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The paraquat ban has led to a shift in the use of pesticides in sweet corn
cultivation, atrazine as one of the alternative pesticides. This change has led to
altered human-ecological impacts that have yet to be explored. The related
monetary values of farmers as reflected through their willingness to pay is
unknown. This study assessed the health and freshwater ecotoxicity impacts of
paraquat and atrazine in soil cultivation using the USEtox 2.12 model. The value of
farmers on the impact of the change was explained by willingness to pay (WTP).
The theory of planned behavior (TPB) factors, a psychological theory that links
beliefs to behavior was applied to consider factors that affect willingness to pay
using ordered logit model. The questionnaire surveys of sweet corn farmers in
Lopburi, Saraburi and Nakhon Ratchasima Provinces were interviewed twice via
telephone. The study of 41 farmers indicated that farmers had used paraquat before
being banned for 0.86+0.27 kg active ingredient (a.i.)/rai/year was substituted by
0.92+0.43 kg a.i./rai/year for atrazine. Based on toxicological data, human toxicities
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other hand, the corresponding ecological toxicity were significantly lower on the
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TPB factors affecting willingness to pay revealed that farmers with neutral
subjective norms towards agricultural scholars were less likely to be willing to pay
to reduce ecotoxicity impact than farmers with positive subjective norms (p<0.05).
These findings provide useful information to relevant agencies to improve the
effectiveness of pesticide policies for sustainable cultivation of sweet corn.
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CHAPTER 1

INTRODUCTION

1.1 Background

The world population is expected to grow from 5.6 billion in 2009 to 7.9
billion in 2050, which is accounted to increase by over a third or 2.3 billion people.
The rise of food demand will inevitably continue in response to the population
growth, especially in agricultural and livestock production (Food and Agriculture
Organization, 2009). Various pesticides have proved a vital role in the success of
killing harmful insects and boosting intensive agricultural systems. However, using
pesticides increases the likelihood of pesticide poisoning, affecting farmers' health
and ecosystems. Acute and chronic poisoning from the use of pesticides causes a wide
range of effects from mild to death. Parkinson’s disease, cardiovascular damage,
endocrine and thyroid disruption are examples of the health effects of pesticides
(United States Environmental Protection Agency, 2007). Often, impacts of the
chemical use are direct. Unhealthy soil and water in agriculture from overused
pesticides change the food chain cycle, which in turn decrease agricultural
productivity (Sabra & Mehana, 2015 ; Shammi et al., 202 0). Despite the severe
outcomes, the chronic effects of long-term exposure to pesticides are not widely
recognized and documented (Nordborg et al., 2014), and the ecotoxicity impacts of
the use of pesticides in the cultivation of sweet corn have received little attention (Xue

etal., 2015).

A large amount of annual pesticides imports to Thailand demonstrate

Thailand's high-volume pesticides use, which is the main consequence for reported



cases of the toxic effects on humans and the environment (Tawatsin, 2015). The local
government has put efforts into designing effective pesticide control policies to
reduce the impact of pesticide (Jin et al., 2017). Sweet corn (Zea mays L. saccharata),
one of the leading economic crops of Thailand with a large crop volume, where a
large amount of pesticides is used in the planting process. According to the Ministry
of Commerce Thailand (2018) reports that the amount of pesticides in global exports
is 5,710 million baht. Based on the statistics of illnesses from pesticide use by the
Department of Disease Control in 2019, Lopburi, Saraburi and Nakhon Ratchasima
provinces are foremost producers of sweet corn in Thailand where lots of pesticides
are used, in particular paraquat. Thailand banned paraquat in June, 2020 due to the
toxicological hazard to living organisms, making atrazine become the main pesticide
in sweet corn cultivation (Office of Agricultural Economics, 2018). Although the
market values related to this pesticide shift is high, better understanding between
human-ecotoxicological impacts and motivations to shifting towards suitable pesticide
practices are still needed. This could be achieved through an economic analysis. The
contingent valuation method (CVM), a survey-based economic technique, is widely
used and suitable for evaluating individuals’ preferences that are the basis for making
decisions about welfare change. Health and ecotoxicity costs of pesticide use require a
measure of individual preferences or willingness to pay (WTP) that are the public
decision to choose the amount they are willing to pay to reduce, restore or improve
the impacts that may occur (Khan & Damalas, 2015). WTP can be predicted by using
concepts developed in the theory of planned behavior (TPB) to understand individual
behavior as resulting from intentions, which in turn are influenced by attitudes,

subjective norms, and perceived behavioral control. (Ajzen, 1991). To date, no study



has not been performed to compare the changes in the use of pesticides from paraquat
to atrazine in determining impact contribution to take place, including health and

environmental costs.

Regarding responsible of sweet corn production, scientific data are needed for
decision making to study the effect of changes in the type of pesticides used. The need
to assess the impact of changes in pesticide use is essential, especially at the level of
small-scale farmers whose pesticide consumption is restricted as recommended by the
Department of Agriculture. The goal of this research is to integrating human and
ecotoxicological impacts into willingness to pay evaluation. The amounts of pesticide
uses are converted into the human and ecotoxicological impacts, and then used as the
basis for evaluating the willingness to pay to minimize such impact and its influential
factors. This study takes a leap from other studies to a novel aspect. The difference
from previous studies is that the pesticide transition consumption is primary data
collected at the small-scale farming, which provides insights into individual farmer
use of pesticides. This study will provide insights into the use of pesticides from
individual farmers. This research bridges the toxicological data with economic tools
to create understanding and participation at the local level. This study will be useful in
formulating guidelines to reduce the impact of pesticides on health and environment

of sweet corn farmers as well as value on freshwater ecosystems.

1.2 Objectives
1. To assess the human and ecotoxicological impacts of pesticides for sweet

corn cultivation from changes in the use of paraquat to atrazine.



2. To evaluate farmers willingness to pay to reduce human and
ecotoxicological impacts transitioning from paraquat to atrazine use.
3. To identify theory of plan behavior (TPB) factors affecting willingness to

pay to reduce human and ecotoxicological impacts from transition of pesticide use.

1.3 Scope and limitation of the study

The coverage study is scoped and limited to the specific small-scale farming
data collected from the sweet corn farmers who are active members of the National
Corn and Sorghum Research Center in Lopburi, Saraburi, and Nakhon Ratchasima
provinces, Thailand. The amounts of pesticide use are self-reported through a
questionnaire, which are used to estimate the human and ecotoxicological impacts as
the end-point impacts on health and freshwater in the USEtox model. The willingness
to pay to minimize the estimated impact are obtained through another questionnaire
and an economic analysis, whereas its influential factors are determined through the

statistical analysis.



CHAPTER 2

THEORETICAL BACKGROUNDS

2.1 Sweet corn cultivation

In Thailand, there is a total cultivated area of 385 km?2. Nakhon Ratchasima,
Lopburi, and Saraburi provinces cover 15.88 km?2, 4.50 km? and 1.44 km? of
agricultural areas (Office of Agricultural Economics, 2019). The Office of
Agricultural Economics reported that in 2020, Lopburi, Saraburi and Nakhon
Ratchasima provinces have a total sweet corn plantation area of 13,161 rai, accounted
for 5.61% of Thailand's sweet corn planting area. In sweet corn cultivation consisting
of 8 stages shown in Figure 1. Pesticides are often used in the early stages during 14-
30 days, since pests began to play a role and damage sweet corn. The amount of
pesticide use depends on the proportion of pesticides and water mixing determined by
the Thai Department of Agriculture. In practical, pesticide consumption depends on
the area, situation and farmer behavior. Spraying pesticides is the most common
activity for farmers because it is time-saving and efficient way to protect the sweet

corn yield from insects (Pobhirun & Pinitsoontorn, 2019)
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2.2 Atrazine
Atrazine (6-chloro-N-ethyl-N’-(1-methylethyl)-1,3,5-triazine-2,4-diamine) is a

selective herbicide in triazine group and as a pre-emergence herbicide and use to
control broadleaf weeds. Although it is banned in most European countries due to a
long persistence in the environment, atrazine is registered in more than 70 countries
worldwide (Sinlapathorn et al., 2018). Atrazine is commonly used in Thailand in corn
and millet cultivation because of its resistance to the substance by spraying into the
ground, inexpensive, good performance and the effect of destroying plants inhibition
of photosynthesis. Chemical properties of atrazine are determined by molecular
formula CgH14Cl N, relative molecular mass: 215.69, melting point: 173°C, density:
1.187 g/lcm?® at 20°C, slightly soluble in water (33 mg/L at 20°C), vapor pressure 0.04

mPa at 20°C (United States Environmental Protection Agency, 2006).

2.2.1 Toxicity of Atrazine

For acute toxicity (non-cancer effect) of atrazine is mild to moderate toxicity
to humans such as abdominal pain, diarrhea, vomiting, eye irritation, irritation of
mucous membranes and skin reactions. Occupational exposure can occur through
dermal ingestion and inhalation. It can be absorbed into the bloodstream. The long-
term effects of atrazine were found to affect the immune system, cardiovascular
function, central nervous system, etc. Several animal studies have shown that atrazine
can bind to the androgen receptor, causing the effects to neuroendocrine system by
changes in pituitary hormone levels (LH hormone and follicle stimulating hormone)
(United States Environmental Protection Agency, 2007). In rats, histopathological
lesions of the kidneys occurred at NOAEL = 1.0 (mg/ kg/day) (United States

Environmental Protection Agency, 2006). For farmers, health information reports



have shown that the use of atrazine are at risk of end-stage renal disease (kidney
failure) (Lebov et al., 2016). Although the EPA classifies atrazine as unlikely to be
carcinogenic to humans and International Agency for Research on Cancer (IARC)
reports that atrazine is not classified as a human carcinogen (group 3 ), there is
sufficient evidence to confirm that atrazine causes mammary fibroadenoma and breast

cancer (mammary carcinoma) in rats (Pinter et al., 1990).

Several studies have found that the measured concentrations of atrazine in the
environment may reach levels that are likely to cause a negative effect on sensitive
species and communities. For long-term exposure to atrazine has been found to be
harmful to fish in the water and amphibians. Reduction in pupation and adult
emergence of Chironomus tentans (NOEAC = 110 ppb), reduced mean length, mean
body weight in Salvelinus tontinalis (NOEC = 65 ppb) and reduction in adult survival
of Americamysis bahia (NOEC = 80 ppb) (United States Environmental Protection
Agency, 2006). For the atrazine impact assessment, toxicological data obtained from

animal experiments were used.

2.2.2 Standard value of Atrazine

In order to control the hazards to human health, a standard value for atrazine
has been established. For occupational exposure, there is a standard setting of time
weight average (TWA) 5 mg/m® by Occupational Safety and Health Administration
(OSHA) (1997). Soil quality standards (for living and agriculture) are set by the
Pollution Control Department to not exceed 22 pg/kg (Pollution control department,
1992). Water quality control to prevent harm to aquatic organisms has been
established a criterion maximum concentration for protection of aquatic life from

acute toxicity (CMC) is 350 pg/L and criterion continuous concentration for
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protection of aquatic life from chronic toxicity (CCC) is 123 pg/L (United States
Environmental Protection Agency, 2006). The standard values set by various agencies

can be used as a guideline in assessing health and environmental impacts.

2.3 Paraquat
Paraquat dichloride ( 1,1'-dimethyl-4,4'-bipyridinium dichloride), a common

trade name Gramoxone, is classified as a non-selective herbicide. Paraquat destroys
green plant tissue by translocation within the plant, inhibits photosynthesis and
disrupting cell membranes. Paraquat salts are colorless or white solid and odorless.
Dichloride salts are stable except under alkaline conditions. Paraquat is stable against
heat when in acid or neutral solutions, but is hydrolyzed by alkali solutions. It is very
soluble in water (20°C), less to no soluble in organic solvents, boiling point at 175-
180° C, vapor pressure >1.0 x 10 mmHg at 25 ° C and not volatile (United States

Environmental Protection Agency, 1997).

