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CHAPTER |
INTRODUCTION

1.1 Background and rationale

Agrochemicals, especially in forms of pesticides and chemical fertilizers, are
broadly used in agriculture around the world nowadays as powerful means for
destroying and controlling pests as well as enhancing yields and qualities of agricultural
products. The world agrochemical consumption substantially increased over times,
particularly in developing countries. The recent data reported that approximately 2.6
million tons of pesticides were annually used around the world [1]. Additionally, the
world demand of chemical fertilizers was about 184.6 million tons in 2014 [2]. Although
the use of agrochemicals provides more advantages, it is dangerous to human health

and environments when used improperly.

Numerous studies have documented that exposure to agrochemicals can
induce acute and long-term adverse effects on human health. Acute health effects of
pesticide exposure are a wide range of consequences from mild to severe such as
headache, weakness, dizziness, nausea and vomiting, blurred vision, irritation of skin,
eyes, and nose, skin rashes, difficulty in breathing, respiratory failure, coma, and death.
Moreover, exposure to pesticide cans cause chronic diseases such as neurological
disabilities, confusion, anxiety, memory loss, depression, reproductive problems, and
cancers [3-7]. Previous studies exhibited that exposure to chemical fertilizers attributed
to dermal and respiratory problems such as skin irritation, rashes, contact dermatitis
[8-12], respiratory irritation, cough, sneeze, and chest tightness [8, 12-15]. Furthermore,
the use of chemical fertilizers potentially affects contaminations in groundwater (i.e.,
heavy metals, and nitrates) linked to adverse effects in people drinking contaminated
water [16-19]. For example, exposure to nitrates, which is a main component of urea
fertilizers, may cause methemoglobinemia (baby blue syndrome) in children,
abdominal pain, muscle weakness, blood in stool and urine, fainting, thyroid disorders,

and cancers [20].
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Thailand is one of the world’s important agricultural producers and
agrochemical users. As the Thai government’s policy, the agrochemical importation
and use in the country dramatically increased [17]. In 2011-2015, around 5.4 million
tons of chemical fertilizers and 153,753 tons of pesticides were annually imported to

serve the agricultural sector, valued at 71,378 and 21,600 million THB by vyear,
respectively [21, 22] (1 USD = 34.6 THB) [23]. Accordingly, Thailand ranked fourth in

the annual pesticide use and third in pesticide use per unit area in Asian countries [24].
Nonetheless, Thailand is still lacking of an effective law specifically designed for
agrochemical management. Therefore, the importations and usage of agrochemicals in
Thailand seemed to be inadequately controlled. The current use of agrochemicals
among Thai farmers was also ineffective due to intensive and improper use (i.e.,
intensively used chemical fertilizers, mixed pesticides over recommended doses, used
pesticide cocktails, no personal protective equipment) causing environmental
contaminations and health problems [17, 24, 25]. Around 7,954 Thai people were
suffered from pesticide poisoning in 2014 (or 12.25 per 100,000 populations); 32.1% of
which were farmers. The major cause of poisoning was organophosphates (OPs) and
carbamates (CAs) [26]. However, the prevalence of pesticide poisoning was likely
underestimated due to underreporting of acute poisoning and non-severe cases [27].
Furthermore, there was no information regarding chemical fertilizers-related to illness

in Thailand.

Ubon Ratchathani province is one of the important agricultural areas located
in Northeastern Thailand. The province is ranked second in the largest number of
farmers and cultivated areas in the country [28] where chilies are the famous economic
crops. About 8,608 rais (or 1,377 hectares) of areas were under chili cultivation with a
total productivity of 19,141 tons per year, valued at 239.3 million THB [29]. The recent
data showed that, there were 4.2 per 100,000 populations in the province afflicted
from pesticide poisoning in 2009. Additionally, it reported that, in 2014, around 43.8%
of farmers (n=979) had a risk and unsafe level of serum cholinesterase tested with

reactive papers indicated that they potentially have health risks from pesticides [30].
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Previous studies highligshted that chili farmers heavily used agrochemicals,
specifically pesticides. Consequently, chili farmers were frequently exposed to
agrochemicals led to health problems because of inconsistent knowledge, attitude,
and practices on pesticide risks and personal protective equipment [27, 31-39].
Moreover, the evidences were found that shallow groundwater in agricultural areas,
particularly on chili farms was contaminated heavy metals due to overusing chemical
fertilizers for a long time [40, 41]. Most existing studies have concerned pesticide
exposure and health effects among chili farmers [27, 31-38]. Only one study has
developed interventions for reducing pesticide use in chili farmers. Nevertheless, the
effectiveness of intervention was undefined because of a limitation in the study design.
Furthermore, it mentioned that chili farmers still required using pesticides for

controlling pests and improving productivity after the intervention [39].

There were several research exhibited effective interventions to promote the
safe use of pesticides to reduce pesticide exposure and health effects in Thai farmers
[42-46], however it lacked an intervention research focused on the safe use of chemical
fertilizers and health effects in Thailand and elsewhere. Thus, more intervention
research was desirable to develop effective interventions to promote safe use of
agrochemicals (i.e. pesticides and chemical fertilizers) to prevent health effects related

to agrochemical exposure.

According to the social cognitive theory (SCT), human behaviors are the
dynamic interactions of personal, behavioral, and environmental factors, so changing
behaviors in individuals can consider by multiple ways such as targeting knowledge
and attitude, and changing environments [47]. In applying the SCT concepts for health
promotion and disease prevention, core determinants include knowledge of health
risks and benefits of different health practices, perceived self-efficacy that individuals
can control over health habits, outcome expectations regarding the expected costs
and benefits for different health practices, health goals that individuals establish for
themselves, plans and strategies of achieving the goals, perceived facilitators,

perceived social and structural obstacles of changing behaviors [48].
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Subsequently, an agrochemical safety program was developed based on SCT
concepts in order to promote agrochemical safety behaviors to prevent health effects
related to agrochemical exposure. The agrochemical safety program consisted of 4
main components: 1) Agrochemical safety training with practical demonstrations using
Tapioca Starch Tracer technique (TST) - a new training tool; 2) Educational media for
promoting agrochemical safety behaviors i.e. video compact discs (VCDs) and booklets;
3) Providing personal protective equipment (PPE) i.e. respirators, chemical-resistant
gloves, and chemical safety goggles to facilitate behaviors on using personal protective
equipment; and 4) Establishing peer facilitators to facilitate and reinforce agrochemical
safety behaviors. This study aimed to evaluate effectiveness of the agrochemical safety

program to prevent health effects in chili farmers in Ubon Ratchathani province.
1.2 Research objectives
1.2.1 General research objective

To develop an agrochemical safety program and to evaluate effectiveness of
the program on agrochemical safety knowledge, self-efficacy, agrochemical safety
behaviors, agrochemical residues on hands, cholinesterase activity, and health effects

related to agrochemical exposure among chili farmers in Ubon Ratchathani province
1.2.2 Specific research objectives

1.2.2.1 To compare agrochemical safety knowledge scores, self-efficacy scores,
agrochemical safety behavior scores which consisted of 3 aspects: safe use of
agrochemicals, use of PPE, and personal hygiene practices, agrochemical residues on
hands, cholinesterase activity, and health effects related to agrochemical exposure
which were evaluated in terms of a number and severity score of symptoms reported

by chili farmers between experimental and control group.

1.2.2.2 To compare agrochemical safety knowledge scores, self-efficacy scores,
agrochemical safety behavior scores, agrochemical residues on hands, cholinesterase
activity, and health effects related to agrochemical exposure within groups between
baseline (before the program) and follow-up times (after the program at 5 and 8

months).
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1.2.2.3 To evaluate an overall effectiveness of the program on agrochemical

safety knowledge scores, self-efficacy scores, agrochemical safety behavior scores,

agrochemical residues on hands, cholinesterase activity, and health effects related to

agrochemical exposure.

1.2.3 Research questions

1)

2)

Did the agrochemical safety program have effectiveness in improving
agrochemical safety knowledge in chili farmers?

Did the agrochemical safety program have effectiveness in increasing self-
efficacy on agrochemical safety in chili farmers?

Did the agrochemical safety program have effectiveness in improving
agrochemical safety behaviors in chili farmers?

Did the agrochemical safety program have effectiveness in reducing
agrochemical residues on hands in chili farmers?

Did the agrochemical safety program have effectiveness in improving
cholinesterase activity in chili farmers?

Did the agrochemical safety program have effectiveness in reducing health

effects related to agrochemical exposure in chili farmers?

1.3 Research hypotheses

1)

2)

The agrochemical safety program was effective to increase agrochemical
safety knowledge scores in experimental group.

The agrochemical safety program was effective to increase self-efficacy
scores in experimental group.

The agrochemical safety program was effective to improve agrochemical
safety behavior scores in experimental group.

The agrochemical safety program was effective to reduce agrochemical
residues on hands in experimental group.

The agrochemical safety program was effective to improve cholinesterase

activity in experimental group.
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6) The agrochemical safety program was effective to reduce health effects

related to agrochemical exposure in experimental group.
1.4 Operational definitions

Agrochemicals refer to chemical products used in chili farming for promoting
crop growth, improving vyields, controlling or defeating pests. In this study,

agrochemicals included chemical fertilizers and pesticides.

Chemical fertilizers refer to plant nutrients and elements that were generally

applied to the soil in order to promote the growth of crops [49].

Pesticides refer to an agrochemical group designed for controlling or destroying
pests [49]. This study focused on common pesticides in chili farming such as

insecticides and herbicides.

Agrochemical safety program is a set of related activities designed for
promoting agrochemical safety behaviors to prevent health effects related to
agrochemical exposure. The program was developed based on SCT concepts, existent
guidelines on the safe use of agrochemicals [49, 50], and successful intervention
programs [43, 46]. The program consists of 4 main components: 1) Agrochemical safety
training with practical demonstrations using Tapioca Starch Tracer technique (TST) - a
new training tool; 2) Provision of personal protective equipment, including respirators,
chemical-resistant gloves, and chemical safety goggles to facilitate behaviors on using
personal protective equipment; 3) Provision of educational media for promoting
agrochemical safety behaviors, including videos and booklets; and 4) Establishment of

peer facilitators to facilitate and reinforce agrochemical safety behaviors.

Tapioca Starch Tracer Technique (TST) is a training tool developed by using
tapioca starch and iodine solutions to demonstrate pictures of invisible exposures to
agrochemicals on skins, clothing, and other surfaces contributed to an understanding

among trainees of exposure patterns on their bodies and environments.
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Chili farmers refer to farmers who currently worked in chili farming and
involved in the agrochemical use such as mixing, loading, or spraying pesticides and
applying chemical fertilizers. In this study, the chili farming process includes 3 main
steps: germinating chili seeds, transplanting and growing seedlings, and harvesting

crops.

Agrochemical safety knowledge refers to an understanding of the health risks

of agrochemical exposure and benefits of agrochemical safety behaviors.

Self-efficacy refers to an individual’s personal belief that farmers can perform
agrochemical safety behaviors and an individual’s ability to develop and perform

required actions on safely using agrochemicals.

Agrochemical safety behaviors refer to the ways in which a person behaves
in a particular situation or under a particular condition. In this study, agrochemical
safety behaviors consist of 3 aspects:

1) Safe use of agrochemicals meant the safe application, storage, and

disposal of agrochemical products

2) Use of personal protective equipment (PPE) meant the use of equipment

that will protect farmers against health risks at work such as respirators,
chemical safety gogsles, gloves, and boots

3) Personal hygiene practices included no smoking, no eating, and no

drinking while working with agrochemicals, washing hands immediately after
working with agrochemicals, bathing and shampooing after finishing
pesticide application, and washing work clothes worn when spraying

pesticides separated from general clothes.

Health effects related to agrochemical exposure refers to negative health
effects from agrochemical exposure contributing illness or adverse symptoms. This
study focused on acute adverse symptoms from agrochemical exposure, including 20
symptoms related to pesticide exposure, such as respiratory symptoms, skin
symptoms, central nervous system symptoms, gastrointestinal symptoms, and others

as well as 5 symptoms related to chemical fertilizer exposure such as respiratory and
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skin symptoms. Additionally, health effects related to agrochemical exposure could be

evaluated in terms of the number and severity of symptoms reported by chili farmers.

Agrochemical residues on hands refer to agrochemical residues on chili
farmers’ hands used as an indicator of hand dermal exposure that could be assumed
consistent behaviors on using gloves and washing hands of chili farmers. This study
focused on organophosphate pesticide residues (OPR) by measuring 2 kinds of
organophosphate pesticides: chlorpyrifos and profenofos. The both pesticides were
selected because of widely used in chili farming and potential risks to human health

[32, 35-38, 511.

Cholinesterase activity (ChE) refers to cholinesterase activity in blood
commonly used as a biomarker of exposure effects of organophosphate and
carbamate pesticides. In this study, both enzymes: acetylcholinesterase (AChE) in red
blood cells - an indicator of chronic exposure, and plasma cholinesterase (PChE) - an
indicator of short-term exposure were measured by using Ellman method; Test-mate

ChE (Model 400).
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1.5 Conceptual framework

Independent variables

Demographic factors

Age

Gender

Education

Chronic diseases
Alcohol consumption
Smoking habit

Ever received training

about agrochemical use

Work factors

Chili farm areas

Type of farm task

No. of years working in chili
farming

Kind of agrochemicals used
Frequency of agrochemical

use

Agrochemical Safety Program
* Agrochemical safety training
with practical demonstrations
using TST

Educational media

* Providing PPE

* Establishing peer facilitators

Dependent variables

Experimental

group

PN

Control group

No program

1.6 Expected benefits of the study

Agrochemical safety knowledge
score
Self-efficacy score
Agrochemical safety behavior
score
Agrochemical residues on hands
(OP residues)
Cholinesterase activity

* AChE activity

* PChE activity
Health effects related to
agrochemical exposure

* No. of reported symptom

* Severity score of symptoms

An implementation of the agrochemical safety program could be advantageous

for chili farmers and local public health officers and communities as follows.

1.6.1 For chili farmers

The program could help to increase knowledge, self-efficacy, and behaviors
on agrochemical safety resulted in preventing potential risks of
agrochemical exposure in chili farmers.

The program could help to reduce agrochemical exposure led to improve
blood cholinesterase activity resulted in preventing health effects related
to agrochemical exposure in chili farmers.

These changes could ultimately contribute to an improvement in health of

chili farmers and chili productivity.
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1.6.2 For public health officers and communities

The achievements of the agrochemical safety program could be distributed
and applied to chili farmers in other communities.

The Tapioca Starch Tracer technique (TST) and the educational media (i.e.
VCDs and booklets) created for promoting agrochemical safety behaviors
might be applied by public health officers, village health volunteers, and
educators for training the safe use of agrochemicals among farmers.
Findings from this study could help public health officers better understand
health effects related to agrochemical exposure in chili farmers to create
the plans on health promotion and occupational disease prevention,

specifically designed for a chili farmer group.
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CHAPTER Il
LITERATURE REVIEW

2.1 Agrochemical classification

Agrochemicals are chemical products used for agricultural work to improve or
protect crops that can be classified into 4 groups: pesticides, fertilizers, commodity
chemicals, and on-farm veterinary products [49]. In this study, Agrochemicals focused

on included pesticides and chemical fertilizers due to their wide use in chili farming.
2.1.1 Pesticides

Pesticides are any substances used for destroying, repelling, or changing
behaviors of pests or unwanted organisms. Pesticides can be classified by target pests
intended for control [52], for example:

- Insecticides used for killing insects and other arthropods

- Herbicides used for destroying weeds and other unwanted plants

- Fungicides used for killing fungi e.g. blights, molds, mildews, rusts

- Rodenticides used for killing mice and other rodents

- Antimicrobials used for killing microorganisms like bacteria and viruses
Classification of pesticides by chemical structures [53]
1) Organochlorine (OC)

Many OCs widely used in the past have previously been cancelled because of
their highly toxic and environmental persistence. OCs can damage the nervous system
of humans by disrupting nervous transmission along the nerve sheath of the nerve
axon. Examples of banned OCs are DDT (dichloro-diophenyl-trichloroethane), aldrin,

dieldrin, chlordane, lindane, and heptachlor.
2) Organophosphates (OP)

Most of OPs are insecticides that are generally used in agriculture, homes,
garden, and on animals. OPs can affect the nervous system not only in insects, but

also in humans, causing health effects by disrupting cholinesterase enzyme functioning
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in generating acetylcholine - a neurotransmitter. In usual, OPs are not persistent in the
environment. Examples of OPs commonly used include chlorpyrifos, diazinon,

malathion, and azinphos methyl (gluthion).
3) Carbamates (CA)

Carbamates are commonly used in agriculture, homes, and gardens. Like OPs,
CAs can affect the nervous system by binding to and inactivating acetylcholinesterase
at the gap between nerve endings and they are not persistent in the environment.
However, they are lower toxic to humans compared with OPs, because carbonates
have lower linkage for acetylcholinesterase than do OPs. Examples of CAs commonly

used are carbaryl and methomyl.
4) Pyrethoids (PY)

Pyrethoids are a synthesized form of pyrethrins, which are a natural chemical
found in chrysanthemums mostly used for indoor pest control. PYs have been
modified to increase their environmental stability. They are generally used in
agriculture and homes. Some of PYs are potentially toxic to the nervous system.
Examples of PYs mostly used were permethrin, cypermethrin, allethrin, and

fenvalerate.
2.1.2 Fertilizers

Fertilizers known as “artificial manure” and called as “chemical fertilizer” in
the study are plant nutrients and elements generally applied to the soil to promote
the crop growth and increase agricultural yields [49]. In general, chemical fertilizers
contain principal nutrients requiring for plant growths such as nitrogen (N),
phosphorous (P), potassium (K), micronutrients such as copper (Cu), iron (Fe),
manganese (Mn), zinc (Zn), and heavy metal contaminants such as arsenic (As),
cadmium (Cd), chromium (Cr), and lead (Pb) [8, 54, 55]. Chemical fertilizers can cause

dermal [9-11, 49] and respiratory problems [13-15].
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2.1.3 Commodity chemicals

Commodity chemicals are substances produced for use in agriculture and
industries, maybe included by-products of industrial process and industrial waste e.g.
acidic solutions. These chemicals are corrosive substances commonly used in farming
and they may cause skin irritation when exposed. Examples of commodity chemicals
include formic acid used for preserving grass harvested for animal feed, sulphuric acid

used for potato haulm desiccant [49].
2.1.4 On-farm veterinary products

On-farm veterinary products are substances manufactured for increasing animal
growth. These products are commonly applied to animals by skin injection or oral
administration. Some examples of on-farm veterinary products are vaccines, antiseptic,

hormones, and growth promoters [49].
2.2 Current situation of agrochemical use and poisoning in Thailand
2.2.1 Current situation of pesticide use

Most of pesticides used in Thailand, in which the highest amount was mainly
used in vegetable and fruit farming, were imported [25]. The importations and use of
pesticides in the country have increased for many decades. Accordingly, Thailand
ranked fourth in the annual pesticide use and third in pesticide use per unit area in
Asian countries [24]. In 1994 and 2000, the majority of imported pesticides were OPs,
followed by CAs [25]. Recent data from the Office of Agricultural Economics reported
annual amounts and values of pesticide imports in Thailand between 2011 and 2015
(Table 1). Around 153,753 tons of pesticides were annually imported to serve the
agricultural sector, valued at 21,600 million THB by year [22]. The most imported
pesticides were herbicides (e.g. glyphosate, paraquat dichloride, 2,4-D, ametryn, and
atrazine), followed by insecticides (e.g. chlorpyrifos, fenobucarb, cartab hydrochloride,
and cypermethrin), and fungicides (e.g. Mancozab, sulfur, carbendazim, and promineb),

respectively [24].
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The current use of pesticides among Thai farmers was ineffective led to
poisoning and illness due to their intensive and improper use such as mixed pesticides
over recommended doses on labels, used pesticide cocktails with unconcern in

synergistic effects of mixed pesticides, no personal protective equipment [17, 24, 25].

Table 1 Amounts and values of pesticide imports in Thailand, 2011 - 2015

Amount (in tons) Total value
Year .
Herbicide Insecticide Fungicide Others Total (in million THB)

2011 112,177 34,672 9,671 5,511 164,538 22,070

2012 106,860 16,797 12,179 3,748 134,480 19,378

2013 137,049 21,485 6,972 3,942 172,826 24416

2014 117,645 13,910 10,350 4,832 147,375 22,812

2015 119,971 12,927 10,988 5,560 149,546 19,326
Average 118,740 19,958 10,315 4,719 153,753 21,600

" Others: fumigants, miticide, molluscicide, nematicide, plant growth regulators, and rodenticide

Adapted from the Office of Agricultural Economics [22]

2.2.2 Current situation of chemical fertilizer use

Thailand’s chemical fertilizer use significantly increased since 1970s. During
1961 and 2003, an increase in chemical fertilizer use among Thai farmers was 94 times
from 18 thousand tons in 1961 to 1,700 thousand tons in 2003 [17, 25]. It estimated
that in 1994-2004, Thai farmers used 3.54 million tons of chemical fertilizers by year
[56]. The high increases in chemical fertilizer use were resulted from Thai government’s
policy encouraging the use of chemical fertilizers to increase yields of agricultural
products [17, 25]. Consequently, amounts of imported chemical fertilizers in the
country have continually increased. In 2011-2015, about 5.35 million tons of chemical
fertilizers were yearly imported, valued at 17,378 million THB per year [21] as shown
in Table 2. The majority of chemical fertilizers imported in 2015 were urea fertilizer
(formula 46-0-0), followed by potassium chloride fertilizer (formula 0-0-60), and NPK
fertilizer (formula 15-15-15) [21].
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Thai farmers have excessively used chemical fertilizers for a long time in order
to increase yields, so that excessive chemical fertilizers have accumulated in the soil
causing environmental pollutions [17, 25]. The Pollution Control Department found
that the water in main rivers and lakes in the country was polluted with chemical
substances, which were components of chemical fertilizers, such as phosphate,
ammonia, and nitrates. Moreover, several studies revealed that the excessive use of
chemical fertilizers related to groundwater contamination. For example, a study in
Kanchanaburi province evidenced that groundwater from wells in asparagus farms was
detected high concentration of nitrates [17, 25]. A recent study in Ubon Ratchathani
province found heavy metal contamination (e.g¢. As, Cd, Cu, Pb, Zn) in groundwater
from wells in agricultural areas with a long-term history of using chemical fertilizers,

especially in chili farms [18, 40].

Table 2 Amounts and values of chemical fertilizer imports in Thailand, 2011-2015

Year Total amount (in tons) Total value (in million THB)
2011 5,639,392 80,297
2012 5,377,298 81,249
2013 5,638,890 72,259
2014 5,432,211 66,375
2015 4,653,060 56,709
Average 5,348,170 71,378

Adapted from the Office of Agricultural Economics [21]

It concluded that the importations and use of agrochemicals in Thailand
seemed to be inadequately controlled until now. Also, the current use of
agrochemicals in Thai farmers was inefficient due to their overuse and improper use,
for example, intensively used chemical fertilizers, mixed pesticides over recommended
doses, used pesticide cocktails, and no personal protective equipment. Thailand had
several means for solving problems from the inappropriate use of Agrochemicals such
as teaching farmers to use pesticides safely, monitoring PChE activity in farmers,

however, this means seemed to be insufficient and ineffective.
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2.2.3 Current situation of pesticide poisoning

The Bureau of Epidemiology reported that about 1,734 Thai people (or 2.35
per 100,000 populations) were suffered by pesticide poisoning by year, between 2003
and 2012. Figure 1 shows the incidence rate of pesticide poisoning during 2003-2012.
In 2012, 1,509 people (or 2.35 per 100,000 populations) afflicted by pesticide poisoning;
most of them worked as farmers (40.95%); the highest cases happened in the rainy
season (or a cultivation season covering May to August); the main causes of poisoning
related to OP insecticides (9.15%) and herbicides (0.46%). The northern region ranked
first in pesticide poisoning incidences, followed by the central and the northeastern
with incidence rates of 4.25, 2.05, and 2.04 per 100,000 populations, respectively [57].
Nonetheless, these incidence rates of pesticide poisoning seemed to be
underestimated, because it did not cover cases with mild or slight symptoms that did
not access to hospitals or health care centers. It also might be because of under
diagnosis from physicians and underreporting of acute pesticide poisoning [27].
Furthermore, the Bureau of Occupational and Environmental Diseases found that in
2012 around 32% of farmers (n = 533,524) from 74 provinces had unsafe and risk level
of PChE indicated that they might be possible pesticide poisoning [58]. By reasons
mentioned above, it emphasized that Thai farmers had highly potential risks of
pesticide poisoning.
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Figure 1 Reported cases of pesticide poisoning per 100,000 populations, 2003-2012
(Source: Bureau of Epidemiology [57])
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2.3 Agrochemical exposure in farmers
2.3.1 Exposure routes

Farmers are occupationally exposed to agrochemicals by 3 main routes: dermal
absorption, inhalation, and accidental oral ingestion [49, 59]. The dermal absorption is
likely the greatest route of agrochemical exposure, as skin is the largest body’s organ.
Also, inhalation is an important route of exposure if volatile agrochemicals are applied
in confined spaces, or agrochemicals are applied by using techniques that can generate

respirable or inhalable particles [59].
1) Dermal exposure

Dermal exposure is the most common route of agrichemical exposure.
Agrochemicals, especially pesticides can easily penetrate skin in cases of skin damages
and diseases. If farmers work in hot weather, they may promptly absorb agrochemicals
by skins, since their skin pores typically open in hot condition [49]. Dermal absorption
of agrochemicals depends upon properties of product formulations and diluted

materials of agrochemicals as well as individual traits of farmers [59].
2) Inhalation exposure

Inhalation is a common route of agrochemical exposure that occurs when
farmers inhale air polluted by agrochemicals in forms of gases, fine spray droplets,
dusts, and smokes that cans enter the respiratory tract. Farmers are usually exposed
to agrochemicals by inhalation while spraying agrochemicals [49]. Inhalation exposure
can become an important route of exposure, if farmers work with agrochemicals, which
are volatiles, dusts, particles, fumigants, or aerosols, in enclosed spaces. Conversely, if
farmers mix or load agrochemicals in a closed loading system; inhalation exposure is
likely a small fraction of the total exposure that can be disregarded. Inhalation
exposure has a greater proportion of the agrochemical absorbed dose when compared

to dermal exposure [59].
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3) Oral exposure

Farmers are possibly exposed to agrochemicals by oral route, if their lips or
their mouths are dirtied by agrochemical particles or droplets, or they swallow
agrochemicals by accident [49]. Oral exposure to agrochemicals cans occur, when
farmers have poor hygiene practices such as eating, drinking, or smoking while working
with agrochemicals, and no or improper handwashing after contacting agrochemicals.
Moreover, some airborne particles may get into the mouth or the respiratory tract and
consequently enter to the gastrointestinal tract. Therefore, some oral exposure can be

measured as inhalation exposure [59].
2.4 Chili farming process

Chili, a plant in the Capsicum genus, cans be generally grown anywhere, and it
can do well in warm weather. In Thailand, approximately 597,157 rais of areas are
under chili cultivation with a total productivity of 311,831 tons per year. A majority of
chili farms is located in the northeast region, especially in Chaiyaphum, Loei, Nakhon
Ratchasima, Sisaket, and Ubon Ratchathani. Chemical fertilizers and pesticides are
highly used in chili farming [60]. In Ubon Ratchathani province, chili growing season is
annually between August and May [39, 61]. The chili farming process includes 4 main

steps as follows.
2.4.1 Germinating chili seeds

Plant chili seeds into plots or seed trays, check them every day and water
adequately if soils look dry. The duration of seed germination is approximately 1-3
weeks or longer depended on the species. In general, chili seed germination starts in

August. Agrochemicals related to this step are fertilizers.
2.4.2 Land preparations

Each chili plant requires a space of 0.5 m. within rows and 0.5 m. apart from
row. Lands should have walkways of 0.5 m. for plant inspection. Agrochemicals related

to this step include fertilizers, lime, and pesticides.
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2.4.3 Transplanting and growing chili seedlings

Chili seedlings in age of > 30 days can be transferred to farmlands, and this
step commonly begins in September. Chili plants are consequently grown until May.
Watering chili plants should be done immediately after transplanted and daily watering
is depended on conditions of plants and soils. For example, in flowering period, chili
plants require high amounts of water, and in harvesting period, they need low amounts
of water for the quality of fruits. The high use of agrochemicals, especially pesticides,

is usually between October and April.
2.4.4 Harvesting crops

About 30-90 days after growing chili seedlings, the first crops can be harvested.
The harvesting period is generally from November till May depended on the weather.
Chilies are commonly picked by hands and put in baskets or plastic bags. They can be
also graded by size while harvesting. Fresh chilies are consequently delivered to the

market or processed to dried chilies.

In this study, a chili farming process is divided into 3 main steps: germinating
seeds, transplanting and growing chili seedlings, and harvesting crops. All steps of the
chili farming process are commonly related to the use of agrochemicals. In particular,
pesticides are frequently applied and sprayed during October to April [39, 61].
Therefore, the data collection in this study was consistent with the period of highly
using pesticides (Oct - Apr) due to chili farmers’ high potential exposure to

agrochemicals.
2.5 Common agrochemicals used in chili farming

Previous studies conducted in Huaruea subdistrict, Mueang district, Ubon
Rathchathani province highligshted that chili farmers usually used a variety of
agrochemicals in chili farms depended on their own interest, and pest problems [32,
39]. The common agrochemicals used on chili farms included chemical fertilizers
(98.5%), insecticides and fungicides (98.5%), herbicides (90.8%), and plant growth

regulators and surfactants (75.4%) [39]. Particularly, the use of pesticides was diverse
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depended on occurrences of pests and plant diseases as well as economic conditions.

The common pesticides used in chili farms were as follows [39].

1) Insecticides: Abamectin has been the most frequently used (72.3%),
followed by Podium 400 (chlorpyrifos), Selecron (profenofos), Lanate
(carbamate), Cypermethrin 35, and others.

