptoms reported by farmers to be associated with acute pesticide poisoning

The most common symptoms that farmers reported experiencing as a result of acute
pesticide poisoning were burning skin (13%), headaches (12%), itching eyes (11%), blurred
vision (11%), dry throat (9 %), twitching eyelids (7 %), and muscle cramps (5%). The
majority (68%) of affected farmers did not seek medical attention when experiencing signs
and symptoms of pesticide poisoning.

Most common crops grown and pesticides used by farmers

The most common crops grown by farmers include yam, banana, dasheen, cane tomato,
pepper, plantain and corn. Farmers used a variety of herbicides (paraquat, 2,4D, ametryin,
ioxynil, terbutryn), fungicides (glyphosphate, copper hydroxide) and insecticides
(cyhalothrin, deltamethrin, diazinon) to control pests. Most of these chemicals are
moderately or slightly hazardous based on the WHO’s hazard classification.25:26

Practices of farmers in relation to reported incidents of acute pesticide poisoning

A large proportion of farmers (75%) reported that they had not received training in pesticide
handling or safety (Table 2); 67% of these farmers reported incidents of acute pesticide
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poisoning. Approximately 26% and 37% of farmers who reported incidents of acute
pesticide poisoning, stored pesticides in their homes (in a separate room for chemicals) or
under their houses, respectively. There was a significant difference in report of acute
pesticide poisoning by farmers in relation to whether they read the instructions on the
pesticide bags before applying pesticides (p<0.001). Among farmers who reported acute
pesticide poisoning, only 50% stated that they always read the instructions on the bag before
applying pesticides. In comparison, 86% of farmers who reported no incidents of acute
pesticide poisoning stated that they always read instructions on the bag before applying
pesticides. Similar results were obtained for use of the recommended rate of pesticide by
farmers and acute pesticide poisoning. Among farmers who reported acute pesticide
poisoning, approximately 51% reported using the recommended amount of pesticides. In
comparison 71% of farmers who did not report acute pesticide poisoning reported using the
recommended amount of pesticides (p=0.0037). Framers who reported using pesticides in
their houses to kill pests accounted for 21% of participants who reported acute pesticide
poisoning and 2.3% of those who reported no poisoning (p<0.001). Twelve of nineteen
farmers (63%) who reported using pesticides in their houses to kill pests reported incidents
of acute pesticide poisoning.

With regard to protective gear, farmers who reported that they never use a mask or respirator
when handling pesticides accounted for 42% of participants who reported acute pesticide
poisoning and 27% of participants who did not report acute pesticide poisoning (p=0.27)
(Table 2). About 45% of the farmers reported that they never use protective eyewear and
23% reported never using gloves when applying pesticides. However, no significant
differences were found between use of gloves or protective eyewear and reported incidents
of acute pesticide poisoning. Wearing special shoes (for pesticide application only) by
farmers when applying pesticide was significantly associated with prevention of pesticide
poisoning (p<0.001). The overwhelming majority (87%) of farmers who reported always
wearing special shoes when applying pesticides reported no pesticide poisoning.

About 18% of farmers reported that they washed pesticide application tools in streams.
Farmers who washed pesticide application tools in streams accounted for 30% of
participants who reported acute pesticide poisoning and 16% of participants who did not
report pesticide poisoning (p=0.012). Although, only 3% of farmers reported using empty
pesticide containers to collect or store farm water, these farmers accounted for 16% of
participants who reported pesticide poisoning; in comparison only 1% of farmers who did
not report pesticide poisoning (p< 0.001). Farmers who reported that they threw empty
pesticide containers in bushes accounted for 42% of participants who reported acute
pesticide poisoning (Table 2); in comparison 22% of these farmers did not report pesticide
poisoning (p-value =0.002).