2.3.1 Toxicity of paraquat

For acute toxicity, paraquats are highly toxic by the inhalation route and are
ranked in toxicity category | (the highest of four levels), moderately toxic (category
I1) by oral route and slightly toxic (category IllI) by dermal route. The lethal
concentration (LC50) for inhalation in rat is 0.83-1.93 mg/kg®. For systemic effects,
paraquat alters the levels and activities of liver and kidney enzymes such as
acetylcholinesterase. In addition, the amount of hemoglobin, erythrocytes, white
blood cells, and serum protein decreased. In rodent studies have shown that paraquat
causes proliferation and fibrosis of the bile duct (Food and agriculture organization of

the United Nations, 2007). In some cases, paraquat may cause cancer. In female
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rodents, an increase of dose causes adenomas and carcinomas in the thyroid gland and
causes tumors (pheochromocytoma) in the adrenal gland (United States

Environmental Protection Agency, 1997).

In 2009, United States Environmental Protection Agency (USEPA) classified
that paraquat as slightly toxic to freshwater fish. For acute toxicity, the LC50 (96hr)
found in rainbow trout was 19 mg/L and 98 mg/L in mirror carp. Examples of acute
toxicity in fish include excessive gulping of air, erratic swimming, and paralysis. The
NOEC ( chronic toxicity) in rainbow trout is 8.5 mg/L (Food and agriculture
organization of the United Nations, 2007). It was also found that exposure to paraquat
caused abnormalities in the toads ( Rana esculenta) , such as abdominal edema,
abnormal tail development and slower head development (Quassinti et al., 2009).
There are not many studies on chronic effects of paraquat because of indirect use in
water. The mobility was achieved through runoff or spray drift (United States

Environmental Protection Agency, 1997).

2.3.2 Standard value of paraquat
The United States Environmental Protection Agency ( USEPA) has set
reference dose (Rfd) for paraquat 0.0045mg/kg/day and the acceptable daily intake
(ADI) 0.004 mg/kg/day. For occupational exposure, there is a standard setting by the
Occupational Safety and Health Administration (OSHA), for time-weighted average
(TWA) is 0.5 mg/m3. Water quality standards for freshwater animal protection set by

Pollution Control Department (1987) is 0.5 mg/L.
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2.4 Assessing the impact on human health and ecotoxicity by USEtox model
Health impacts are classified into two categories: 1) direct impact - a health
impact that results from direct use and causing illness, 2) indirect impact - an impact
that does not directly affect health but is caused by a change in multiple health factors
together that results in health changes, such as worsening health effects due to anxiety
about livelihoods after natural resource degradation from herbicide use. This type of
impact assessment is difficult to quantitatively analyze because of a wide variety of
factors. Cumulative impact is both direct and indirect impacts from operations in the
same area or population. This sometimes generates the health effects more severe than
anticipated. In order to assess health impacts, a good understanding of the basic

information of each area or population is required (Tonpoo, 2017).

A variety of health impact assessment tools is available. One of widely used
tools in life cycle impact assessment approach is the USEtox model. With the suitable
inputs, the USEtox model can quantify human health and ecotoxicity impacts in the
terms that we can communicate to farmers and the community.

Xue et al. (2015) studied the ecotoxicity impact of 12 pesticides in sweet corn
production in the Midwest, USA using USEtox model. The environmental fate of
pesticide and human exposure has a causal link in the USEtox model. The release of
pesticides into the environment was thus positively correlated with the rate of
ingestion and inhalation of pesticides. The human health impact depends on the
pesticide application in rates/ha/kg corn. Studies have shown that the use of atrazine
at 2.56x10™ kg/kg corn has the potential to cause total health effects throughout the

entire life cycle 107! cases/kg pesticide (included cancer and non-cancer effect). This



13

study showed a comprehensive overview; however, it is purely based on secondary
data., In practical, each area may differ in the amounts of pesticides used in sweet
corn cultivation. Another limitation is that this research employed the impacts at the
midpoint level, not to the endpoint.

Juraske and Sanjuan (2011) conducted a comprehensive study of pesticide
toxicity assessment in orange production in Comunidad Valenciana, Spain, based on
foliar and soil application. The study found that the use of paraquat at dosages of
1.00x10°® kg m? showed the human toxicity at 1.85x10™2 DALY kg based on human
intake fractions. Paraquat indicated high freshwater ecotoxicity at 9.25x10 PAF m* d
kg!, where DALY is disability adjusted life years and PAF is potentially affected
fraction of species. Impacts per kilogram commodity was used in this study to set up
six scenarios based on results of human health and ecotoxicity studies. Among
multiple alternative pest management plans, growing organic oranges performed the
least impact on health and the ecotoxicity.

Steingrimsdéttir et al. (2018) presented the toxicity of the pesticides used in
lettuce cultivation in Denmark using USEtox model and consider the toxicity-related
damage costs. Application dosage toxicity (kg a.i./ha) from emissions to air, soil and
residues in lettuce were used in the study. It was found that acetamiprid had the
highest human toxicity potentials at 3 .7 x10° DALY/Kkg a.i. applied. Azoxystrobin
show the highest ecotoxicity potential at 1.2x10° PDF m?® d/kg a.i. applied, where
PDF is potentially disappeared fraction of species. In addition, damage costs were
calculated from valuation factors based on the contingent valuation. It was found that
acetamiprid had the highest human toxicity damage costs and azoxystrobin had the

highest ecotoxicity damage costs.
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2.5 Contingent valuation method (CVM)

Due to the lack of quality of life and resources reflected in monetary terms, the
contingent valuation method (CVM) approach is commonly used for direct valuation
(stated preference) (Adamowicz et al., 1998). Besides the environmental benefits, the
CVM is recommended to evaluating health assessment. CVM uses a scenario in
considering a person's willingness to pay to reduce the potential impact. One basic
economic theory using in CVM is the concept of willingness to pay (WTP), which is
an individual's preferences (Ditjanapongpon, 2013) of improving the quality of life

and the environment (FREEMAN 11, 1979).

WTP for health is a decision-making tool for individuals that refers to their
willingness to spend personal money in order to obtain health benefits or to avoid
wasting their health or reduce their health risks. Disability adjusted life years
(DALYs) are one of the methods used to measure a person's satisfaction and well-
being from their health outcomes by asking questions explaining their health care
options and asking the maximum WTP for it. The price that is available to pay
indicates a better living by getting goods provided at the market price. WTP is
associated with ability to pay which is a key factor of demand, so individuals'
willingness to pay is different. It is useful to verify that the person receives more

benefits from the health program than the opportunity cost.

The aim of CVM is to get the truth from the interviewee about willingness to
pay by the interviewer to use the questioning technique. There are several types of

questioning techniques (Kamolcharuphisuth, 2011):
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1. Open-ended question is a question that allow respondents to express their
willingness to pay in an amount based on their attitudes or opinions freely and more
directly in reality than close-ended questions. No starting point or first bid is required.
For example, asking, "If there are improvements in preventive measures against
health hazards from pesticides, are you willing to pay to support such measures?”. In
the event that the interviewee answers "willing to pay"”, the interviewer will ask "What
is the maximum amount you are willing to pay?". The disadvantage of these open-end
question is that the answers obtained may be too detailed or irrelevant, and there can
be pressures for the interviewee to be wronged.

2. Close-ended question is the format often used in the study of willingness to
pay. This method is asking questions by setting a first bid, using bidding games
technique. Games are designed to help achieve objectives. This technique is similar to
a market bargain. The interviewee can negotiate the price to the actual level they are
willing to pay. There are two types of bidding games.

- Single bid game

The interviewer explains in detail the scenario about quantity, quality, time,
location, benefits and then asks for how much they are willing to pay for a service or
product. The interviewer can specify an initial amount to guide the interviewee by
using an amount that is high or low. If the interviewee is willing to pay, they will ask,
"What is the maximum amount you are willing to pay?"

- Iterative bid game or converging bid game

This method is the same technique as the single bid game, but is negotiated
until the interviewee responds "willing to pay", i.e., starting an interview with a high

initial bid amount. Initially, the interviewee would "not be willing to pay", then keep
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asking by reducing the amount until the interviewee replied "willing to pay this
amount”. Resulting in the amount of money that is willing to pay as close to reality as
possible.

This technigue is convenient for research application. The bias of the first bid
can be tested by dividing the interviewed into several subgroups.

3. Dichotomous choice

This method, the interviewer had the answers to choose from, "Willing to pay
(yes)" and "Not willing to pay (No). For example, the interviewer asked, "Are you
willing to support a project to reduce the use of pesticides for a safe ecosystem in the
amount of 500 baht?". If the interviewee is willing to pay, the price will be doubled
the initial amount. If the interviewee is now willing to pay in the initial amount, the

interviewer will reduce the initial amount down (Hoyos & Mariel, 2010).

There are several studies evaluating WTP in preventing the use of pesticides
that can have adverse effects on human health and the environment by contingent

valuation method (CVM) studies.

Neamsri and Chancharoenchai (2011) studied factors affecting willingness to
pay to reduce the health risks of 217 farmers using pesticides for growing pomelo in
Phichit province, Thailand with the CVM technique using a converging bid game. A
hypothetical scenario was created by offering an equipment that protects against harm
from the base line risk 8.42 per 100,000 population. The factors that were statistically
significant to the willingness to pay were gender, income, initial health level
frequency of pesticide use, protection during pesticide use and awareness of the

hazards of pesticides. The study concluded that bid amount, income, education, health
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status, consumption of pesticides and perception of pesticide hazards correlated with
WTP and resulted in the willingness to pay of agriculture to reduce the health risk at

752.56 baht/household/year.

Khan and Damalas (2015) studied the effect of pesticide use of cotton farmers
in cotton belt, Punjab. province by creating a scenario, how much farmers would be
willing to pay for the effective pesticides that were equivalent of the current ones
without the short-term and long-term health risks. The study found that farmers was
willing to pay an average WTP of 8.1% of pesticide expenditures, or about $5.8 USD
per year. The study concluded that farmers who are willing to pay less are concerned
about insufficient funds and do not believe that pesticides have any effect on health. It
was found that risk perception about pesticides, past experience, past experience of
pesticide toxicity, education and income were associated with farmers' willingness to
pay. The study investigated perceived risk by pesticides and thus may not have
sufficient scientific data to demonstrate health effects.

Baral et al. (2007) presented the contingent valuation of critically endangered
white-rumped vulture in South Asia using open-ended question and analysis by
logistic regression. Of 103 households, 55.3% believe that pesticide use will cause
vulture decline. The willing to pay to support vulture conservation measures:
conservation breeding and habitat protection that makes it easy for a person to
understand and value vultures, averaging NRs 115.2 ($1.56 USD). The willingness to
pay is correlated with bid amount, age, gender and conservation attitudes, while the
positive attitude towards conservation measures reflected more willing to pay.

Conservation breeding are necessary in the reintroduction of vultures from the area
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where they disappeared and habitat measures protection will prevent the loss of local
vultures.

Lazaridou and Michailidis (2020) studied farmers willingness to pay to
improve water quality in Nestos watershed, Greece. This study used converging bid
game and analyzed by logistic regression. Agriculture is a major contributor to the
degradation of freshwater ecosystems and is associated with the use of pesticide.
Studies showed that some farmers were reluctant to donate money to improve water
quality, probably farmers did not recognize the real impact. However, the average
total willingness to pay is €11.5- €22.0/ha/year. Education and income were positive

corelated to willingness to pay in this study.

Khan et al. (2010) studied the willingness to pay for improvements in drinking
water quality in Pesha water, Pakistan using contingent valuation method from 150
randomly selected households that receiving water from the government water supply
through pipes and drinking water, provided by City Development and Municipal
Department (CDMD). This study used a multinomial logit model to analyze
willingness to pay for safe drinking water from government procurement and identify
socio-economic factors that may affect willingness to pay. The study found that the
highest level of education was willing to pay of Rs. 2 0 8 which was higher than
uneducated households because there was awareness about the negative effects of
contaminated drinking water on health and households Higher income were more
willing to pay than low-income households.

Other demographic and socio-economic factors affecting farmers' willingness

to pay are listed in Table 1.