2) Herbicides: Gramoxone (Paraquat) is the most frequently used (21.5%),
followed by Glyphosate, Lancer, Alachor, and Onecide Super.

3) Fungicides: Antracol (Propineb) has been the most frequently used (20.0%),
followed by Dacolnil and Good View.

In this study, it focused on OP pesticides by measuring chlorpyrifos and
profenofos residues on chili farmers’ hands as an indicator of hand dermal exposure
to pesticides. The both OP insecticides were selected because they were widely used

in chili farming and also had high potential risks on human health [32, 35, 36, 39, 62].
2.6 Health effects related to agrochemical exposure

Exposure to agrochemicals may immediately cause adverse health effects. The
severity of adverse health effects depends on the type, frequency and dose of

agrochemical exposure.
2.6.1 Health effects related to chemical fertilizer exposure

Few studies have studied health effects from chemical fertilizer exposure. Most
of them revealed that exposure to chemical fertilizers causing dermal and respiratory
problems [8-11, 13-15, 19, 63]. For example, the case reports exhibited that contact
dermatitis was caused by nickel in fertilizers found in chemical laboratory factory
workers [11], by phosphates showed in fertilizer factory workers [9], and by calcium
ammonium nitrate reported in farmers used fertilizers [10]. Bhat and Ramaswamy [13]
demonstrated that chemical fertilizer exposure decreased lung functions possibly
causing restrictive type of lung disorders in long term. Zhang and colleagues [15] found
that exposure to chemical fertilizers significantly increased risk of respiratory
symptoms. Ramah, and coworkers [14] suggested that exposure to ammonia at higher

level were significantly related to an increased prevalence of respiratory symptoms
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and an acute reduction of lung functions among urea fertilizer factory workers. Gorman
and colleagues [63] found no significant relation of increases in inhalation or dermal
exposure to metal contaminants (e.g. As, Cd, Cr, Pb, Ni) and working with chemical
fertilizers. They also found a weak relation between dermal and respiratory irritation

and working with chemical fertilizers [8].
2.6.2 Health effects related to pesticide exposure

Several studies have documented acute health effects of common pesticides
as shown in Table 3. In particular, OP and CA pesticides commonly used in agriculture
through Thailand can affect the nervous system of humans by inhibiting an activity of
acetylcholinesterase (AChE), which is an enzyme functions in the hydrolysis of
acetylcholine (a neurotransmitter). The inhibition of AChE activity, consequently
contributes to an accumulation of acetylcholine in the synapses resulted in negative
effects. High dose exposure to ChE inhibiting pesticides can cause acute effects such
as gastrointestinal upset, sweating, tearing, urination problems, bronchial spasms,
muscle twitching, muscle weakness, bradycardia, and coma [64-67]. For chronic
exposure at low to moderately high doses, poisoning symptoms are for example
headache, dizziness, nausea, vomiting, abdominal pain, blurred vision, and chest
tightness [64-67]. Moreover, there is evidence linking OP exposure to reproductive

effects, non-Hodgkin’s lymphoma, and cancer [65].
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Table 3 Acute signs and symptoms of common pesticides

Pesticide class

Examples

Acute effects

Insecticides

Organophosphates

Chlorpyrifos,
profenofos, malathion,

parathion, ethaphos

- Respiratory symptoms: cough, difficulty in
breathing, wheeze, chest pain

- Neurobehavioral symptoms: headache,
dizziness, anxiety, fatigue, nausea, vomiting

- Muscular symptoms: numbness, cramp,
muscle weakness, twitching

- Hypersecretion: sweating, lacrimation,
salivation

- Diarrhea, abdominal pain, blurred vision,
miosis, bradycardia

- CNS: respiratory depression, lethargy,

coma, seizures

Carbamates

Methomyl, carbaryl

Like effects of OPs

Pyrethriods

Cypermethrin,

permethrin

- Similar effects found in OPs included
respiratory symptoms, muscle twitching,
seizures

- Headache, fatigue, vomiting, diarrhea,
hypersecretion

- Skin irritation, paresthesia (e.g. burning,

prickling, itching or tingling)

Organochlorines

Lindane

- CNS: mental status changes, seizures
- Tremor, ataxia (failure of muscular

coordination), hyperreflexia, paresthesia

Herbicides

Phosphonates

Glyphosate

- Nausea and vomiting

- Aspiration pneumonia type syndrome

- Effects on pulmonary system

- Hypertension, altered mental status,
oliguria (decreased urine production and

excretion) in severe cases
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Pesticide class

Examples

Acute effects

Chlorophenoxy

2,4-D, 2,4,5-T,

mecoprop

- Irritation of skin and mucous membrane
- Headache, dizziness, vomiting, diarrhea
- Kidney failure

- Probably carcinogenic

Dipyridyl

Paraquat, diquat

- Irritation of skin, eyes, nose, and throat

- Dermal symptoms (for paraquat): dry and
fissured hands, loss of fingernails or
horizontal ridging, abrasion, ulceration

- CNS (for diquat): irritability, nervousness,
combativeness, disorientation, decreased

reflexes

[67]

2.7 Methods for measuring the absorbed dose of agrochemicals

2.7.1 Biological monitoring

Biological monitoring referred to the measurement and assessment of agents

and their metabolites in tissues, secretion, excreta, exhaled air, or any combination of

these to evaluate exposure and health risk compared to appropriate references [68].

It is one of three important tools for preventing diseases related to toxic agents in

occupational or general environments. Furthermore, it can be divided into 2

approaches: monitoring of exposure, and monitoring of effects [68].

1) Biological monitoring of exposure is aimed to evaluate health risks through

the determination of internal dose, which may include the quantity of a

chemical recently absorbed, of a chemical absorbed over long period, and

of a chemical at the site of exerting effects [68].

2) Biological monitoring of effects is purposed to determine early or reversible

alterations which occur in a critical organ and to identify persons who have

signs of adverse health effects [68].
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In this study, ChE activity, a biomarker of exposure effects of OPs, was evaluated
as an outcome variable of intervention effectiveness that could be determined
changes in agrochemical safety behaviors of chili farmers. ChE activity was selected
because it could provide an integration of the exposure effects over several days and

it was convenient to measure in fieldwork.
2.7.2 Blood cholinesterase activity

Cholinesterase (ChE) is an enzyme that accounts for OP toxicity to insects and
humans. There are many types of ChE found in different parts of human body. Two
important types of ChE are acetylcholinesterase (AChE) and plasma cholinesterase
(PChE). AChE is found in erythrocytes (or red blood cells) and nervous tissues. PChE (or
serum or pseudo cholinesterase) exist in plasma, glial cells, and livers. Both of

erythrocyte AChE and PChE have unknown physiological functions [68, 69].

OP insecticides can cause toxic effects by inhibiting AChE in synapses of the
nervous system. Thus, inhibitions of AChE in erythrocytes can be assumed to reflect
AChE inhibitions in the nervous system [69]. Besides, OPs can inhibit PChE activity, but
their inhibition is not correlated with signs and symptoms of toxicity. Erythrocyte AChE
is a better indicator of health risk than PChE. Nevertheless, PChE is usually more subject
to inhibition than erythrocyte AChE, so it can be used as an indicator of exposure.
Moreover, after exposing OPs, PChE activity can recover faster than erythrocyte AChE.
After severe poisoning, PChE activity may decrease for 30 days, and erythrocyte AChE
activity may reduce for 100 days [70].

The activities of AChE and PChE in healthy people vary because of differences
in genetic factors and physiopathological conditions as shown in Table 4. For that
reason, ChE measurement is necessary to compare individual activities between pre-
and post-exposure. If no data on pre-exposure, it should be compared with the values
of the reference population [69, 70]. Nonetheless, ChE inhibitions seem to be difficult

to determine as its variations in individuals and conditions.
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Table 4 Variations of ChE activities in healthy people and in physiophathological

conditions
AChE activity PChE activity
Condition
Healthy people
Intraindividual variation 3-7% 6%
Interindividual variation 10-18% 15-25%
Gender - 10-15% higher in male
Age Decreased up to age of 6 months -
Body mass - Positive correlation
Serum cholesterol - Positive correlation

Seasonal variation - -
Circadian variation - -
Menstruation - Reduced

Pregnancy - Reduced

Pathological conditions

Decreased activity Leukemia, neoplasm Allergic reactions, uremia, liver

disease, heart failure, cancer

Increased activity Thalassemia, polycythemia, other | Hyperthyroidism, other
congenital blood dyscrasias conditions of high metabolic
rate
[68]

The inhibition of AChE activity is related to the severity of acute OP poisoning
(Table 5). However, it found a poor relation of chronic exposure of OPs and toxic
effects. Thus, it may imply that AChE inhibitions cannot be predictive for chronic or
delayed effects [68-70]. For interpretations, if AChE activity declines more than 30%
from the baseline value (or 50% from the reference value), it indicates that workers
are at risk of over-exposure and should terminate the exposure. For PChE activity, if it
reduces to 50% of baseline value PChE level, it can be indicated as a biological limit

[68].

Measuring blood ChE activity, according to WHO recommendations should be
done within 2 hours after exposed to pesticides. Blood samples should be collected

from the fingers or earlobes of workers because these parts are usually exposed to
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pesticides. Before exposure, individual workers should be tested for baseline ChE
activity by using 3 blood samples. The Ellman spectrophotometric method is

recommended as a reference method for determination of blood AChE and PChE [68].

Table 5 Severity and prognosis of acute OP toxicity at different levels of AChE inhibition

% AChE Poisoning
Clinical symptoms Prognosis
inhibition level
50-60 Mild Headache, weakness, dizziness, nausea, Recuperation
salivation, lacrimation, miosis, moderate in 1-3 days
bronchial spasm
60-90 Moderate Immediate weakness, visual disturbance, Recuperation
excessive salivation, sweating, vomiting, diarrhea, | in 1-2 weeks
bradycardia, hypertonia, tremors of hands and
head, disturbed gait, miosis, chest pain, cyanosis
of mucous membranes
90-100 Severe Abrupt tremor, generalized convulsions, psychic Respiratory or
disorder, intensive cyanosis, lung edema, coma cardiac failure,
death
(68, 69]

2.8 Dermal exposure assessment of agrochemicals

There are 2 practical methods of dermal exposure assessments for workers

occupationally exposed to agrochemicals as follows.

1) Potential dermal exposure — the total amount of substances coming into
contact with protective clothing, work clothing, and skin.

2) Actual dermal exposure — the total amount of substances coming into
contact with bare skin and the fraction transferring through protective and
work clothing, or via seams to the underlying skin, which is therefore

available for percutaneous absorption [59].
2.8.1 Hand wipe sampling method for measuring OPR on hands

In this study, OPR on farmers’ hands were measured as an indicator of hand
dermal exposure to agrochemicals because hands were the main part of the body to

perform works and contact with agrochemicals. Moreover, hands could transfer
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agrochemical residues to other parts of the body linked to exposure from the other
routes (e.g. oral exposure). A hand wipe sampling method is a method for measuring
amounts of interested chemicals which could be removed from hand skin by wiping
with gauzes dampened solvents at a sampling period [59]. This method was selected
because it could reflect to evaluate consistent behaviors in farmers (an outcome
variable of this study) such as wearing gloves and handwashing, and it was cheap and

easy to perform.
2.9 Safe use of agrochemicals

Basic guidelines for the safe use of agrochemicals were summarized as follows

[49, 50, 71].
2.9.1 Select the right agrochemical products

The first step in pest control is identifying the pest problem and considering
what effective means to solve this problem should be selected. If considered to use
agrochemicals, selecting the appropriate products should be done. Since
agrochemicals come in various forms, e.g. aerosols, baits, dust, granules, and solutions,
reading the label before purchasing the products must be done, carefully. The least-
toxic agrochemicals, which will achieve the results wanted, should be selected.
Besides, the product should be safe to humans and friendly to environments. Choosing
the agrochemical form best suited to target sites and target pests required to control

should be considered.
2.9.2 Read the label on agrochemical products

Reading the label on agrochemical products is the best guide for safe use of
agrochemicals. Generally, the agrochemical labels contain much useful information
about active ingredients, signal words, precaution statements, environmental hazards,
direction for safe use, storage, and disposal of pesticide product, and instruction for
first aid. Additionally, signal words — words indicate potential health hazards of
pesticides, include Caution, Warning, or Danger. Caution defines least harmful to
humans; Warning means moderately hazardous; Danger identifies poisonous and

irritating. Thus, agrochemicals identified Danger on the label must be used carefully.
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The labels should be read before buying, using, storing, or disposing of the
agrochemicals to ensure that your performances consistent with the labeled

instruction.
2.9.3 Determine appropriate amount of agrochemicals to purchase and use

Purchase only amount of agrochemicals required for a specific task or the
current growing season. The agrochemicals contained in small volume should be
selected to minimize waste and storage space. For the product requiring preparation
before use —measuring or mixing with water, the exact amount of agrochemicals for
immediate use should be calculated cautiously based on the size of target area and

scale of mixture recommended on the labeled instruction.
2.9.4 Use agrochemicals safely and correctly

Precautions before application

- First, read labels, instructions, and other information associated with
agrochemicals, application equipment, or personal protective equipment
(PPEs).

- Check application equipment and PPEs to ensure their suitable condition
perfectly work and not leak.

- Check weather conditions to ensure that wind speed is not excessive
resulting in spray drift.

- Warn other people near the areas where pesticides used, that they might
be affected by pesticides in any way.

- Wear protective clothing and PPEs consistent with the labeled instructions,
for example, long-sleeved shirts, long pants, latex gloves or non-absorbent
gloves, rubber boots or closed shoes, and masks.

Precautions during application

- Follow the labeled instructions.
- If the label stated mix or dilute the pesticides, conduct it outdoors or in

areas where ventilation is well.
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Mix particular amount of pesticides required for each application to avoid
any excess pesticides. Changing recommended amount is prohibited, as it
could harm to users.

If two or more pesticides must be mixed, ensure that they are compatible
and not dangerous in any way.

Do not allow other people, pets, particularly children in areas where mixing
and applying pesticides for at least a time period recommended on the
label.

Do not drink, eat, or smoke while mixing or applying pesticides.

Do not leave containers open and containers or application equipment
unattended.

If a spillage happens, clean it up immediately. This should be conducted
by using absorbent materials such as dry sand, and sawdust to cover a
spillage. Then sweep it into a plastic bag, and dispose it safely.

Do not apply pesticides outdoors on a windy day (wind speed > 10 mph).
Do not mix or apply pesticides near water resources.

Close windows and doors of the residences before spraying pesticides.

Do not spray pesticides against the wind direction to avoid pesticides blown
to users.

If a nozzle is blocked, users do not put it to mouth to blow it clear; wash

the nozzle with water, or use a soft probe, for example grass stem to clean.

Precautions after application

Thoroughly wash application equipment in a bucket poured with water to
decontaminate pesticides after completing work

Take unused pesticides to safe storage. Dispose empty pesticide containers
and excess pesticides safely.

Always wash hands and other parts of the bodies contaminated pesticide
after applying any pesticides. If users have worn gloves, wash gloves before
removing them.

Clean protective clothing and PPEs carefully, for example, gloves should

be cleaned inside and outside and let them dry.
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- Before entering home, clean and remove boots or shoes to prevent tracked
pesticides into the home.

- Thoroughly shower and shampoo after finishing work immediately.

- Launder work clothes separately from any clothes in each day after

applying pesticides to prevent pesticides contaminated to other clothes.
2.9.5 Store and dispose of agrochemicals appropriately

Safe storage of asrochemicals

- Follow the pesticide label for storage instructions.

- The storage place should follow the requirements: not located in area
possible to flooding or potential for environmental effects, well-ventilated,
appropriately illuminated when in use, dry, protected from temperature
extremes, adequate capacity for storing, easy to lock, and enclosed.

- Prepare clean up materials, e.g. absorbents and water, placed near the
storage place of agrochemicals.

- The storage area must be designed to keep out children, animals, and any
other people.

- Store agrochemicals according to their group and precaution to avoid cross-
contamination.

- Keep agrochemicals in their original containers, and do not transfer
agrochemicals to other containers, e.g. a bottle of soft drink, in order to
prevent misunderstanding.

- Do not store agrochemicals with or near food, drugs, cleaning supplies,
seed, or animal feed.

- Do not keep agrochemicals with flammable materials.

- Opened containers should be placed in clear plastic bags that could be
observed easily when containers leaked.

- Inspect the storage area regularly. Check containers for unsafe conditions.

Dispose of expired or unwanted agrochemicals.
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Safe disposal of agrochemicals

- Follow the disposal direction on the label.

- Generally, an unwanted or expired agrochemical in liquid form should be
disposed as follows: leave agrochemicals in its original container with the
cap strictly in place; drop it in a covered litter bin for routine collection
with municipal trash.

- To dispose of a dry agrochemical, place it individually in a tight package or
a sealed bag. Drop it in a covered litter bin for routine collection.

- Do not drain excess agrochemicals into sinks, toilets, sewers, water
resources, and soil to prevent environmental pollution.

- When the containers empty, revert the caps or seal firmly and place it in a
covered litter bin. Dispose of the container according to label directions.

- Do not reuse empty containers of agrochemicals.

- Do not puncture or burn any pressurized or aerosol container to avoid

explosion.

Moreover, several personal hysgiene practices are recommended to reduce

agrochemical exposure, for example:

- Change contaminated work clothes before returning home
- Store used work clothes outside homes or away from other clothes
- Launder work clothes separately

- Wash hands frequently
2.10 Social Cognitive Theory (SCT)

Social Cognitive Theory (SCT), firstly known as the Social Learning Theory, was
created by Albert Bandura. The theory was based on the function of established
principles of learning in the human social context integrated with the concepts from
cognitive psychology by adapting the understanding of information processing
capacities and biases affecting learning from experience, observation, and symbolic
communication. Later, the concepts of sociology and political science were included

into SCT to improve the understanding of functions and adaptive capacities of group
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and societies. Furthermore, SCT has developed the concepts from humanistic
psychology by analyzing the processes that affect self-determination, selflessness, and

moral behavior [72].

SCT explains human performances in terms of triadic reciprocal interactions; in
which, personal factors (e.g. cognitive, affective, and biological events), environmental
factors (e.g. physical surroundings, family and friends, social norms), and behavior
patterns are influenced by each other; however the interactions among these factors

are not equivalent (Figure 2) [73]. Key components of SCT are shown in Table 6.

Behavior

A

Personal factors Environmental factors

Figure 2 Triadic reciprocal interactions
[47]
Table 6 Key concepts of SCT

Concept Definition

Reciprocal determinism | Environmental factors influence persons and groups, but persons
and groups can also influence their environment and control their

own behaviors

Outcome expectations | Beliefs regarding the likelihood and the value of the consequences

of behavioral choices

Self-efficacy Beliefs regarding personal ability to perform behaviors required to

produce desired outcomes

Collective efficacy Beliefs about the ability of a group to take concerted actions that

bring desired outcomes

Observational learning | Leamning to perform new behaviors through interpersonal or media

observation, particularly through peer modeling

Incentive motivation The use of rewards and punishments to alter behaviors
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Concept Definition

Facilitation Providing equipment, resources, or environmental changes to help

persons to perform new behaviors, easily

Self-regulation Controlling oneself through self-monitoring, goal-setting, feedback,

self-reward, self-instruction, and enlistment of social support

Moral disengagement Ways of thinking about harmful behaviors and people harmed that

make the infliction of suffering acceptable by disengaging self-

regulatory moral standards

[72]
2.10.1 Applying SCT concepts for health promotion

SCT is widely used in health promotion and disease prevention, as it is aimed
to explain how humans regulate their behavior through control and reinforcement to
achieve goal-directed behaviors that can be maintained over time. SCT indicates a core
set of determinants, a mechanism through which they work, and optimal ways to
translate knowledge into health practices. The core determinants of SCT are as follows

[48].
1) Knowledge on health risks and benefits

People must have sufficient knowledge about how their behaviors affect their
health to raise strong reasons to overcome travails of changing the harmful habits that
they habitually done. Moreover, most people need self-influences to surmount the

obstacles to adopting new behaviors and maintaining them [48].
2) Perceived self-efficacy

The central belief of changing individual behaviors is the perceived self-efficacy
which is the foundation of motivation and action of humans. If people considerably
believe they have power to produce desired effects by their actions, they have high
effort to confront with difficulties of changing behaviors [48]. There are 4 major means

for increasing perceived self-efficacy, as follows.

- Mastery experience: enabling persons to reach the achievement, but
increasingly challenging performances of desired behaviors. It is the

strongest influence on self-efficacy.
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- Social modeling: exhibiting persons, who are similar to other people, can
do it. This should contain detailed demonstrations of small steps taken in
the success of a complicated objective.

- Improving physical and emotional states: ensuring persons are relaxed
before endeavoring new behaviors. This can include efforts to reduce stress
and depression while building positive emotions.

- Verbal persuasion: telling persons that they can do it. Powerful
encouragement can promote confidence inducing the first efforts toward
behavior changes [72]

3) Outcome expectations of the expected costs and benefits of different

health practice

The outcomes that people expect their actions to produce, can affect health
behaviors. Outcome expectations can be categorized into 3 classes: physical
outcomes, social outcomes, and self-evaluative outcomes. First, the physical
outcomes include satisfying and displeasing effects of behaviors and the accompanying
material losses and benefits. Second, the social reactions on personal behaviors can
be whether approved or disapproved by societies. Third, self-evaluative reactions on
individual health behaviors include self-satisfaction and self-dissatisfaction. People can
set personal standards and control their behaviors by their self-evaluative reactions. In
addition, they usually do things that make them feel satisfied and valuable.

Conversely, they avoid from behaving in ways that result in self-dissatisfaction [48].
4) Health goals

Personal goals play an important role in behavior changes, for example, to
provide more self-encouragements and guide for health behaviors. People who have
higsh motivation trend to enhance their health habits. Furthermore, short-term goals
help people to put more effort and guide how to enhance their current behaviors.

Long-term goals can help in setting the course of personal change [48].
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5) Perceived facilitators and social and structural impediments

People can easily change their behaviors if there are no obstacles to overcome.
The perceived facilitators and impediments can influence personal health habits. They
involve in self-efficacy assessment. Some of personal impediments can restrain
healthful behaviors in some people, for example, person’s preference, the pressure
from work, and weather. Moreover, impediments related to health systems or social
structure can also affect individual health behaviors, for instance, high costs of health

services, and difficulties in accessing health services [48].

The structural pathways of influences among the core determinants are
illustrated in Figure 3. Self-efficacy directly influences health behaviors and the other
determinants such as goals, outcome expectations, and perceived facilitators and
impediments. If people have high perceived self-efficacy, they firmly set their goals
and commitments to perform the desired behaviors to achieve favorable outcomes.
People of low self-efficacy have a few efforts to carry out new behaviors. If they face

any obstacles, they may give up trying.

OUTCOME EXPECTATIONS
PHYSICAL
SOCIAL
SELF-EVALUATIVE

N |
N

»|  coaLs I—»I BEHAVIOR ]
SOCIOSTRUCTURAL FACTORS

FACILITATORS
IMPEDIMENTS

SELF-EFICACY

Figure 3 Structural pathways of influence in the SCT
(48]

2.10.2 Agrochemical safety program by SCT concepts

In this study, an agrochemical safety program was developed based on SCT

concepts. The program consisted of 4 main components as follows.
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Agrochemical safety training with practical demonstrations using TST to
educate knowledge on agrochemical risks and benefits regarding
agrochemical safety behaviors (i.e. the safe use of agrochemicals, proper
use of PPE, and personal hygiene practices)

Educational mediia for promoting agrochemical safety behaviors (i.e. VCDs,
and booklets)

Providing PPE (i.e. chemical safety goggles, respirators, and gloves) to
facilitate the proper use of PPE

Establishing peer facilitators to facilitate and reinforce agrochemical safety

behaviors

All components together helped chili farmers to improve agrochemical safety

behaviors. Additionally, the component 1)-3) could help to increase chili farmers’ self-
efficacy inducing chili farmers to set their health goals and commitments to perform
agrochemical safety behaviors to reduce agrochemical exposure to prevent health
effects from agrochemical exposure. The component 4) could help chili farmers to

change and maintain agrochemical safety behaviors easier. A mechanism of the

agrochemical safety program by SCT concepts was illustrated in Figure 4.

Agrochemical safety training
with practical demonstration
using TST

- To educate knowledge on
agrochemical risks and benefits of

agrochemical safety behaviors

Outcome expectations

- Reducing agrochemical exposure

- Preventing health effects from agrochemical exposure

|

Increasing self-efficacy
to perform agrocherrical safety

behaviors

A 4

Health goals
i - Good health

A

Educational media
- To model agrochemical safety

behaviors via media

- No health effects from

agrochemical exposure

Improving agrochemical safety behaviors

- Safe use of agrochemicals

- Proper use of PPE

- Personal hygiene practices

A

|

Sociostructural factors

* Providing PPE

*  Peer facilitators

Reducing agrochemical exposure

|

Health outcomes
- Improving ChE activity
- Reducing health effects related to

agrochemical exposure

Figure 4 Flowchart of agrochemical safety program by SCT concepts
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2.11 Concept of designing a training tool for agrochemical safety training
2.11.1 Fluorescent tracer technique and its applications

Fluorescent tracers (FT) are non-toxic chemicals commonly used as brightening
agents in laundry detergents such as TinopaL® CBS-X powder, Uvitex® OB powder,

GloGerm® Gel. FT is invisible under normal lishts, but glows in the dark under
ultraviolet (UV-A) lights. Due to the special property, FT has been used to simulate
visual images of pesticide contaminations on skins, clothes, and other exposed
surfaces, and that was called a FT technique developed by researchers from the
University of Washington’s Pacific Northwest Agricultural Safety and Health Center
(PNASH) collaborated with the Washington State Department of Agriculture’s

Farmworker Education Program, and the Washington State University Extension. [74].

The FT technique is a powerful teaching tool that can help trainees to realize
patterns of pesticide exposure on their bodies and environments by visualizing and to
concentrate on discussing about the importance of using PPE and protective ways for
reducing exposure [74]. The FT technique has been effectively used for training on
pesticide use and for evaluating dermal pesticide exposure in several countries,
including Thailand [45, 46, 75-79]. For dermal exposure evaluation, FT must be added
to pesticide mixtures before using. Let farmers sprayed or used the mixtures in the
same manners of using pesticides. After that, farmers’ exposure pattern images were
recorded in dark rooms under UV-A lights using cameras or video recorders to estimate

quantities of dermal exposure [70, 80, 81].

However, it found certain limitations of FT technique applications for training
in Thailand that were materials and equipment must be imported, resulting in
complicated processes and higher costs; it must have areas that can get dark enough
to show the FT under UV-A lights; target groups for the training were farmers living
upcountry, while trainers were local academics or public health official, so it was often

difficult to prepare and apply the FT technique in the rural areas.
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2.11.2 Tapioca Starch Tracer Technique

To overcome the FT technique’s limitations, this study designed a new training
tool for agrochemical safety training by using low-cost, locally-available materials and
equipment to be more suitable for training in local communities. It was called

“Tapioca Starch Tracer Technique (TST)”.

TST is a training tool developed using tapioca starches and iodine solutions to
demonstrate visual images of invisible agrochemical contaminations on skins, clothing,
and other exposed surfaces contributed to an understanding among trainees of
agrochemical exposure patterns on their bodies and environments. Based on the
method for testing the presence of starch in food products, polysaccharide starches
generally contain amylopectin and amylose that cans be transformed into dark blue,
purple, or blackish color when reacted with iodine solutions [82]. Therefore, tapioca
starches and iodine solutions were considered to be substituted materials for

developing a training tool because they were cheap and easy to find in local areas.
2.12 Relevant studies
2.12.1 Relevant studies regarding pesticide exposure in chili farmers

Several studies have studied pesticide exposure and health effects in chili
farmers. All of them have studied practices on using pesticides and health effects
among chili farmers [27, 31, 32, 37, 38]. Most of them have also evaluated pesticide
exposure concentrations in chili farmers by measuring exposure via dermal route using
hand wipe sampling technique [33, 35], by assessing exposure via multiple routes e.g.
dermal, inhalation, and ingestion route using various techniques e.g. wipe sampling,
dermal patch sampling, personal air sampling, drinking water sampling, and dialkyl
phosphate metabolites in urine [34, 36], by determining PChE level using reactive paper
test kits of the Government Pharmaceutical Organization [27]. Few studies have also
developed interventions for reducing pesticide use [39] or risk communications to
protect pesticide exposure in chili farmers [34]. However, these studies did not
determine the effectiveness of interventions or risk communications. The study findings

were described as follows.
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Norkaew et al. [31, 32] conducted a cross-sectional study aimed to determine
knowledge, attitude, and practice (KAP) on PPE use as well as potential associations
between these factors among chili farmers in Huaruea subdistrict, Mueang district,
Ubon Ratchathani province (n=330). Findings revealed that most chili farmers had poor
knowledge (77.2%), unconcerned attitude (54.5%) and fair practice (85.0%). It found a
low positive association between knowledge and attitude, between knowledge and
practice, in addition, between attitude and practice (Spearman’s rank correlation
coefficient (r) = 0.216, 0.285, and 0.305, respectively). This study had a justifiable
sample size, but the samples might not suitable to represent the population because

of using the convenience sampling method.

Taneepanichskul et al. [33, 35] conducted risk assessment of OP (chlorpyrifos)
exposure by dermal route among chili farmers in Huaruea subdistrict. A total of 35 chili
farmers were randomly selected to study. Hand wipe sampling technique was used for
collecting residues on chili farmers’ hands to determine chlorpyrifos concentrations.
Findings showed that over 82% of chili farmers spraying pesticides about 1 time weekly
for 5 months per year. Most of them did not wear gloves while spraying (60.0%), and

they never clean their gloves after used (79.4%). An average (1SD) concentration of

chlorpyrifos exposure was 6.95 *£18.24 mg/ kg/ two hands (range = 0.01-98.59

mg/kg/two hands). A hazard quotient (HQ) for risk characteristic of chili farmers was

approximately 1.67X10° that was lower than the acceptable level of 1.0. It suggested
that chili farmers were not at risks of carcinogenic effects from chlorpyrifos dermal

exposure.