between knowledge of pesticides and farmers report of acute pesticide

Table 3 shows that approximately half of the farmers reported that they did not know the
difference between a fungicide and a herbicide. About 59% of farmers reported that they had
heard of pesticide awareness week. Farmers who reported that pesticides enter the body
through the eyes constituted about 77% of participants who reported acute pesticide
poisoning and were significantly different (p =0.014) from those who reported no pesticide
poisoning (89%). Farmers who reported that pesticides enter the body through the palms of
the hand constituted 63% of those who reported acute pesticide poisoning and were
significantly different (p<0.001) from those who reported no pesticide poisoning (84%).
Large percentages (91%) of farmers knew that people can get sick from pesticide runoff and
that water can be polluted from pesticide runoff. Approximately 85% of farmers reported
that they used pesticides to obtain high yields and better crop quality. The majority of

Arch Environ Occup Health. Author manuscript; available in PMC 2014 February 05.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ncube et al.

Page 5

farmers (71%) reported that pesticides did not pose a health problem in their community,
however, 51% of these farmers reported episodes of acute pesticide poisoning compared to
75% who did not report acute poisoning (p-value =<0.001; Table 3).

Association between pesticide application equipment and farmers report of acute
pesticide poisoning

Table 4 shows that a large proportion of farmers (85%) use backpack sprayers to apply
pesticides. Farmers who used a handheld sprayers represented 63% of farmers who reported
acute pesticide poisoning (p<0.001). Farmers who used band sprayers accounted for 5% of
those who reported pesticide poisoning and 1% of those who did not (p=0.022).

Multivariate logistic regression

For the final adjusted model (Table 5), all statistically significant variables from the primary
analyses were entered into a logistic regression model. Backward stepwise logistic
regression was performed. Variables with a statistical significance of p<0.10 were retained.
Variables that appeared to act as confounders were also retained. In the final model, farmers
who were 40-49 years of age were almost 6 times more likely to report an occurrence of
acute pesticide poisoning in the last two years, compared to farmers in the youngest age
group (20-39 years) (95% Cl:1.48, 23.94). Overall, reports of acute pesticide poisoning
appeared to decrease with age. However, the associations in the other age categories failed
to achieve statistical significance.

Farmers who traveled 0.25 to 1 mile from their home to the farm were 4.44 times more
likely to report symptoms of acute pesticide poisoning in the last two years compared to
farmers whose farms were less than 0.25 miles from their homes (95% CI: 1.19, 16.56).
Compared to farmers who worked on non-family farms, those who worked on family farms
were 96% less likely to report episodes of acute pesticide poisoning (95% ClI: 0.01, 0.25).
There was a significant association between farming experience of 20-29 years and acute
pesticide poisoning (95% CI: 1.43, 41.58). Always reading pesticide instructions before use
was associated with a decreased risk of acute poisoning among farmers (OR=0.12, 95% CI:
0.004, 0.41). Use of a hand-held sprayer to apply pesticides was associated with a 4-fold
increased risk of acute pesticide poisoning (95% ClI: 1.55, 10.34). Farmers who reported
never using a mask or respirator when handling pesticides were nearly 3 times more likely to
report acute pesticide poisoning compared with farmers who reported that they always used
a mask or respirator (95% CI: 1.05, 9.47). Farmers who reported using special tools (no
other use) to mix and apply pesticides were 82% less likely to report acute pesticide
poisoning compared to farmers who used tools for multiple purposes including pesticides
(95% CI:0.05,0.69).