Table 1 Other research on factors affecting farmers' willingness
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Researchers Research topic Data Direction of relationship with
(year) analysis willingness to pay
Positive (+) Negative (-)
Wang etal.  Farmers’ willingness to pay  Binary Education level, Household size,
(2018) for health risk reductions of  logit income, risk social
pesticide use in China: A regression perception, social reciprocity
contingent valuation study network, social trust
Khanetal.  Willingness to pay by the Ordered Education level, age, Farm size, Use
(2018) farmers for safer use of probit health impairment, of pesticides
pesticides regression number of dosage of according to the
pesticides, risk recommended
perception, working dose
hour
Ahmed etal. Exploring factors Logit Education level, -
(2015) influencing farmers' regression income, household

willingness to pay (WTP)
for a planned adaptation
program to address climatic

issues in agricultural sectors

size, farm size,
concern for the risk
posed by climate

change

2.6 Theory of planned behavior (TPB)

The theory of planned behavior (TPB) is a social psychological theory that

focuses on the factors affecting the intentions of the actions of a person. TPB

promotes the understanding of conditions and factors that helps explain problems or

unwanted health behaviors. TPB is associated with the perception of individual

actions which explains that "the intention of a person is one of the elements that

causes a person to act or perform behavior” (Ajzen, 1991). A person’s intention to act

depends on three key variables: attitude toward the behavior, subjective norms, and

perceived behavioral control. If a person has a positive attitude, they are more likely

to conduct that behavior. On the other hand, if a person has a negative attitude, no
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behavior will occur. Subjective norms arise when a person has beliefs or feelings of
subjection to the support of the person, they deem important, such as family, close
friends, which may influence the practice or non-performing behavior. In addition, it
was found that the perceived behavioral control variable was another factor that
influenced the intentions of the expression or behavior of a person (Chainarong,

2018). The theoretical basic structure is shown in Figure 2.

- Attitude
Behaviora Toward
| Beliefs d the
Behavior
Norm_atlv q Subjectiv Intention o Behavior
e Beliefs e Norm »
IR 4
Perceived
Control .| Behaviora
Beliefs | Control

Figure 2 Theory of planned behavior (TPB) diagram

Bagheri et al. (2019) explored farmers' intentions to use pesticides in
agriculture according to the TPB. A multistage cluster sampling was used to sampling
400 cereal farmers of irrigated farmlands of Moghan plain, Iran. Studies showed that
farmers believed that pesticide use poses a threat to human health and wildlife,
especially that overuse of pesticides leads to multiple illnesses such as cancer. For
subjective norms, the use of other farmers' pesticides affects their pesticide use and on
the perceived behavioral control of pesticide use, for example, having a nearby

pesticide store made them accessible. In addition, subjective norms also play an
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important role by affecting perceived behavioral control and attitudes towards

pesticides.

Several studies have used theory of planned behavior to study the tendency of

a person's willingness to pay.

Rekola (2010) presented willingness to response for abatement of forest from
a community-level in southern Finland in the context of theory of planned behavior
(attitudes, subjective norms, and perceived behavioral control). The study predicted
behavioral intention and predict factors affecting willingness to pay through logistic
regression. The results showed that attitudes and perceived behavioral control
predicted contingent valuation results significantly. When attitude towards the policy
support was positive, the willingness to pay was high. For perceived behavioral

control, it was found that respondents were aware of their budget constraints.

Obeng et al. (2019) studied the willingness to pay of US residents to restore
degraded tropical rainforest watersheds using predictors from Theory Planned
Behavior (TPB) by random sample of over 1000 US respondents. Data were analyzed
using logistic regression with willingness to pay as the intended behavior predicted by
attitudes, subjective norms and perceived behavioral control. The results showed that
subjective norm was the strongest TPB predictor to predict WTP. The 55.49% of
respondents said they were familiar with the rainforest, with only 22% of respondents
were willing to make an annual contribution of $30 to $150 through a five-year

income tax increase.

Milovantseva (2016) studied the willingness to support greening the ICT

devices by paying a premium for a green cell phone (no hazardous materials and can
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be safely disposed of with municipal waste). This study analyzed nationally-
representative U.S. data with web-based surveys. Theory of planned behavior (TPB)
was used to provide data for pro-environmental consumption decision and consider
factors affecting willingness to pay with generalized ordered logistic regression. The
study found that respondents with higher general environmental belief scores, greater
engagement in pro-environmental behavior, and positive attitudes towards recycling
small electronics were more likely to be willing to pay a premium when purchasing a
green cell phone compared to a conventional cell phone with similar capabilities.
Average willingness to pay was between $5.63 after accounting for uncertainty and
$29.55 under full certainty to purchase a green cell phone over a conventional cell

phone with same functionalities.
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CHAPTER 3

METHODOLOGY

In this research, the data were collected from two sets of questionnaires.
Questions about demographic, socio-economic, pesticide information illnesses
associated with pesticides, and TPB include in the questionnaire set 1. The amounts of
paraquat and atrazine uses are the inputs in the USEtox 2.12 model to evaluate the
health and freshwater ecotoxicity impacts from sweet corn cultivation and to compare
the impacts of transitions from paraquat to atrazine, which later are compared to
reflect the changes due to pesticide transition. Willingness to pay questions in the
questionnaire set 2 was surveyed with the same respondents. Willingness to pay and
explaining factors could help pinpoint the degree of importance towards the impacts

change and provide better understanding of the driven factors to the behavioral shift.

3.1 Conceptual framework

To calculate human health and ecotoxicity impacts, pesticide usage data
obtained from questionnaires are used as input to determine the emitted mass of
substance x to compartment i (M). The human health impact is calculated based on
intake fraction (IF) (IF are obtained from combining fate factor (FF) and exposure
factor (XF)) by inhalation and ingestion route, effect factor (EF) and damage factor
(DF). The increase in all of these factors resulting characterization factor (CF)
increased. Then calculate the emitted mass (M) with the characterization factor (CF)
to get impact score, showing human health impact expressed as disability adjusted life
year (DALY). For the ecotoxicity impact, FF, XF, EF and DF were also calculated

and displayed as potentially disappeared fraction of species (PDF) for impact score.
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Where FF, XF, EF, and DF, are retrieved from the USEtox's database, and M are
determined based on the pesticide usage data from the questionnaire. The impact
score on human health and ecotoxicity was used to create a scenario to study farmers'
willingness to pay. Theory of planned behavior: TPB (attitude, subjective norm and
perceived behavior control) obtained from the questionnaire was used to determine

factors affecting willingness to pay as shown in Figure 3.

Questionnaire Questionnaire Setl

Human health

impact score

Questionnaire Setl

Ecotoxicity

k4

impact score

TPB factors

Attitudes, Subjective norms and

Percetved behavioral control

Willingness to pay

Questionnaire Set2

Figure 3 Conceptual framework

3.2 Study area

After Thailand banned paraquat use in 2020, some sweet corn cultivated areas
have been shifted from the paraquat to atrazine application. The details of the study
area are described below.

Lopburi, Saraburi (located in central Thailand) and Nakhon Ratchasima

Provinces (located in the northeastern part of Thailand) are the three areas where the
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population's income comes from industries, wholesalers and agriculture. The major
sweet corn growing areas and sweet corn commodity are found in these provinces. In
Thailand, many sweet corn varieties provide good yields, nonetheless, sweet corn
(organic 2) is popular for consumption and is used for processing its chain products.
This study selected the areas where sweet corn is grown and large quantities of
produce are shipped to the National Corn and Sorghum Research Center (Suwan
farm). Three areas include:

Klangdong and Chanthuek Sub-districts in the Pak Chong District

(Nakhon Ratchasima Province)

Lam Phaya Klang Sub-district in Muak Lek District (Saraburi Province)

Khao Noi Sub-district in Lam Sonthi District (Lopburi Province)
3.3 Population and Sample

With the population of 98 enlisted farmers in the National Corn and Sorghum

Research Center (Suwan farm), this study used purposive sampling by employed two
criteria to select the sample size. Our conditions included: 1) farmers must grow sweet
corn more than or equal to three years and started using atrazine in sweet corn
cultivation after the paraquat ban, and 2) farmers must be over 18 years. The sample
size of 41 organic variety 2 sweet corn farmers met our selection criteria and became
our respondents. There were 10 farmers from Khao noi Sub-district, 4 farmers from
Lam Phaya Klang Sub-district, 13 farmers from Klangdong Sub-district and 14

farmers from Chanthuek Sub-district.
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3.4 Data collection

1. Primary data were obtained from the questionnaire survey based on 41
samples.

2. Secondary data were collected from textbooks, academic articles,
government report journals, and USEtox model. These include study area
characteristics, sweet corn cultivation data, human health and ecological impact

assessment data, general pesticide consumption.

3.5 Research instruments
3.5.1 USEtox model
USEtox model (UNEP-SETAC toxicity model) is a popular scientific tool
used to assess human health and ecotoxicity impacts. USEtox model are often used in
life cycle assessment (LCA studies). In this study, USEtox models were used to
estimate fate and transportation of pesticides use to grow sweet corn and evaluated
toxicity to humans and freshwater organism (Figure 4). The results obtained from the
USEtox model are two different impact score. Under the human health impact
assessment, the impact score is expressed disability-adjusted life year (DALY),
representing the number of years lost due to ill health, disability or early death. For
the impact on the freshwater ecotoxicity impact, the impact score is expressed as
estimate potentially disappeared fraction of species (PDF). PDF defines the increase
in the fraction of species potentially affected as a consequence of an emission in a
compartment.
The impact score obtained from the model will be analyzed by comparing the

differences in health and freshwater ecotoxicity impacts of the paraquat and atrazine
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use among sweet corn farmers. Impact score will be used to determine the scenario to
study farmers' willingness to pay for reducing health and ecotoxicity impacts.
Impact score (IS) is used to calculate the effect of pesticide consumption in

conjunction with emission contribute as follows:

IS = Zi Zx CFx,i X Mx,i eql

where IS is the impact score of pesticide x, CF, ; is the characterization factor
of pesticide x released in compartment i, and M, ; is the mass of pesticide x emitted to
compartment i. Data on paraquat and atrazine use of farmers obtained from the
questionnaire will be used as input in M, ; calculation. The impact score is calculated
separately between paraquat and atrazine for e.g., human toxicity (disability-adjusted
life years, DALY, at endpoint level). The summation holds for substances and
emission compartments for the same impact category (human toxicity or freshwater

ecotoxicity)

<> N
air —
‘ water wacasan soil é% % ﬂ
TS Impact on
_— Fate Exposure Effects human health
Emission flow Mass in environment Intake flow Incidence risk Damage
[kgemitea/dayl [kel [kg nare/day] [cases/day] [value/day]
FF XF EF DF
[day] [1/day] [cases/Kg, ake] [impact/case]
iF 2 XF X FF

[kgintake/ kgemilted]

Figure 4 Emission to damage framework in USEtox model. (Bijster, 2015)
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1) Human toxicity impacts

Use disability adjusted life years (DALY) as a measure of damage to human

health, the human toxicological characterization factor ( CFy,) for substance x

(paraquat = p, atrazine = a). Fate factor ( FE,) link the quantity released into the

environment to the chemical masses (or concentrations) in a given compartment.

Exposure factor (XF,) describe the transport from environmental compartments to the

human via inhalation and ingestion, For eq.2 and eq.3 are the conceptual of USEtox

model, calculated according to Huijbregts et al. (2005):

where [Fy

FFy
XFy
EFy 5

DFy 5

CFH,x = IFH,x X EFH,x X DFH,x eq2

IFH,x == FFH,X X XFH,JC eq3

is the human population intake fraction (Kgintake Kg ™ emitted) OF
substance x

is fate factor (day) of substance x

is exposure factor (day™) of substance x

is the effect factor (number of cases kg intake OF substance x)

is damage factor (DALY case™?) of substance x

Intake fraction (IF,) is to combining fate and exposure by emission-to-intake

relationship expressed as kg pesticide intake per kg applied in the cultivation process,

which represents the fraction of pesticide emission that humans take into the body via

inhalation and ingestion of substance x ( paraquat = p, atrazine = a) . The intake
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fraction (IF) is calculated from eq.4. The values of all variables are obtained from the

USEtox database.