Afterwards, Taneepanichskul et al. [34, 36-38] conducted a health surveillance
of pesticide exposure in chili farmers by evaluating pesticide exposure via multiple
routes: dermal, inhalation, and ingestion route and determining health effects. A total
of 80 participants participated in this study (40 chili farmers and 40 non chili farmers).
Findings revealed that OPR including chlorpyrifos and profenofos were found on chili
farmers’ bodies, faces, and hands and OP metabolites were also found in their urine.
Moreover, it found OPs in all personal air samples. However, it did not detect OPs in

drinking water samples or foot wipe samples. Dermal exposure to OPs was significantly
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related to urinary OP metabolite levels (Spearman’s rho =0.405, p<0.05) [34]. Most of
chili farmers experienced adverse symptoms from pesticide exposure, such as memory
problems (70.0%) and excessive salivation (65.0%). It found a significantly negative
correlation between using PPE and health symptoms, for example, wearing nose mask
and chest pain, using nose mask and headache, and using gloves and skin rash, itching,
or burning (r = 0.861, -0.745, and -0.612, respectively, p<0.01). In final, the researchers
provided communication materials (e.g. calendars) regarding pesticide exposure risks
and the use of PPE to all participants [34], but they did not determine effectiveness

of their risk commmunication.

Correspondingly, Kachaiyaphum et al. [27] found that chili farmers in Chatturat
district, Chaiyaphum province (n=350) had moderate behaviors and moderate
knowledge regarding the safe use of pesticides (60.6% and 50.9%, respectively). Most
of them also had low perceived susceptibility (25.1%), low perceived severity (46.0%),
low perceived benefits (40.6%), and high perceived barriers (6.3%). About 32.0% of chili
farmers had abnormal PChE level. Common symptoms from pesticide exposure
reported by chili farmers were dizziness (38.0%), headache (30.9%), nausea and
vomiting (26.9%), and fever (26.9%). Multiple logistic regression analyses indicated that
7 factors significantly associated with abnormal SChE levels were being male (adjusted
OR = 5.80, 95%Cl: 1.79-18.83), being single/separated/divorced (adjusted OR =4.00,
95%Cl: 1.03-15.48), being a permanent worker (adjusted OR = 43.2, 95%Cl: 1.96-9.54),
spraying pesticides over 3 times monthly (adjusted OR = 6.31, 95%Cl: 2.84-14.05),
having moderate behaviors on pesticide use (adjusted OR = 4.24, 95%Cl: 1.05-17.16),
having low perceived susceptibility (adjusted OR = 6.19, 95%Cl: 2.44-15.70), and having
low perceived severity (adjusted OR =2.34, 95%Cl: 1.05-5.19). This study had well
designed due to a suitable sample size with a random selection, using validated and
reliable instruments for data collection, and using appropriate statistics for data

analysis.

Later on, Tubtimhin et al. [39] conducted a community participatory research
for reducing pesticide use in chili farmers in Ban Huaruea Thong (Moo 16), Huaruea

subdistrict, Ubon Ratchathani province aimed to define problems in chili production,
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pesticide use, health impacts related to pesticide exposure, and behaviors on pesticide
use. They performed an in-person interview and a focus group discussion to elicit data.
Also, they determined PChE levels in chili farmers by using reactive-paper test kits and
pesticide residues in chilies by using GT-pesticide test kits. Results of PChE tests
indicated that 34.1% of chili farmers (n=296) were at risk level and 12.2% of them were
at unsafe level. Among 64 chili farmers interviewed, 46.9% of them ever had symptoms
related to pesticide exposure. Improper behaviors on using pesticides were found in
chili farmers, for example, kept pesticides in residential areas (28.1%), mixed pesticides
by bare hands (3.2%), and leaved pesticide containers on farmlands (14.1%). About
83.7% of chili samples (n = 43) were detected pesticide residues. The researchers
mentioned that the study’s aim to reduce the use of pesticides in chili farmers was
not achieved as many reasons e.g. a lack of knowledge on the safe use of pesticides
in chili farmers and a lack of social support for marketing organic produces in
communities. The strengths of the study were an integration using both qualitative and
quantitative research methods. However, it had several weaknesses that the study
design, sample size, and data collection was unclearly mentioned. Hence,
effectiveness of the community participatory research for reducing pesticide use in chili
farmers was uncertainly known as this study did not determine effects of the

community participatory research.

Moreover, Norkaew et al. [62, 83] has studied pesticide exposure in people in
an agricultural community in Huaruea subdistrict, Mueang district, Ubon Ratchathani
province (n = 108 families: 54 farmer families, 54 non-farmer families). It evidenced
that chlorpyrifos and pirimiphos-methyl commonly used in chili farms were found in
home environments of both farmer- and non-farmer families. An average concentration
of chlorpyrifos in air samples of farmers’ homes was higher than that of non-farmers’
homes (1.28%X107 and 1.15X10° mg/m?, respectively). Also, surface wipes samples
from farmers’ homes were found both chlorpyrifos and pirimiphos-methyl with an
average concentration of 0.047 and 0.032 mg/cm?, respectively, which were greater
than those from non-farmers’ homes (0.029 mg/cm? for chlorpyrifios and 0.024 mg/cm?

for pirimiphos-methyl). It would conclude that not only farmers were occupationally
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exposed to agricultural pesticides, but also other people in the community that were
residentially exposed to agricultural pesticides. That might cause adverse health effects

in people living in the agricultural community.

In conclusion, it found no study focusing on the use of chemical fertilizers and
its health effects in Thailand. According to the previous studies mentioned above, a
variety of agrochemicals were used in the chili farming process, so the present study
considered to focus on the most common agrochemicals used in chili farms by
measuring OPR on chili farmers’ hands (e.g. chlorpyrifos, and profenofos). Furthermore,
blood ChE tests were selected to be a biomarker of exposure effects of OP pesticides
by measuring both enzymes: AChE and PChE. Findings of the previous studies
suggested that a guideline and an education training program about the safe use of
pesticides and chemical fertilizers were desirable to promote consistent behaviors for
safe use of agrochemicals to prevent adverse health effects from agrochemical

exposure in chili farmers.
2.12.2 Intervention research related to agrochemical safety

Several studies have developed interventions for promoting the safe use of
pesticides, for reducing pesticide exposure, or for reducing pesticide-related health
effects in farmers. Most of them have focused on only agricultural pesticides. Few
studies covered pesticides and other chemicals in agriculture. Successful interventions

that would be applied to this study were summarized in Table 7.

For example, a community intervention program to reduce pesticide exposure
(the Para Ninos Saladuables Study) among farmworkers and their families was
conducted in agricultural communities in the Lower Yakima Country, Washington State,
USA [84, 85]. A wide range of intervention activities was divided into 4 levels: a
community level, an organizational level, a family level, and an individual level.
Examples of community-level activities included a road-ready boot showcased
interactive displays, and a puppet show for educating children. Individual-level
activities such as home health parties, direct discussions on pesticide safety, and home

visits were mainly employed by lay health workers, who were extensively trained in
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the study purpose, pesticide exposure, take-home pathway, and protective means. To
evaluate the effectiveness of intervention, following outcomes were measured by
comparing changes within communities and between intervention and control

communities, for example:

1) OP metabolite levels in children’s urine samples,

2) OP metabolite levels in farmworkers’ urine samples,

3) Pesticide residues in house dust and vehicle dust of farmworkers’
environments,

4) Knowledge, attitude, and practices on protecting children from pesticide

exposure of farmworkers.

For behavioral outcomes, it found an improvement in pesticide safety practices
in both intervention and control communities. For intervention communities, it found
significant improvements in removing work shoes before entering the home and
changing out of work clothes within an hour of returning home (P = 0.003 and 0.050,
respectively). It concluded that the intervention likely had moderate effectiveness on

improved behaviors to reduce pesticide take-home exposure in farmers.

Table 7 Summary of intervention research related to agrochemical safety

Khao-Phanom
district, Krabi
province,
Thailand (n =
42 for
intervention
and 50

for control)

Program
intervention
consisted of 4 main
components:
educational
instruction, practical
demonstrations, use
of FT, and peer

models.

- Prevalence of
symptoms
related to
insecticides
(Measured at
baseline and at
2 and 5 months
after the

intervention)

Intervention Interested
References Study samples Findings
programs outcomes
Boonyakawee | Shogun orange | Insecticide - KAP scores The intervention was
et al. [45, 46] | farmers in Application Model - PChE level associated with

significant
improvements in KAP
scores and reductions
in prevalence of unsafe
PChE. It was related to
a significant decrease in
prevalence of digestive

symptoms only.
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Intervention Interested
References Study samples Findings
programs outcomes
Jariya et al. Farmers in Participatory - KAP scores Intervention group had
[44] Srinakorn Learning Program on | (Measured significant increases in
district, pesticide use before and after | KAP scores compared
Sukhothai included 3 phases: 2 weeks of between before and
province, preparing study intervention) after the intervention,
Thailand sites, developing while control group had
(n =41 for the program no significant
intervention collaborated with improvements.
and 41 stakeholders, and
for control) implementing the
program (2 days).
Raksanam Rice farmers in | Multi-Approach - Knowledge After 6 months,
et al. [42, 43] | Klong seventh Model for improving | score intervention group had

community,
Klong Luang
district,
Pathumtani
province,
Thailand

(n = 50 for
intervention
and 51

for control)

agrochemical safety
included home
visits and
community-based
participatory
activities e.g.
training, monthly
meeting, and

drawing contest.

- Belief score

- Behavior score
- Home
pesticide safety
score

- Community
participation
score
(Measured
before and after
6 months of

intervention)

significant
improvements in
knowledge, belief,
behavior, home
pesticide safety, and
community
participation score.
While control group
showed no significant

improvement.

Tubtimhin
et al. [39]

Chili farmers in
Ban Huarea
Thong, Huarea
Subdistrict,
Muang district,
Ubon
Ratchathani
province,
Thailand (n =
95 families)

Participatory
learning processes
for reducing
pesticide use
consisted of 3
phases: preparation
(e.g. preparing the
community and
teamwork, meeting
stakeholders,

measuring PChE),

- Not identified

Effectiveness of the
intervention was not

available.
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References

Study samples

Intervention

programs

Interested

outcomes

Findings

implementation
(e.g. training about
pesticide safety and
organic agriculture,
measuring PChE and
pesticide residues in
chilies), and
conclusion (e.g.

public forum).

Bradman et

al. [86]

Strawberry
harvesters in
Carolina, USA
(n =29 for
intervention
and 15 for

control)

Community-based
intervention to
reduce pesticide
exposure consisted
of field-based-
educational training
and providing warm
water and hand
cleansers,
disposable gloves,
coveralls and
laundry service,
containers for
storing work shoes

and clothes bins.

- Malathion
levels in hand
rinse, clothing
patch, and skin
patch samples

- Urinary
metabolite
levels e.g.
malathion
dicarboxylic acid
(MDA),

- Dislodgeable
foliar residues
(DFR) of
malathion in
leaf punches
(Measured
before and after
the

intervention)

After the intervention,
wearing gloves was
associated with
significant decreases in
malathion levels on
hands and MDA levels

in urine.
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Intervention Interested
References Study samples Findings
programs outcomes
Salvatore Farmworkers in | Community-based - Changes in It found significant
et al. [87] Monterey participatory behaviors on improvements in glove
Country, worksite reducing use, wearing clean work
Carolina, USA intervention to pesticide clothes, and hand
(n =74 for reduce pesticide exposure washing at noon break
intervention exposures in (Measured and before returning
and 56 for farmworkers and before and after | home (P = 0.003, 0.010,
control) their families 2 months of 0.020, 0.060,
consisted of intervention) respectively).
individual (e.g.
training on reducing
pesticide exposure),
and environmental
components (e.g.
availability of hand-
washing facilities,
provision of gloves,
overalls and laundry
service)
Strong et al. Farmworker Para Nios - Changes in Pesticide safety
[84] families in Saludables: a pesticide safety | practices were
Washington, Community practices improved over time in
USA (11 intervention to both intervention and
intervention reduce pesticide control communities.

and 12 control

communities)

exposures in farm
workers and their
families consisted of
wide-ranging
activities e.g.
community- wide
educational events
(e.g. health fairs),
block parties, and
lay health educators

(promotoras).

For intervention
communities, it found
significant
improvements in
removing work shoes
before entering the
home, and changing
work clothes within an
hour of returning

home.
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Intervention Interested
References Study samples Findings
programs outcomes
Thompson Farmworker As described earlier | - Urinary OP At 2 years after
et al. [85] families in in Strong et al. [83] metabolites of intervention, urinary OP
Washington, farmworkers metabolite
USA (n =571) - Urinary OP concentrations (e.g.

metabolites of
children

- Pesticide
residues in
house dust and
vehicle dust
(Measured at
baseline and at
2 years after the

intervention)

DMTP) in farmworkers
and in children
increased significantly
compared to baseline
within both
intervention and
control communities;
however, it found no
significant difference
between intervention
and control
communities. Similarly,
percent of pesticide
detection in house dust
and vehicle dust
increased within the
both communities, but
there was no significant
difference between
intervention and

control communities.
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CHAPTER IlI
METHODOLOGY

3.1 Study design

A quasi-experimental study was conducted during April 2015 and April 2016 to
evaluate effectiveness of the agrochemical safety program to prevent health effects
among chili farmers. Study participants consisted of 2 groups: experimental group that
received agrochemical safety program and control group that received no program.
The study design included 3 measurement times: baseline (before the intervention),
follow-up 1, and follow-up 2 (at 5 and at 8 months after intervention) covering the

one-year period as illustrated below.

Experimental group

0 3 6 9 12 months
Where:
Control group X = Intervention under study
01 = Baseline measurement
01 02 03 02 = Follow-up 1
| } l } | 03 = Follow-up 2
0 3 6 9 12 months

3.2 Study area

Ubon Ratchathani province located in northeast of Thailand was selected to
be a study area because of the large number of farmers and agricultural areas. There
were approximately 4.8 million rais (768,000 hectares) of agricultural areas and 226,428
farmers in Ubon Ratchathani province resulting in ranked the second largest in the
country for farmer population and cultivated areas [28]. Chili is one of the famous
economic crops of the province. Chili growing season is annually between August and
May [39, 61]. About 8,608 rais (1,377 hectares) of areas were under chili cultivation with

a total productivity of 19,141 tons per year, valued at 239.3 million THB [29]. A majority
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of chili farms were located in 5 districts that were Mueang, Khueang Nai, Warin

Chamrap, Muang Sam Sip, and Lao Suea Kok [29].

Huaruea subdistrict in Mueang District of Ubon Ratchathani province was
consequently selected to be a study site due to its hish number of chili farms and
farmers as well as a long history of agrochemical usage (Figure 5). Huaruea subdistrict
consists of 16 villages covered a total area of 20,181 rais (3,229 hectares) with an
estimated total population of 9,075 resided in 2,632 households. Over 84% (or 16,990
rais) of the total area was used for cultivation [88]. As shown in Table 8, there were
approximately 1,749 rais (280 hectares) of chili farms harvested by 632 households in
the subdistrict [61]. Additionally, results of PChE tests in 2011 by the Huaruea Health
Promoting Hospital exhibited that about 60.9% of farmers (n=790) had a risk and unsafe
level of PChE [89]. It evidenced that farmers in this area had potential risks of

agrochemical exposure.

Huaruea Subdistrict

_Ubon Ratchathani

Province ™\

Figure 5 Map of Huaruea subdistrict, Mueang district, Ubon Ratchathani province
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Table 8 Number of households in Huaruea Subdistrict classified by villages

No. of No. of chili farmer  Estimated area of
Village no. Village name
households households chili farms (rai)

Moo 1 Huaruea 235 6 10
Moo 2 Nong Muk 174 15 30
Moo 3 Huaruea 195 6 14
Moo 4 Nong Chok 158 30 80
Moo 5 Nong Yang 225 95 450
Moo 6 Nong Mek 153 5 a4
Moo 7 Sam Ran 200 80 390
Moo 8 Nong Jum Nuk 125 20 20
Moo 9 Ban Kho 145 6 5
Moo 10 Ban Aon 112 80 200
Moo 11 Huaruea 196 28 32
Moo 12 Nong Kan 284 6 aq
Moo 13 Thung Nong Phok 136 55 60
Moo 14 Nong Chik 85 35 40
Moo 15 Thung Kham Nuea 109 70 190
Moo 16 Huaruea Thong 100 95 220

Total 2,632 632 1,749

Data in August 2014 from Mueang Ubon Ratchathani District Agricultural Extension Office [61] and

Huaruea Health Promoting Hospital [89]

3.3 Study population and samples

3.3.1 Study population

Chili farmers in Huaruea subdistrict, Mueang district, Ubon Ratchathani province

were chosen to be a study population because of their high use of agrochemicals and

frequently exposed to agrochemicals [32, 35-39]. In addition, earlier study highlighted

that chili farmers in this subdistrict had insufficient knowledge, attitude, and practices

about using PPE [32]. For these reasons, chili farmers would be a high-risk group

afflicted with agrochemical-related illness.
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3.3.2 Study subjects

The study sample was chili farmers, who were qualified to study, from two
selected villages of Huaruea subdistrict, including Moo 7, Ban Sam Ran assigned to be

an experimental site and Moo 5, Ban Nong Yang allocated to be a control site.
3.3.2.1 Sample size calculation

A sample size was estimated following to the formula below for estimating the

difference between two population means [90]. In a sample size calculation, it used a

two-tailed test, the significance level of 0.05 (OL = 0.05) and the power of 0.08 (B =
0.02). In addition, based on Raksanam’s study [42], it found that after implementing a
Multi-Approach Model for improving agrochemical safety, mean behavior scores
regarding agrochemical safety in experimental group and control group were 54.84 and
46.04 points, respectively. These values were used to compute a sample size as

follows.

n = 26°(Z, 4, +Z,p)
(M- Y
2(14.05) (1.96 + 0.84)
(54.84 - 46.04Y
40.02

>
1l

S
1l

Where: n = estimated sample size

O = given standard deviation = 14.05

Z1.a, = standard score for the type | errors (O = 0.05) = 1.96

Z,p = standard score for the type Il errors (3 = 0.20) = 0.84

L, L, = mean behavior score of experimental and control group = 54.84, 46.04
[42]

The estimated sample size of 40.02 was added up a dropout rate of 10% to
45. Therefore, a sample size required in this study was 45 chili farmers per group, or a

total of 90 chili farmers.
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3.3.2.2 Sample selection

As illustrated in Figure 6, a purposive sampling technique was used to select

study subjects in this study. A sample selection included 3 steps as follows.
Step 1: Select two villages to be study sites with the purposive sampling

Firstly, villages with more than 45 chili farmers’ households were purposively
selected resulted in 6 villages (of 16 villages) to be qualified. Next, 2 villages (of 6
qualified villages) were purposively chosen following to the similarity in the areas of
chili farms and the beginning of chili cultivation as well as the long distances between
two villages. Afterwards, 2 selected villages: Ban Sam Ran (Moo 7) and Nong Yang (Moo
5) were allocated to be an experimental site and a control site respectively following
to the director of the Huaruea Health Promoting Hospital and community leaders’

considerations.
Step 2: Select households with the simple random sampling

All households of chili farmers in the two selected villages were verbally invited
by the researcher and village health volunteers (VHVs). After that, voluntary
households were randomly selected by drawing lots as the required sample size of 45
participants for each group. Totally, 90 chili farmers’ households were registered to

join the study groups.
Step 3: Select study subjects with the purposive sampling

Chili farmers who met the eligible criteria below were purposively selected
from each registered household. If the households had more than 1 chili farmers, one

who represented as the head of household was preferably chosen.

Inclusion criteria

- To be in ages of 18 years or older

- Worked in chili farming

- Directly involved in agrochemical usages (e.g. mixing, loading, spraying, and
fertilizing)

- Settled in the study area for at least a year
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- No plan to move out of the study area during a yearlong period to study
- No communication problems
- To be literate

- Had the willingness to participate in the study

Exclusion criteria
- Had undesired health problems or conditions potentially causing adverse
effects to the study (e.g. alcoholism, liver failure, cardiovascular disease,

malnutrition, drug addiction, and taking anti-malarial drugs)

The existences of health problems or conditions were screened by interviews
and were also rechecked from health records of the Huaruea Health Promoting

Hospital.
3.3.2.3 Number of study participants

At baseline measurement, all 90 participants completely provided baseline
information and specimens, including 45 participants in the experimental group and
45 participants in the control group. After the implementation phase, 40 participants
in the experimental group had completed in the agrochemical safety program; there
were 8 dropouts in follow-up 1 due to getting serious health problems (e.g. Alzheimer’s
disease, cancers), changing jobs, and moving from the study area. In the control group,
there were 3 participants lost to follow-up and 1 dropout during follow-up times.
Finally, a total of 73 participants completely participated through the end of study,
including 32 participants in the experimental group and 41participants in the control

group (Figure 6).



Huaruea subdistrict consists of

16 villages
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41 participants participated through
the end of study

Figure 6 Flowchart of sample selection and study participants

3.4 Study procedure

3.4.1 Agrochemical Safety Program

The agrochemical safety program aimed for promoting preventive behaviors for

the safe uses of agrochemicals in chili farmers. The program was developed based on

SCT concepts (as mentioned earlier in Chapter Il), existent guidelines about

agrochemical safety and health [49, 50], and successful intervention programs regarding

agrochemical safety [42, 43, 45]. The program included 4 main components as follows.



3.4.1.1 Agrochemical safety training with practical demonstrations using TST

3.4.1.1.1 Agrochemical safety training

The purpose of agrochemical safety training was to provide information about
agrochemical risks, and benefits of agrochemical safety behaviors such as the safe use
of agrochemicals, personal protective equipment, and personal hygiene practices to
raise the precondition of changing behaviors and to increase self-efficacy to overcome

obstacles of changing and maintaining desired behaviors. The main contents of the

training included 6 topics as follows.

1)

General knowledge on agrochemicals
- What agrochemicals are
- Types of agrochemicals
Agrochemical exposure pathways
Agrochemicals and health hazards
- Health hazards related to chemical fertilizer exposure
- Health hazards related to pesticide exposure
Safe use of agrochemicals
- Benefits of using agrochemicals safely
- Safe use of chemical fertilizers

- Safe use of pesticides

Safe storage and disposal of agrochemicals
Personal protective equipment (PPE)

- Benefits of using the standard PPE
How to use the standard PPE

How to select and buy the standard PPE

How to take care of the standard PPE (i.e. cleaning, maintaining,
and storing)
Personal hysiene practices for reducing agrochemical exposure

- Benefits of personal hygiene practices

- Personal hygiene practices for reducing agrochemical exposure

- Effective handwashing
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The agrochemical safety training was delivered to chili farmers (in only
experimental group) by using a variety of teaching techniques such as interactive
lectures, demonstrations, practices, group discussions, brainstorming, and gaming.
Additionally, training materials used included PowerPoint presentations, video, and

booklets as shown in Table 9.
3.4.1.1.2 Practical demonstrations using the TST

Tapioca Starch Tracer Technique (TST) was a training tool for agrochemical
safety training adapted from the FT technique [74] by using tapioca starches and iodine
solutions to demonstrate visual images of invisible agrochemical contaminations on
skins, clothing, and other exposed surfaces. The concepts of designing the TST were

described previously in Chapter II.

Materials used in the TST

1) Tapioca starches, starch solution, and tapioca pears (or tapioca granules)

2) Diluted iodine solution — the 1% - iodine solution diluted by distilled water
with an approximately diluted ratio of 1: 500 (or 1 mL of the 1%- iodine
solution per 500 mL of distilled water)

How to apply the TST in agrochemical safety training

Briefly, tapioca starches or the starch solutions were used to mimic the
pesticides, and tapioca pearls were also used to simulate the chemical fertilizers. They
were kept in pretended containers like the common packages of agrochemical
products. For practical demonstrations about the pesticide use, a stimulated pesticide,
which was tapioca starch solutions, were used in similar manners of using pesticides
for practical demonstrations during the training such as mixing the stimulated pesticide
with bare hands, spraying the stimulated pesticide without PPE, spraying the stimulated
pesticide against the wind direction, and vice versa (Figure 7). Details were described
in Siriwong et al. [91]. For practical demonstrations regarding the use of chemical
fertilizers, stimulated fertilizers, which were tapioca pearls, were used in same patterns
of using chemical fertilizers such as fertilizing the stimulated fertilizers with bare hands.

To show simulated agrochemical residues, the iodine solutions were used to spray on
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potential areas exposed to the simulated agrochemicals e.g. hands, clothes, or other
surfaces resulted in visual images of exposure patterns. Areas with the stimulated
agrochemical residues immediately turned purple or dark blue after exposed to the
iodine solutions, letting trainees to see how much agrochemical possibly remained on
their skins, clothes, and other surfaces. After seeing, trainees would understand the
agrochemical exposure ways and would recognize the agrochemical exposure risks and
the importance of PPE use led to changes in behaviors on using agrochemicals safely

(Appendix C).

e )

3. Demonstrate correctly mixing, loading, and spraying 4. Explore stimulated pesticide residues

stimulated pesticides using the TST on hands with the iodine solution

Figure 7 Demonstration of using pesticides safely with the TST



Table 9 Agrochemical safety training plan (2 days)

14

knowledge on
agrochemicals

(30 min)

agrochemicals
- To recognize benefits of safe

use of agrochemicals

Lesson and Learning objectives Learning process, methods, and
(estimated time) materials
Day 1
1. General - To explain types of Learning process

- Opening questions: What are
agrochemicals? What kinds of
agrochemicals have you used?

- Let participants to share their
experiences

- Types of agrochemicals

- How important to use agrochemicals

carefully

Methods and materials
- Asking and answering
- Lecture with PowerPoint

- Discussion

2. Agrochemical
exposure pathways

(30 min)

- To identify exposure
pathways of agrochemicals

- To recognize the importance
of avoiding agrochemical

exposure

Learning process

- Opening questions: Have you ever
splashed pesticides on yourself? How
did it happen?

- Let participants to share their
experiences

- How agrochemical enter the body

- How to avoid agrochemical exposure

Methods and materials
- Asking and answering
- Lecture with PowerPoint

- Discussion

3. Agrochemicals
and health hazards
(30 min)

- To understand health
hazards of chemical fertilizer
exposure

- To understand health

hazards of pesticide exposure

Learning process

- Show pictures about pesticide
poisoning

- Ask questions: Have you ever felt sick

from working with agrochemicals?
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Lesson and

(estimated time)

Learning objectives

Learning process, methods, and

materials

- To name symptoms of
pesticide poisoning
- To explain how to respond if

poisoning by agrochemicals

What were the symptoms? What was
the treatment?

- Let participants share their
experiences and discussions

- Signs and symptoms of poisoning

- Other health effects of agrochemical
- Show video clips about how to

manage a poisoning case

Methods and materials

- Asking and answering

- Lecture with PowerPoint
- Discussion

- Video

4. Safe use of
pesticides

(30 min)

- To understand the
importance of reading labels
on pesticide products

- To explain the meaning of
signal words, symbols and
label colors

- To explain the safe use of
pesticides

- To recognize the benefits of

safe use of pesticides

Learning process

- Show samples of agrochemical label
- Ask questions: How often do you
read agrochemical labels? Why do you
read them? Do you understand all
information on labels? Which section is
most difficult to understand? Why?

- Group discussion

- How to read labels

- Signal words, symbols and label
colors

- Ask questions: How often do you use
pesticides? How do you use pesticides?
- Let participants share their
experiences and discussions

- Safe practices when working with

pesticides

Methods and materials

- Asking and answering

- Lecture with PowerPoint
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Lesson and

(estimated time)

Learning objectives

Learning process, methods, and

materials

- Group discussion

- Samples of agrochemical labels

5. Demonstrations
with the TST: Using
pesticides

(60 min)

- To understand pesticide
exposure patterns

- To recognize the importance
of preventing pesticide
exposure

- To practice proper manners

of using pesticides

Activity process

- Invite participants to show their usual
manners of using pesticides (i.e. mixing,
loading, and spraying)

- Explore pesticide contaminations on
participants’ hands and other exposed
surfaces with the diluted iodine
solution

- Discussions

- Invite the models (or peer facilitators)
to demonstrate proper manners of
using pesticides

- Allow participants to share their

experiences

6. Game: Reading

labels (30 min)

- To recognize the meaning of
symbols and label colors on

agrochemical products

Activity process

- Assign participants to the small
groups

- Show pictograms and ask a riddle

- Allow participants for giving answers
- Reading label contests

- Reward the winner

7. Demonstrations
with the TST: Using
chemical fertilizers

(60 min)

- To understand fertilizers
exposure patterns

- To recognize the importance
of preventing fertilizer
exposures

- To recognize the benefits of
proper manners of using

chemical fertilizers

Activity process

- Opening questions: How do you do
when working with chemical fertilizers?
- Let participants to share their
experiences

- Invite participants to show their
common manners when working with
chemical fertilizers

- Ask a question: Do you think

fertilizers still remain on your skins?
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Lesson and

(estimated time)

Learning objectives

Learning process, methods, and

materials

- Allow participants to answer

- Explore fertilizer residues on the
participants’ hands and arms with the
diluted iodine solution

- Discussions

- Invite the models (or peer facilitators)
to demonstrate proper manners when

working with chemical fertilizers

8. Safe use of
chemical fertilizers

(30 min)

- To explain safe practices
when working with chemical
fertilizers

- To recognize benefits of safe

use of chemical fertilizers

Learning process

- Provide additional information about
safe use of chemical fertilizers

- Let participants share their

experiences and conclusions

Methods and materials

- Asking and answering

- Lecture with PowerPoint
- Discussion

- Video

Day 2

9. Safe storage of
agrochemicals

(30 min)

- To explain appropriate
manners of agrochemical
storage

- To recognize benefits of safe

storage of agrochemicals

Learning process

- Opening questions: Where do you
store agrochemicals? How?