Discussion

Only one-quarter of the farmers in this study reported ever receiving training in pesticide
handling or safety. This finding is consistent with previous studies conducted in developing
countries as most developing nations lack resources to train and educate farmers in safe
pesticide handling and use.527 Approximately (16%) of farmers in the study reported one or
more incidents of acute pesticide poisoning within the last two years. Of these, only 32%
consulted a clinic, hospital or private doctor following the accidental poisoning. This degree
of underreporting is consistent with results of other studies.28-30 A study by Maumbe and
Swinton (2003) which determined health costs of pesticide use among Zimbabwe’s
smallholder cotton growers found that 7-12% of famers reported pesticide poisoning.
However, only 2—-8% of these cases sought medical attention and the majority relied upon
home-made treatments and prayer to relieve their health ailments. The cost and efficacy of
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clinical treatments were reported as reasons why the farmers did not seek medical
attention.2® This might be the case in our study, since most farmers in developing countries
face financial hardship and lack health insurance.22:31:32 |n addition, most medical
professionals lack the ability to identify pesticide related illnesses, 122 thus raising further
concerns. Underreporting of pesticide poisonings is a major problem in the developing
world, especially in occupational settings.33:34 Medical attention is mainly given to suicide
attempts with pesticide due to the greater severity of illness.31:34

Farmers aged 40-49 years and farmers with 20-29 years of farming experience were more
likely to report experiencing pesticide poisoning than other farmers. Our study findings are
in contrast to other studies whereby younger and less experienced farmers reported higher
incidence rates of poisoning.33:35 This may be explained by a variety of factors including
repeated exposure over years and longer working hours compared to younger inexperienced
farmers.30

This study also showed that the likelihood of occurrence of acute pesticide poisoning
increased with distance from home to the farm. Our findings are in contrast with other
studies that have reported greater exposure to pesticide with increased residential proximity
to farms.36-42 Due to a lack of facilities on the farm, it is difficult for famers who live
further away from home to wash off or change clothes after applying pesticides.31:32:43 |n
addition, perspiration in clothing soaked with pesticides for longer periods greatly increases
the likelihood of dermal absorption.28:31:32, Farmers on Family-owned farms were less
likely to report incidents of acute pesticide poisoning than farmers on non-family owned
farms. Professional or waged workers are exposed to pesticide for longer times, spray
frequently, use pesticides chosen by their employers and have no control over work
conditions, thus increasing their vulnerability to pesticide poisoning.28:30 These factors may
explain reports of pesticide poisoning by waged workers in this study. As anticipated,
farmers who did not read instructions on the bag before applying pesticides or use the
recommended amount had an increased likelihood of acute pesticide poisoning. Therefore,
training in pesticide use and safety could greatly reduce the risk of pesticide exposure.5:8:28
Farmers who used handheld sprayers were four times more likely to report acute pesticide
poisoning than farmers who used other methods of pesticide application. Handheld sprayers
are inexpensive pesticide application tools used on small farms and in many developing
countries.*4-46 However, handheld sprayers are known for leaking,434" thus posing a great
risk of exposure to harmful pesticides. Previous research on handheld sprayers has
documented the greatest risk of pesticide exposure compared to other methods of
application.#648 There is a greater risk of dermal exposure because the hands are the most
exposed region of the body.#8 In addition, most farmers in this study did not receive training
in pesticide safety nor wore protective gear, further increasing the likelihood of poisoning.2>
Given the grave danger of using leaky spray equipment, farmers often do not have the
resources to repair or to buy new safe pesticide application tools. 4344 Farmers who reported
always using special tools for mixing and applying pesticides were less likely to report
pesticide poisoning than farmers who did not. Mixing or applying pesticides places the
famer in direct contact with pesticides resulting in harmful effects. The use of safe pesticide
mixing and application tools greatly reduces dermal exposure.6:48

This study also showed that the likelihood of acute pesticide poisoning was reduced when a
mask or respirator was used. Pesticide dusts and vapors are easily absorbed by the lungs and
respiratory system.#? The use of personal protective devices such as masks and respirators
can reduce the risk of pesticide exposure or inhalation; however, protective gear is
expensive, uncomfortable to wear and can increase the dermal absorption of pesticides in
tropical climates.211.28.30.50 Thys, the replacement of pesticides with non-toxic or less-toxic
alternatives seems feasible in this tropical and resource limited country. 30:32 For example,
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the implementation of the integrated pest management (IPM) or biological control of crop
pests would be a viable alternative. IPM has been proven effective in many parts of the
world and in the Caribbean.17:28:32 Studies on IPM have documented that farmers who went
through IPM training sprayed less often and reduced their use of more highly toxic
pesticides while still achieving the same crop yields as before.28 Restricting pesticide use,
especially the most toxic pesticides will reduce cases of pesticide poisoning and present a
pathway for preventive programs.39-32 Minimizing pesticide use will take years; in the
meantime, the most human health and environmental hazardous pesticides should be
restricted.31