IF __ XxMypxXP, _ Population Intake
Hx — —

S Total Emissions eq.4

where M, is mass in compartment k (g) of substance x

XP, s the exposure factor via compartment k (1/day) of substance x
S is the emission rate to a compartment (g/day)

In this research we focus on inhalation and ingestion route. Therefore, the
exposure factor (XPy ,) for inhalation route defined as the proportion of mass/volume
that the population receives directly daily can be obtained from this equation.

m3
Populationygxbreathing rate [—-|

XPy, = 4 eq.5

Volumey[m3]

According to a number of populations, human breathing rate of 13 m%/day was

considered as the exposure factors (Kounina et al., 2014).

The effect of intake dose was assessed by calculating the human effect factor
(EF;). The effect dose (EDsy;) and lifetime dose ( EDL/S™¢) was obtained from
USEtox models (using IRIS database). For body weight (BW) and lifetime of humans
( LT), we used a database from USEtox model. Cancer and non-cancer effect

(case/kgintake) OF substance x (paraquat = p, atrazine = a) can be calculated as follows:
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0.5

Incr riskintak e X .
cremental riskIntake dos Life time dose generating 50% additional risks €q 6

05 0> x 10624 eq.7

365XLTXBWXEDsop, EDéiofhetime kg

EFH,X ==

where EDsggp, is the effect dose inducing response over background of
50% for humans (mg/kg day)
0.5 is the response level corresponding to the EDsqy,

(individual lifetime risk of cancer)

BW is body weight of 70 kg
LT is the lifetime of humans (70 year)
365 is the number of days per year (day/year)

EDSJ"™e i the lifetime dose yielding 50% increase in tumor for
human h (kg/lifetime)
The human health damage factor (DFE,) for cancer effects is 11.5 DALY case™

and for non-cancer effects is 2.7 DALY case™* based on global human health statistics

on life years lost and disabled, are used according to Huijbregts et al. (2005).

2) Freshwater ecotoxicity impacts

Cause-effect chain, linking emissions to impacts through environmental fate,
exposure and effect, were used to assess the toxicological effects of freshwater
ecosystems. The characterization factors ( CFg,) for freshwater ecotoxicity of
pesticide x (paraquat = p, atrazine = a) expressed as potentially disappeared fraction
of species (PDF) integrated with time and volume per unit mass of pesticide emitted

(PDF m3 d kg}) (eq. 8).
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EFg ,
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CFE,X = FFE,X X XFE,x X EFE,X X DFE,x EC]8

is the fate factor describing the mass increase of pesticide x in
freshwater due to emission flow (kg d*) of pesticide in the
environmental compartment m (Kg in compartment/(Kemitted d™)).

is the exposure factor referring to the bioavailable fraction of
pesticide in freshwater.

is the effect factor expressing the expression of ecological
effects by changes in PAF with increased effects (i.e. mortality)
caused by changes in pesticide concentrations (PAF m® kg?).

is damage factor for freshwater ecotoxicity ( PDF/PAF), in

USEtox applies a factor of 0.5 based on Jolliet et al. (2003).

The exposure factor for aquatic ecotoxicity ( XFg,) represents the

bioavailability of a substance, i.e., the fraction of the chemical dissolved in

freshwater, calculated in fraction of a chemical dissolved in freshwater. The

suspended matter concentration ( Cy, gsp) , dissolved organic carbon concentration

(Cw.40c) and the biota concentration ( Cy, piomass) N freshwater as assumption in

USEtox model. The partition coefficient suspended solids/water (Ky), the partition

coefficient dissolved organic carbon/water (K,;,.) and the bioconcentration factor in

fish (BCFj;sy) wWas obtained from a database of USEtox model.

1
1+(KdocxCw,doc+BCFfishch,biomass)/106

XFE,X =

eq.9
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where K, is the partition coefficient dissolved organic
carbon/water (L/kg)
Cw doc is the dissolved organic carbon concentration in
freshwater: 5 mg/L*
BCFyis is the bioconcentration factor in fish (L/kg)

Cw biomass is the biota concentration in freshwater: 1 mg/L*

The effect factor ( EFg,) for freshwater ecotoxicity (PDF m* kg™) can be

calculated follow:

05 _  0.5XPAF
HC50  HCS0gcso

EF; = eq.10

Ecotoxicological data were based on a database from the USEtox
model. HC50 is the hazardous concentration (kg/m®) of a chemical at which 50% of
the species in aquatic ecosystem are exposed to a concentration above their EC50
(e.g. the concentration at which 50% of a population dies in a laboratory test). The

number of species (ngpecies) IS the value obtained from the assumption of the model.

The HC50 formula can be expressed in eq. 11:

1

HC50 = antilog X Yspecies 108 (EC504pecies) eq.11

Nspecies

where ngp,ecies i1s NUMber of species for which EC50 values are available

3.5.2 Questionnaire
This study consisted of two sets of questionnaires. The questionnaire was

constructed from theoretical concepts, related research and interpreted results from
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USEtox model. The purpose of the questionnaire was to obtain the data for assessing
the impact of pesticides use to human and ecotoxicity from sweet corn cultivation and
to study the willingness to pay and factors related to willingness to pay to reduce such
impact. The current research employed TPB factors that may be associated with
farmers' willingness to pay to reduce the health and ecological impacts of pesticide
use.

The questionnaire was distributed twice to the same sample groups. Due to
COVID-19 travel restriction, the questionnaire surveys were ministered by two
telephone interviews. The first interview was conducted on 15 June 2021 and 23
September 2021 for the second interview. Two questionnaires are explained as
follows:

Questionnaire set 1 mainly focuses on general information and the use of

pesticides. This questionnaire was divided into five parts:

Part 1: Demographic and socio-economic data consist of gender, age, marital

status, education level, income, and number of family members.

Part 2: The farm size, number of corn planting times per year and corn yield

per year used to describe farmers' sweet corn cultivation patterns.

Part 3: The use of atrazine and paraquat, period of use, duration of being a
farmer, number of pesticides used per 1 rai and price of pesticide. The pesticide
consumption data was calculated as the active ingredient used by farmers and used as
inputs to the USEtox 2.12 model as an emission to agricultural soil (kg/rai/day). The
USEtox model used to compare the health and ecotoxicological impacts arising from

the change in the type of pesticides used from paraquat to atrazine.
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Part 4: Questions about illnesses from pesticide use. The data used to discuss
the results of the health impact studies and to establish guidelines to mitigate the

impacts.

Part 5: Attitude, subjective norm and perceived behavior control questions
under the TPB are used to study the association between factors that cause behavioral

expression and willingness to pay to reduce impacts on health and ecosystems.

Questionnaire set 2 emphasizes willingness to pay. The results obtained from
the USEtox model study of the impacts on human health and freshwater ecotoxicity
are used in creating scenarios to inquire about willingness to pay. This questionnaire
was divided into two parts:

Part 1. Describe the results of a USEtox model study, explaining the health
impacts by the use of paraquat and atrazine pesticides in sweet corn cultivation. This
is expressed as the number of years lost due to ill-health (Disability-adjusted life year:
DALY). The respondents were asked about their willingness to pay to reduce health
impact from the current pesticide use.

Part 2: Describe the scenario about the impact of paraquat and atrazine on
aquatic organism in water source. Expressed as the fraction of species potentially
disappearing (PDF m?® day). The respondents were asked for their willingness to pay

to reduce the ecotoxicity impact from the current pesticide use.

3.5.3 Model of willingness to pay

The farmers' willingness to pay to reduce their health and ecotoxicity impacts,
measured in baht per year. This study employed a mixed-method question design to

assess farmers’ WTP. The method. The method combined bidding games technique to
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explore the willingness to pay, followed by dichotomous choice questions (yes or no),
and the final open-ended question about maximum farmer’s WTP. The initial bid was
set as 110 baht for both human health and freshwater ecotoxicity impact uses the
selling price of 10 kilograms of large sweet corn calculated from the sweet corn
planting requirements of the National Corn and Sorghum Research Center 2021 as

displayed in Figure 5.

“ ~ ™

247.5 Baht > Max?
J \ J
e ™

137.5 Baht]—i Max?
< \_ J
“ s ™

82.5 Baht > Max?
J \. J
~ e ™

27.5 Baht »  Max?
\. J - J

Figure 5 A mixed-method design combining a bidding game, dichotomous choice,
and opened-end question for willingness to pay estimation to reduce
the health impacts and freshwater ecotoxicity from transitioning

paraquat to atrazine in sweet corn cultivation.

3.5.4 Factors affecting willingness to pay
TPB were used to analyze factors affecting willingness to pay to reduce
human health and freshwater ecotoxicity impacts by ordinal logistic regression with
the likelihood ratio test at statistically significant (o = 0.05). Factors affecting

willingness to pay to reduce human health and freshwater ecotoxicity impacts were
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considered separately. TPB factors were considered separately for attitudes,
subjective norms and perceived behavioral control. Ordinal logistic regression models
were used to estimate probabilities of WTP as functions of TPB variables. Logistic
regression estimated the log odds or logit P as a linear combination of the independent

factors.
= — (i) eq.12

where

P(i) = the probability of having the outcome and P/(1-P) is the odds of the

outcome.

Y  =The linear regression equation showing relationships between WTP &
TPB features.

i = Number of times to run the model

The WTP to reduce health impact, the model was run 3 times as follows:

Yu = Bopy * Brpada eq.13
Yy =Bz 1 BinaS1 T BypaSat Bayp 53t ByypSa eq.14
YH = B0H3 + B1H3P1 + BZH3P2 eq15

where Yy is WTP to reduce health impact

For WTP to reduce freshwater ecotoxicity impact, the model was run 3 times as

follows:

Yp = BOEl + BlElAZ eq.16
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YE = BOEZ + BlEZS1 + BZEZSZ+ B3EZS3+ B4EZS4 eql?
Yp = B0153 + B1153P1 + BZE3P2 eq.18
where Yz is WTP to reduce freshwater ecotoxicity impact

Scores (Likert’s scale) (Likert, 1932) are divided into 3 levels: i) positive, ii)
neutral and iii) negative and compared using positive baseline versus neutral, and
negative. The WTP is classified into 4 groups: i) 0-99 baht, ii) 100-199 baht, iii) 200-

299 baht and iv) >299 baht.

3.6 Research instruments quality testing

Examine the questionnaire with three experts to considering Content Validity
with Index of Item-Objective Congruence (IOC) based on the score range from -1 to

+1. The criteria for examining questions as follows:

+1 = Congruent
0 = Questionable
-1 = Incongruent

Items with scores lower than 0.5 will need to be revised, on the other hand,
items with scores higher than 0.5 were reserved. This study was reviewed and edited
on the advice of three experts. In this study, the index of item-objective congruence

(10C) was 1, which indicated good content validity of the survey attribute.
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3.7 Data analysis

1. The impacts on health and freshwater ecotoxicity from paraquat and
atrazine use was executed in the USEtox model based on the scenarios that 100%
pesticides are emitted to agricultural soil.

2. The health and ecotoxicity impacts of paraquat and atrazine were compared
to determine whether the effect changes positively or negatively. The impacts arising
from farmers' pesticide consumption were calculated separately for each individual,
considering the mean and standard deviation (S.D.) and were further statistically
tested with paired sample t-test.

3. Demographic, socio-economic, TPB and other data from the questionnaire
were described using descriptive statistics.

4. TPB factors related to willingness to pay to reduce health and ecotoxicity
impact were analyzed by the ordinal logistic regression.

The statistical analysis was performed by SPSS v.28 and Microsoft Excel

2019.