- Allow participants to share
experiences

- Show pictures about poor manners
of agrochemical storage found in the
villages

- Ask questions: Are agrochemicals
stored safely? Why?

- Let participants to share their

experiences and discussions
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Lesson and

(estimated time)

Learning objectives

Learning process, methods, and

materials

- Provide information how to safe

storage of agrochemicals

Methods and materials
- Asking and answering
- Lecture with PowerPoint

- Discussion

10. Safe disposal
of agrochemical
containers

(30 min)

- To explain appropriate
manners of disposing
agrochemical containers

- To recognize benefits of safe
disposal of agrochemical

containers

Learning process

- Opening questions: How do you
manage empty containers of
agrochemicals?

- Let participants to share their
experiences and discussion

- Show video about safe disposal of
unwanted agrochemicals and empty

containers

Methods and materials

- Asking and answering

- Lecture with PowerPoint
- Discussion

- Video

11. PPE
(60 min)

- To understand benefits of
using the standard PPE

- To understand the purpose
of PPE

- To identify the kinds of PPE
required following to activity
- To explain how to select,
use, clean and maintain PPEs

- To use PPE correctly

Learning process

- Opening questions: What kinds of PPE
do you use frequently? Why?

- Let participants share their
experiences and discussion

- Provide information about the
importance and benefits of using
standard PPE

- Exhibit the standard PPE for farmers
- Invite models (or peer facilitators) to
demonstrate proper use of PPE

- Allow participants to practice using

PPE properly
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Lesson and

(estimated time)

Learning objectives

Learning process, methods, and

materials

- Let participants share their

experiences and discussion

Methods and materials

- Asking and answering

- Lecture with PowerPoint

- Discussion

- Demonstration about proper use of
PPE

- Practice

- PPE

12. Personal
hygiene practices
to reduce
agrochemical
exposure

(30 min)

- To understand benefits of
personal hysiene practices

- To explain personal hygiene
practices for reducing

agrochemical exposure

Learning process

- Opening questions: What did you do
after working with agrochemicals?

- Let participants share their
experiences and discussion

- Personal hygiene practices for
reducing agrochemical exposure and

their benefits

Methods and materials
- Asking and answering
- Lecture with PowerPoint

- Discussion

13. Demonstration
with the TST: Hand
washing

(90 min)

- To demonstrate effective
hand washing

- To understand benefits of
hand washing to reduce

agrochemical exposure

Activity process

- Opening questions: How frequencies
do you wash your hands a day? Do
you wash your hands after working
with agrochemicals? Why?

- Let participants to share their
experiences and discussion

- Assign participants to the small
groups

- Invite the group representatives to

expose the tapioca starches by hands
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Lesson and Learning objectives

(estimated time)

Learning process, methods, and

materials

and wash hands with their common
manners later

- Explore remaining residues on their
hands with the diluted iodine solution
- Let participants to share their
experiences and discussion

- Invite the models (or peer facilitators)
to demonstrate effective hand washing
- Allow participants to practice
effective hand washing

- Hand washing contest considered
from no or few residues remained on
group representatives’ hands

- Let participants to share their
experiences and discussion

- Reward the winner group

14. Conclusion - To conclude overall

(30 min) knowledge of participants

Activity process

- Opening questions: Could you
conclude knowledge you got from the
training?

- Let participants take note and
present

- Discussion

" Entertainment activities, refreshment breaks, and lunch break provided daily during the training

3.4.1.2 Educational media for promoting agrochemical safety behaviors

Educational media, i.e. video compact discs (VCDs) and booklets were designed

to promote agrochemical safety behaviors in chili farmers that would learn by the

observational learning method. The media were used as materials in the agrochemical

safety training and were also provided to participants to inform knowledge regarding

agrochemicals and health hazards and to guide suitable manners of using

agrochemicals (Figure 8).
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A booklet entitled “Safe use of agrochemicals” was designed and printed by
using full color printing, consistent pictures, and concise messages to provide
information about agrochemical classifications, agrochemical exposure pathways,
pesticides and health hazards, chemical fertilizers and health hazards,
recommendations for safely selecting, using, keeping and disposing pesticides,
recommendations for properly using and storing chemical fertilizers, proper use of PPE,

and instructions for effective hand washing (Appendix D).

A VCD for promoting agrochemical safety behaviors was created by shooting a
short movie related to agrochemical health risks, safe use of pesticides, safe storage
of agrochemicals, proper use of PPE, and effective hand washing performed by local

chili farmers using the local language.

Participants were assigned to watch the VCD for promoting agrochemical safety
behaviors for at least one time after completing the training. If participants did not
have a VCD player or computer, they were offered to use available VCD players at the
Hauruea Health Promoting Hospital. For checking the VCD watches, participants were

asked about their VCD watch during home visits.

Figure 8 Educational media for promoting agrochemical safety behaviors
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3.4.1.3 Provision of PPE

The standard PPE including respirators, chemical-resistant gloves, and chemical
safety goggles was provided to chili farmers to facilitate and encourage behaviors on

properly using PPE (Figure 9).

Figure 9 Personal protective equipment provided
3.4.1.4 Establishment of peer facilitators

Peer facilitators were established to facilitate and reinforce agrochemical safety
behaviors in chili farmers. Five participants were selected to be the peer facilitators by
participants’ votes during the eroup meeting. The main responsibilities of peer
facilitators were:

- Being models in practical demonstrations during the agrochemical safety

training (for a whole group)

- Facilitating and suggesting other participants to practice agrochemical safety

behaviors (i.e. using PPE and effective handwashing) during the training

- Supporting and monitoring other participants to perform agrochemical

safety behaviors after completed the training.
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3.4.2 Intervention procedure

The intervention procedure was divided into 3 phases: preparation,
implementation, and evaluation. A timeline of the agrochemical safety program was

shown in Figure 10.
3.4.2.1 Phase 1: Preparation

The preparation phase aimed to build the connection and collaborations with
community partners to set up the research teamwork, to survey baseline data, and to
prepare training materials, participants, as well as facilitators. This phase consisted of

7 activities as follows.
3.4.2.1.1 Building the connection and collaborations with community partners

First, the researcher built the connection with community partners such as
Huaruea Subdistrict Administrative Organization, Huaruea Health Promoting Hospital,
and community leaders to ask for the permission and collaborations to conduct the

study in their communities.
3.4.2.1.2 Establishing the research teamwork

The research teamwork was divided into 3 teams: an administrative team, a

data collection team, and a home visit team.

1) Administrative team had responsibilities for identifying possible villages to
be study sites, planning an activity schedule, supporting the participant recruitment,
suggesting ideas to prepare educational media, and supporting activity operation. This
team consisted of the direct and staffs of Huaruea Health Promoting Hospital,

community leaders, village health volunteers (VHVs), and the researcher.

2) Data collection team was responsible to be interviewers to gather data at
baseline and 2 follow-up times. This team contained 5-10 interviewers who were
students in public health program in the College of Public Health and Medicine, Ubon
Ratchathani University. The interviewers were deeply trained about the study
purposes, study procedure, face-to face interview procedure, and interview form by

the researcher before collecting data.
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3) Home visit team had responsibilities for visiting participants in experimental
group at their houses or farms to observe agrochemical safety behaviors of participants.
Six VHVs of Ban Sam Ran (the experimental site) were trained about the study
purposes, study procedure, home visit procedure, and observation technique by the
researcher before collecting data at baseline. There were 4 home visits done at

baseline, and at 2, 5, and 8 months after the agrochemical safety training.
3.4.2.1.3 Participant recruitment

The researcher and VHVs verbally informed essential information e.g. the study
purposes, study plan, benefits, potential risks, and protection measures of participating
in the study to all chili farmer households in the two selected villages and later invited
them to join the study. Ninety chili farmers, who had the willingness to join the study
and met the eligible criteria, were enrolled by the purposive selections. They approved

the written inform consents prior to participate the study.
3.4.2.1.4 Baseline survey

A baseline survey was carried out in April 2015 to gather information before the
intervention e.g. demographic characteristics, agrochemical use, agrochemical safety
knowledge, self-efficacy, behaviors, and health effects related to agrochemical
exposure. In addition, ChE activities and OPR on hands were measured. Baseline
information was used to adjust the intervention program (e.g. contents and schedules

of agrochemical safety training) fitted for the study groups.
3.4.2.1.5 Preparing training materials and educational media

Training materials and educational media (e.g. slides, VCDs, booklets) were
designed and created by the researcher to provide information on agrochemical safety

to promote agrochemical safety behaviors in chili farmers.
3.4.2.1.6 Group meeting

A group meeting was conducted in early July 2015 at Bansamran temple to
introduce the agrochemical safety program and to make the relationships between

participants in experimental group and the researcher. The group meeting contained
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formal activities such as informing the schedule and details of agrochemical safety
program, inquiring participants’ expectations associated with the study, and selecting
peer facilitators, in addition to entertainment activities intended to encourage a warm
fellowship. In the peer facilitator selection, participants could volunteer or nominate
the name of other participants to be candidates. Candidates in the top 5 voted were
representatives as the peer facilitators. The group meeting consumed an estimated

time of 2 hours.
3.4.2.1.7 Building the peer facilitators

Peer facilitators were intensively trained according to the agrochemical safety
training course (as mentioned earlier) by the researcher. The training for the peer
facilitator group was conducted in late June 2015 at Bansamran temple to provide
intensive information regarding agrochemical safety, to practice proper manners of

using agrochemicals, and to assign responsibilities.

Each peer facilitator was assigned to be the head of a 9-member group during
the agrochemical safety training and to support and monitor his group members to
perform agrochemical safety behaviors after completed the agrochemical safety
training. Peer facilitators’ performances were determined by the researcher.
Furthermore, the home visit team checked the feedback of peer facilitators’

performances from other participants during home visits.
3.4.2.2 Phase 2: Implementation

The implementation phase aimed to implement the agrochemical safety
program in the experimental group. The agrochemical safety training was conducted
in mid-August 2015 at Bansamran temple by the researcher and staffs who were
students in public health program in the College of Public Health and Medicine, Ubon
Ratchathani University. The training plan and activities were described previously in
Table 9. The educational media and PPE were provided to participants in the first day

of the training.
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3.4.2.3 Phase 3: Evaluation

The evaluation phase aimed to evaluate the effectiveness of agrochemical

safety program. Main activities included home visits and follow-up measurements
3.4.2.3.1 Follow-up measurements

Two follow-up measurements were conducted in both experimental and
control group at 5 and 8 months after the agrochemical safety training because these
time intervals were suitable to observe changes in agrochemical safety behaviors and
were consistent with the high pesticide spraying period. The follow-up 1 and follow-
up 2 was done respectively in January and April 2016. The outcome variables were
measured in two follow-up times included agrochemical safety knowledge, self-
efficacy, agrochemical safety behaviors, health effects related to agrochemical
exposure, ChE activities, and OPR on hands by using the measurement tools

(correspondingly to the baseline survey).
3.4.2.3.1 Home visits

Four home visits were performed in only experimental group by the home visit
team at baseline, and at 2, 5, and 8 months after the agrochemical safety training to
observe agrochemical safety behaviors of participants. A home visit consumed an

estimated time of 15-20 minutes.

Experimental group

+ 2015 2016 >
Apr  May  Jun Jul Aug  Sep Oct Nov Dec Jan Feb Mar Apr
No. of month | 1 | 2 | ) | 4 5 | 6 [ 7 8 | 9 ’ 10 11 | 12 l 13 End
Baseline survey Group meeting Home visit 2 Follow-up 1 Follow-up 2
Home visit 1 Establishing peef facilitators Home visit 3 Home visit 4

Agrochemical safety training

Control group

- 2015 - 2016 ————*
Apr  May  Jun Jul Aug  Sep Oct Nov Dec Jan Feb  Mar  Apr

No.ofmonth|1|2|3|4|5|6‘7|8|9‘10|11|12‘13|End
Baseline survey Follow-up 1 Follow-up 2

Figure 10 Timeline of agrochemical safety program
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3.5 Research measurements and tools
3.5.1 Face-to-face interview

Face-to-face interviews were administered by trained interviewers to gather
essential information and to determine agrochemical safety knowledge, self-efficacy,
agrochemical safety behaviors, and agrochemical-related health effects. An interview
form was developed from a guide regarding safety and health in the use of
agrochemicals [49] and questionnaires of previous studies [31, 34, 42, 44, 46, 92]. The

interview form consisted of 6 parts as follows (Appendix B).
Part 1: General information

This part contained 11 questions regarding demographic characteristics e.s.
gender, age, educational level, chronic disease, alcohol consumption, smoking habit,
number of years working as chili farmers, size of chili farms, work characteristics, other

crops during chili erowing season, and number of chili farmers in household.
Part 2: Information on agrochemical use

This part included 13 items to gather information about chemical fertilizer use
(e.g. kinds and frequency of chemical fertilizer use, the last chemical fertilizer use),
pesticide use (e.g. kinds and frequency of pesticide use, the last pesticide use,
application equipment), storage place of agrochemicals, empty agrochemical container

management, existent PPE, and agrochemical safety training history.
Part 3: Behaviors on agrochemical use

This part consisted of 25 close-ended questions, which were modified from
previous studies [31, 34, 42, 44], to determine behaviors on pesticide use, chemical
fertilizer use, personal hygiene as well as agrochemical storage and disposal. The
questions included 22 positive and 3 negative statements. For each question,
respondents could respond only one choice on a 3-point Likert scale: always,

sometimes, and never (Table 10). A possible total score was in a range of 25-75 points.
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Table 10 Meaning and given score of 3-scale behaviors

Given score
Choice Meaning Positive Negative
statement statement
Always Respondent performs the activity every time 3 1
Sometimes  Respondent performs the activity sometimes 2 2
Never Respondent never performs the activity 1 3

Part 4: Self-efficacy

This part contained 5 close-ended questions, which were created by the
researcher, to determine self-efficacy regarding agrochemical safety behaviors. For
each question, respondents could respond only one choice on a 5-point Likert scale
including strongly agree, agree, uncertain, disagree, and strongly disagree [93]. The
score for each question was ranging from 1 to 5. A possible total score of self-efficacy

was ranging from 5 to 25.
Part 5: Agrochemical safety knowledge

This part included 10 close-ended questions, which were adapted from
previous studies [31, 42, 44, 46], to assess knowledge about agrochemical risks and
benefits of agrochemical safety behaviors. Respondents could answer in two ways that
were “true or false”. A correct answer was given 1 point, and vice versa 0 point given

for an incorrect answer. A possible total knowledge score was in a range of 0-10.
Part 6: Health effects related to agrochemicals

This part purposed to investigate acute health symptoms from agrochemical
exposure. Respondents were inquired about symptoms experienced within 48 hours
after using agrochemicals during 2 past months. In total, 25 symptoms related to
agrochemical exposure were explored including 20 symptoms related to pesticide
exposure (e.g. respiratory symptoms, skin symptoms, central nervous system
symptoms, gastrointestinal symptoms, and others) [27, 37, 92] and 5 symptoms related
to chemical fertilizer exposure (e.g. respiratory and skin symptoms) [8]. Symptom
severity scores were also asked. An 11-point scale (0-10 points) was modified from

pain rating scales [94]. If respondents stated no symptom, a severity score was given
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as 0 points. If respondents reported experiencing any symptom, severity scores of each

symptom would be specified in a range of 1-10 points (or mild to extremely severe).
Validity and reliability of interview form

The interview form was submitted to three experts in behavioral,
environmental, and occupational health to evaluate the content validity and language
suitability by using Index of Item-Objective Congruence (I0C). The interview form was

revised following to the experts’ suggestions before tried out with 30 chili farmers in

Warin Chamrap district, Ubon Ratchathani province. Cronbach’s alpha coefficient (QL)
and Kruder-Richardson (KR) were estimated to determine the reliability of the interview
form in part 3-5. The validity and reliability of the interview form were accepted with

the average I0C values of > 0.93, and alpha coefficient and KR of > 0.71 as shown

below.
Part 3: Behaviors on agrochemical use IOC = 0.97 o =071
Part 4: Self-efficacy IOC =1.00 oL = 0.87
Part 5: Agrochemical safety knowledge IOC = 0.93 KR =0.75

3.5.2 Pesticide residue measurement

Pesticide residues on hands were used as an indicator of dermal exposure to
pesticides because hands were the main part to perform work and they were
commonly exposed to agrochemicals linked to agrochemical contaminations to other
parts of the body. By these reasons, pesticide residues on hands could be assumed to
be an outcome of consistent behaviors on agrochemical safety such as wearing gloves
and hand washing. In this study, OP pesticide residues were focused on by measuring
2 kinds of OP pesticides: profenofos and chlorpyrifos because of their extensive use in

chili farming and potential adverse health effects [32, 35, 36, 39].
3.5.2.1 Hand wipe sampling method

Hand wipe sampling method was adapted from Geno et al. [95] and
Taneepanichskul et al. [35, 36] to collect residues on chili farmers’ hands. Hand wipe

samples were collected from all participants by the researcher and trained research
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assistances (Figure 11). Hand wipes were performed using sterilized and chemical free
gauze pads (size: 4x4 inches, 8 ply) wetted with a 40% solution of isopropyl alcohol,
10 mL per pad. Two gauze pads were used for wiping pesticide residues on both hands
of each participant. Then the wipes were wrapped in laboratory aluminum foil and
placed in zip-lock plastic bags. All hand wipe samples were stored in cold boxes with
ice packs, shipped to the laboratory, and refrigerated at -20°C until extraction within 7

days and analyzed afterward by gas chromatography.

Figure 11 Hand wipe sample collection

3.5.2.2 Extractions of OP pesticides in wipe samples

An extraction method of OP pesticides was modified from Farahat et al. [96]
and Lapparat et al. [77] to measure OPR on chili farmers’ hands. First, wipe samples
were put into a 250-mL flask with 40 mL of ethyl acetate, then agitated via a
mechanical shaker for 10 min at 150 rpm. Wipe samples were transferred into a second
250-mL flask with 40 mL of ethyl acetate and shaken with a mechanical shaker for 5
min at 150 rpm. The solvent from both flasks were combined and then evaporated by
using air pumps until the volume was less than 1.0 mL. The residue was dissolved in
1.0 mL of acetone (pesticide grade). The solution was transferred to a 1.5-ml
microcentrifuge tube. After centrifugation for 10 min at 10,000 rpm, only the liquid
phase was transferred to a sample vial. Finally, the volume was adjusted with acetone

(pesticide grade) to 1.0 mL.
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3.5.2.3 Gas chromatography analysis

Wipe samples were analyzed for chlorpyrifos and profenofos, which were
extensively used in this area [32, 35, 36], using an Agilent 7890A gas chromatography
(GC) equipped with a flame photometric detector (FPD). The GC run conditions were
[77]: HP-5 capillary column (HP-5, 30 m x 0.32 mm id, 0.25-Jm film thickness) coated
with 5% phenyl methyl siloxane. Nitrogen used as carrier gas was set to a flow rate at
2 mL/min, while makeup gas was at 45 mL/min. Air and hydrogen used as detector gas
was regulated at 100 and 75 mU/min, respectively. Initially, 1.0 UL of sample was
injected into the GC on splitless mode. The initial temperature of injector and detector
was 230 °C and 250 °C, respectively. The initial condition of the oven was set at 100
°C for 2 min, and then it was programmed to increase at 10 °C/min to 220 °C. The

total run time was 24 min.
3.5.2.4 Quality control

A calibration curve for quantification was performed using a series of standard
solutions at nine concentration levels ranging from 0.001-10.000 pg/mL. The
correlation coefficient (r?) of chlorpyrifos and profenofos was 0.99951 and 0.99931,
respectively. For analytical control, the standard solutions were confirmed in every
10 sample measurements presented in the range of linearity. The limit of detection
(LOD) was 0.01 mg/kg for chlorpyrifos and 0.02 mg/kg for profenofos. The limit of
quantitation (LOQ) for chlorpyrifos and profenofos was 0.02 and 0.05 me/ke,
respectively. The mean recovery of extractions was 94.8% for profenofos and 64.9%
for chlorpyrifos. According to recommendations of the Association of Official
Agricultural Chemists (AOAC), the extraction recovery should be in a range of 80-120%
[97]. Hence, the mean recovery of profenofos was accepted, while that of chlorpyrifos

was lower than the acceptable range causing a study limitation.
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3.5.5 Cholinesterase measurement

Blood samples (20 ulL) were taken from a cleaned fingertip of each participant
in capillary tubes during the period of pesticide application by nurses. Blood enzymes
erythrocyte acetylcholinesterase (AChE) and plasma cholinesterase (PChE) were tested
with the Test-mate ChE Cholinesterase Test System (Model 400) [98], a field
spectrophotometric analyzer based on the Ellman method [99] by the researcher and
trained research assistants (Figure 12). The results were expressed as units per milliliter

(U/mL).

Figure 12 Cholinesterase tested with the Test-mate ChE
3.6 Data collection

3.6.1 The researcher submitted letters to the director of the Huaruea Subdistrict
Administrative Organization and of Huaruea Health Promoting Hospital to inform the
study purposes, plans, and details to ask permission and collaboration for conducting

the research study in the subdistrict.

3.6.2 The researcher established working relationships with community leaders,

and VHVs.

3.6.3 Data collections were done in April 2015 (baseline), January 2016 (follow-
up 1), and April 2016 (follow-up 2). Face-to-face interviews, hand wipe samples, and
blood samples were collected from all participants using the similar research

measurements and tools at 3 measurement times. The data and samples were mostly
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collected from each participant in the same dates; otherwise, they were done within

the same weeks.

3.6.4 Face-to-face interviews were administered at convenient places e.g.
homes, chili farms, and temples by the researcher and trained interviewers, who were
students in public health program, College of Medicine and Public Health, Ubon
Ratchathani University, using the interview forms. The interview consumed an

estimated time of 20-30 minutes per person.

3.6.5 Hand wipe sample collections were done during the period of pesticide
applications to measure OPR on hands. Hand wipe samples were collected from both
hands of all participants by the researcher and trained research assistants at

convenient places, e.g. chili farms, temples, and community halls.

3.6.6 Blood sample collections were done during the period of pesticide

applications to measure AChE and PChE activities of participants. Blood samples (20

HL per person) were collected in the early morning by nurses using lancets and
capillary tubes immediately tested by the researcher and trained research assistants
using the Test-mate ChE at convenient places e.g. pavilions at the temples, and

Huaruea Health Promoting Hospital.
3.7 Data analysis

All data were analyzed with the SPSS software for windows version 16.0.

Statistical analyses used in the study were:

3.7.1 Descriptive statistics, i.e. frequency, percentage, mean, standard deviation
(SD), otherwise median, interquartile range (IQR) was used to describe demographic
characteristics (e.g. gender, age, chronic diseases, alcohol consumption, smoking habit),
information on fertilizer use (e.g. kind and frequency of chemical fertilizer use, last use
of chemical fertilizers), information on pesticide use (e.g. kind and frequency of
pesticide use, last application of pesticides), existent PPE, and ever received training

about the use of agrochemicals.
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3.7.2 Chi-square test or Fisher’s exact test were used to test differences in
qualitative variables between experimental and control group at baseline e.g. gender,
educational level, chronic diseases, alcohol consumption, smoking habit, number of
years working as chili farmers, chili farm size, growing other crops during chili growing
season, frequency of chemical fertilizer use, last use of chemical fertilizers, frequency
of pesticide use, last use of pesticides, and received training about the use of

agrochemicals.

3.7.3 Kolmogorov-Smirnov test was used to test distributions for quantitative
variables e.¢. age, knowledge score, self-efficacy score, behavior score, OPR, AChE and
PChE activities, number of and severity score of reported symptoms related to
agrochemical exposure. If data were satisfied, parametric statistics were used.

Otherwise, non-parametric statistics were used.

3.7.4 Independent sample t-test was used to compare differences in means of
age, behavior scores, AChE and PChE activities between experimental and control

group at baseline.

3.7.5 Mann-Whitney U test was used to compare differences in medians of
knowledge score, self-efficacy score, OPR, number of, and severity score of reported
symptoms related to agrochemical exposure between experimental and control

groups at baseline and at follow-up times.

3.7.6 Wilcoxon signed rank test was used to compare differences in medians of
knowledge score, self-efficacy score, OPR, number of, and severity score of reported
symptoms related to agrochemical exposure within groups between baseline and
follow-upl, between baseline and follow-up 2, as well as between follow-upl and
follow-up 2 to determine effects of the agrochemical safety program on these

dependent variables within groups.

3.7.7 Repeated measures analysis of variance (repeated measures ANOVA) was
used to determine overall effects of the agrochemical safety program on all dependent
variables e.g. knowledge score, self-efficacy score, behavior score, OPR, AChE and PChE

activities, number of, and severity score reported symptoms related to agrochemical
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exposure. In addition, it was used to compare differences in means of behavior scores,
AChE and PChE activities between experimental and control group at follow-up times
to determine effects of the intervention on behavior scores, AChE and PChE activities

between groups.
3.8 Ethical considerations

This study was approved by the Ethic Review Committee for Research Involving
Human Research Subjects, Health Science Group, Chulalongkorn University (Certified
code no. 078/2558). All participants were informed essential information about the
study purposes, study plan, benefits and potential risks of study participation, and
protection measures by the researcher. They also had freedoms to withdraw from the
study anytime. All participants approved the written inform consents before
participating in the study. Due to the ethical concerns, if the agrochemical safety
program is successful, it will be distributed to the control group after completing the

study.



99

CHAPTER IV
RESULTS

A quasi-experimental study was conducted in Huaruea subdistrict, Mueang
district, Ubon Ratchathani province, Thailand during April 2015 and April 2016 to
evaluate effectiveness of the agrochemical safety program to prevent health effects in
chili farmers. As mentioned previously in Chapter Ill, a total of 73 participants
completely participated through the end of study. Therefore, this study used data from

73 participants (experimental group = 32, control group = 41) for data analysis.
4.1 Baseline information of study participants
4.1.1 Demographic characteristics of study participants

Baseline demographic characteristics of study participants are presented in
Table 11. Most participants were males (52.1%). An average age of participants was
48.77 + 9.13 years (range: 29.00 — 70.00 years). A majority of participants (76.7%) had
completed primary school. Among 73 participants, 26.0% had chronic diseases e.g.
peptic ulcer, hypertension. About 42.5% of the participants were alcohol consumers
and 19.2% of the participants were smokers. Most participants (39.7%) have worked in
chili farming for 11-20 years on the farm size of 1-2 rais (71.2%). Most of them engaged
in whole process of chili farming such as preparing farmlands for plantation (96.1%),
growing chili plants (97.4%), and harvesting crops (74.0%). Besides most participants
(69.9%) grew other crops during chili growing season such as spring onions, corianders,
long beans, white radishes, and Thai eggplants. About 73.3% of participants had at

least 2 chili farmers in own households.



Table 11 Baseline demographic characteristics of study participants

100

Characteristics Total Experimental ~ Control group  P-value
(n=73) group (n=32) (n=41)
Gender 0.210°
Male 38 (52.1%) 14 (43.8%) 24 (58.5%)
Female 35 (47.9%) 18 (56.2%) 17 (41.5%)
Age (years) 0.326°
Mean + SD (Range) 48.77 + 9.13 4753 £ 831  49.71 + 10.05
(29.00 - 70.00)  (29.00 - 65.00) (29.00 - 70.00)

Education level 0.906"
Primary education 56 (76.7%) 24 (75.0%) 32 (78.0%)
Secondary education 11 (15.1%) 5 (15.6%) 6 (14.6%)
High school education 5 (6.8%) 3 (9.4%) 2 (4.9%)
Bachelor’s degree or higher 1 (1.4%) 0 (0.0%) 1(2.4%)
Having any chronic disease 0.860°
No 54 (74.0%) 24 (75.0%) 30 (73.2%)
Yes 19 (26.0%) 8 (25.0%) 11 (26.8%)
Alcohol consumption 0.779°
No 42 (57.5%) 19 (59.4%) 23 (56.1%)
Yes 31 (42.5%) 13 (40.6%) 18 (43.9%)
Smoking habit 0.496°
No 59 (80.8%) 27 (84.4%) 32 (78.0%)
Yes 14 (19.2%) 5(15.6%) 9 (22.0%)
Number of years working as chili farmers 0.607"
1-10 21 (28.8%) 8 (25.0%) 13 (31.7%)
11-20 29 (39.7%) 14 (43.8%) 15 (36.6%)
21-30 18 (24.7%) 9 (28.1%) 9 (22.0%)
> 30 5(6.8%) 1 (3.1%) 4 (9.8%)
Chili farm size (rais) 0.054°
1-2 52 (71.2%) 27 (84.4%) 25 (61.0%)
3-4 12 (16.4%) 4(12.5%) 8(19.5%)
>4 9 (12.3%) 1(3.1%) 8 (19.5%)
Growing other crops during chili growing season 0.226°

No

Yes

22 (30.1%)
51 (69.9%)

12 (37.5%)
20 (62.5%)

10 (24.4%)
31 (75.6%)
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Characteristics

Total
(n=73)

Experimental

group (n=32)

Control group

(n=41)

P-value

Number of chili farmers in household

1 18 (24.7%) 6 (18.8%) 12 (29.3%)
2 48 (65.8%) 22 (68.8%) 26 (63.4%)
3 4 (5.5%) 3(9.4%) 1 (2.4%)
a4 3 (4.1%) 1(3.1%) 2 (4.9%)

0.484°

@ Chi-square test; ® Fisher’s exact test; © Independent t- test
4.1.2 Patterns of agrochemical use among study participants
4.1.2.1 Pesticide application

All participants directly involved in pesticide application such as mixing or
loading (88.3%) and spraying (94.8%). Most of them (50.7%) reported frequently
applied pesticides 2 times a month and the last application was longer than 2 weeks
ago (54.8%). The pesticide application equipment mostly used by participants was
water pumps equipped with tubes and watering heads (52.1%) as shown in Table 12.
A variety of pesticides were used in chili farms (Table 13). All participants used
insecticides (100.0%), 94.5% used herbicides, and 60.3% used fungicides. Among all
participants using insecticides, avermectins (91.8%) was mostly reported, followed by
organophosphates, i.e., chlorpyrifos (32.9%), profenofos (31.5%), dimethoate (1.4%) as
well as carbamates i.e., methomyl (16.4%). Out of 69 participants using herbicides,
paraquat (91.3%) was commonly used, followed by glyphosate (27.5%). Among 44
participants using fungicides, propineb (95.5%) was frequently used.