Conclusion

Training and educating farmers in safe use and handling of pesticides should reduce
incidents of acute pesticide poisoning. The training program should emphasize the need to
always use protective gear and the recommended amount of pesticides. Due to limited
resources, training and health education can be done in the communities. The infrastructure
that currently exists in Jamaica can be extended to implement new farming techniques
including the use of IPM. For instance, the Rural Agricultural Development Authority
(RADA) which oversees the development of agriculture and economic growth in rural
Jamaican communities can implement rural extension services. RADA personnel can
conduct short courses and seminars to community leaders who in turn will educate farmers.
Overall, this study shows the need for further research on pesticide handling, knowledge and
practices among Jamaican farmers. Alternatives to pesticide use such as biological pest
control and IPM should be considered or implemented to reduce reports of acute pesticide
poisoning.
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Crude and adjusted prevalence odds ratios (POR) with 95% confidence intervals (CI) for the study population

according to self-reported incidence of acute pesticide poisoning within the last two years

Variables Crude OR (95%) Adjusted OR (95% CI)
Age

20-39 Reference Reference

0-49 1.99 5.95 (1.48, 23.94)
50-59 0.97 3.49 (0.71, 17.29)
60-85 1.13 1.81(0.30, 10.97)
Completed primary school

Yes 1.74 0.62 (0.22, 1.70)

No Reference Reference

Size of farm (acre)

0.25-1 2.32 0.55 (0.11, 2.64)
1.1-29 1.63 0.34 (0.06, 1.99)
3-3.9 1.91 0.24 (0.04, 1.35)
=10 Reference Reference

Distance from hometo farm (miles)

<0.25 Reference Reference

0.25-1 4.18 4.44 (1.19, 16.56)
=21 1.69 0.57 (0.15, 2.14)
Farm owned and run by family

Yes 0.18 0.04 (0.01, 0.25)
No Reference Reference

Farming experience (years)

1-9 2.88 2.45 (0.30, 20.04)
10-19 3.45 2.87 (0.45, 18.50)
20-29 361 7.71(1.43,41.58)
30-39 1.44 2.60 (0.43, 15.83)
240 Reference Reference

Alwaysread instructions before use

Yes 0.16 0.12 (0.04, 0.41)
No Reference Reference
Always use recommended rate of pesticide

Yes 0.43 1.42 (0.49, 4.05)
No Reference Reference

Ever stored pesticide in home, but in separate room for chemicals
Yes 2.55 0.66 (0.15, 2.81)
No Reference Reference

Ever stored pesticide under house

Yes 2.00 3.02(0.99, 9.19)

No Reference Reference
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Variables Crude OR (95%) Adjusted OR (95% CI)
Ever used crop or animal pesticidein hometo kill pests
Yes 11.24 2.12(0.41, 10.86)
No Reference Reference

Use handheld sprayer to apply pesticides
Yes 4.24 4.00 (1.55, 10.34)
No Reference Reference

Use a mask/respirator when handling pesticides

Always Reference

Sometimes 0.77 1.27 (0.34, 4.78)
Never 175 3.15(1.05,9.47)
Wear special shoes (no other use) when applying pesticide
Yes 0.25 1.28 (0.29, 5.69)
No Reference Reference

Always use special tools (no other use) to mix and apply pesticides

Yes 0.35 0.18 (0.05, 0.69)

No Reference Reference

Ever use empty pesticide container to collect and/or storefarm water

Yes 18.69 8.10 (0.74, 88.40)

No Reference Reference
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