3.8 Ethical consideration

This questionnaire survey was approved by the Research Ethics Review
Committee, Chulalongkorn University, Bangkok, Thailand (No. 060.1/64). Before
collecting data, a formal letter was sent to the director of the National Corn and

Sorghum Research Center for permission to collect data in the area.
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CHAPTER 4

RESULTS AND DISCUSSION

The results of the study were divided into 6 parts: 1) demographic and socio-
economic data, 2) sweet corn cultivation 3) pesticide usage, 4) human toxicity and
freshwater ecotoxicity, 5) theory of planned behavior towards paraquat to atrazine

transition, and 6) WTP and factors affecting WTP.

4.1 Demographic and socio-economic data
Demographic and socio-economic data obtained from the first questionnaire
consisted of gender, age, marital status, monthly income, education level and number

of family members shown in Table 2 and Table 3.

Table 2 The frequency, percentage, mean and standard deviation of the samples

classified by demographic characteristics

Demographic data Frequency Percentage

Gender

Male 26 63.41

Female 15 36.59

Total 41 100
Age

31-45 years 12 29.27

46-60 years 19 46.34

>60 years 10 24.39

Total 41 100

Household member

1-3 person 7 17.10
4-6 person 32 78.00
>6 person 2 4.90

Total 41 100
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The majority of farmers was males, representing 63.41 percent followed by 15
females representing 36.59 percent. The results of this study were realistic and
understandable because most of the agricultural activities were carried out by men

who were responsible for the purchase and spraying of pesticides in the study area.

The respondents were aged between 31-71 years. The highest percentage of
age was in a range 46-60 years (46.34%), followed by 31-45 years (29.27%) and more
than 60 years (24.39%), respectively. An average age was 51.73 with a standard
deviation of 10.35 years. The results are similar to the study by Montgomery et al.
(2020), showing that farmers aged between 54-64 years is the largest grower of sweet
corn, accounting for 60.0% of sweet corn farmers and no farmers under the age of 35
years. The results are also consistent with a study by (Churachangkean et al., 2018)
showing that the majority of sweet corn farmers at the National Corn and Sorghum
Research Center (Suwan farm) in 2015 were aged between 46-55 years. This is
consistent with a study by Wang et al. (2018) that stated the new generation or the

heirs of farmers come to work in the city or not continue the farming career.

The majority of the household size consisted of 4-6 members, represented
78.00 percent. Family containing 1-3 members was 17.10 percent and more than 6
accounted for 4.90 percent. However, the farmer's household members were similar
compared to the sweet corn farmer at the National Corn and Sorghum Research
Center (Suwan farm) in 2015 with five household members (Churachangkean et al.,
2018). The results of this study are also consistent with the data on sweet corn farmers
in Si Rattana district, Sisaket Province, where most farmers have five family members

(Jamsai & Tungpitukkai, 2019).



Table 3 The frequency, percentage, mean and standard deviation of the samples

classified by socio-economic characteristics

Demographic data Frequency Percentage

Marital status

Single 3 7.32
Married 38 92.68
Divorce 0 0.00
Total 41 100

Marital status

Single 3 7.32
Married 38 92.68
Divorce 0 0.00
Total 41 100
Education level
Primary school 18 43.90
Lower secondary school 7 17.07
Upper secondary school 9 21.95
Diploma 2 4.88
Undergraduate 4 9.76
Upper graduate 1 2.44
Total 41 100
Monthly income
<10,000 baht 11 26.83
10,000-20,000 baht 15 36.59
20,001-30,000 baht 3 7.31
30,001-40,000 baht 1 2.44
>40,000 baht 11 26.83

Total 41 100
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The majority of the respondents consisted of 92.68 percent of those who were
married, followed by 7.32 percent who were single. The results were similar to a
sample of sweet corn farmers of Jamsai and Tungpitukkai (2019) study, indicating

that most of the farmers were marital.

The 43.90 percent of the respondents completed primary school, followed by
21.95 percent for the upper secondary school. The 17.07 percent achieved lower
secondary school, 9.76 percent received undergraduate level, 4.88 percent had
diploma and 2.44 percent was in upper graduation. When compared with sweet corn
farmers at the National Corn and Sorghum Research Center (Suwan farm) in 2015,
most farmers completed primary school (Churachangkean et al., 2018) as well as a
sample of sweet corn farmers in Sisaket Province, most farmers completed primary

school (Jamsai & Tungpitukkai, 2019).

The highest percentage of the farmer income was in a range of 10,001-20,000
baht (36.59%), followed by income less than 10,000 baht (26.83%) and more than
40,000 baht (26.83%). The 7.31 percent of respondents had income between 20,001-
30,000 baht and 2.44 percent between 30,001-40,000 baht, respectively. An average
income was 26,304.88 baht with a standard deviation of 20,238.85 baht. The monthly
income in this study reflected the total income. Farmers were unable to determine the
monthly income they received from selling sweet corn because the quota for planting

sweet corn each year was different.

4.2 Sweet corn cultivation
The farmer's organic variety 2 sweet corn cultivation pattern showed that the

farmers had an average cultivation area of 15.99+12.27 rai (max 50, min 3 rai/year).
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During the year, farmers can plant sweet corn on an average of 3.41+2.43 cycles/year
(max 13, min 1 cycles/year). However, in an area of one rai, there are no more than 3
planting cycles per year due to land preparation period required by the National Corn
and Sorghum Research Center. Annually, the amount of processed sweet corn
production is estimated before growing. Sweet corn planting quotas are distributed to
each farmer who registered in the National Corn and Sorghum Research Center. Thus,
the allocation of sweet corn quotas varies depending on the demand, if there is a small
quota, it results in less planting cycle. The study also found that farmers harvested an
average of 6.34+5.17 tons (max 25, min 1 tons) of sweet corn per crop cycle. All

sweet corn is sold under the regulations of the research center.

4.3 Pesticide usage

Most farmers planted sweet corn at the National Corn and Sorghum Research
Center between 5-10 years a (48.78%), followed by over 10 years (31.71%) and 3-5
years (19.51%). This study found that 68.29 percent of farmers used paraquat more
than 5 years, 21.95 percent used paraquat for 3-5 years and 9.76 percent used paraquat
for 1-3 vyears. The self-reported actual average pesticide application and

recommended amount of pesticide usage are shown in Table 4.

Table 4 The average pesticide uses and the amount recommended on the package

Pesticide Average pesticide use Recommended on the package

Paraquat 0.35%0.08 kg a.i./rai 0.12-0.15 kg a.i./rai

Atrazine 0.37£0.17 kg a.i./rai 0.23-0.32 kg a.i./rai
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The average amount of paraquat used by farmers before the ban was
0.35+0.08 kg a.i./rai and substituted by 0.37+0.17 kg a.i./rai for atrazine. All farmers
started using atrazine after paraquat was banned between 1 and 3 years. Atrazine was
used for weed control in organic 2 sweet corn cultivation in the study area. Also, the
average price for a 0.9 kg atrazine is 203.41 baht and the average price for a 5-litre
paraquat is 553.65 baht. The active ingredient of paraquat used by farmers was about
2.92 times greater than the amount recommended on the package (0.12-0.15 kg
a.i./rai). The maximum paraquat active ingredient in one crop in this study was found
to be approximately 5.5 times higher comparing to the sweet corn cultivation in New
Zealand (Comendant & Davies, 2018). For atrazine, the active ingredient used by
farmers was was about 1.60 times greater than the amount recommended on the
package (0.23-0.32 kg a.i./rai). However, the amount of atrazine use in one crop was
approximately 1.1 times greater than the sweet corn cultivation in Illinois, Minnesota,
and Oregon (Arslan et al., 2016).

Over the past several decades, the Thai government has made efforts to
increase agricultural productivity by enhancing land use and introducing favorable tax
policies for the importation of agricultural pesticides. These actions have caused the
Thai agricultural system to shift from traditional agriculture to commercial
agriculture. Pesticide import also increased with increasing agricultural productivity
(Sapbamrer, 2018). Pesticide was readily available for farmer purchases, most of
which were purchased from local agrochemical stores, (Plianbangchang et al., 2009).
Controlling the use of pesticides in Thailand has divided regulatory duties between
different ministries, resulting in ineffective enforcement. Although there has been a

discrepancy record between the sales and the amount of pesticide applied in the
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agricultural areas. Consequently, it was difficult to control farmers over the use of
pesticides (Laohaudomchok et al., 2020). Studies on the use of pesticides by farmers
showed that most farmers understand how to use pesticides correctly (Norkaew et al.,
2010). However, in practice, farmers still perceived that large amounts of pesticide
use can result in more efficient maintenance of their crops (Santaweesuk et al., 2020).
It is a deep-rooted problem that has not yet been resolved. This may be explained why
Thai farmers use more pesticides than the recommended amount.

In terms of negative health effects, 53.66 percent of farmers experienced
adverse health effects. The self-reported symptoms as a result from the use of
pesticides showed that most farmers experienced acute effects were 59.10 percent
dizziness, 18.18 percent burning pain, 13.64 percent headache and others health
effects such as stinging nose, sore throat, and eye irritation. Some farmers

experienced sub-chronic effects: chest tightness, squeamish and vomiting.

4.4 Human toxicity and freshwater ecotoxicity

The active ingredients, primary data obtained from the first interview, were
used as inputs to the USEtox 2.12 model as an emission to agricultural soil
(kg/rai/day) (divided the collected data by 365 to be used as inputs in the USEtox
model) and calculate human toxicity and freshwater ecotoxicity impacts at endpoint
level. Disability adjusted life year (DALYS) used as a measure of overall human
population damage in human toxicity and potentially disappeared fraction of species

(PDF) indicating freshwater ecotoxicity.

For human toxicity, the average impact scores for human toxicity potential of

paraquat (1.33x10°+4.21x107" DALY) was slightly higher than atrazine (1.30x10"
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6+6.21x10°" DALY). For freshwater ecotoxicity, atrazine was found to create much
higher impact score (1262.67+600.83 PDF m? day) than paraquat (68.37+21.7 PDF
m?® day) considering the worst-case scenario (Figure 6). Atrazine showed the large
number of ecotoxicity impact scores because it has been demonstrated to be highly
toxic to aquatic organisms, mutagenicity and genotoxicity in aquatic animals
(Solomon et al., 2008). Additionally, the European Union (EU) banned atrazine in
Europe in 2004 due to widespread and unpreventable water contamination. Atrazine
has been banned in Germany since 1991 because of excess contamination in

groundwater (Sass & Colangelo, 2006; VVonberg et al., 2014).

Human toxicity Freshwater ecotoxicity
2.50x10¢— 2000 1262.67
6] 1.30x10°°
2.00x10 1'33)([0-(‘ _— o 1500+
- o
= 1.50x10-6 E 1 1
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1.00x10-¢~ = —_—
500+
5.00x10-7—
. 68.37
0- 9 T T
. Paraquat Atrazine

Paraquat Atrazine

Figure 6 Comparisons of human health and ecotoxicity impact scores

between the use of paraquat and atrazine in sweet corn cultivation.

The impact scores also depended on the amount of pesticide each farmer uses.
Some farmers applied large amounts of paraquat but small amounts of atrazine. Some
farmers applied small amount of paraquat but a large amount of atrazine. Impact
scores for human toxicity were divided into two groups: i) the transition decreased

human toxicity was 51.22% with the average impact scores of 1.37x10%+4.32x1077
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DALY for paraquat and 8.89x107+2.84x10" DALY for atrazine ii) the transition
increased human toxicity was 48.78% with the average impact scores of 1.29x10"
6+4.17x10" DALY for paraquat and 1.74x10%+5.79x10" DALY for atrazine.

This study emphasized emissions to agricultural soil. According to the fate and
transportation assumptions in the USEtox, the applied pesticide is remained
agricultural soil or moved to other environmental compartments after application. For
paragquat, the most effective mass was found in agricultural soil 99.86 percent,
transferred to freshwater 0.12 percent and 0.01 percent were at other media. For
atrazine emission, 83.31 percent of the mass remained in soil, 13.74 percent
transferred to freshwater and 2.95 percent to other media. This proportion indicated
that the likelihood of pesticides persisted or transferred in the environment after
application. These data are derived from model calculations in relation to each
pesticide's characteristics such as molecular mass, pKa, partitioning coefficient
(Kow), partitioning coefficient between organic carbon and water (Koc), Henry’s law
constant, Vapor pressure, Solubility, etc. This study recommends an amount of
residual pesticide in agricultural soil as the input of USEtox for more realistic
estimation in a future study. The pesticide transportation calculated from the USEtox
model may differ from the reality because the model considers the transportation of
pesticides at steady state conditions. In fact, there are other factors affecting the
pesticides transportation to various environmental media.