4.1.2.2 Chemical fertilizer use

All participants reported regularly using chemical fertilizers. Around half of
participants frequently used chemical fertilizers twice monthly (50.7%), and the last
use was longer than 2 weeks ago (68.5%) as shown in Table 12. A variety of fertilizers
were used in chili farms (Table 14). Most participants (50.7%) commonly used NPK
fertilizer (formula: 15-15-15), followed by urea fertilizer (45.2%). Furthermore,
participants used animal manures as fertilizers, e.g. chicken manures (95.9%), cattle

manures (12.3%).



102

4.1.2.3 Agrochemical storage and disposal

Almost all participants (98.6%) stored agrochemicals outside the houses such
as chili farms, sheds, and barns. Only one participant stored agrochemicals in a space
under the house (1.4%). In addition, most participants usually disposed of empty
agrochemical containers by burying (61.6%). However, some participants used
inappropriate disposal means such as leaving in waste collectors (15.1%), leaving on
farmlands (13.7%), burning (12.3%), others e.g. collecting in sacks, leaving into disused

wells (Table 12).
4.1.2.4 Others

About 30.1% of the participants never received training about the use of
agrochemicals. Most participants ever received the training in 1-2 year ago (32.9%) from
local trainers such as agrochemical dealers (27.4%), health promoting hospital (23.3%),
and provincial agriculture office (21.9%). At the current, most participants had basic
PPE e.g. boots (100.0%), chemical-resistant or latex gloves (95.9%), and masks (69.9%)

as shown in Table 12.

Table 12 Patterns of agrochemical use among study participants

Variables Total (n=73)  Experimental  Control group  P-value
group (n=32) (n=41)
Frequency of pesticide application per month 0.220°
1 14 (19.2%) 8 (25.0%) 6 (14.6%)
2 37 (50.7%) 18 (56.2%) 19 (46.3%)
3 7(9.6%) 1(3.1%) 6 (14.6%)
4 15 (20.5%) 5(15.6%) 10 (24.4%)
Last application of pesticides 0.243°
< 2 weeks ago (< 14 days) 33 (45.2%) 12 (37.5%) 21 (51.2%)
> 2 weeks ago (>14 days) 40 (54.8%) 20 (62.5%) 20 (48.8%)

Types of pesticide application equipment (Multiple responses)

Water pumps equipped with 38 (52.1%) 8 (25.0%) 30 (73.2%) <0.001°
tubes and watering heads

Diaphragm pump sprayers 29 (39.7%) 21 (65.6%) 8 (19.5%) <0.001°
Piston pump backpack sprayers 19 (26.0%) 15 (46.9%) 4(9.8%) <0.001°
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Variables Total (n=73)  Experimental  Control group  P-value
group (n=32) (n=41)

Frequency of chemical fertilizer use per month 0.630°
1 12 (16.4%) 6 (18.8%) 6 (14.6%)
2 37 (50.7%) 17 (53.1%) 20 (48.8%)
3 10 (13.7%) 5 (15.6%) 5(12.2%)
a4 14 (19.2%) 4 (12.5%) 10 (24.4%)
Last use of chemical fertilizers 0.641°
< 2 weeks ago (< 14 days) 23 (31.5%) 11 (34.4%) 12 (29.3%)
> 2 weeks ago (>14 days) 50 (68.5%) 21 (65.6%) 29 (70.7%)
Storage place of agrochemicals 0.438"
Outside the house 72 (98.6%) 31 (96.9%) 41 (100.0%)
Inside the house 1(1.4%) 1(3.1%) 0 (0.0%)
Disposal means of empty agrochemical containers (Multiple responses)
Burying 45 (61.6%) 27 (84.4%) 18 (43.9%)  <0.001°
Burning 9 (12.3%) 3 (9.4%) 6 (14.6%) 0.722°
Leaving on farmlands 10 (13.7%) 4(12.5%) 6 (14.6%) 1.000°
Leaving in water resources 3 (4.1%) 0 (0.0%) 3 (7.3%) 0.251°
Leaving in waste collectors 11 (15.1%) 2 (6.2%) 9 (22.0%) 0.099"
Collecting for sale 6 (8.2%) 0 (0.0%) 6 (14.6%) 0.032°
Others 8 (10.0%) 3 (9.4%) 5 (12.2%) 0.101°
Received training about the use of agrochemicals 0.294°
Never 22 (30.1%) 6 (18.8%) 16 (39.0%)
Received < 1 year ago 17 (23.3%) 8 (25.0%) 9 (22.0%)
Received 1-2 years ago 24 (32.9%) 13 (40.6%) 11 (26.8%)
Received > 2 years ago 10 (13.7%) 5(15.6%) 5(12.2%)
Current PPE (Multiple responses)
Chemical-resistant or latex gloves 70 (95.9%) 32 (100.0%) 38 (92.7%) 0.251°
Fabric gloves 16 (21.9%) 5(15.6%) 11 (26.8%) 0.251°
Boots 73 (100.0%) 32 (100.0%) 41 (100.0%) NC
Mask 51 (69.9%) 25 (78.1%) 26 (63.4%) 0.174°
Respirator 20 (27.4%) 12 (37.5%) 8 (19.5%) 0.087°
Chemical safety goggles 17 (23.3%) 8 (25.0%) 9 (22.0%) 0.760°
Face shield 6 (8.2%) 6 (18.8%) 0 (0.0%) 0.005°

? Chi-square tests; ® Fisher’s exact tests; NC = No calculated
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Chemical class

Common name

(Active ingredients)

Trade name

No. of

response (%)

Insecticides
Botanical,
Macrocyclic Lactone

Organophosphate

Carbamate
Neonicotinoids

Pyrethroid

Herbicides
Bipyridilium
Phosphanosglycine
Chloroacetanilide
Phenoxy
Fungicides
Dithiocarbamate,
Inorganic-Zinc

Substituted Benzene

Avermectins

Chlorpyrifos
Profenofos
Dimethoate
Methomytl
Imidacloprid
Cypermethrin

Chlorpyrifos+Cypermethrin

Paraquat dichloride
Glyphosate
Alachlor

Fluazifop-p-butyl

Propineb

Chlorothalonil

Abamectin, Avermectins

Podium, Chlorpyrifos
Selecron

Bazooka

Lannate

Provado
Cypermethrin
Lampard

Gramoxone, Paraquat

Glyphosate, Roundup

Alachlor

Onecide Super

Antracol

Daconil

73 (100.0%)
67 (91.8%)

24 (32.9%)
23 (31.5%)
1(1.4%)
13 (16.9%)
24 (32.9%)
5 (6.8%)
1(1.4%)
69 (94.5%)
63 (91.3%)
19 (27.5%)
6 (8.7%)
5(7.2%)
46 (60.3%)
42 (95.5%)

4 (9.1%)

Table 14 List of fertilizers used in chili farms (n= 73)

Sorts of fertilizers No. of response (%)

Chemical fertilizers used (Multiple responses)
NPK fertilizer (15-15-15) 36 (50.7%)
33 (45.2%)

22 (30.1%)

Urea fertilizer (46-0-0)

Others (e.g., 16-16-16, 25-7-7, 27-5-5 )

Organic fertilizers used (Multiple responses)

70 (95.9%)
9(12.3%)
3(4.1%)

Chicken manure
Cattle manure

Others (e.g., biofertilizers)
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4.1.3 Comparison of baseline characteristics between experimental and control

group

There was no statistically significant difference in baseline demographic
characteristics between experimental and control group (p > 0.05) as shown in Table
11. Most patterns of agrochemical use in experimental and control group were not
statistically significantly different at baseline (p > 0.05), except the types of pesticide
application equipment, disposal means of empty agrochemical containers (i.e. burying,
and collecting for sale), and having face shields were found statistically significant

differences (p <0.05) as presented in Table 12.

4.1.4 Comparison of dependent variables between experimental and control

group at baseline
4.1.4.1 Agrochemical safety knowledge

Ten items regarding agrochemical risks and benefits of agrochemical safety
behaviors were asked the participants to assess agrochemical safety knowledge. A
possible total score of agrochemical safety knowledge was ranging from 0 to 10 points.
In details, frequency and percentage of responses on agrochemical safety knowledge
by items are summarized in Appendix A (Table 46). At baseline, the best knowledge
found in participants was that washing hands with soap and water after handling
agrochemicals can reduce agrochemical exposure (experimental group = 96.9%,
control group = 95.1%), followed by farmers can be exposed to agrochemicals through
dermal absorption, ingestion, and inhalation (experimental group = 87.5%, control
group = 97.6%). The most incorrect knowledge found in participants was that wearing
a face mask can effectively protect inhalation pesticide exposure (experimental group=
96.9%, control group = 82.9%), followed by yellow-labeled pesticide products are
slightly toxic (experimental group= 84.4%, control group = 75.6%).

In summary, a median knowledge score at baseline in experimental group was
lower than that in control group (6.50 and 7.00 points, respectively). However, there
was no statistically significant difference in median knowledge score between

experimental and control group (p = 0.886) as shown in Table 15.
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Table 15 Comparison of median knowledge scores between experimental and

control group at baseline

Total Experimental Control group
Variables P-value
(n=73) group (N=32) (n=41)
Knowledge score 0.886°
Median (IQR) 6.00 (6.00-7.00) 6.50 (6.00-8.00) 7.00 (6.00-7.00)

* Mann-Whitney U test
4.1.4.2 Self-efficacy

Five items regarding self-efficacy were asked the participants to determine
belief in individual ability to perform agrochemical safety behaviors. A possible total
score of self-efficacy was ranging from 5 to 25 points. The item-analysis of self-efficacy
in detail was described in Appendix A (Table 47). At baseline, participants in
experimental and control group most strongly agreed that they can always clean their
body after exposed to agrochemicals (59.4% and 70.7%, respectively). Moreover,
participants in control group strongly disagreed, disagreed, or uncertainly agreed that
they can store agrochemicals and dispose of agrochemical wastes, properly at the
most (2.4%, 4.9%, and 22.0%, respectively), while experimental group had uncertain

agreement with that belief about 18.8%.

A comparison of baseline median scores of self-efficacy of experimental and
control group is shown in Table 16. A median score of self-efficacy in experimental
group (21.00 points) was lower than that in control group (22.00 points). It found no
statistically significant difference in median scores of self-efficacy between the both

groups (p = 1.000).

Table 16 Comparison of median scores of self-efficacy between experimental and

control group at baseline

Variables Total Experimental Control group P-value
(n=73) group (n=32) (n=41)
Self-efficacy scores
Median 21.00 21.00 22.00 1.000°
(IQR) (19.00-25.00) (19.25-25.00) (19.00-25.00)

# Mann-Whitney U test
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4.1.4.3 Agrochemical safety behaviors

There were 25 items asked for evaluating agrochemical safety behaviors among
participants. A possible total score of agrochemical safety behaviors was ranging from
5 to 75 points. In details, the item-analysis of agrochemical safety behaviors was
described in Appendix A (Table 48). At baseline, three most proper behaviors found in
experimental group were always standing in the windward direction while spraying
pesticides, always changing clean clothes immediately after finishing pesticide spray,
and always washing clothes worn when spraying pesticides separately from general
clothes (93.8% for each behavior). Similarly, for control group, the most appropriate
behavior was always changing clean clothes immediately after finishing pesticide spray
(100.0%), followed by always washing clothes worn when spraying pesticides
separately from general clothes (97.6%), and always standing in the windward direction
while spraying pesticides (95.1%). Improper behaviors found in experimental group
were never wearing PPE while spraying pesticides such as chemical safety goggles or
face shields (78.1%), respirators (59.4%), in addition to while handling chemical
fertilizers, never using masks or respirators (78.1%) and latex or chemical-resistant
gloves (68.8%). Also, the similar inappropriate behaviors were found in control group
such as never wearing chemical safety goggles or face shields (80.5%) and respirators

(75.6%) while spraying pesticides.

Table 17, a comparison of mean behavior scores at baseline between
experimental and control group revealed that mean behavior score in experimental
group was slightly lower than that in control group (58.59 + 6.02 and 59.12 + 5.40
points, respectively), but it was observed no statistically significant difference between

the both groups (p= 0.695).
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Table 17 Comparison of mean scores of agrochemical safety behaviors between

experimental and control group at baseline

Variables Total Experimental Control group ~ P-value
(n=73) group (n=32) (n=41)
Behavior score
Mean + SD 58.89 + 5.65 58.59 + 6.02 59.12 + 5.40 0.695°
(Range) (44.00-69.00) (45.00-69.00) (44.00-69.00)

?Independent t- test
4.1.4.4 Organophosphate pesticide residues on hands

Two kinds of OP pesticides: chlorpyrifos and profenofos commonly used in chili
farms were measured as an indicator of dermal exposure using hand wipe sampling
technique. The frequency and percentage of wipe samples with detectable OPR in
details were reported Appendix A (Table 49). At baseline, in experimental group, 59.4%
of 32 samples was detected both chlorpyrifos and profenofos, 28.1% detected either
chlorpyrifos or profenofos, and 12.5% detected none. Whereas, in control group, 51.2%
of 41 samples was detected both chlorpyrifos and profenofos, 22.0% detected either

chlorpyrifos or profenofos, and 26.8% detected none.

In total, median OPR on participants’ hands in experimental group at baseline
were slightly higher than that in control group (0.054 and 0.043 mg/kg/two hands,
respectively). However, there was no statistically significant difference in the median
OPR on hands between experimental and control group (p = 0.182) as shown in Table
18. For more details, each OPR on hands by study groups were described in Appendix
A (Table 50).

Table 18 Comparison of median OPR on hands between experimental and control

group at baseline

Variables Total Experimental Control group ~ P-value
(n=73) group (n=32) (n=41)
OPR (mg/ kg/ two hands)
Median 0.046 0.054 0.043 0.182°
(IQR) (0.012-0.082) (0.037-0.075) (0.010-0.075)

Detection frequency = number of wipe samples with detectable OPR, * Mann-Whitney U test
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4.1.4.5 Cholinesterase activity
4.1.4.5.1 AChE activity

At baseline, a mean (+SD) AChE activity in experimental group (2.74 + 0.84
U/mL) was lower than that in control group (2.92 + 0.97 U/mL), but it was found no
statistically difference in the mean AChE activity between experimental and control

group (p = 0.407) as shown in Table 19.
4.1.4.5.2 PChE activity

A mean (£SD) PChE activity at baseline of experimental group (1.49 + 0.38
U/mL) was lower than that of control group (1.70 + 0.70 U/mL). However, there was
no statistically significant difference in the mean PChE activity between experimental

and control group (p = 0.115) as presented in Table 19.

Table 19 Comparison of ChE activities between experimental and control group at

baseline
Variables Total Experimental Control group  P-value
(n=73) group (n=32) (h=41)
AChE activity (U/mL)
Mean + SD 2.84 + 091 2.74 £ 0.84 292 £ 0.97 0.407°
(Range) (1.43 - 7.17) (1.43 - 4.55) (1.59 - 7.17)
PChE activity (U/mL)
Mean + SD 1.61 + 0.59 1.49 + 0.38 1.70 £ 0.70 0.115°
(Range) (0.47-3.11) (0.71 - 2.34) (0.47 - 3.11)

? Independent t- test
4.1.4.5 Health effects related to agrochemical exposure

All participants were asked about adverse health effects that they experienced
when using agrochemicals within 48 hours during 2 past months before interviewed.
Twenty-five symptoms related to agrochemical exposure asked the participants
included 20 symptoms related to pesticide exposure and 5 symptoms related to
chemical fertilizer exposure. If participants reported any symptoms, they were also
asked to determine a severity score of each symptom. A severity score for each

symptom was ranging from mild to extremely severe with a given possible score of 1
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-10 points; otherwise, if participants reported no symptom, a severity score was given

for 0 point. The possible total severity score ranged from 0 to 250 points.

Table 20, most participants in experimental group (84.4%) reported having at
least one symptom of 25 symptoms at baseline, in which 28.1% of the participants
reported 1-3 symptoms, 56.3% reported more than 3 symptoms, and the remained
15.6% reported none of symptom. In control group, 43.9% of the participants reported
1-3 symptoms of 25 symptoms, 31.7% of the participants reported more than 3
symptoms, and 24.4% of the participants reported none of symptom. For more detail,
please see Appendix A (Table 51). A proportion of participants with adverse health
effects related to agrochemical exposure in experimental and control group was found

no statistically significant difference at baseline (p = 0.109).

In details, the prevalence and average severity scores of each symptom related
to agrochemical exposure by study groups respectively were described in Appendix A,
Table 52 and Table 53. The symptoms related to pesticide exposure mostly found in
experimental group at baseline were such as fatigue or weakness (65.6%, average
severity score = 3.25 points), excessive sweating (56.2%, average severity score = 3.41
points), and headache (34.4%, average severity score = 1.47 points). For control group,
the most symptoms related to pesticide exposure were such as excessive sweating
(46.3%, average severity score = 3.29 points), blurred vision (31.7%, average severity
score = 2.15 points), dizziness (22.0%, average severity score = 2.05 points), skin
irritation or burn (22.0%, average severity score= 1.05 points), and hand numbness
(22.0%, average severity score = 0.66 points). The top symptom related to chemical
fertilizer exposure found in experiment group was skin irritation or itching (21.9%,
average severity score = 0.94 points), while that found in control group was cough or

sneeze (17.1%, average severity score = 0.83 points).
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Table 20 Frequency and percentage of participants having health effects related to

agrochemical exposure by study groups at baseline

Variables Total Experimental Control group ~ P-value
(n=73) group (n=32) (n=41)
Having health effects related to agrochemical exposure 0.109°
No 15 (20.5%) 5(15.6%) 10 (24.4%)
Reported 1-3 symptoms 27 (37.0%) 9 (28.1%) 18 (43.9%)
Reported > 3 symptoms 31 (42.5%) 18 (56.3%) 13 (31.7%)

°Chi square test

In Table 21, at baseline, a median number of reported symptoms related to
agrochemical exposure in experimental group were greater than that in control group
(4.00 and 2.00 symptoms, respectively). However, it was found no statistically
significant difference (p = 0.149). Furthermore, a median total severity score of
experimental group was higher than that of control group (19.50 and 8.00 points,
respectively), and there was no statistically significant difference between the both

groups (p = 0.262).

Table 21 Comparison of number and severity score of reported symptoms related to

agrochemical exposure between experimental and control group at baseline

Variables Total Experimental  Control group  P-value
(n=73) group (n=32) (h=41)
Number of reported symptoms
Median 3.00 4.00 2.00 0.149°
(IQR) (1.00-6.00) (1.25 - 6.75) (0.50 - 6.00)

Severity score of symptoms
Median 14.00 19.50 8.00 0.262°
(IQR) (4.50 - 29.50)  (5.75-28.25)  (2.00 - 30.50)

# Mann-Whitney U test
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4.2 Effectiveness of agrochemical safety program

4.2.1 Effectiveness of agrochemical safety program on agrochemical safety

knowledge

Figure 13, it exhibited that a median knowledge score in experimental and
control groups was increased from baseline to follow-up 1, and then it was stable
during follow-up times. A comparison of median knowledge scores of experimental
and control group in each time point is shown in Table 22. At baseline, the median
knowledge score in experimental group was slightly lower than that in control group
(6.50 and 7.00 points, respectively), and that was no statistically significantly difference
between both groups (p = 0.886). After participants in experimental group received the
agrochemical safety program, the median knowledge scores in experimental group
(9.00 points for both times) were more increased in follow-up 1 and follow-up 2
compared to those in control group (8.00 points for both times). Moreover, it was
found a statistically significant difference in median knowledge scores between
experimental and control group at follow-up 1 and follow-up 2 (p <0.001 and 0.001,

respectively).

10.00

9.50 -

9.00 9.00

9.00 -

850 - —eo— Experiment

8.00 - --m-- Control

7.50 -

Median knowledge score

7.00 -

650 -

6.00

Baseline Follow-up 1 Follow-up 2

Figure 13 Median knowledge scores of experimental and control group at baseline

and follow-up times
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Table 22 Comparison of median knowledge scores between experimental and

control group

Experimental group (n=32) Control group (n=41)

Time of
Median Mean Median Mean U P-value
measurement
(IQR) rank (IQR) rank
Baseline 6.50 (6.00 - 8.00) 36.61 7.00(6.00 - 7.00) 37.30 643.50 0.886

Follow-up 1~ 9.00(8.00-9.75)  47.86  8.00(7.00-9.00) 2852 308.50 <0.001"
Follow-up 2 9.00(8.00-9.00) 4597  800(8.00-9.00) 30.00 369.00 0.001"

Mann-Whitney U test, - Significant at the 0.01 level

For testing the difference in median knowledge scores among three
measurement times within groups, Wilcoxon signed-rank test was conducted and its
result was presented in Table 23. For experimental group, it was found a statistically
significant increase in median knowledge scores in follow-up 1 and follow-up
compared with baseline (p <0.001 for both tests), but there was no statistically
significant difference between follow-up 1 and follow- up 2 (p = 0.467). Similarly, for
control group, it was observed a statistically significant increase in median knowledge
scores in follow-up 1 and follow-up 2 compared to baseline (p = 0.005 and <0.001,
respectively). Also, it was found no statistically significant difference in median

knowledge scores between follow-up 1 and follow-up 2 (p = 0.118).

Table 23 Pairwise comparison of median knowledge scores among baseline and

follow-up times within groups

Mean rank
Group Time of measurement Negative Positive Z P-value
ranks ranks
Experiment  Baseline vs. Follow-up 1 0.00 14.50 -4.65°  <0.001"
(n=32) Baseline vs. Follow-up 2 4.00 15.39 465" <0.001"
Follow-up 1 vs. Follow-up 2 7.88 7.00 0.73° 0.467
Control Baseline vs. Follow-up 1 15.65 19.60 -2.80° 0.005"
(n=41) Baseline vs. Follow-up 2 11.50 21.00 -4.44°  <0.001"
Follow-up 1 vs. Follow-up 2 13.36 16.00 -1.57° 0.118

Wilcoxon Signed Ranks Test, * Based on negative ranks, ® Based on positive ranks,

" Significant at the 0.01 level
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The most incorrect knowledge found in the experimental group that wearing a
face mask can effectively protect inhalation pesticide exposure was dramatically
improved from 3.1% in baseline to 50.0% and 62.5% in follow-up times, whereas in
the control group it was improved from 17.1% in baseline to 46.3% and 43.9% in
follow-up times. Additional incorrect knowledge that yellow-labelled pesticide
products are slightly toxic for the experimental group was highly improved from 15.6%
in baseline to 59.4% and 56.2% in follow-up times, whereas in the control group it was
improved from 24.4% in baseline to 31.7% and 29.3% in follow-up times (Appendix A,
Table 46).

Overall effectiveness of the agrochemical safety program on agrochemical
safety knowledge scores was evaluated with repeated measure ANOVA. The result
indicated that the agrochemical safety program had a statistically significant effect on
knowledge scores over times (Wilks’ Lambda from multivariate tests, p = 0.005) as
shown in Table 24.

Table 24 Overall effectiveness of agrochemical safety program on knowledge scores

Variable F Hypothesis df Error df P-value

Knowledge score 5.686 2.00 70.00 0.005™

Wilks” Lambda from multivariate tests, ~ Significant at the 0.01 level, df = degree of freedom

4.2.2 Effectiveness of agrochemical safety program on self-efficacy

Figure 14, it revealed that a median score of self-efficacy of the experimental
group was increased from baseline to follow-up 1, and it was unchanged during follow-
up times. In contrast, a median score of self-efficacy of control group was decreased
during baseline and follow-up 1, and it was steady during follow-up times. A Mann-
Whitney U test was performed to determine the difference in median scores of self-
efficacy between experimental and control group in each time point (Table 25). At
baseline, a median score of self-efficacy for experimental group was lower than that
for control group (21.00 and 22.00 points, respectively), and it was found no statistically
significantly difference between both groups (p = 1.000). After received the

agrochemical safety program, the median score of self-efficacy of experimental group
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(23.00 points for both times) was more increased during follow-up 1 and follow-up 2
when compared to that of control group (21.00 points for both times). Additionally,
there was a statistically significant difference in median score of self-efficacy between
experimental and control group in follow-up 1 and follow-up 2 (p = 0.006 and 0.003,

respectively).
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Figure 14 Median scores of self-efficacy of experimental and control group at

baseline and follow-up times

Table 25 Comparison of median scores of self-efficacy between experimental and

control group

Experimental group (n=32) Control group (n=41)

Time of
Median Mean Median Mean U P-value
measurement
(IQR) rank (IQR) rank
Baseline 21.00 37.00 22.00 37.00 656.00  1.000
(19.25- 25.00) (19.00- 25.00)
Follow-up 1 23.00 44.62 21.00 31.05 41200  0.006
(21.00- 25.00) (19.00- 23.00)
Follow-up 2 23.00 45.12 21.00 30.66 396.00  0.003"
(22.00- 23.00) (19.50- 23.00)

Mann-Whitney U test, ~ Significant at the 0.01 level
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For testing the difference in median scores of self-efficacy among three times
of measurement within groups, results of Wilcoxon signed-rank test (Table 26) showed
that, for the experimental group, there was a statistically significant difference in
median scores of self-efficacy between baseline and follow-up 1 (p = 0.045), however,
it was found no statistically significant difference between baseline and follow-up 1 or
between follow-up 1 and follow-up 2 (p = 0.126 and 0.846, respectively). For the
control group, there was no statistically significant difference in median scores of self-
efficacy between baseline and follow-up 1, between baseline and follow-up 2, or

between follow-up 1 and follow-up 2 (p = 0.233, 0.307, and 0.770, respectively).

Table 26 Pairwise comparison of median scores of self-efficacy among baseline and

follow-up times within groups

Mean rank
Group Time of measurement Negative Positive Z P-value
ranks ranks
Experiment Baseline vs. Follow-up 1 11.43 12.94 -2.01° 0.045
(n=32) Baseline vs. Follow-up 2 14.41 16.13 -1.53° 0.126
Follow-up 1 vs. Follow-up 2 16.42 12.07 -0.19° 0.846
Control Baseline vs. Follow-up 1 16.68 19.00 -1.19° 0.233
(n=41) Baseline vs. Follow-up 2 17.85 17.00 -1.02° 0.307
Follow-up 1 vs. Follow-up 2 17.53 17.47 -0.29° 0.770

Wilcoxon Signed Ranks Test, * Based on negative ranks, ® Based on positive ranks,

*Signiﬁcant at the 0.05 level

The most self-efficacy strongly agreed by experimental group that they can
always clean their bodies (i.e. bathing, shampooing, and handwashing) after exposed
to agrochemicals was increased from 59.4% in baseline to 84.4% and 87.5% in follow-
up times; while for control group it was increased from 70.7% in baseline to 75.6% in
follow-up 1, and it was subsequently decreased to 63.4% in follow-up 2 (Appendix A,
Table 47)

Overall effectiveness of the agrochemical safety program on self-efficacy scores
by repeated measure ANOVA analyses (Table 27) revealed that the program had a

statistically significant effect on self-efficacy scores (p = 0.012).
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Table 27 Overall effectiveness of agrochemical safety program on self-efficacy scores

Variable Type Ill sum of df Mean F P-
squares square value
Self-efficacy score 24.86 1 24.86 6.60 0.012

Tests of between-subject effects from repeated measure ANOVA, df = degree of freedom,

’ Significant at the 0.05 level

4.2.3 Effectiveness of agrochemical safety program on agrochemical safety

behaviors

Figure 15, a mean behavior score of the experimental group was dramatically
increased from baseline to follow-up 1 and it was still increased during follow-up times.
Likewise, a mean behavior score of the control group was slightly increased from
baseline towards follow-up 2. Repeated measures ANOVA (Table 28) was performed

to determine differences in mean behavior scores between experimental and control
group by measurement time. Results indicated that, at baseline, a mean (ESD)
behavior score of experimental and control group seemed to be equal (58.59 £6.02
and 59.12 £5.40 points, respectively) that was found no statistically significant different
(p = 0.695). After participants in experimental group received the agrochemical safety
program, mean (£SD) behavior scores in experimental group were increased during
follow-up 1 and follow-up 2 (71.59 £1.68 and 72.69 *1.18 points, respectively) when
compared to those in control group (60.00 15.04 and 61.15 £4.48 points, respectively).
Moreover, there was a statistically significant difference in mean behavior scores
between experimental and control group in follow-up 1 and follow-up 2 (p <0.001 for

both times).
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Figure 15 Mean behavior scores of experimental and control group at baseline and

Table 28 Comparison of mean behavior scores between experimental and control

follow-up times

group
Time of Mean Difference Standard 95% Cl
P-value
measurement (experiment - control) Error Lower Upper
Baseline 1.34 0.695 -3.20 2.14
Follow-up 1 11.59 0.93 <0.001" 9.74 13.45
Follow-up 2 11.54 0.81 <0.001" 9.92 13.16

Repeated measure ANOVA, ~ Significant at the 0.01 level

For testing the difference in mean behavior scores among baseline and follow-

up times within groups, repeated measure ANOVA results (Table 29) showed that mean

behavior scores of the experimental group in follow-upl and follow-up 2 had a

statistically significant increase when compared to baseline (p <0.001 for both tests),

but it was found no statistically significant difference between follow-up 2 and follow-

up 1 (p = 0.127). Conversely, for the control group, there was no statistically significant

difference in mean behavior scores between baseline and follow-up 1, between

baseline and follow-up 2, or between follow-up 1 and follow-up 2 (p = 1.000, 0.153,

and 0.050, respectively).
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Table 29 Pairwise comparison of mean behavior scores among baseline and follow-

up times within groups

Mean  Standard  P-value 95% Cl
Group Time of measurement Differen Error Lower  Upper
ce
Experiment  Baseline vs. Follow-up 1 -13.00 1.17 <0.001"  -1588 -10.12
(n=32) Baseline vs. Follow-up 2 -14.09 1.15 <0.001"  -1692 -11.26
Follow-up 1 vs. Follow-up 2 -1.09 0.53 0.127 -2.39 0.20
Control Baseline vs. Follow-up 1 -0.88 1.04 1.000 -3.42 1.66
(n=41) Baseline vs. Follow-up 2 -2.02 1.02 0.153 -4.53 0.48
Follow-up 1 vs. Follow-up 2 -1.15 0.47 0.050 -2.29 0.00

Repeated measure ANOVA, ~ Significant at the 0.01 level

The most improved behaviors on pesticide use found in the experimental
group were always checking PPE before use (increased from 50.0% in baseline to
100.0% in follow-up times); always wearing PPE while mixing and loading pesticides
e.g. respirators (increased from 15.6% in baseline to 81.2% and 87.5% in follow-up
times), latex or chemical-resistant gloves (increased from 68.8% in baseline to 93.8%
and 100.0% in follow-up times); always wearing PPE while spraying pesticides e.g.
respirators (increased from 12.5% in baseline to 78.1% and 84.4% in follow-up times),
chemical safety goggles or face shields (increased from 0.0% in baseline to 46.9% and
59.4% in follow-up times), latex or chemical-resistant gloves (increased from 65.6% in
baseline to 100.0% in follow-up times); always checking pesticide application

equipment before use (increased from 53.1% in baseline to 100.0% in follow-up times).

The most improved behaviors on chemical fertilizer use found in the
experimental group were always wearing PPE while handling chemical fertilizers i.e.
latex or chemical-resistant gloves (increased from 9.4% in baseline to 56.2% and 84.4%
in follow-up times) and masks or respirators (increased from 0.0% in baseline to 34.4%

and 62.5% in follow-up times).

The most improved behavior on agrochemical storage and disposal found in
the experimental group was always keeping agrochemicals in safety places (increased

from 25.0% in baseline to 71.9% and 68.8% in follow-up times).
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The most improved behavior on personal hygiene found in the experimental
group was always washing hands with soap and water immediately after handling
agrochemicals (increased from 56.2% in baseline to 100% in follow-up times). See

more details in Appendix A, Table 48.

Overall effectiveness of agrochemical safety program on agrochemical safety
behavior scores examined by repeated measure ANOVA exhibited that the
agrochemical safety program had a statistically significant effect on behavior scores

over times (Wilks” Lambda from multivariate tests, p <0.001) as shown in Table 30.

Table 30 Effectiveness of agrochemical safety program on behavior scores

Variable F Hypothesis df Error df P-value

Behavior score 31.55 2.00 70.00 <0.001"

Wilks” Lambda from multivariate tests, Significant at the 0.01 level, df = degree of freedom
4.2.4 Effectiveness of agrochemical safety program on OPR on hands

Figure 16, it presented that median OPR on hands in the experimental group
was increased from baseline to follow-up 1, and they were steady during follow-up
times. In the control group, median OPR on hands were slightly increased from baseline
throughout follow-up 2. Mann-Whitney U test was conducted to examine the
differences in median OPR between experimental and control group (Table 31). Results
showed that at baseline, OPR in the experimental group were higher than those in the
control group (0.054 and 0.043 mg/kg/two hands, respectively) that was observed no
statistically significantly different (p = 0.182). After receiving the program, in follow-up
1, median OPR of the experimental group were greater than those of the control group
(0.062 and 0.047 mg/kg/two hands, respectively) that was found statistically significant
difference (p <0.001). In follow-up 2, median OPR of the experimental group were
lower than those of the control group (0.062 and 0.069 mg/kg/two hands, respectively),
but it did not reach statistically significant difference (p = 0.815).
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Figure 16 Median OPR in experimental

and control group at baseline and follow-up

times

Table 31 Comparison of median OPR between experimental and control group

Experimental group (n=32)

Control group (n=41)

Time of
Median Mean Median Mean U P-value
measurement
(IQR) rank (IQR) rank
Baseline 0.054 40.75 0.043 34.07 536.00 0.182
(0.037 - 0.082) (0.010 - 0.075)
Follow-up 1 0.062 46.42 0.047 29.65 35450  0.001"
(0.053 - 0.102) (0.039 - 0.058)
Follow-up 2 0.062 36.34 0.069 37.51 635.00 0.815

(0.058 - 0.081)

(0.043 - 0.111)

Mann-Whitney U test, ~ Significant at the 0.01 level

Wilcoxon signed-rank test was carried out to examine the difference in median

OPR on hands among baseline and follow-up times within groups (Table 32). The

results presented that in the experimental group, there was no statistically significant

difference in median OPR between baseline and follow-up 1, between baseline and

follow-up 2, or between follow-up 1 and follow-up 2 (p = 0.166, 0.104, and 0.708,

respectively). In the control group, there was a statistically significant difference in

median OPR between follow-up 1 and follow-up 2 (p = 0.004), while it was found no



122

statistically significant difference between baseline and follow-up 1 or between

baseline and follow-up 2 (p = 0.674, and 0.065, respectively).

Table 32 Pairwise comparison of OPR among baseline and follow-up times within

groups
Mean rank
Group Time of measurement Negative Positive Z P-value
ranks ranks
Experiment  Baseline vs. Follow-up 1 17.27 16.10 -1.38° 0.166
(n=32) Baseline vs. Follow-up 2 14.75 17.55 -1.63° 0.104
Follow-up 1 vs. Follow-up 2 15.78 17.43 -0.37° 0.708
Control Baseline vs. Follow-up 1 24.88 18.52 -0.42° 0.674
(n=41) Baseline vs. Follow-up 2 24.00 19.76 -1.85° 0.065
Follow-up 1 vs. Follow-up 2 15.08 23.11 -2.88°  0.004"

Wilcoxon Signed Ranks Test, ? Based on negative ranks, ® Based on positive ranks,

” Significant at the 0.01 level

In details, wipe samples with detectable OPR found in the experimental group
was increased from 87.5% at baseline to 100.0% in follow-up times; most of which
was detected both chlorpyrifos and profenofos residues. Likewise, in the control group,
wipe samples with detectable OPR was increased from 73.2% in baseline to 97.5% in

follow-up times (Appendix A, Table 49).

Overall effectiveness of the agrochemical safety program on OPR on hands
tested by repeated measure ANOVA indicated that the program had no statistically
significant effect to OPR on hands over times (Wilks’ Lambda from multivariate tests,

p=0.557) as shown in Table 33.

Table 33 Overall effectiveness of agrochemical safety program on OPR on hands

Variable F Hypothesis df Error df P-value

OPR 0.59 2.00 70.00 0.557

Wilks” Lambda from multivariate tests, df = degree of freedom
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4.2.5 Effectiveness of agrochemical safety program on ChE activity of chili

farmers
4.2.5.1 Effectiveness of agrochemical safety program on AChE activity

Figure 17, it showed that a mean AChE activity in the experimental group was
continually improved from baseline throughout follow-up 2. In the control group, a
mean AChE activity was slightly improved from baseline to follow-up 1, and it later
dropped in follow-up 2. Repeated measure ANOVA was carried out to determine the
differences in mean AChE activities between experimental and control group by time
measurements (Table 34). The results demonstrated that at baseline, a mean (£SD)
AChE activity in experimental group was lower than that in control group (2.69 0.88
and 2.92 £0.97 U/mL, respectively). After receiving the program, a mean (£SD) AChE
activity of the experimental group was more improved during follow-up 1 and follow-
up 2 (3.2510.60 and 3.28 0.69 U/mL, respectively) when compared to that of the
control group (3.02 £0.60 and 2.97 £0.64 U/mL, respectively). However, there was no
statistically significant difference in mean AChE activities between the both groups at

baseline, follow-up 1, and follow-up 2 (p = 0.330, 0.122, and 0.068, respectively).
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Figure 17 Mean AChE activities in experimental and control group at baseline and

follow-up times
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Table 34 Comparison of mean AChE activities between experimental and control

group
Time of Mean Difference Standard 95% Cl
P-value
measurement (experiment - control) Error Lower Upper
Baseline -0.22 0.23 0.330 -0.68 0.23
Follow-up 1 0.23 0.15 0.122 -0.06 0.53
Follow-up 2 0.30 0.16 0.068 -0.02 0.62

Repeated measure ANOVA

For testing the difference in mean AChE activities among baseline and follow-
up times within groups, results of repeated measure ANOVA (Table 35) revealed that
in the experimental group, there were statistically significant improvements in mean
AChE activities during two follow-up times when compared to baseline (p = 0.003 and
0.001, respectively), and no statistically significant difference was observed between
follow-up 1 and follow-up 2 (p = 1.000). Conversely, in the control group, there was
no statistically significant difference in mean AChE activity between baseline and
follow-up 1, between baseline and follow-up 2, or between follow-up 1 and follow-

up 2 (p = 1.000 for each pair).

Table 35 Pairwise comparison of mean AChE activities among baseline and follow-up

times within groups

Mean Standard P- 95% Cl
Group Time of measurement
Difference Error value  Lower Upper
Experiment  Baseline vs. Follow-up 1 -0.56 0.16  0.003" -095 -0.16
(n=28) Baseline vs. Follow-up 2 -0.58 016  0001" 097 -0.19
Follow-up 1 vs. Follow-up 2 -0.03 0.08 1.000  -0.23 0.17
Control Baseline vs. Follow-up 1 -0.10 0.13 1.000  -0.42 0.22
(n=41) Baseline vs. Follow-up 2 -0.06 0.13 1.000  -0.38 0.26
Follow-up 1 vs. Follow-up 2 0.04 0.07 1.000 -0.12 0.21

Repeated measure ANOVA,  Significant at the 0.01 level
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Overall effectiveness of the agrochemical safety program on AChE activity
tested by repeated measure ANOVA is shown in Table 36. It indicated that the
agrochemical safety program had a statistically significant effect on AChE activity over

times (Wilks” Lambda from multivariate tests, p = 0.047).

Table 36 Overall effectiveness of agrochemical safety program on AChE activity

Variable F Hypothesis df Error df P-value

AChE activity 3.21 2.00 66.00 0.047"

Wilks” Lambda from multivariate tests, Significant at the 0.05 level, df = degree of freedom
4.2.5.2 Effectiveness of agrochemical safety progsram on PChE activity

Figure 18, it exhibited that a mean PChE activity of the experimental group was
continually improved from baseline through follow-up 2. Contrarily, mean PChE
activity of the control group was decreased during baseline and follow-up 1, and it

was then increased in follow-up 2. Repeated measure ANOVA results (Table 37)
showed that the mean (£SD) PChE activities at baseline, follow-up 1, and follow-up 2
in the experimental group (1.47 0.39, 1.58 £0.40 and 1.60 £0.36 U/mL, respectively)

were lower than those in the control group (1.70 £0.70, 1.65 0.53, and 1.73 10.46
U/mL, respectively). However, there was no statistically significant difference in mean
PChE activities between experimental and control group at baseline, follow-up 1, or

follow- up 2 (p = 0.121, 0.528, and 0.224, respectively).
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Figure 18 Mean PChE activities in experimental and control group at baseline and
follow-up times

Table 37 Comparison of mean PChE activities between experimental and control

group
Time of Mean Difference Standard 95% Cl
P-value
measurement (experiment - control) Error Lower Upper
Baseline -0.23 0.15 0.121 -0.52 0.06
Follow-up 1 -0.08 0.12 0.528 -0.31 0.16
Follow-up 2 -0.13 0.10 0.224 -0.33 0.08

Repeated measure ANOVA

For testing the difference in mean PChE activities among baseline and follow-
up times within groups, repeated measure ANOVA results (Table 38) demonstrated that
in the experimental group, there was no statistically significant difference in mean PChE
activities between baseline and follow-up 1, between baseline and follow-up 2, or
between follow-upl and follow-up 2 (p=1.000, 0.463, and 1. 000, respectively). The
similar results were also found in the control group (p = 1.000, 1.000, and 0.745,

respectively).
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Table 38 Pairwise comparisons of mean PChE activities among baseline and follow-

up times within groups

Mean Standard p- 95% Cl
Group Time of measurement
Difference Error value Lower Upper

Experiment Baseline vs. Follow-up 1 -0.10 0.12 1.000  -0.39 0.18
(n=28) Baseline vs. Follow-up 2 -0.13 0.09 0.463  -0.35 0.09

Follow-up 1 vs. Follow-up 2 -0.03 0.08 1.000  -0.23 0.18
Control Baseline vs. Follow-up 1 0.05 0.10 1.000  -0.19 0.29
(n=41) Baseline vs. Follow-up 2 -0.03 0.08 1.000 -0.21 0.15

Follow-up 1 vs. Follow-up 2 -0.08 0.07 0.745  -0.25 0.88

Repeated measure ANOVA

Overall effectiveness of the agrochemical safety program on PChE activity
tested by repeated measure ANOVA (Table 39) showed that the program had no
statistically significant effect on PChE activity (Wilks” Lambda from multivariate tests, p
= 0.593).

Table 39 Overall effectiveness of agrochemical safety program on PChE activity

Variable F Hypothesis df Error df P-value

PChE activity 0.53 2.00 66.00 0.593

Wilks” Lambda from multivariate tests, df = degree of freedom

4.2.6 Effectiveness of agrochemical safety program on health effects related to

agrochemical exposure

4.2.6.1 Effectiveness of agrochemical safety program on number of reported

symptoms related to agrochemical exposure

Figures 19, median numbers of reported symptoms related to agrochemical
exposure in the experimental group were decreased continually from baseline through
follow-up 2, while those in the control group were unchanged from baseline thru
follow-up 2. Mann-Whitney U test was performed to determine differences in median
numbers of reported symptoms between experimental and control group by time
measurements (Table 40). Results exhibited that at baseline, a median number of

reported symptoms in the experimental group was higher than that in the control
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group (4.00 and 2.00 symptoms, respectively) that was found no statistically
significantly different (p = 0.149). After receiving the program, a median number of
reported symptoms in the experimental group equaled to that in the control group at
follow-up 1, but there was no statistically significant difference (2.00 symptoms for
both groups, p = 0.517). In follow-up 2, a median number of reported symptoms in
the experimental group was lower than that in the control group (0.00 and 2.00
symptoms, respectively), and it was also found a statistical significant difference (p =

0.011).
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Figure 19 Median numbers of reported symptoms related to agrochemical exposure

in experimental and control group at baseline and follow-up times

Table 40 Comparison of median numbers of reported symptoms related to

agrochemical exposure between experimental and control group

Experimental group (n=32) Control group (n=41)
Time of
Median (IQR) Mean Median (IQR) Mean U P-value
measurement
rank rank
Baseline 4.00 (1.25- 6.75) 41.02 2.00 (0.50- 6.00) 33.87 527.50 0.149

Follow-up 1 2.00 (0.25- 4.00)  35.16 2.00 (1.00- 5.50) 38.44  597.00 0.507
Follow-up 2 0.00 (0.00- 2.75)  30.33 2.00 (0.00- 4.50) 42.21 44250  0.011°

Mann-Whitney U test, - Significant at the 0.05 level
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Wilcoxon signed-rank test was conducted to examine the difference in median
numbers of reported symptoms related to agrochemical exposure among baseline and
follow-up times within groups (Table 41). Results presented that in the experimental
group, statistically significant differences in median numbers of reported symptoms
were found between baseline and follow-up 1, between baseline and follow-up 2,
and between follow-up 1 and follow-up 2 (p = 0.008, <0.001, and 0.002, respectively).
In contrast, there was no statistically significant difference in the control group between
baseline and follow-up 1, between baseline and follow-up 2, or between follow-up 1

and follow-up 2 (p = 0.954, 0.677, and 0.475, respectively).

Table 41 Pairwise comparison of median numbers of reported symptoms related to

agrochemical exposure among baseline and follow-up times within groups

Mean rank
Group Time of measurement Negative Positive Z P-value
ranks ranks
Experiment  Baseline vs. Follow-up 1 14.92 11.36 266>  0.008"
(n=32) Baseline vs. Follow-up 2 14.82 6.25 383" <0.001"
Follow-up 1 vs. Follow-up 2 12.17 8.50 3037 0.002"
Control Baseline vs. Follow-up 1 15.81 13.37 -0.06° 0.954
(n=41) Baseline vs. Follow-up 2 16.82 16.13 -0.42° 0.677
Follow-up 1 vs. Follow-up 2 11.78 15.17 -0.71° 0.475

Wilcoxon Signed Ranks Test, ® Based on positive ranks, L: Significant at the 0.01 level

In the experimental group, the percentage of participants having some
symptoms related to agrochemical exposure were constantly decreased from 84.5%
at baseline to 75.0% and 37.5% in follow-up times. Conversely, in the control group,
it was increased from 75.6% in baseline to 80.5% in follow-up 1 and it was decreased

to 61.0% in follow-up 2 (Appendix A, Table 51).

The most decreased symptoms related to pesticide exposure found in the
experimental group were such as fatigue or weakness (decreased from 65.6% in
baseline to 25.0% and 18.8% in follow-up times), and excessive sweating (decreased
from 56.2% in baseline to 18.8% and 6.2% in follow-up times). See more details in

Appendix A, Table 52.
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The most decreased symptoms related to chemical fertilizer exposure found
in the experimental group were such as skin irritation or itching (decreased from 21.9%
in baseline to 3.1% in follow-up times), and cough or sneeze (decreased from 15.6%

in baseline to 3.1% in follow-up times) as shown in Appendix A, Table 52.

Overall effectiveness of the agrochemical safety program on a number of
reported symptoms related to agrochemical exposure examined by repeated measure
ANOVA (Table 42) showed that the program had a statistically significant effect on the
number of reported symptoms over times (Wilks” Lambda from multivariate tests, p =

0.001).

Table 42 Overall effectiveness of agrochemical safety program on number of

reported symptom related to agrochemical exposure

Variable F Hypothesis df ~ Error df P-value

Number of reported symptom ~ 7.25 2.00 70.00 0.001"

Wilks’ Lambda from multivariate tests, Significant at the 0.01 level, df = degree of freedom

4.2.6.2 Effectiveness of agrochemical safety program on severity score of symptoms

related to agrochemical exposure

Figure 20, it demonstrated that a median severity score of symptoms related
to agrochemical exposure in the experimental group was decreased continuously from
baseline throughout follow-up 2, while a median severity score of symptoms in the
control group were slightly decreased from baseline thru follow-up 2. Results of Mann-
Whitney U test (Table 43) showed that at baseline, the median severity score of
symptoms in the experimental group was greater than that in the control group (19.50
and 8.00 points, respectively), but it did not reach statistical significance (p = 0.262).
After receiving the program, in follow-up 1, the experimental group had median
severity score of symptoms higher than the control group (8.00 and 7.00 points,
respectively), but there was no statistically significant difference (p = 0.535). In follow-
up 2, the experimental group had median severity score of symptoms lower than the
control group (0.00 and 6.00 points, respectively), and it also had a statistically
significant difference (p = 0.006).
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Figure 20 Median severity scores of symptoms related to agrochemical exposure in

experimental and control group at baseline and follow-up times

Table 43 Comparison of median severity scores of symptoms related to agrochemical

exposure between experimental and control group

Experimental group (n=32) Control group (n=41)
Time of
Median Mean Median Mean U P-value
measurement
(IOR) rank (IOR) rank
Baseline 19.50 (5.75-28.25)  40.14  8.00 (2.00-30.50) 34.55 555.50 0.262

Follow-up 1 8.00 (1.25-12.00)  35.27 7.00 (2.00-27.00)  38.35 600.50 0.535
Follow-up 2 0.00 (0.00-6.00) 29.70  6.00 (0.00-34.00)  42.70 42250  0.006"

Mann-Whitney U test, - Significant at the 0.01 level

For examining the difference in median severity scores of symptoms related to
agrochemical exposure among baseline and follow-up times within groups, results of
Wilcoxon signed-rank test (Table 44). Results exhibited that in the experimental group,
there was a statistically significant difference in median severity scores of symptoms
between baseline and follow-up 1, between baseline and follow-up 2, and between
follow-up 1 and follow-up 2 (p <0.001 for each pair). Conversely, in the control group,
it found no statistically significant difference between baseline and follow-up 1,
between baseline and follow-up 2, or between follow-up 1 and follow-up 2 (p = 0.844,

0.573, and 0.163, respectively).



132

Table 44 Pairwise comparison of median severity scores of symptoms related to

agrochemical exposure within subjects between baseline and follow-up times

Mean rank
Group Time of measurement Negative Positive Z P-value
ranks ranks
Experiment Baseline vs. Follow-up 1 16.62 7.20 393" <0.001"
(n=32) Baseline vs. Follow-up 2 15.84 333 -4.40*  <0.001"
Follow-up 1 vs. Follow-up 2 13.17 7.83 362" <0.001"
Control Baseline vs. Follow-up 1 22.57 16.57 -0.20° 0.844
(n=41) Baseline vs. Follow-up 2 18.35 15.56 -0.56° 0.573
Follow-up 1 vs. Follow-up 2 18.18 17.69 -1.40° 0.163

Wilcoxon Signed Ranks, * Based on positive ranks, ® Based on negative ranks,

” Significant at the 0.01 level

The symptoms related to pesticide exposure mostly found in the experimental
group had constant decreases in mean severity scores such as excessive sweating
(decreased from 3.41 points in baseline to 0.62 and 0.12 points in follow-up times) and
fatigue or weakness (decreased from 3.25 points in baseline to 0.84 and 0.66 points in

follow-up times) as presented in Appendix A, Table 53.

Also the severity scores of symptoms related to chemical fertilizer exposure
mostly found in the experimental group had persistent decreases in the mean severity
score such as skin irritation or itching (decreased from 0.94 points in baseline to 0.03
and 0.06 points in follow-up times) and cough or sneeze (decreased from 0.66 points

in baseline to 0.09 points in follow-up times) as shown in Appendix A, Table 53.

Overall effectiveness of the agrochemical safety program on a severity score of
symptoms related to agrochemical exposure was assessed by repeated measures
ANOVA (Table 45). Results reported that the agrochemical safety program had a
statistically significant effect on the severity score of symptoms over times (Wilks’

Lambda from multivariate tests, p <0.001).
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Table 45 Overall effectiveness of agrochemical safety program on severity score of

symptoms related to agrochemical exposure

Variable F Hypothesis df Error df P-value

Severity score 10.98 2.00 70.00 <0.001"

Wilks’ Lambda from multivariate tests, Significant at the 0.01 level, df = degree of freedom
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CHAPTER V
DISCUSSIONS

5.1 Study participants
5.1.1 Number of study participants

A total number of study participants completely participated through the end
of the study (n=73) that was lower than the sample size required (a total of 80
participants or 40 participants per group). In addition, a dropout rate in this study
(21.3%, n= 17) was quite large; dropouts in the experimental group (n = 13) were 3.25
times more than those in the control group (n = 4) because a year-long study period
and intervention activities might consume more working hours of participants.
However, there was no statistically significant difference in baseline demographic
characteristics and patterns of agrochemical use between chili farmers who did and

did not complete the study.

5.1.2 Comparison of independent variables and dependent variables between

experimental and control group at baseline

At baseline, demographic characteristics (Table 11), patterns of agrochemical
use (Table 12), and dependent variables: agrochemical safety knowledge score (Table
15), self-efficacy score (Table 16), agrochemical safety behavior score (Table 17), OPR
on hands (Table 18), AChE and PChE activity (Table 19), number and severity scores of
reported symptoms related to agrochemical exposure (Table 20, 21) in experimental
and control group were not statistically significantly different (p > 0.05). Therefore,

characteristics of study participants in both groups were homogenous.
5.1.3 Patterns of agrochemical use

In this study, all chili farmers directly involved in agrochemical use, i.e. applying
chemical fertilizers (100.0%), mixing or loading (88.3%) and spraying pesticides (94.8%)
led to frequently exposing to agrochemicals. Most of them (83.6%) used chemical
fertilizers twice a month or more. Various chemical fertilizers were used in their farms

e.g. NPK fertilizer (formula 15-15-15), urea fertilizer (formula 46-0-0). There was no
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previous study reported patterns of chemical fertilizer use among chili farmers in
Thailand and elsewhere. Therefore, this is the first study about patterns of chemical

fertilizer use among Thai farmers.

Regarding the patterns of pesticide use, a majority of chili farmers (80.8%) used
pesticides 2 times per month or more. That was consistent with a recent study
reported that chili farmers in Chatturat district, Chaiyaphum province, Thailand applied
pesticides in an average of 2.90 times per month [27]. The frequency of pesticide
application among Thai chili farmers seemed to be higher than that of chili farmers in
Sri Lanka that applied pesticides in their fields in a range of 1-6 times per crop (1 crop
~ 6 months) [100]. Moreover, chili farmers in this study used various kinds of pesticides
in their farms i.e. insecticides (100.0%), herbicides (94.5%), and fungicides (60.3%). That
was agreed with previous studies in Ubon Ratchathani province, Thailand [32, 39] and
Sri Lanka [100] reported that a variety of pesticides were used in chili farming;
particularly OP insecticides, which are cholinesterase inhibitors, were mostly used e.g.

chlorpyrifos, profenofos, pirimiphos-methyl, dimethoate, monocrotophos.
5.1.4 Organophosphate pesticide residues on chili farmers’ hands

In this study, most chili farmers (79.5%) had been detected OPR on hands at
baseline; 54.8% of them were found both chlorpyrifos and profenofos. It might assume
that chili farmers were regularly exposed to pesticides by dermal route. Out of 73 wipe
samples, 69.9% was detected chlorpyrifos residues in a range of 0.01-0.96 mg/kg/two
hands; 64.4% was detected profenofos residues in a range of 0.02-3.34 mg/kg/two
hands. The percentage of detectable wipe samples and the detectable range of both
residues in this study were greater than those reported by Taneepanichskul et al. [36],
even though this study had a limitation on extraction recoveries for chlorpyrifos
residues. Conversely, chlorpyrifos residues on chili farmers’ hands in this study were
lower than those in the earlier study of Taneepanichskul et al. [35]. It might be because

the OP exposure level was varied by the exposure measurement used.
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5.1.5 Cholinesterase activity

The average AChE of chili farmers in this study at baseline (2.84 +0.91 U/mL)
was lower than that of elderly people in agricultural area in Ubon Ratchathani province
(3.31+0.56 U/mL) [51], rice farmers in Chinart province (2.92 +0.60 U/mL) [101], and
Kenya agricultural workers (4.17 +0.82 U/mL) [102], but it was greater than that of rice
farmers in Nakhon Nayok province (2.63 +0.55 U/mL) [92] and cacao farmers in
Southwestern Nigeria (2.63 + SE: 0.08 U/mL) [103]. Regarding to PChE activity, chili
farmers in this study had the average PChE (1.61 +0.59 U/mL) equaled to the previous
study in rice farmers in Chinart province (1.60 + 0.30 U/mL) [101] that was higher than
that of rice farmers in Nakhon Nayok province (1.01 +0.44 U/mL) [92]. Possible
explanations were that ChE activities were varied by genetic factors e.g. age, gender
(66, 68] and external factors e.g. crop types, agricultural tasks, kind of pesticides use,
and level of pesticide exposure. Decreased ChE activities might cause constant firing
of electrical signals across synapses in the nervous systems leading to adverse
symptoms e.g. muscular twitching, trembling, paralyzed breathing, and convulsions

[104].
5.1.6 Health effects related to agrochemical exposure

This study found high prevalence of adverse health effects related to pesticide
exposure among chili farmers (78.1%); particularly the symptoms on central nervous
system were mostly found e.g. fatisue or weakness, headache, dizziness. That was
consistent with previous studies among chili farmers in Chaiyaphum province [27], rice
farmers in Chinart province [92], pesticide applicators in Ratchaburi province [105], and
farmers in Mexico [106]. However a recent study exhibited that central nervous system
symptoms from pesticide exposure e.g. memory problem and irritability were mostly
found among chili farmers in Ubon Ratchathani province [37]. It might be due to

variations in symptom measurements, pesticides exposed, and exposure levels.

The prevalence of adverse health effects related to chemical exposure among
chili farmers was quite low (27.8%), and the symptoms mostly found included cough

or sneeze (16.4%), and skin irritation or itching (15.1%). Only one study demonstrated
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low prevalence of symptoms from chemical exposure among shallot farmers in Phayao
province including eye irritation, difficulty in breathing, and runny nose, cough, or
sneeze [19]. However, it could not understand the mechanism in the development of
adverse symptoms related to chemical fertilizer exposure clearly. It might be caused
by chemical fertilizer ingredients that contained acid substances (e.g. ammonium
sulfate), alkali substances (e.g. ammonium phosphate, urea), and dust that might

irritate or damage skin and respiratory tracts leading to adverse symptoms [107, 108].