A comparison of mean values of human health and ecotoxicity impacts from
paraquat and atrazine was tested using paired sample t-test. Differences were
considered statistically significant level at 0.05. The result showed that the human

health impact from paraquat and atrazine transition were not significantly different,
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while the ecotoxicity impact from paraquat to atrazine transition were significantly
different.

Atrazine is one option recommended by the Department of Agriculture as
alternatives to paraquat in sweet corn cultivation. This study indicated that the
transition from paraquat to atrazine caused less pronounced health impact than
ecotoxicity impact. The results of this study found that atrazine use had a markedly
greater environmental impact than paraquat, raising questions about the change in
pesticide use policies and the use of paraquat substitutes in sweet corn cultivation.

Nowadays, farmers are using atrazine to replace paraquat in sweet corn
cultivation. Atrazine is used in combination with topramezone (herbicide) and besmor
(additives). However, there are limitations of the USEtox model in terms of substance
data (i.e., characteristics data and toxicological data). This study assessed the human
and ecotoxicological impacts of atrazine only.

The USEtox model only considers ingestion (i.e., direct and indirect exposure)
and inhalation exposure pathways. The model measures the total carcinogenic and
non-carcinogenic effects of humans, in this study only considered non-carcinogenic
impact to humans. This tool does not calculate the risk of specific illnesses associated
with pesticides. The USEtox model estimates the effects of a single chemical at steady
state and does not consider the interaction effect of many chemicals. In order to
minimize both health and environmental impacts must be considered concurrent
impacts. There is a likelihood of tradeoffs between health and ecotoxicity impact, as it
may be difficult to achieve the risk reduction target for both impacts due to other
factors such as the pesticide effectiveness and the cost of suitable pesticides to

farmers.
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4.5 Theory of planned behavior towards paraquat to atrazine transition

This question was constructed using Likert’s scale (from 1 = strongly disagree
to 5 = strongly agree) to assess different attitudes, subjective norms and perceived
behavioral control. In a transition of paraquat to atrazine application, respondents
showed a positive attitude towards both health and environmental impacts with both

median values of 3.

The total median of subjective norms was 4. The respondents had a norm that
the transition from paraquat to atrazine in sweet corn cultivation as recommended by
family influences the decision to change pesticide use (median 4), followed by the
recommendation from agricultural scholars (median 4), other farmers (median 4) and

social media (median 3), respectively.

For perceived behavioral control, the total median was 4. The respondents
believed that the atrazine is more readily available than paraquat (median 5) and the
pesticide efficacy of atrazine was somewhat similar to that of paraquat (median 3)

shown in Table 5.

Table 5 Descriptive data of attitudes, subjective norms and perceived behavioral

control of the respondents (n=41)

TPB factors Scale Median
Frequency (percentage)
Strongly | Disagree | Neutral Agree Strongly
disagree 2 3) 4) agree
1) (©)

Attitudes
Al: Transitioning the
pesticide from paraquat to 5 3 13 9 11 3
atrazine has reduced (12.20%) | (7.32%) | (31.71%) | (21.95%) | (26.83%)
sickness and diseases such
as cancer.
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Table 5 Descriptive data of attitudes, subjective norms and perceived behavioral

control of the respondents (n=41) (continued)

TPB factors Scale Median
Frequency (percentage)
Strongly | Disagree | Neutral Agree Strongly
disagree 2 3) 4) agree
1) (©)

AZ2: Transitioning the
pesticide from paraquat to 4 7 13 8 9 3
atrazine has reduced the (9.76%) | (17.07%) | (31.71%) | (19.51%) | (21.95%)
danger to aquatic life.
Subjective norms
S1: Transitioning the
pesticide from paraquat to 4 5 10 13 9 4
atrazine by other farmers (9.76%) | (12.20%) | (24.39%) | (31.71%) | (21.95%)
also influences the decision
to change your pesticide use.
S2: Transitioning the
pesticide from paraquat to 4 4 7 10 16 4
atrazine as recommended by | (9.76%) | (9.76%) | (17.07%) | (24.39%) | (39.02%)
your family also influences
your decision to change your
pesticide use.
S3: Transitioning the
pesticide from paraquat to 3 6 9 7 16 4
atrazine as recommended by | (7.32%) | (14.63%) | (21.95%) | (17.07%) | (39.02%)
agricultural scholars also
influences your decision to
change your pesticide use.
S4: Transitioning the
pesticide from paraquat to 7 2 12 8 12 3
atrazine from the mediaand | (17.07%) | (4.88%) | (29.27%) | (19.51%) | (29.27%)
social media influences your
decision to change your
pesticide use.
Perceived behavioral control
P1: Today, the pesticide
atrazine is more readily 0 0 1 4 36 5
available than paraquat. (0%) (0%) (2.44%) | (9.76%) | (87.80%)
P2: The pesticide efficacy of
atrazine was similar to that 5 11 18 3 4 3
of paraguat. (12.20%) | (26.83%) | (43.90%) | (7.32%) | (9.76%)

4.6 Willingness to pay and factors affecting willingness to pay

The second interview was conducted on 23 September 2021 with the same

respondent group. In this interview, farmers' willingness to pay was the key question.
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The health impacts of paraquat to atrazine transition calculated by the USEtox model
were set as a scenario to ask willingness to pay for various measures to reduce the

current health and freshwater ecotoxicity impacts separately.

An average value of 216.46+132.28 baht/year (max 500, min 20 baht/year)
was farmers' WTP to reduce health impact from the current pesticide use, with the
87.80 percent (36 persons). Farmers who were willing to pay did not want the health
effects to occur and they could afford the cost. For farmers who were not willing to
pay, even if health problems arose, they perceived this issue beyond their
responsibility for now. The latter group recognized that the legal pesticide is
permitted from top-down policy. They will be willing to pay when the health effects

are clearly visible.

The average WTP to reduce the ecotoxicity impact from the current pesticide
use was 162.44+111.74 baht/year (max 300, min 10 baht/year), with the 85.37% (35
persons). Farmers who were willing to pay desired to maintain the ecosystem as the
need for a shared responsibility because everyone is involved in the use of pesticides.
The farmers who were not willing to pay argued that the impact on the ecotoxicity
was not imminent and did not directly affect farmers. Some farmers claimed that it
was not the responsibility of the farmers. Some farmers would like to have their split
responsibility up to the amount of atrazine use and will be willing to pay only if the

impact is apparent.

From data collection with questionnaires, the value of WTP to reduce human
toxicity and freshwater ecotoxicity impacts per year was summarized in Tables 6 and

Table 7.
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Table 6 The range of willingness to pay to reduce human health impact

Value of willingness to pay (Baht/year) Frequency Percentage
0-99 7 17.1%
100 - 199 9 22.0%
200 — 299 11 26.8%
>299 14 34.1%
Total 41 100.0%

Note: Respondents who were not willing to pay accounted for 12.20%.

A study on the value of farmers' willingness to pay to reduce current health
impact found that most respondents were willing to pay at a price of >299, followed
by the WTP in the range of 200 - 299 baht. The respondents who were willing to pay
in the range of 100 - 199 baht represented 22.0 percent, and 0 - 99 baht, represented

9.80 percent, respectively.

Consistent with other studies, Farmers in the central part of Shandong
Province, China are willing to pay to reduce their health risks form pesticides use on
average $65.38 (2204.84 baht (calculated from $1 = 33.72 baht)) per household per
year (Wang et al., 2018). Farmers in Punjab province, Pakistan prioritizes pesticides
as they are needed while they are aware of the health risks. 77% of farmers are willing
to pay a fee of 20% of current pesticide costs to avoid pesticide health risks (Khan &

Damalas, 2015). These demonstrate the appreciation of the health impacts of farmers.
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Table 7 The range of willingness to pay to reduce freshwater ecotoxicity impact

Value of willingness to pay Frequency Percentage
(Baht/year)
0-99 8 19.5%
100 - 199 16 39.0%
200 — 299 13 3L.7%
>299 4 9.8%
Total 41 100.0%

Note: Respondents who were not willing to pay accounted for 14.63%.

For the study on the value of farmers' willingness to pay to reduce current
freshwater ecotoxicity impact, it was found that most respondents were willing to pay
at a price of 100 - 199, followed by the WTP in the range of 200 - 299 baht. The
respondents who were willing to pay in the range of 0 - 99 baht represented 19.5

percent, and >299 baht represented 9.80 percent, respectively.

A study on farmers willingness to pay to improve water quality in Nestos
watershed, Greece, with deterioration in part due to their pesticide use. 64.57% of
farmers expressed zero responses, and the remainder were willing to pay between
$12.49 - $23.89/halyear (412.7 — 805.65 baht/ha/year (calculated from $1 = 33.72
baht)) (Lazaridou & Michailidis, 2020). A study on farmers' willingness to pay for
eco-friendly agricultural waste management in which open burning of biomass is
common practice after harvest, a major problem in Ethiopia. Farmers were willing to
pay for $0.16 (5.40 Baht/ha/year (calculated from $1 = 33.72 baht)) (Atinkut et al.,

2020). However, a comparison of willingness to pay with other studies can lead to
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biased conclusion because there may be different contexts and factors in different

locations.

The health and environmental impacts are neither marketable nor measurable
in monetary terms. This makes it difficult to interpret the extent of the damage.
Assessing willingness to pay is an important way to reflect the value of a person's
health and environment. In this study, farmers also value the environmental impact
less than health, which is possible for farmers to focus on the direct impact they will
have. Farmers in the area do not directly take advantage of the freshwater ecosystem
as some farmers use tap water for watering. Freshwater resources may be an indirect
use value that utilizes natural resources and the environment (Wilson & Carpenter,

1999), resulting in less emphasis and value on the environment.

Natural resources are considered a common properties regime whereby the
community owns and manages the shared property (Lu, 2001). In some contexts, a
lack of clarity on ownership of natural resources makes the idea of nurturing and
preserving natural resources different for individuals. This may be another reason why
willingness to pay for reducing environmental impact is less than reducing health
impact. Public consciousness or public mind, refers to the feeling of belonging to the
public in the rights and obligations of common care and maintenance. Intellectuals
may play a role in educating and enhancing environmental understanding and
awareness among farmers, be they academics or multidisciplinary scientists (Hsiao &

Tseng, 1999).

To understand which factors affect WTP to reduce human toxicity and

freshwater ecotoxicity impacts from 41 farmers, the ordinal logistic regression was
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used and tested at a significance level of 95%. The willingness to pay is classified into
4 groups: i) 0-99 baht, ii) 100-199 baht, iii) 200-299 baht and iv) >299 baht.
Demographic and socio-economic data, including gender, age, household member,
marital status, education level and monthly income, were analyzed for factors
affecting willingness to pay to reduce health and ecotoxicity impacts, which were not

found to be statistically significant.

The researcher further investigated TPB factors that affect WTP to reduce the
human toxicity and freshwater ecotoxicity impacts. The willingness to pay is
classified into 4 groups: i) 0-99 baht, ii) 100-199 baht, iii) 200-299 baht and iv) >299
baht. Once all TPB inputs were tested, the ordinal logit model did not find any factors
to be statistically significance on WTP. This study therefore analyzed each group
factor individually, including attitudes, subjective norms, and perceived behavioral
control as explanatory variables. Respondents’ WTP classes were the dependent
variables. The variables and their levels used in the ordinal logit model were

demonstrated in Table 8.

Table 8 The TPB variables used in the ordinal logistic regression to explain

willingness to pay

Symbols Definitions Levels description

WTPHE Willingness to pay 1 =WTP 0-99 Baht/year
2 = WTP 100-199 Baht/year
3 = WTP 200-299 Baht/year
4 = WTP >299 Baht/year

A1H Transitioning the pesticide from paraquatto 1 = Negative (score 1-2)

atrazine has reduced sickness and diseases 2 = Neutral (score 3)

such as cancer. 3 = Positive (score 4-5)
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Table 8 The TPB variables used in the ordinal logistic regression to explain

willingness to pay (continued)

Symbols Definitions Levels description
A2E Transitioning the pesticide from paraquatto 1 = Negative (score 1-2)
atrazine has reduced the danger to aquatic 2 = Neutral (score 3)
life. 3 = Positive (score 4-5)
S1HE Transitioning the pesticide from paraquatto 1 = Negative (score 1-2)
atrazine by other farmers also influences 2 = Neutral (score 3)
the decision to change your pesticide use. 3 = Positive (score 4-5)
S2HE Transitioning the pesticide from paraquatto 1 = Negative (score 1-2)
atrazine as recommended by your family 2 = Neutral (score 3)
also influences your decision to change 3 = Positive (score 4-5)
your pesticide use.
S3HE Transitioning the pesticide from paraquatto 1 = Negative (score 1-2)
atrazine as recommended by agricultural 2 = Neutral (score 3)
scholars also influences your decisionto 3 = Positive (score 4-5)
change your pesticide use.
S4HE Transitioning the pesticide from paraquat to 1 = Negative (score 1-2)
atrazine from the media and social media ~ 2 = Neutral (score 3)
influences your decision to change your 3 = Positive (score 4-5)
pesticide use.
P1HE On these days, the atrazine is more readily 1 = Negative (score: 1-2)
available than paraquat. 2 = Neutral (score 3)
3 = Positive (score: 4-5)
p2HE The pesticide efficacy of atrazine was 1 = Negative (score 1-2)

similar to that of paraquat.

2 = Neutral (score 3)

3 = Positive (score 4-5)

H = Analyze with health impact; E = Analyze with ecotoxicity impact

The study found that TPB factors (attitudes, subjective norms and perceived

behavioral control) had no statistically significant effect on willingness to pay to

reduce health impact.
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The partial analysis of TPB factors reflected its relevance to WTP in
consideration of ecotoxicity impact reduction. Farmers with neutral subjective norms
towards agricultural scholars in transitioning the pesticide from paraquat to atrazine
were 0.128 times (95% CI1=0.020-0.829, p = 0.031) less likely to be willing to pay to
reduce ecotoxicity impact than farmers with positive subjective norms at a statistically
significant 95% level (Table 9). Attitude and perceived behavioral control were not
statistically significant. Our findings suggested that farmers with positive subjective
norms were more likely to be willing to pay for freshwater ecosystems than farmers
with moderate subjective norms. In addition, subjective norms are often linked to
people's behaviors because they are defined as the social pressures a person perceives
from people important to them to do or not do the behavior (Al Zubaidi, 2020). This
study suggests that, in the future, if there are policies to change the use of pesticides,

agricultural scholars are therefore important.

In the study area, there were agricultural scholars who publicly educated
farmers about the type and appropriate amount of pesticide use in sweet corn
cultivation. An annual training course was arranged to meet up and ensure farmers’
understanding about the use of pesticides. Agricultural scholars will arrange a
gathering of all farmers to provide knowledge by one-way communication once a
year. However, due to the Covid-19 pandemic, the operation was halted for nearly
three years, which was the matching period of paraquat ban and the atrazine
substitution. This study suggested that agricultural academicians should be allocated
to educate farmers, especially after paraquat was banned to determine the

effectiveness of atrazine as a substitute for paraquat. In addition, access to agricultural
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scholars should be increased so that farmers can seek advice about the use of

pesticides.

Table 9 Subjective norms estimated model derived by the ordinal logistic regression

determining factors affecting willingness to pay to reduce ecotoxicity impact

Variables Coefficient Sig. Exp (#) 95% ClI
®) Lower Upper

S1 (Positive)

S1 (Negative) -0.643 0.706 0.526 0.019 14.774
S1 (Neutral) -0.747 0.414 0.474 0.079 2.839
S2 (Positive)

S2 (Negative) 2.032 0.127 7.631 0.561 103.800
S2 (Neutral) -1.138 0.336 0.320 0.032 3.250
S3 (Positive)

S3 (Negative) -0.791 0.753 0.454 0.003 62.710
S3 (Neutral) -2.057 0.031* 0.128 0.020 0.829
S4 (Positive)

S4 (Negative) 0.012 0.995 1.012 0.020 51.742
S4 (Neutral) -0.191 0.788 0.826 0.205 3.330
Likelihood Ratio Chi-Square 15.840 Sig. 0.045

*p <0.05

Other studies yield similar result on factors affecting willingness to pay, one

study indicated that individuals with positive attitudes, a strong orientation towards

biospheric and altruistic values with strong pro-environmental and subjective norms

showed high visitors’ willingness to pay for the conservation of a suburban park,

Spain. The study suggested that a planning strategy should be implemented to bring
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additional environmental awareness among citizens (Lopez-Mosquera & Sanchez,
2012). The study assessed US residents’ willingness to pay to restore degraded
tropical rainforest watersheds using the theory of planned behavior (TPB) as a factor.
The study found that the strongest factor predicting WTP was the subjective norm

(Obeng et al., 2019).

However, there are studies that yield different results from this study. The
study investigated the relationship between attitudes, subjective norms and perceived
control behavior showed that attitudes and perceived behavioral control had
significant influence on muzakki’s willingness to pay his zakah (distributing wealth to
the less fortunate Muslim) (Sapingi et al., 2011). Gender differences in an expanded
model of the theory of planned behavior to explain the willingness to pay for the
conservation of the Monfragiie national park, Spain was also assessed. The study
shown that perceived behavioral control was the most significant predictors of

visitors' willingness to pay (Lopez-Mosquera, 2016).
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

This study aimed to assess the human and ecotoxicological impacts, evaluate
farmers willingness to pay to reduce human and ecotoxicological impacts and identify
theory of plan behavior (TPB) factors affecting willingness to pay to reduce human
and ecotoxicological impacts from transition of pesticide use in sweet corn
cultivation. For health and ecotoxicity impacts assessment scenario, the active
ingredient was sprayed within the corn farms and contaminated into agricultural soil.
According to the toxicological assessment, paraquat showed slightly greater health
effects than atrazine. (1.33x10°+4.21x107 DALY for paraquat and 1.30x10-
6+6.21x107 DALY). Due to chemical properties, paraquat was highly soil-tolerant
and less transfer to freshwater than atrazine. Farmers were more likely to be exposed
to paraquat from agricultural soils. Long-term health effects from paraquat were not
much different from atrazine. In contrast, atrazine showed a significantly greater
ecotoxicity impact than paraquat when analyzed with paired sample t-test because the
mass of atrazine was more likely to transfer to freshwater ecosystems (68.37+21.7
PDF m? day for paraquat and 1,262.67+600.83 PDF m? day for atrazine). The results
of this study raise questions about the pesticide change policy, this change may cause

unforeseen worse environmental impacts.

Our willingness to pay results indicated that the average WTP to reduce
human and ecological toxicity from the current pesticide use was 216.46+132.28

baht/year and 162.44+111.74 baht/year, respectively. From the monetary perspective,
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farmers valued health 1.3 times over ecotoxicity impacts, although the transition from
paragquat to atrazine has obvious environmental impacts. The study suggested that

ecotoxicity impact should not be ignored.

A study of TPB factors affecting willingness to pay found that there was no
TPB factors affecting willingness to pay to reduce health impacts. On the other hand,
farmers with neutral subjective norms to agricultural scholars were 0.13 times less
likely to be willing to pay to reduce ecotoxicity impact than farmers with positive
subjective norms at a significant level p<0.05. The findings also showed that the
recommendations of agricultural scholars influenced farmers' decisions to change
pesticide use more than other others. Therefore, by applying a policy on the use of
pesticides in sweet corn cultivation, agricultural scholars tend to create direct impact

to understanding and actions among farmers.

This study bridges the toxicological data with economic tools to create
understanding and participation at the local level. The health and ecotoxicity impact
assessment data obtained from this study helps policy makers understand pesticide
behavior to use in determining pesticide change policy decisions. Valuing farmers'
impact, reflecting the implementation of current pesticide management policies in
terms of health and the environment. The study of TPB factors affecting farmers'
willingness to pay indicates attitudes, subjective norms and perceived behavioral
controls that influence farmers' decision-making that are beneficial to policy planning

on the use of pesticides for sweet corn cultivation in Thailand.
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5.2 Limitations

This study was conducted to collect data during the period after Thailand
announced the ban on paraquat 2 years. Some farmers have adjusted and chosen to
use pesticides to replace paraquat and since the first wave of COVID-19 outbreak.
Due to the unusual situation, the number of sweet corn allocation quotas has been
changed. Some farmers received less quota for planting. The atrazine was not used by

some farmers, resulted in relatively small sample sizes in this study.

There are some limitations for the USEtox model. The model takes into
account two exposure pathway, ingestion and inhalation only. The model cannot
indicate specific illnesses associated with pesticides. USEtox model estimates the
effects of a single chemical at steady state to determine the impacts and does not

consider the interaction effect of multiple chemicals.

5.3 Recommendations

Despite the limitations, a study should be carried out after Thailand bans
paraquat at another time, for more clarity. There may be an increase in the use of the
pesticide atrazine, resulting in an increase in the number of samples in the study. In
addition, atrazine is one of the pesticides the Department of Agriculture recommends
as a substitute for paraquat in sweet corn cultivation, which in the future may consider
another substitute that should be assessed for health and ecotoxicity impacts.
Moreover, a comparison of the effects of various pesticides used as substitutes for
paraquat should be studied for efficiency in planning pesticide use policies that are

consistent with sweet corn farmers in the area in the future.
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In term of pesticide usage, farmer should limit their pesticide application to
the recommended amount on the pesticide package or the guideline of the Department
of Agriculture. This would help farmer save cost on pest or weed controls and also
reduce adverse health and environmental consequences as well. In addition, it
appeared that most farmers are willing to pay to cover the adverse outcomes from
their pesticide applications. So, this implies that future relevant policies tend to

receive positive cooperation from farmers if implemented properly.
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Appendix B

A comparison of mean values of human health and ecotoxicity impacts using

paired sample t-test

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pair 1 HealthP .000001328 41 .0000004213 .0000000658
HealthA .000001304 41 .0000006206 .0000000969
Pair 2 EcoP 68.3665 41 21.69344 3.38795
EcoA 1262.6648 41 600.82886 93.83370

Paired Samples Correlations

Significance
N Correlation One-Sided p Two-Sided p
Pair 1 HealthP & HealthA 41 430 .002 .005
Pair 2 EcoP & EcoA 41 430 .002 .005
Paired Samples Test
Paired Differences Significance
Std. 95+ Confidence Interval One- Two-
Std. Error of the Difference Sided Sided
Mean Deviation Mean Lower Upper t df p p
Pair 1 HealthP - .0000000233 .00000058 .00000 -0000001601 .0000002067 257 40 399 799
HealthA 11 00908

Pair 2 EcoP - 119429836 59182068 92426  -138110001 -1007.49670  -12922 49 <001 <001

EcoA 86




Paired Samples Effect Sizes

95% Confidence Interval

Standardizer® Point Estimate Lower Upper
Pair1 HealthP - HealthA  Cohen's d .0000005811 .040 -.266 .346
Hedges' correction .0000005866 .040 -.264 .343
Pair2 EcoP - EcoA Cohen's d 591.82068 -2.018 -2.550 -1.477
Hedges' correction 597.44220 -1.999 -2.526 -1.463

a. The denominator used in estimating the effect sizes.

Cohen's d uses the sample standard deviation of the mean difference.

Hedges' correction uses the sample standard deviation of the mean difference, plus a correction factor.