5.2 Effectiveness of agrochemical safety program on increasing agrochemical

safety knowledge

Findings indicated that after receiving the agrochemical safety program, the
experimental group had a more significant increase in agrochemical safety knowledge
scores than the control group. Compared within the experimental group, agrochemical
safety knowledge score was significantly increased during follow-up times compared
to baseline. It concluded that the program had significant and sustained effectiveness
on increasing agrochemical safety knowledge among chili farmers. The findings were
consistent with the study of Raksanam et al. [42, 43] demonstrated that a Multi-
approach model for improving agrochemical safety had a significant improvement on
knowledge scores (dependent sample paired t-test, p < 0.001) in rice farmers in Pathum
Thani province, Central Thailand. In addition, several studies showed that educational
interventions on pesticide safety led to improvement in knowledge scores in Thai
farmers. For example, the study of Boonyakawee et al. [46] exhibited that an
intervention to reduce insecticide exposure was significantly associated with improved
knowledge scores in Shogun orange farmers in Krabi province, Southern Thailand (linear
mixed model, p < 0.001). Similarly, the study of Jariya et al. [44] revealed that a
participatory learning program on pesticide use can be effective in increasing
knowledge scores of agriculturists in Sukhothai province, Central Thailand (dependent
sample paired t-test, p < 0.001). These studies had differences in intervention designs
and components, but main contents of educational training focused on the safe use
of pesticides seemed to be coincided. However, the agrochemical safety program likely

had several strengths because it included the agrochemical safety training and media
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focusing on the safe use of both pesticides and chemical fertilizers and practical
demonstrations using TST developed for demonstrating visual pictures of invisible
agrochemical exposure on skins, clothes, and other exposed surfaces contributing
trainees to understand exposure patterns of agrochemicals on their bodies and
environments potentially inducing trainees to concentrate on the training, discuss and
share opinions about agrochemical exposure and importance of PPE use resulting in

increasing awareness and improving behaviors on agrochemical safety.

Doubtfully, this study found that the control group had significant
improvements in knowledge score during follow-up times when compared to baseline.
Possible reasons were because participants in the control group received information
or training about the safe use of agrochemicals from other sources during one year of
study period leading to improvement in knowledge scores. Based on the interviews,
participants in the control group received training about the safe use of agrochemicals
in a past year before interviewed were elevated from 22.0% (n=9) in baseline to 43.9%
(n=18) in follow-up 1. Additionally, they received the training focusing on only pesticide
safety from academic institutes (17.1%, n=7), provincial agriculture office (9.8%, n=4),
health promoting hospital (9.8%, n=4), and others (7.3%, n=3) e.g. agrochemical

dealers, VHVs. It seemed to be difficult to control this external factor.
5.3 Effectiveness of agrochemical safety program on increasing self-efficacy

Findings revealed that after receiving the agrochemical safety program, the
experimental group had significant increases in self-efficacy score during follow-up
times more than the control group. Compared within experimental group, self-efficacy
score was significantly increased in follow-up 1 compared to baseline. Conclusively,
the program showed significant effectiveness on increasing self-efficacy score in chili
farmers. In this regard, there was no comparative study. Possible explanations could
be self-efficacy can be developed by 4 ways: mastery experience, social modeling,
physiological states and verbal persuasion [72]. In the agrochemical safety program,
peer facilitators were established to play an important role in modelling, facilitating,
suggesting, and supporting other participants to perform agrochemical safety behaviors.

Participants could learn agrochemical safety behaviors by observing peer facilitators
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possibly resulted in increased self-efficacy. Moreover, activities in the agrochemical
safety training (e.g. sharing experiences and practical demonstrations) were frequently
inserted verbal persuasion to increase self-efficacy of participants; games and
entertainment activities were periodically intervened to relax participants before
undertaking agrochemical safety behaviors. The more self-efficacy gained the more

agrochemical safety behaviors improved.

5.4 Effectiveness of agrochemical safety program on improving agrochemical

safety behaviors

Findings indicated that after receiving the agrochemical safety program, the
experimental group had more significant improvements in agrochemical safety
behavior score than the control group. Within the experimental group, agrochemical
safety behavior score had significant improvements in follow-up times compared to
baseline. It concluded that the program had significant effectiveness on improving
agrochemical safety behavior scores in chili farmers. The findings agreed with the study
of Raksanam et al. [42, 43] found that after receiving the intervention, study group had
more significantly increases in mean behavior scores on agrochemical safety than
control group (Independent sample t-test, p < 0.001). Moreover, mean behavior score
of the study group after the intervention was significantly higher than before the
intervention (dependent sample paired t-test, p < 0.001). Likewise, the study of Jariya
et al. [44] proved that after receiving the intervention, the experimental group had
significant higher practice score on pesticide use than the control group (independent
sample t-test, p < 0.001). As well, mean practice score between pre-test and post-test
in the experimental group was significantly different (independent sample t-test, p <
0.001), while it found no significant difference in the control group (dependent sample
t-test, p < 0.001 and 0.119, respectively). Furthermore, Boonyakawee’s study showed
that an insecticide application model program had significant overall effect on practice

score over times (Wilks” Lambda from multivariate test, p = 0.002) [45].

The experimental group had more improved behaviors on proper use of PPE
after receiving the agrochemical safety program for example always wearing respirators,

chemical safety goggles, and latex or chemical-resistant gloves while mixing, loading,
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and spraying pesticides, always wearing respirators and latex or chemical-resistant
gloves while handling chemical fertilizers. That was coincided with the study of
Salvatore et al. [87] demonstrated that farmworkers in Carolina, USA had significant
improvements on using gloves after receiving the intervention that disposable gloves
were provided. According to the agrochemical safety program based on SCT concepts,
providing PPE i.e. respirators, chemical-resistant gloves, and chemical safety goggles,
which was a sociostructural factor, could help chili farmers to increase perceived
facilitators and self-efficacy. Furthermore, the agrochemical safety training with
practical demonstrations using TST and educational media aimed to provide
information to prevent health effects from agrochemical exposure that emphasized
the importance of PPE use contributing to increase agrochemical safety knowledge and
self-efficacy as well as awareness on using PPE. As these reasons, it was resulting in

improvements on properly using PPE among chili farmers.

5.5 Effectiveness of agrochemical safety program on reducing agrochemical

residues on hands

It found inverse results that after receiving the agrochemical safety program the
experimental group had OPR on hands higher than the control group at follow-up 1.
Compared within the experimental group, it had no significant difference in OPR among
baseline and follow-up times, while the control group had significantly increased OPR
between follow-up 1 and follow-up 2. Findings concluded that the program was not
likely effective to reduce OPR on hands among chili farmers. Moreover, almost all
study participants always wore latex or chemical-resistant gloves while dealing with
agrochemicals. The findings were inconsistent with the study of Bradman et al. [86]
showed that after the intervention that disposable gloves were provided, strawberry
harvesters (in Carolina, USA) who used gloves were associated with significant
reductions of malathion residues on hands and malathion dicarboxylic acid levels in
urine samples. Possible explanations were that using reusable gloves could bring
internal  pesticide contaminations due to glove faults and inadequate
decontaminations of gloves leading to increased OPR on hands [109, 110]. Nonetheless

this study did not check the condition of gloves that participants presently used. Other
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reasons could be pesticide applications varied by year and external factors e.g.
weather, prevalence of pests, and farming practices. In addition, consistent behaviors
of handwashing might relate to reduce OPR residues on hands. However, this study
did not measure the frequency and effectiveness of handwashing of participants.
Additionally, chili farmers in this study used various agrochemicals in their farms rather
than common OP pesticides: chlorpyrifos and profenofos focused on in this study led

to a study limitation.
5.6 Effectiveness of agrochemical safety program on improving ChE activity

Findings showed that after receiving the agrochemical safety program, the
experimental group had more improvements in AChE activity than the control group,
but it did not reach a statistical significance. Compared within the experimental group,
it had significant improvements in AChE activity during follow-up times compared to
baseline. It concluded that the program had significant effectiveness to improve AChE
activity among chili farmers. The findings can confirm the research hypothesis that was
expected an improvement in AChE activity in the experimental group. In this study,
AChE activity, a biomarker of chronic exposure effects of OP and CA pesticides [65, 67,
104], was evaluated as an outcome of intervention effectiveness that can support
reliable and valid evidences. It might imply that the program could help to improve
agrochemical safety behaviors resulted in reducing chronic exposure of pesticides in

chili farmers.

Conversely, the agrochemical safety program showed no significant
effectiveness to improve PChE activity that was examined for detecting early acute
effects of OP and CA poisoning [65, 67, 104]. Based on the interviews, over half of
participants reported that the last application of pesticides was longer than 2 past
weeks assuming that ChE measures were done during the recovery periods of PChE.
PChE inhibition can rapidly recover in several days, while AChE inhibition can recovery
in several weeks [65, 111]. PChE inhibition is likely not correlated with OP and CA
poisoning symptoms [111]. AChE activity seems to be a more specific indicator than
PChE activity [68]. The finding was opposed to the research hypothesis and a previous
study exhibited that the insecticide application model program (IAMP) had significant
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effects to reduce a prevalence of unsafe PChE level in follow-up times [45]. That might

be because of differences in measurement tools used for testing PChE and time

intervals of ChE tests — a duration between the last pesticide application and ChE

tests.

5.7 Effectiveness of agrochemical safety program on reducing health effects

related to agrochemical exposure

Findings indicated that after receiving the agrochemical safety program, the
experimental group had more significant decreases in the number and severity scores
of symptoms related to agrochemical exposure than the control group in follow-up 2.
Compared within the experimental group, it had significant decreases in the number
and severity scores of symptoms related to agrochemical exposure among baseline
and follow-up times. It proved that the program had significant effectiveness to reduce
the number and severity scores of symptoms related to agrochemical exposure.
Previous studies revealed that intervention programs had significant effects to reduce
prevalence of digestive, neuromuscular, and skin symptoms [45, 112]. However, this
study evaluated the program effectiveness on wide-ranging symptoms from pesticide
and chemical fertilizer exposure. It found no comparative study measured the number
and severity scores of symptoms related to agrochemical exposure as intervention

outcomes.

5.8 Overall effectiveness of agrochemical safety program to prevent health

effects related to agrochemical exposure

The agrochemical safety program was developed based on SCT concepts
because SCT had strengths that offered a way to integrate social and cognitive theories.
The program consisted of 4 main components: agrochemical safety training with
practical demonstration using TST, educational media, providing PPE, and peer
facilitators. In overall, the program had significant effectiveness on improving
agrochemical safety knowledge, self-efficacy, agrochemical safety behaviors, AChE
activity as well as reducing the number and severity score of symptoms related to

agrochemical exposure. Possible explanation was a combination of program
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components possibly helped to increase agrochemical safety knowledge and self-
efficacy leading to improvements of agrochemical safety behaviors linking to decreases
in agrochemical exposure resulting in reductions of symptoms related to agrochemical
exposure among chili farmers. Although the program showed no significant
effectiveness on reducing OPR on hands, it could claim that the program was effective
to reduce agrochemical exposure because the findings proved that the program had
significant effectiveness on improving AChE activity. AChE activity was measured as an
indicator of chronic exposure effects of OP and CA pesticides that were accumulated
from multiple routes of exposure. Furthermore, OPR found on hands was not actual
exposure concentrations of OP pesticides in the bodies. Finally, this study did not
design to determine the effectiveness of each component of the program. Therefore,
it could not decide that which component had most effectiveness to prevent health

effects related to agrochemical exposure.
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CHAPTER VI
CONCLUSIONS

6.1 Conclusions

A quasi-experimental study was conducted to evaluate the effectiveness of the
agrochemical safety program to prevent health effects among chili farmers in Huaruea
subdistrict, Mueang district, Ubon Ratchathani province, Thailand during April 2015 and
April 2016. The agrochemical safety program consisted of 4 main components: 1)
agrochemical safety training with practical demonstrations using TST, 2) educational
media for promoting agrochemical safety behaviors i.e. VCDs and booklets, 3) providing
PPE i.e. chemical safety goggles, respirators, and gloves, and 4) peer facilitators. A total
of 73 chili farmers completely participated through the end of the study (experimental
group = 32, control group = 41). Eight dependent variables: agrochemical safety
knowledge score, self-efficacy score, agrochemical safety behavior score, OPR on
hands, AChE and PChE activity as well as number of and severity score of symptoms
related to agrochemical exposure were measured using the same research tools and
procedure at baseline (before the program), and at 2 follow-up times (after the

program at 5 and 8 months).

At baseline, it found no statistically significant differences in demographic
characteristics (e.g. age, education level, chronic disease, alcohol consumption,
smoking habit), patterns of agrochemical use (e.g. kind of fertilizers and pesticides used,
frequency of chemical fertilizer use, last use of chemical fertilizers, frequency of
pesticide application, last pesticide application, training history regarding agrochemical

use), and the dependent variables between experimental and control group.

In summary, the agrochemical safety program had significant effectiveness on
improving agrochemical safety knowledge score, self-efficacy score, agrochemical
safety behavior score, and AChE activity, in addition to reducing number and severity
scores of symptoms related to agrochemical exposure. Nonetheless the program

showed no significant effectiveness on improving PChE activity and reducing OPR on
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hands. It could summarize the results and pathways of the program effectiveness to
prevent health effects related to agrochemical exposure following to SCT concepts as

illustrated in Figure 21.
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Figure 21 Summary results of agrochemical safety program effectiveness
6.2 Strengths and limitations
6.2.1 Strengths

Agrochemical safety training with practical demonstrations using TST is unique.
Especially, TST is a new training tool used for practical demonstrations regarding safe
use of pesticides, safe use of chemical fertilizers, and effective handwashing to visualize
images of invisible agrochemical exposure on skins, clothes, and other exposed

surfaces.

There are several advantages of TST: it encourages trainees to concentrate on
the training contents; it encourages trainees to participate in the practices and share
their options; it helps trainees to understand and make conclusions for the training by
themselves; materials and equipment of TST are low-priced and are easy to find in

local areas; it can be applied easily.
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However, TST has some limitations: trainers must prepare materials and
equipment in advance; trainers must have a suitable timetable because practical
demonstration using TST takes time; it may be appropriate for training for small groups
of participants; preventive measures and cleaning equipment are necessary to be

prepared to manage stains leaved after applying TST.
6.2.2 Limitations

6.2.2.1 Study participants may not be representative of the study population
because of potential sampling bias and high dropout rates. Therefore, findings from
this study may be generalized to farmers who had familial characteristic of the study

participants.

6.2.2.2 This study focused on hand dermal exposure to OP pesticides by
measuring profenofos and chlorpyrifos residues on hands as the intervention outcome,
but chili farmers were likely exposed to various agrochemicals by multiple routes
rather than the both OP residues on hands for example inhalation exposure and

dermal exposure from various exposed skins e.g. faces, necks, arms, and legs.

6.2.2.3 The mean extraction recovery for chlorpyrifos (64.9%) was lower than
the acceptable range of 80-120% recommended by the AOAC [97]. In addition, human
and systematic errors regarding OPR measurements may be occurred. Therefore,
results of agrochemical safety program effectiveness on reducing OPR on hands should

be considered when applying

6.2.2.4 Both AChE and PChE activity, outcomes of the study, were measured as
biomarkers of exposure effects to OP and CA pesticides commonly used in chili farms.
However, they cannot be representative of all pesticide exposures because a variety
of pesticides were used by chili farmers rather than the both OP (i.e. chlorpyrifos and

profenofos) focused on in the study.

6.2.2.5 The prevalence and severity score of health symptoms related to
agrochemical exposure were elicited by subjective evaluation without physical
examination and medical diagnosis. Additionally, study participants were asked about

health symptoms experienced when exposed to agrochemicals within 48 hours during
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2 past months before interviewed. Therefore, it may have over- or under-estimates

and recall bias.
6.3 Recommendations

6.3.1 Agrochemical safety program was successful and effective to prevent
health effects among chili farmers in Huaruea subdistrict, Mueang district, Ubon
Ratchathani province. The program should be introduced to other areas where have
similar crops and agricultural activities. Moreover, long-term effectiveness and

sustainability of the agrochemical safety program should be investigated.

6.3.2 Because the agrochemical safety training and TST are successful tools to
convey information and motivate trainees to concentrate on the training and practices
and to share their opinions; moreover, they can be applied easily. Therefore, the
training and TST should be delivered to local partners, e.g. health officers, VHVs, farmer
representatives by training for the agrochemical safety trainers. Additionally, local
partners may be intensively trained about the contents of agrochemical safety training
and procedure of TST by the researcher. Consequently, they may be practiced to be
the trainers in agrochemical safety training by conducting informal training with their

neighborhoods. Consequently, the effectiveness of this program should be evaluated.

6.3.3 For chili farmers, they should keep consistent behaviors on agrochemical

safety and reduce agrochemical usage to prevent environmental and health effects.

6.3.4 Provincial agricultural extension offices and public health agencies should
provide standard PPE for farmers to encourage and support behaviors on proper use

of PPE to reduce agrochemical exposure to prevent health effects.

6.3.5 AChE activity is a biomarker of exposure effects to OP and CA pesticides
commonly used in occupational and environmental medicine. AChE activity may be
suitable to be measured as an outcome variable of intervention effectiveness rather
than PChE activity because chili farmers are chronically exposed to pesticides. This
biomarker is sensitive and easy to measure. Furthermore, it cans exhibit a dose-

dependent behavior to pesticide exposure and a link to adverse health effects.
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6.3.6 For further research, it would be required to address other biological
indicators that can provide better evidences of integrated internal doses of pesticide
exposures from multiple pathways to evaluate intervention effectiveness. For
example, urinary metabolites of OPs such as six dialkyl phosphate (DAP) metabolites:
dimethylphosphate (DMP), dimethylthiophosphate (DMTP), dimethyldithiophosphate
(DMDTP),  diethylphosphate ~ (DEP),  diethylthiophosphate ~ (DETP),  and
diethyldithiophosphate (DEDTP) can be measured exposure to various OP compounds,
or pesticide-specific metabolites of OPs such as 3,5,6-trichloro-2-pyridinol (3,5,6-TCPy)

can be measured chlorpyrifos metabolites in urine.

6.3.7 If determining dermal pesticide exposure as outcomes of intervention
effectiveness, it may be sampled residues from various exposed skins e.g. hands, faces,
arms, and legs to assess dermal exposure to various pesticides to help in better

indicating actual exposure via dermal route.

6.3.8 In determining health effects related to agrochemical exposure as
outcomes of intervention effectiveness, it would be necessary to provide physical
examination and medical diagnosis to support valid evidences of occurrences and

severity of symptoms related to agrochemical exposure.

6.3.9 Additional information would be anticipated in future studies such as
monthly amounts of pesticide and chemical fertilizer use, amounts of chemical

fertilizer residues on skins, and daily frequency of handwashing.

6.3.10 Chronic health effects related to agrochemical exposure should be
studied forwards because chili farmers intensively used agrochemicals. Furthermore,
effective interventions for reducing the use of agrochemicals among chili farmers

should be concerned and studied.
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Appendix A - Additional results

Table 46 Frequency and percentage of responses on agrochemical safety knowledge

by study groups and measurement times

Experimental group (n=32) Control group (n=41)
[tems Answer
Baseline FU1 FU 2 Baseline FU1 FU 2
1. Farmers can be exposed Correct 28 32 32 a0 36 40
to agrochemicals through (87.5%)  (100.0%) (100.0%) | (97.6%)  (87.8%)  (97.6%)
dermal absorption, ingestion, | Incorrect 4 0 0 1 5 1
and inhalation. (12.5%) (0.09%) (0.0%) (2.4%) (12.2%) (2.4%)
2. Dermal absorption is the Correct 26 31 24 24 27 27
most exposure routes of (81.2%)  (96.9%)  (75.0%) | (58.5%)  (65.9%)  (65.9%)
agrochemicals Incorrect 6 1 8 17 14 14
(18.8%) (3.1%) (25.0%) | (415%)  (34.1%)  (34.1%)
3. Exposure to pesticides by | Correct 24 31 32 38 25 39
dermal route can cause skin (75.0%)  (96.9%) (100.0%) | (92.7%)  (61.0%)  (95.1%)
rashes or blisters Incorrect 8 1 0 3 16 2
(25.0%) (3.1%) (0.0%) (7.3%) (39.0%) (4.9%)
4. Exposure to pesticides by | Correct 22 32 31 36 22 39
inhalation route can cause (68.8%) (100.0%) (96.9%) | (87.8%)  (53.7%)  (95.1%)
convulsion and Incorrect 10 0 1 5 19 2
unconsciousness. (31.2%) (0.0%) (3.1%) (12.2%)  (46.3%) (4.9%)
5. Chronic exposure to Correct 26 31 32 31 38 39
pesticides may cause cancer. (81.2%)  (96.9%) (100.0%) | (75.6%)  (92.7%)  (95.1%)
Incorrect 6 1 0 10 3 2
(18.8%) (3.1%) (0.0%) (24.4%) (7.3%) (4.9%)
6. Overusing chemical Correct 26 32 32 26 37 40
fertilizers may lead to heavy (81.2%)  (100.0%) (100.0%) | (63.4%)  (90.2%)  (97.6%)
metal contamination in Incorrect 6 0 0 15 4 1
groundwater (18.8%) (0.0%) (0.0%) (36.6%) (9.8%) (2.4%)
7. Yellow-labeled pesticide Correct 5 19 18 10 13 12
products are slightly toxic. (15.6%)  (59.4%)  (56.2%) | (24.4%)  (31.7%)  (29.3%)
Incorrect 27 13 14 31 28 29
(84.4%)  (40.6%)  (43.8%) | (75.6%)  (68.3%)  (70.7%)
8. Chronic exposure to Correct 22 30 30 21 34 34
chemical fertilizers may (68.8%)  (93.8%)  (93.8%) | (51.2%)  (82.9%)  (82.9%)
cause cancer. Incorrect 10 2 2 20 7 7
(31.2%) (6.2%) (6.2%) (48.8%)  (17.1%)  (17.1%)




162

Experimental group (n=32) Control group (n=41)
[tems Answer

Baseline FU1 FU 2 Baseline FU1 FU 2
9. Wearing a face mask can Correct 1 16 20 7 19 18
effectively protect inhalation (3.1%) (50.0%)  (62.5%) | (17.1%)  (46.3%)  (43.9%)
pesticide exposures. : Incorrect 31 16 12 34 22 23

(96.9%)  (50.0%)  (37.5%) | (82.9%)  (53.7%)  (56.1%)
10. Washing hands with soap | Correct 31 32 32 39 40 40
and water after handling (96.9%)  (100.0%) (100.0%) | (95.1%)  (97.6%)  (97.6%)
agrochemicals can reduce Incorrect 1 0 0 2 1 1
agrochemical exposure. (3.1%) (0.0%) (0.0%) (4.9%) (2.4%) (2.4%)

" Negative statement, FU = Follow-up measurement
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Table 47 Frequency and percentage of responses on self-efficacy by study groups

and measurement times

Experimental group (n=32) Control group (n=41)
[tems Answer
Baseline FU1 FU2 Baseline FU1 FU2
1. Farmers can read Strongly 13 16 16 24 19 14
agrochemical labels and agree (40.6%)  (50.0%)  (50.0%) | (58.5%)  (46.3%)  (34.1%)
understand such Agree 14 12 12 10 13 16
information well. (43.8%) (37.5%) (37.5%) (24.4%) (31.7%) (39.0%)
Uncertain 5 4 4 6 6 10
(15.6%) (12.5%) (12.5%) (14.6%) (14.6%) (24.4%)
Disagree 0 0 0 1 1 1
(0.0%) (0.0%) (0.0%) (2.4%) (2.4%) (2.4%)
Strongly 0 0 0 0 2 0
disagree (0.0%) (0.0%) (0.0%) (0.0%) (4.9%) (0.0%)
2. Farmers can use Strongly 13 17 15 20 17 12
agrochemicals safely. agree (40.6%) (53.1%) (46.9%) (48.8%) (41.5%) (29.3%)
Agree 14 14 13 9 12 19
(43.8%) (43.8%) (40.6%) (22.0%) (29.3%) (46.3%)
Uncertain 5 1 4 12 11 9
(15.6%) (3.1%) (12.5%) (29.3%) (26.8%) (22.0%)
Disagree 0 0 0 0 1 1
(0.0%) (0.0%) (0.0%) (0.0%) (2.4%) (2.4%)
Strongly 0 0 0 0 0 0
disagree (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
3. Farmers can use and Strongly 13 19 16 18 12 14
take care personal agree (40.6%) (59.4%) (50.0%) (43.9%) (29.3%) (34.1%)
protective equipment Agree 12 8 13 12 14 16
appropriately. (37.5%)  (25.0%) (40.6%) (29.3%) (34.1%)  (39.0%)
Uncertain 7 5 3 10 13 9
(21.9%) (15.6%) (9.4%) (24.4%) (31.7%) (22.0%)
Disagree 0 0 0 1 1 2
(0.0%) (0.09%) (0.0%) (2.4%) (2.4%) (4.9%)
Strongly 0 0 0 0 1 0
disagree (0.0%) (0.0%) (0.0%) (0.0%) (2.4%) (0.0%)
4. Farmers can always Strongly 19 27 28 29 31 26
clean your body (i.e. agree (59.4%)  (84.4%)  (87.5%) | (70.7%)  (75.6%)  (63.4%)
bathing, shampooing, and | Agree 9 4 4 10 6 14
handwashing) after (28.1%)  (12.5%) (12.5%) (24.4%) (14.6%)  (34.1%)
exposing to Uncertain 4 1 0 1 4 1
agrochemicals. (12.5%) (3.1%) (0.0%) (2.4%) (9.8%) (2.4%)
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Experimental group (n=32) Control group (n=41)
[tems Answer
Baseline FU1 FU2 Baseline FU1 FU2
Disagree 0 0 0 1 0 0
(0.0%) (0.0%) (0.0%) (2.4%) (0.0%) (0.0%)
Strongly 0 0 0 0 0 0

disagree (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)

5. Farmers can store Strongly 13 18 18 18 16 12
agrochemicals and agree (40.6%)  (56.2%)  (56.2%) | (43.9%)  (39.0%)  (29.3%)
dispose of agrochemical Agree 13 10 11 11 11 21
wastes properly. (40.6%) (31.2%) (34.4%) (26.8%) (26.8%) (51.2%)
Uncertain 6 4 3 9 10 8

(18.8%) (12.5%) (9.4%) (22.0%) (24.4%) (19.5%)

Disagree 0 0 0 2 3 0
(0.09%) (0.0%) (0.0%) (4.9%) (7.3%) (0.0%)

Strongly 0 0 0 1 1 0
disagree (0.0%) (0.0%) (0.0%) (2.4%) (2.4%) (0.0%)

FU = Follow-up measurement
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Table 48 Frequency and percentage of responses on agrochemical safety behaviors

by study groups and measurement times

Experimental group (n=32) Control group (n=41)
[tems Answer

Baseline FU1 FU2 Baseline FU1 FU2
Behaviors on pesticide use
1. Read labels before Always 18 31 32 29 32 30
using pesticides and (56.2%)  (96.9%)  (100.0%) | (70.7%)  (78.0%)  (73.2%)
follow the label Sometimes 14 1 0 12 6 10
directions exactly (43.8%) (3.1%) (0.0%) (29.3%)  (14.6%)  (24.4%)

Never 0 0 0 0 3 1

(0.0%) (0.0%) (0.0%) (0.0%) (7.3%) (2.4%)

2. Check pesticide Always 17 32 32 25 30 28
application equipment (53.1%)  (100.0%) (100.0%) | (61.0%)  (73.2%)  (68.3%)
before use Sometimes 14 0 0 12 8 13

(43.8%) (0.0%) (0.0%) (29.3%)  (19.5%)  (31.7%)

Never 1 0 0 4 3 0
(3.1%) (0.0%) (0.0%) (9.8%) (7.3%) (0.0%)

3. Check personal Always 16 32 32 26 29 33
protective equipment (50.0%)  (100.0%) (100.0%) | (63.4%)  (70.7%)  (80.5%)
before use Sometimes 15 0 0 11 11 8

(46.9%) (0.0%) (0.0%) (26.8%)  (26.8%)  (19.5%)

Never 1 0 0 4 1 0
(3.1%) (0.0%) (0.0%) (9.8%) (2.4%) (0.0%)

4. Keep out unauthorized | Always 20 29 28 31 32 27
persons from farm areas (62.5%)  (90.6%)  (87.5%) | (75.6%)  (78.0%)  (65.9%)
before spraying Sometimes 12 3 4 6 2 5
pesticides (37.5%) (9.4%) (12.5%) | (14.6%) (4.9%) (12.2%)
Never 0 0 0 4 7 9

(0.0%) (0.0%) (0.0%) (9.8%) (17.1%) (22.0%)

5. Mix various pesticides Always 13 0 0 17 24 21
to increase effectiveness (40.6%) (0.0%) (0.0%) (41.5%) (58.5%) (51.2%)
of pesticides” Sometimes 13 10 9 16 9 15

(40.6%) (31.2%) (28.1%) (39.0%) (22.0%) (36.6%)

Never 6 22 23 8 8 5
(18.8%) (68.8%) (71.9%) (19.5%) (19.5%) (12.2%)

6. Wear respirators while | Always 5 26 28 5 6 9
mixing and loading (15.6%)  (81.2%)  (87.5%) | (122%)  (14.6%)  (22.0%)
pesticides Sometimes 8 6 a4 6 2 a4

(25.0%) (18.8%) (12.5%) (14.6%) (4.9%) (9.8%)
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Experimental group (n=32) Control group (n=41)
[tems Answer
Baseline FU1l FU2 Baseline FU1 FU2
Never 19 0 0 30 33 28
(59.4%) (0.0%) (0.0%) (73.2%)  (80.5%)  (68.3%)
7. Wear latex gloves or Always 22 30 32 36 36 38
chemical-resistant gloves (68.8%) (93.8%)  (100.0%) | (87.8%) (87.8%) (92.7%)
while mixing and loading | Sometimes 10 2 0 4 2 0
pesticides (31.2%) (6.2%) (0.0%) (9.8%) (4.9%) (0.0%)
Never 0 0 0 1 3 3
(0.0%) (0.0%) (0.0%) (2.4%) (7.3%) (7.3%)
8. Wear a long sleeve Always 27 32 32 36 38 38
shirt and pants while (84.4%)  (100.0%) (100.0%) | (87.8%)  (92.7%)  (92.7%)
mixing, loading, and Sometimes 5 0 0 4 3 3
spraying pesticides (15.6%) (0.0%) (0.0%) (9.8%) (7.3%) (7.3%)
Never 0 0 0 1 0 0
(0.0%) (0.0%) (0.0%) (2.4%) (0.0%) (0.0%)
9. Wear chemical safety Always 0 15 19 0 4 1
goggles or face shield (0.0%) (46.9%)  (59.4%) (0.0%) (9.8%) (2.4%)
while spraying pesticides Sometimes 7 16 13 8 6 8
(21.9%)  (50.0%)  (40.6%) | (19.5%)  (14.6%)  (19.5%)
Never 25 1 0 33 31 32
(78.1%) (3.1%) (0.0%) (80.5%)  (75.6%)  (78.0%)
10. Wear a respirator Always 4 25 27 3 5 6
while spraying pesticides (125%)  (78.1%)  (84.4%) (7.3%) (12.2%)  (14.6%)
Sometimes 9 7 5 7 2 9
(28.1%)  (21.9%)  (15.6%) | (17.1%) (4.9%) (22.0%)
Never 19 0 0 31 34 26
(59.4%) (0.0%) (0.0%) (75.6%)  (82.9%)  (63.4%)
11. Wear latex or Always 21 32 32 32 38 39
chemical-resistant gloves (65.6%)  (100.0%) (100.0%) | (78.0%)  (92.7%)  (95.1%)
while spraying pesticides Sometimes 11 0 0 8 0 1
(34.4%) (0.0%) (0.0%) (19.5%) (0.09%) (2.4%)
Never 0 0 0 1 3 1
(0.0%) (0.0%) (0.0%) (2.4%) (7.3%) (2.4%)
12. Wear rubber boots Always 28 32 32 37 41 41
while spraying pesticides (87.5%)  (100.0%) (100.0%) | (90.2%)  (100.0%) (100.0%)
Sometimes 4 0 0 4 0 0
(12.5%) (0.0%) (0.0%) (9.8%) (0.0%) (0.0%)
Never 0 0 0 0 0 0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
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Experimental group (n=32) Control group (n=41)
[tems Answer
Baseline FU1l FU2 Baseline FU1 FU2
13. Stand in the Always 30 30 31 39 35 34
windward direction while (93.8%)  (93.8%)  (96.9%) | (95.1%)  (85.4%)  (82.9%)
spraying pesticides Sometimes 2 2 1 2 6 7
(6.2%) (6.2%) (3.1%) (4.9%) (14.6%)  (17.1%)
Never 0 0 0 0 0 0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
14. Consume foods or Always 1 0 0 5 2 1
drinks while working with (3.1%)) (0.0%) (0.0%) (12.2%) (4.9%) (2.4%)
pesticides” Sometimes 7 1 1 5 0 0
(21.9%) (3.1%) (3.1%) (12.2%) (0.0%) (0.0%)
Never 24 31 31 31 39 40
(75.0%)  (96.9%)  (96.9%) | (75.6%)  (95.1%)  (97.6%)
15. Clean pesticide Always 14 30 27 20 22 25
application equipment (43.8%)  (93.8%)  (84.4%) | (48.8%)  (53.7%)  (61.0%)
with detergent and water | Sometimes 16 1 5 11 8 8
after used (50.0%) (3.1%) (15.6%) | (26.8%)  (19.5%)  (19.5%)
Never 2 1 0 10 11 8
(6.2%) (3.1%) (0.0%) (24.4%)  (26.8%)  (19.5%)
16. Clean personal Always 14 32 32 28 26 26
protective equipment (43.8%)  (100.0%) (100.0%) | (68.3%)  (63.4%)  (63.4%)
after used Sometimes 15 0 0 9 9 11
(46.9%) (0.0%) (0.0%) (22.0%)  (22.0%)  (26.8%)
Never 3 0 0 4 6 4
(9.4%) (0.0%) (0.0%) (9.8%) (14.6%) (9.8%)
Behaviors on chemical fertilizer use
17. Wear latex or Always 3 18 27 11 14 9
chemical-resistant gloves (9.4%) (56.2%)  (84.4%) | (26.8%)  (34.1%)  (22.0%)
while handling chemical Sometimes 7 12 5 12 13 18
fertilizers (21.9%)  (37.5%)  (15.6%) | (29.3%)  (31.7%)  (43.9%)
Never 22 2 0 18 14 14
(68.8%) (6.2%) (0.0%) (43.9%)  (34.1%)  (34.1%)
18. Wear a mask or Always 0 11 20 8 10 11
respirator while handling (0.0%) (34.4%)  (62.5%) | (19.5%)  (24.4%)  (26.8%)
chemical fertilizers Sometimes 7 16 11 4 11 11
(21.9%)  (50.0%)  (34.4%) (9.8%) (26.8%)  (26.8%)
Never 25 5 1 29 20 19
(78.1%)  (15.6%) (3.1%) (70.7%)  (48.8%)  (46.3%)
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Experimental group (n=32) Control group (n=41)
[tems Answer
Baseline FU1 FU2 Baseline FU1 FU2
Behaviors on personal hygiene
19. Wash hands with Always 18 32 32 30 35 36
soap and water (56.2%)  (100.0%) (100.0%) | (73.2%)  (85.4%)  (87.8%)
immediately after Sometimes 14 0 0 11 6 5
handling agrochemicals (43.8%) (0.0%) (0.0%) (26.8%)  (14.6%)  (12.2%)
Never 0 0 0 0 0 0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
20. Bathe and shampoo Always 23 32 31 34 39 39
immediately after (71.9%)  (100.0%)  (96.9%) | (82.9%)  (95.1%)  (95.1%)
spraying pesticides Sometimes 9 0 1 7 2 2
(28.1%) (0.0%) (3.1%) (17.1%) (4.9%) (4.9%)
Never 0 0 0 0 0 0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
21. Change clean clothes | Always 30 32 32 a1 40 39
immediately after (93.8%)  (100.0%) (100.0%) | (100.0%)  (97.6%) (95.1%)
finishing pesticide spray Sometimes 2 0 0 0 1 2
(6.2%) (0.0%) (0.0%) (0.0%) (2.4%) (4.9%)
Never 0 0 0 0 0 0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
22. Wash clothes worn Always 30 32 32 40 27 35
when spraying pesticides (93.8%)  (100.0%) (100.0%) | (97.6%)  (65.9%)  (85.4%)
separately from general Sometimes 2 0 0 0 5 4
clothes (6.2%) (0.0%) (0.0%) (0.0%) (12.2%) (9.8%)
Never 0 0 0 1 9 2
(0.0%) (0.0%) (0.0%) (2.4%) (22.0%) (4.9%)
Behaviors on agrochemical storage and disposal
23. Keep agrochemicals Always 8 23 22 5 7 10
in safety places (e.g. (25.0%)  (71.9%)  (68.8%) | (12.2%)  (17.1%)  (24.4%)
locked cabinets) Sometimes 7 6 8 5 4 3
(21.9%) (18.8%) (25.0%) (12.2%) (9.8%) (7.3%)
Never 17 3 2 31 30 28
(53.1%) (9.4%) (6.2%) (75.6%) (73.2%) (68.3%)
24. Keep agrochemicals Always 25 30 31 21 24 26
in original product (78.1%)  (93.8%)  (96.9%) | (51.2%)  (58.5%)  (63.4%)
containers Sometimes 6 2 1 8 6 7
(18.8%) (6.2%) (3.1%) (19.5%) (14.6%) (17.1%)
Never 1 0 0 12 11 8
(3.1%) (0.0%) (0.0%) (29.3%) (26.8%) (19.5%)
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Experimental group (n=32) Control group (n=41)
[tems Answer
Baseline FU1 FU2 Baseline FU1 FU2
25. Burn unwanted Always 3 0 0 0 1 0
agrochemical containers” (9.4%) (0.0%) (0.0%) (0.0%) (2.4%) (0.0%)
Sometimes 5 0 0 7 1 2
(15.6%) (0.0%) (0.0%) (17.1%) (2.4%) (4.9%)
Never 24 32 32 34 39 39
(75.0%)  (100.0%) (100.0%) | (82.9%)  (95.1%)  (95.1%)

" Negative statement, FU = Follow-up measurement
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Table 49 Frequency and percentage of wipe samples with detectable OPR by study

groups and measurement times

Experimental group (n=32)

Control group (n=41)

Variables
Baseline

FU1

FU2 Baseline

FU1

FU2

Detection of OPR

Detected both CF and PF 19 (59.4%)
Detected either CF or PF 9 (28.1%)
None of CF and PF 4 (12.5%)
Detection of CF residues

Higher than LOD 22 (68.8%)
Lower than LOD 10 (31.2%)
Detection of PF residues

Higher than LOD 25 (78.1%)
Lower than LOD 7(21.9%)

27 (84.4%) 28 (87.5%) 21 (51.2%)

5(15.6%)
0 (0.0%)

4(12.5%) 9 (22.0%)
0 (0.0%) 11 (26.8%)

32(100.0%) 31(96.9%) 29 (70.7%)

0 (0.0%)

1(3.1%) 12 (29.3%)

27 (84.4%) 29 (90.6%) 22 (53.7%)

5(15.6%)

3 (9.4%) 19 (46.3%)

29 (70.7%)
11 (26.8%)
1 (2.5%)

36 (87.8%)
5(12.2%)

33 (80.5%)
8 (19.5%)

26 (63.4%)
14 (34.1%)
1 (2.5%)

39 (95.1%)
2 (4.9%)

27 (65.9%)
14 (34.1%)

FU = Follow-up measurement, OP= Organophosphate, CF= Chlorpyrifos, PF = Profenofos,

LOD = Limit of detection, LOD for chlorpyrifos = 0.010 mg/kg, LOD for profenofos = 0.020 mg/kg

Table 50 Median OPR on hands by study sroups and measurement times

Experimental group (n=32)

Control group (n=41)

Variables
Median IQR Median IQR

OPR (mg/ kg/ two hands)
Baseline 0.054 0.037 - 0.082 0.043 0.010 - 0.075
Follow-up 1 0.062 0.053 - 0.102 0.047 0.039 - 0.058
Follow-up 2 0.062 0.058 - 0.081 0.069 0.043 - 0.111
Chlorpyrifos residues (mg/ kg/ two hands)
Baseline 0.013 0.009 - 0.022 0.015 0.010 - 0.033
Follow-up 1 0.028 0.020 - 0.039 0.013 0.011 - 0.018
Follow-up 2 0.018 0.015 - 0.026 0.022 0.014 - 0.043
Profenofos residues (mg/ kg/ two hands)
Baseline 0.031 0.027 - 0.054 0.028 0.000 - 0.032
Follow-up 1 0.032 0.029 - 0.042 0.033 0.028 - 0.042
Follow-up 2 0.043 0.038 - 0.050 0.038 0.000 - 0.061

IQR = Interquartile range
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Table 51 Frequency and percentage of participants having health effects related to

agrochemical exposure by study groups and measurement times

Experimental group (n=32)

Control group (n=41)

Variables
Baseline FU1 FU2 Baseline FU1 FU2

Having health effects related to agrochemical exposure
No 5(15.6%) 8(25.0%) 20 (62.5%) 10(24.4%) 8(19.5%) 16 (39.0%)
Reported 1-3 symptoms 9(28.1%) 15(46.9%) 10(31.3%) 18(43.9%) 19 (46.3%) 11 (26.8%)
Reported > 3 symptoms 18 (56.3%) 9 (28.1%) 2 (6.2%) 13 (31.7%) 14 (34.2%) 14 (34.2%)
Having health effects related to pesticide exposure
No 5(15.6%) 8(25.0%) 20(62.5%) 11(26.8%) 8(19.5%)  16(39.0%)
Yes 27 (84.4%) 24 (75.0%) 12(37.5%) 30(73.2%) 33(80.5%) 25 (61.0%)
Having health effects related to chemical fertilizer exposure
No 21(65.6%) 30(93.8%) 30(93.8%) 32(78.0%) 35(85.4%) 34 (82.9%)
Yes 11 (34.4%) 2 (6.2%) 2 (6.2%) 9 (22.0%) 6 (14.6%) 7(17.1%)

FU = Follow-up measurement
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Table 52 Frequency and percentage of participants reporting symptoms related to

agrochemical exposure by study groups and measurement times

Experimental group (n=32)

Control group (n=41)

Symptoms
Baseline FU1 FU2 Baseline FU1 FU2

Symptoms related to pesticide exposure
Respiratory symptoms
1. Cough 7(21.9%) 9 (28.1%) 4(12.5%) 8(19.5%) 10 (24.4%) 10 (24.4%)
2. Sore or dry throat 7(21.9%) 7 (21.9%) 2 (6.2%) 8 (19.5%) 7(17.1%) 7(17.1%)
3. Difficulty in breathing 3 (9.4%) 6 (18.8%) 1(3.1%) 3 (7.3%) 2(4.9%) 2(4.9%)
4. Chest pain 4 (12.5%) 0 (0.0%) 0 (0.0%) 2 (4.9%) 3 (7.3%) 3(7.3%)
Skin symptoms
5. ltching or burning 7(21.9%) 3(9.4%) 2 (6.2%) 9 (22.0%) 5(12.2%) 6 (14.6%)
6. Rash 5 (15.6%) 5 (15.6%) 2(6.2%) 7(17.1%) 3 (7.3%) 2(4.9%)
Muscle symptoms
7. Hand numbness 3 (9.4%) 2 (6.2%) 2(6.2%) 9 (22.0%) 7 (17.1%) 8 (19.5%)
8. Cramp or pain 5 (15.6%) 2 (6.2%) 2 (6.2%) 7 (17.1%) 4 (9.8%) 6 (14.6%)
9. Muscle weakness 5 (15.6%) 0 (0.0%) 0 (0.0%) 6 (14.6%) 3 (7.3%) 3(7.3%)
Central nervous system
10. Headache 11 (34.4%) 11 (34.4%) 6 (18.8%) 7(17.1%)  18(43.9%) 17 (41.5%)
11. Dizziness 6 (18.8%) 1(3.1%) 1(3.1%) 9(22.0%) 15(36.6%) 14 (34.1%)
12. Fatigue or weakness 21(65.6%) 8 (25.0%) 6 (18.8%) 8(19.5%) 12(29.3%) 15(36.6%)
13. Blurred vision 4 (12.5%) 3 (9.4%) 1(3.1%) 13 (31.7%) 4(9.8%) 5(12.2%)
Gastrointestinal system
14. Nausea or vomiting 1(3.1%) 3 (9.4%) 0 (0.0%) 1 (2.4%) 6 (14.6%) 3 (7.3%)
15. Abdominal pain 1(3.1%) 5 (15.6%) 1(3.1%) 3(7.3%) 3(7.3%) 4(9.8%)
16. Diarrhea 1(3.1%) 0 (0.0%) 0 (0.0%) 2 (4.9%) 2 (4.9%) 2 (4.9%)
Others
17. Excessive sweating 18 (56.2%) 6 (18.8%) 2(6.2%) 19 (46.3%) 18 (43.9%) 15 (36.6%)
18. Excessive salivation 0 (0.0%) 1(3.1%) 0 (0.0%) 1(2.4%) 0 (0.0%) 1 (2.4%)
19. Lacrimation 1(3.1%) 3(9.4%) 1(3.1%) 6 (14.6%)  5(12.2%) 4(9.8%)
20. Brittle nails, nail loss 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (2.4%) 1(2.4%)
Symptoms related to chemical fertilizer exposure
Respiratory symptoms
21. Cough or sneeze 5 (15.6%) 1(3.1%) 1(3.1%) 7 (17.1%) 4 (9.8%) 4 (9.8%)
22. Runny nose 3 (9.4%) 0 (0.0%) 0 (0.0%) 3 (7.3%) 2 (4.9%) 2 (4.9%)
23. Chest tightness 0 (0.0%) 0 (0.0%) 0 (0.0%) 3(7.3%) 0 (0.0%) 0 (0.0%)
Skin symptoms
24. Irritation or itching 7 (21.9%) 1(3.1%) 1(3.1%) 4 (9.8%) 4 (9.8%) 5(12.2%)
25. Rash 4 (6.2%) 0 (0.0%) 0 (0.0%) 4 (9.8%) 3(7.3%) 3 (7.3%)

FU = Follow-up measurement
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Experimental group (n=32)

Control group (n=41)

Symptoms
Baseline FU1 FU2 Baseline FU1 FU2

Symptoms related to pesticide exposure
Respiratory symptoms
1. Cough 1.00 (0.37)  1.16(0.36) 0.41(0.21) 0.88(0.31) 1.41(0.42)  1.37(0.40)
2. Sore or dry throat 1.00(0.36)  0.84(0.30) 0.19(0.13)  1.12(0.38)  0.90(0.34)  0.95(0.35)
3. Difficulty in breathing 0.47(0.29) 0.56(0.22) 0.09(0.09) 0.44(0.25 0.32(0.23) 0.27(0.19)
4. Chest pain 0.50 (0.26) - - 0.29(0.22) 0.27(0.17)  0.32(0.19)
Skin symptoms
5. ltching or burning 0.84(0.31) 0.31(0.18) 0.12(0.09) 1.07(0.36) 0.66 (0.31) 0.83(0.34)
6. Rash 0.56(0.24) 0.47(0.21) 0.12(0.09) 0.61(0.23) 0.41(0.24) 0.22(0.18)
Muscle symptoms
7. Hand numbness 059(0.35) 0.22(0.17) 0.12(0.09) 1.34(0.42) 1.05(0.38) 1.15(0.40)
8. Cramp or pain 0.94(0.42) 0.19(0.16) 0.16 (0.11)  1.00(0.38)  0.66 (0.32)  0.78 (0.34)
9. Muscle weakness 0.75 (0.34) = - 0.93(0.37)  0.51(0.29) 0.44(0.25)
Central nervous system
10. Headache 1.47(0.40) 1.47(0.38) 0.50(0.20) 0.76(0.27)  2.15(0.47)  2.15(0.47)
11. Dizziness 0.94(0.37)  0.09 (0.09) 0.06 (0.06) 1.05(0.35) 2.05(0.48) 1.80(0.43)
12. Fatigue or weakness 3.25(0.48) 0.84(0.30) 0.66(0.26) 1.07(0.35) 156 (0.45)  2.15(0.52)
13. Blurred vision 0.75(0.36)  0.19(0.11)  0.06 (0.06) 1.78(0.46)  0.46 (0.25)  0.61(0.29)
Gastrointestinal system
14. Nausea or vomiting 0.06 (0.06)  0.19(0.11) - 0.12(0.12)  0.88(0.36)  0.34(0.20)
15. Abdominal pain 0.09(0.09) 047(0.23) 0.16(0.16) 0.37(0.21) 0.46(0.26)  0.46 (0.24)
16. Diarrhea 0.06 (0.06) - = 0.22(0.15)  0.20(0.17)  0.27(0.19)
Others
17. Excessive sweating 3.41(0.61) 0.62(0.25) 0.12(0.09) 3.29(059) 2.10(0.46) 1.85(0.44)
18. Excessive salivation - 0.06 (0.06) - 0.10 (0.10) - 0.05 (0.05)
19. Lacrimation 0.16 (0.16)  0.19(0.11)  0.06 (0.06)  0.59(0.23)  0.66 (0.30)  0.41 (0.22)
20. Brittle nails, nail loss - - - - 0.02 (0.02) 0.02(0.02)
Symptoms related to chemical fertilizer exposure
Respiratory symptoms
21. Cough or sneeze 0.66 (0.28)  0.09 (0.09) 0.09(0.09) 0.83(0.30) 0.37(0.22) 0.29 (0.15)
22. Runny nose 0.28 (0.18) - - 0.39(0.22)  0.24(0.20) 0.17(0.13)
23. Chest tightness - - - 0.29 (0.17) - -
Skin symptoms
24. Irritation or itching 0.94(0.32) 0.03(0.03) 0.06 (0.06) 0.46(0.24) 0.34(0.18)  0.44 (0.20)
25. Rash 0.28 (0.20) - - 0.41(0.21) 032(0.21) 0.24(0.15)

FU = Follow-up measurement



174

Appendix B - Interview form (English version)

Behaviors, Knowledge, and Self-Efficacy on Agrochemical Use and Health Effects among

Chili Farmers in Ubon Ratchathani Province

Part 1: General information

1. Gender L1 1) Male [ 2) Female
2. Age ... years
3. Educational level
[ 1) No education O 2) Primary school
3 Secondary school O g High school or vocational certificate

O 5) Diploma or high vocational certificate [ 6) Bachelor’s degree or higher

4. Do you have any chronic disease?

L1 1nNo L1 2) Yes (specify) v
5. Do you drink alcohol currently?
01 1) No 0 2) Yes
6. Do you smoke currently?
O 1) No L] 2) ves
7. How long have you worked as chili farmer? ............... Years
8.  What size is your chili farm? ..o, Rai

9. What chili farming activities do you relate? (Allow more than 1 answer)

L1 1) Grow chili seedlings [ 2) Soil cultivation

[ 3) Plant and chili plants [ 4) Harvest crops

[ 5) Fertilize chemical fertilizers [ 6) Mix or load pesticides

L1 7) Spray pesticides L1 8) other (Specify) oo

10. Do you grow other crops during chili growing season?
O 1) No L1 2) Yes (specify) oo

11. How many chili farmers are there in your household? (Included yourself)........... persons
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Part 2: Information on agrochemical use

Information on chemical fertilizer use

1. What kind of fertilizers do you use in chili farms? (Allow more than 1 answer)
) Organic fertilizers
[ 1.1) Chicken manures
[ 1.2) Cattle manures
[ 1.3) other (SPECITY) woreerreererieeireeieeiieeise i
[ 2) Chemical fertilizers (SPECify) wo.roeeseceescesccerssceseeee
2. How frequent do you use chemical fertilizer in a month? ........... times per month
3. When did you use chemical fertilizers lately? ................... days

Information on pesticide use

4. What kind of pesticides do you use in chili farms? (Allow more than 1 answer)

L] 1) Insecticides (specify the trade name)

[ 1.1) Abamectin L] 1.2) Podium
[ 1.3) Lannate O 1.4) Lampard
1 1.5) Cypermethrin ] 1.6) Bazooka
[1 1.7) Provado [] 1.8) Selecron

[ 1.9) other (SPECifY) oo
[1 2) Herbicides (specify the trade name)
] 2.1) Gramoxone [] 2.2) Glyphosate
[] 2.3) Lannate [ 2.9) Alachlor
[ 2.5) Other (SPECIfY) v
O 3) Fungicides (specify the trade name)
[ 3.1) Antracol [ 3.2) Daconil
[ 3.3) other (SPECITY) weriereeeeieeee s
[ ) Other (SPECITY) oo
5. How frequent do you use pesticides in a month? .......... times per month
6. When did you use pesticides lately? .........c..c...... Days
7. What type of pesticide application equipment do you use? (Allow more than 1 answer)
[ 1) Piston pump backpack sprayers
L2 Diaphragm pump sprayers
L 3) Other (SPECIfY) v
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Information on agrochemical storage and disposal

8. Where do you store agrochemicals?
L1 1) Inside the house (SPECIy)........orooeseeees e
[ 2) Outside the houSe (SPECITY)......ooevovoeerccescessvessseeseessee
[ 3) Other (SPECIY) v

9. How do you dispose of empty agrochemical containers? (allow more than 1 answer)

) Burying 02 Burning
[ 3) Leaving on farms [ 4) Leaving in water resources
O 5) Putting in waste collectors e Collecting for sale

L1 7) Other (SPECHY) v

Other information

10. What kind of personal protective equipment do you have at present? (allow more than 1
answer)

[ 1) Chemical resistant or latex gloves L] 2) Fabric gloves

[ 3) Boots L] 4) Mask
O 5 Respirator [ 6) Chemical safety goggles
L] 7) Face shield [ 8) other (SPECITY) coveierieeieieeeisee e

11. Have you ever received any training about agrochemical use?
[J 1) No (move to the questions in Part 3)
[ 2) Yes (continue asking the question no. 12 and 13)
12. When were you received the last training about agrochemical use?
[ 1) Less than 1 year ago
[ 2) 1-2 years ago
[ 3) More than 2 years ago
13. What source of the last training did you receive?
L1 1) Health promoting hospital
[ 2) Provincial or district agricultural office
[ 3) Academic institutes (e.g. university, college, school)
O a) Agrochemical dealers
L 5) Other (SPECIfY) oo
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Part 3: Behaviors on agrochemical use
Direction: Please choose the answer mostly corresponded with your behaviors
Question: How frequent did you behave the following activities when working with agrochemicals
during 2 past months?
Responses:
- Always means the respondent performs an activity every time.
- Sometimes means the respondent performs an activity.

- Never means the respondent never performs an activity.

[tems Always | Sometimes | Never

Behaviors on pesticide use

1. Read labels before using pesticides and follow the label

directions exactly

2. Check pesticide application equipment before use

3. Check personal protective equipment before use

4. Keep out unauthorized persons from farm areas before

spraying pesticides

5. Mix various pesticides to increase effectiveness of

pesticides*

6. Wear respirators while mixing and loading pesticides

7. Wear latex or chemical-resistant gloves while mixing and

loading pesticides

8. Wear a long sleeve shirt and pants while mixing, loading,

and spraying pesticides

9. Wear chemical safety goggles or face shield while spraying

pesticides

10. Wear a respirator while spraying pesticides

11. Wear latex or chemical-resistant gloves while spraying

pesticides

12. Wear rubber boots while spraying pesticides

13. Stand in the windward direction while spraying pesticides

14. Consume foods or drinks while working with pesticides*

15. Clean pesticide application equipment with detergent

and water after used

16. Clean personal protective equipment after used
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[tems

Always

Sometimes

Never

Behaviors on chemical fertilizer use

17. Wear latex or chemical-resistant gloves while handling

chemical fertilizers

18. Wear a mask or respirator while handling chemical

fertilizers

Behaviors on personal hygiene

19. Wash hands with soap and water immediately after

handling agrochemicals

20. Bathe and shampoo immediately after spraying pesticides

21. Change clean clothes immediately after finishing

pesticide spray

22. Wash clothes worn when spraying pesticides separately

from general clothes

Behaviors on agrochemical storage and disposal

23. Keep agrochemicals in safety places (e.g. locked cabinets)

24. Keep agrochemicals in original product containers

25. Burn unwanted agrochemical containers*

* Negative statements

Part 4: Self-efficacy

Direction: Please choose the answer mostly agreed with your opinions on each statement

Strongly | Agree
Statements
agree

Uncertain

Disagree

Strongly

disagree

1. You can read agrochemical labels and

understand such information well.

2. You can use agrochemicals safely.

3. You can use and take care personal

protective equipment appropriately.

4. You can always clean your body (i.e.
Bathing, shampooing, and handwashing)

after exposing to agrochemicals.

5. You can store agrochemicals and dispose

of agrochemical wastes properly.




Part 5: Agrochemical safety knowledge

Direction: Please choose the best answer
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[tems

True

False

1. You can be exposed to agrochemicals through dermal absorption,

ingestion, and inhalation.

2. Dermal absorption is the most exposure routes of agrochemicals

3. Exposure to pesticides by dermal route can cause skin rashes or blisters

4. Exposure to pesticides by inhalation route can cause convulsion and

unconsciousness.

6. Overusing chemical fertilizers may lead to heavy metal contamination in

groundwater

7. Yellow-labeled pesticide products are slightly toxic.

8. Chronic exposure to chemical fertilizers may cause cancer.

9. Wearing a face mask can effectively protect inhalation pesticide exposures.

10. Washing hands with soap and water after handling Agrochemicals can

reduce agrochemical exposure.
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Part 6: Health effects related to agrochemical exposure

Direction: Please specify any health symptoms experienced after using agrochemicals during 2 past
months. If reporting any symptoms, the respondents are asked for scoring the symptom severity
that can be ranged from 1-10 points (mild —> extremely severe).

1. Did you have any following symptoms after using pesticides during 2 past months?

Symptom severity score
Symptoms No Yes
Mild —> Extremely severe
1. Cousgh 1 2 3 4 5 6 7 8 9 10
2. Sore or dry throat 1 2 3 4 5 6 7 8 9 10
3. Difficulty in breathing 1 2 3 4 5 6 7 8 9 10
4. Chest pain 1 2 3 4 5 6 7 8 9 10
5. Headache 1 2 3 4 5 6 7 8 9 10
6. Dizziness 1 2 3 4 5 6 7 8 9 10
7. Nausea or vomiting 1 2 3 4 5 6 7 8 9 10
8. Fatigue/ weakness 1 2 3 4 5 6 7 8 9 10
9. Excessive sweating 1 2 3 4 5 6 7 8 9 10
10. Excessive salivation 1 2 3 4 5 6 7 8 9 10
11. Lacrimation 1 2 3 4 5 6 7 8 9 10
12. ltching/ burning 1 2 3 4 5 6 7 8 9 10
13. Rash 1 2 3 4 5 6 7 8 9 10
14. Brittle nails/ nail loss 1 2 3 4 5 6 7 8 9 10
15. Hand numbness 1 2 3 4 5 6 7 8 9 10
16. Muscle cramp or pain 1 2 3 4 5 6 7 8 9 10
17. Muscle weakness 1 2 3 4 5 6 7 8 9 10
18. Blurred vision 1 2 3 4 5 6 7 8 9 10
19. Abdominal pain 1 2 3 4 5 6 7 8 9 10
20. Diarrhea 1 2 3 4 5 6 7 8 9 10
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2. Did you have any following symptoms after using chemical fertilizers during 2 past months?

Symptom severity score

Symptoms No Yes
Mild —> Extremely severe

1. Cough or sneeze 1 2 3 4 5 6 7 8 9 10

2. Runny nose 1 2 3 4 5 6 7 8 9 10

3. Chest tightness 1 2 3 4 5 6 7 8 9 10

4. Skin irritation 1 2 3 4 5 6 7 8 9 10

5. Skin rash 1 2 3 4 5 6 7 8 9 10
Opinion regarding the advantages of agrochemical use
Opinion regarding the disadvantages of agrochemical use

INTENVIEWET’S NAME ..o Date...ccoeeeeeeecnnee
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Appendix B - Interview form (Thai version)
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Appendix C - Agrochemical safety training manual
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(Tapioca Starch Tracer Technique: TST)
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Centers for disease control and prevention (CDC). Handwashing: Clean hands save lives [Internet].
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Appendix D - Booklet of Safe use of agrochemicals
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