Ordinal logit model estimation results

1) Attitudes and willingness to pay to reduce health impact

Categorical Variable Information

N Percent
Dependent Variable WTPHN 0-99 7 17.1%
100-199 9 22.0%
200-299 11 26.8%
>299 14 34.1%
Total 41 100.0%
Factor Al Negative 1-2 8 19.5%
Neutral 3 13 31.7%
Positive 4-5 20 48.8%
Total 41 100.0%
Goodness of Fit?
Value df Value/df
Deviance 2.173 4 .543
Scaled Deviance 2.173 4
Pearson Chi-Square 2.123 4 531
Scaled Pearson Chi-Square 2.123 4
Log Likelihood® -12.446
Akaike's Information Criterion 34.893

(AIC)



Finite Sample Corrected AIC 36.607

(AICC)

Bayesian Information Criterion 43.461
(BIC)

Consistent AIC (CAIC) 48.461

Dependent Variable: WTPHN

Model: (Threshold), Al

a. Information criteria are in smaller-is-better form.

b. The full log likelihood function is displayed and used in computing

information criteria.

Omnibus Test?
Likelihood Ratio
Chi-Square df Sig.
404 2 .817

Dependent Variable: WTPHN
Model: (Threshold), Al
a. Compares the fitted model against the

thresholds-only model.

Tests of Model Effects
Type Il
Source Wald Chi-Square df Sig.
Al 402 2 .818
Dependent Variable: WTPHN
Model: (Threshold), Al




Parameter Estimates

79

95% Wald 95% Wald
Confidence Confidence Interval
Interval Hypothesis Test for Exp(B)
Std. Wald Chi-
Parameter B Error  Lower Upper Square df  Sig. Exp(B) Lower Upper
Threshold [WTPHN=1] -1.537 4977 -2.513 -.562 9.537 1 .002 .215 .081 .570
[WTPHN=2] -397 4297 -1.239 .446 .852 1 .356 .673 .290 1.561
[WTPHN=3] 715 4461 -.160  1.589 2.567 1 .109 2.044 .853 4.899
[Al=1] -201 7496 -1.670 1.268 .072 1 .789 .818 .188 3.555
[Al1=2] 291 6464  -976 1.558 .203 1 .652 1.338 377 4.750
[A1=3] 0? 1
(Scale) i
Dependent Variable: WTPHN
Model: (Threshold), Al
a. Set to zero because this parameter is redundant.
b. Fixed at the displayed value.
2) Subjective norms and willingness to pay to reduce health impact
Categorical Variable Information
N Percent
Dependent Variable WTPHN 0-99 7 17.1%
100-199 9 22.0%
200-299 11 26.8%
>299 14 34.1%
Total 41 100.0%
Factor S1 Negative 1-2 9 22.0%
Neutral 3 10 24.4%
Positive 4-5 22 53.7%
Total 41 100.0%
S2 Negative 1-2 8 19.5%
Neutral 3 7 17.1%
Positive 4-5 26 63.4%
Total 41 100.0%
S3 Negative 1-2 9 22.0%
Neutral 3 9 22.0%
Positive 4-5 23 56.1%
Total 41 100.0%




S4 Negative 1-2 9 22.0%
Neutral 3 12 29.3%
Positive 4-5 20 48.8%
Total 41 100.0%
Goodness of Fit?
Value df Value/df
Deviance 35.294 34 1.038
Scaled Deviance 35.294 34
Pearson Chi-Square 30.169 34 .887
Scaled Pearson Chi-Square 30.169 34
Log Likelihood® -28.540
Akaike's Information Criterion 79.081
(AIC)
Finite Sample Corrected AIC 88.184
(AICC)
Bayesian Information Criterion 97.930
(BIC)
Consistent AIC (CAIC) 108.930

Dependent Variable: WTPHN

Model: (Threshold), S1, S2, S3, S4

a. Information criteria are in smaller-is-better form.

b. The full log likelihood function is displayed and used in computing

information criteria.

Omnibus Test?
Likelihood Ratio
Chi-Square df Sig.
9.104 8 .334
Dependent Variable: WTPHN
Model: (Threshold), S1, S2, S3, S4

a. Compares the fitted model against the

thresholds-only model.

80
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Tests of Model Effects

Type Il
Source Wald Chi-Square df Sig.
S1 1.102 2 576
S2 5.109 2 .078
S3 .583 2 147
S4 .706 2 .703
Dependent Variable: WTPHN
Model: (Threshold), S1, S2, S3, S4
Parameter Estimates
95% Wald
95% Wald Confidence
Confidence Interval for
Interval Hypothesis Test Exp(B)
Std. Wald Chi-
Parameter B Error  Lower  Upper Square df Sig.  Exp(B) Lower Upper
Threshold [WTPHN=1] -2.238 .6487 -3.510 -.967 11.902 1 <001 .107 .030 .380
[WTPHN=2] -.832 5243 -1.860 .195 2.519 1 112 435 .156 1.216
[WTPHN=3] A74 4881  -.483 1.430 .941 1 .332 1.606 .617 4.180
[S1=1] -1.561  1.5928 -4.682 1.561 .960 1 327 210 .009 4.764
[S1=2] -521 8349 -2.157 1.115 .390 1 533 594 116 3.050
[S1=3] 0° } ) } } } } 1
[S2=1] 1665 12287 -.743 4.074 1.837 1 175 5.287 476 58.763
[S2=2] -1.420 9773 -3.335 .496 2111 1 .146 242 .036 1.642
[S2=3] 0? . . . . . . 1
[S3=1] -1.053  2.2556 -5.474 3.368 .218 1 641 349 .004  29.016
[S3=2] -.504 .7941  -2.060 1.052 403 1 526 .604 127 2.864
[S3=3] 0° ) . ) ) ) ) 1
[S4=1] 1377 17953 -2.142 4.896 .588 1 443 3.964 117 133.747
[S4=2] .385 .7066 -1.000 1.770 .296 1 586 1469  .368 5.868
[S4=3] 0? . . . . . . 1

(Scale) e

Dependent Variable: WTPHN
Model: (Threshold), S1, S2, S3, S4
a. Set to zero because this parameter is redundant.

b. Fixed at the displayed value.



3) Perceived behavioral control and willingness to pay to reduce health impact

Categorical Variable Information

N Percent
Dependent Variable WTPHN 0-99 7 17.1%
100-199 9 22.0%
200-299 11 26.8%
>299 14 34.1%
Total 41 100.0%
Factor P1 Neutral 3 1 2.4%
Positive 4-5 40 97.6%
Total 41 100.0%
P2 Negative 1-2 16 39.0%
Neutral 3 18 43.9%
Positive 4-5 7 17.1%
Total 41 100.0%
Goodness of Fit?
Value df Value/df
Deviance 6.038 6 1.006
Scaled Deviance 6.038 6
Pearson Chi-Square 6.084 6 1.014
Scaled Pearson Chi-Square 6.084 6
Log Likelihood® -14.217
Akaike's Information Criterion 40.434
(AIC)
Finite Sample Corrected AIC 42.905
(AICC)
Bayesian Information Criterion 50.715
(BIC)
Consistent AIC (CAIC) 56.715

Dependent Variable: WTPHN

Model: (Threshold), P1, P2

a. Information criteria are in smaller-is-better form.

b. The full log likelihood function is displayed and used in computing

information criteria.
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Omnibus Test?
Likelihood Ratio
Chi-Square df Sig.
.384 3 944

Dependent Variable: WTPHN
Model: (Threshold), P1, P2
a. Compares the fitted model against the

thresholds-only model.

Tests of Model Effects

Type Il
Source Wald Chi-Square df Sig.
P1 .009 1 .925
P2 .377 2 .828

Dependent Variable: WTPHN
Model: (Threshold), P1, P2

Parameter Estimates

95% Wald
95% Wald Confidence
Confidence Interval for
Interval Hypothesis Test Exp(B)
Std. Wald Chi-
Parameter B Error Lower  Upper Square df Sig. Exp(B) Lower Upper
Threshold [WTPHN=1] -1.258 71517 -2.731 .215 2.801 1 .094 .284 .065 1.240
[WTPHN=2] -.114 7148  -1515 1.286 .026 1 .873 .892 220 3.620
[WTPHN=3] .997 7256 -425 2419 1.888 1 .169 2.710 .654 11.237
[P1=2] 145 15342  -2.862 3.152 .009 1 925 1156  .057 23.384
[P1=3] 0 . . . . . . 1
[P2=1] .507 .8361  -1.132 2.145 .367 1 545 1.660  .322 8.544
[P2=2] .296 8222  -1.315 1.908 .130 1 719 1345  .268 6.737
[P2=3] 0° ) . ) ) . . 1

(Scale) b

Dependent Variable: WTPHN
Model: (Threshold), P1, P2
a. Set to zero because this parameter is redundant.

b. Fixed at the displayed value.



4) Attitudes and willingness to pay to reduce ecotoxicity impact.

Categorical Variable Information

N Percent
Dependent Variable WTPEN 0-99 8 19.5%
100-199 16 39.0%
200-299 13 31.7%
>299 4 9.8%
Total 41 100.0%
Factor A2 Negative 1-2 11 26.8%
Neutral 3 13 31.7%
Positive 4-5 17 41.5%
Total 41 100.0%
Goodness of Fit?
Value df Value/df

Deviance .257 4 .064

Scaled Deviance .257 4

Pearson Chi-Square .257 4 .064

Scaled Pearson Chi-Square .257 4

Log Likelihood® -11.308

Akaike's Information Criterion 32.616

(AIC)

Finite Sample Corrected AIC 34.331

(AICC)

Bayesian Information Criterion 41.184

(BIC)

Consistent AIC (CAIC) 46.184

Dependent Variable: WTPEN

Model: (Threshold), A2

a. Information criteria are in smaller-is-better form.

b. The full log likelihood function is displayed and used in computing

information criteria.
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Omnibus Test?
Likelihood Ratio
Chi-Square df Sig.
715 2 .699
Dependent Variable: WTPEN
Model: (Threshold), A2

a. Compares the fitted model against the

thresholds-only model.

Tests of Model Effects
Type I
Source Wald Chi-Square df Sig.

A2 .710 2 .701
Dependent Variable: WTPEN
Model: (Threshold), A2

Parameter Estimates

95% Wald 95% Wald
Confidence Confidence Interval
Interval Hypothesis Test for Exp(B)
Std. Wald Chi-
Parameter B Error  Lower Upper  Square df Sig. Exp(B)  Lower Upper
Threshold [WTPEN=1] -1.638 5400 -2.696 -.580 9.201 1 .002 .194 .067 .560
[WTPEN=2] .149 4653  -763 1.061 .103 1 .748 1.161 .466 2.891
[WTPEN=3] 2.050 6153 844 3.256 11.102 1 <0 7.769 2.326 25.950
01
[A2=1] -.089 7082 -1.477 1.299 .016 1 .900 .915 .228 3.665
[A2=2] -.549 .6779 -1.878 .780 .656 1 418 .578 .153 2.181
[A2=3] 0° ) . . . . . 1

(Scale) b

Dependent Variable: WTPEN
Model: (Threshold), A2
a. Set to zero because this parameter is redundant.

b. Fixed at the displayed value.



5) Subjective norms and willingness to pay to reduce ecotoxicity impact.

Categorical Variable Information

N Percent
Dependent Variable WTPEN 0-99 8 19.5%
100-199 16 39.0%
200-299 13 31.7%
>299 4 9.8%
Total 41 100.0%
Factor S1 Negative 1-2 9 22.0%
Neutral 3 10 24.4%
Positive 4-5 22 53.7%
Total 41 100.0%
S2 Negative 1-2 8 19.5%
Neutral 3 7 17.1%
Positive 4-5 26 63.4%
Total 41 100.0%
S3 Negative 1-2 9 22.0%
Neutral 3 9 22.0%
Positive 4-5 23 56.1%
Total 41 100.0%
S4 Negative 1-2 9 22.0%
Neutral 3 12 29.3%
Positive 4-5 20 48.8%
Total 41 100.0%
Goodness of Fit?
Value df Value/df
Deviance 28.311 34 .833
Scaled Deviance 28.311 34
Pearson Chi-Square 28.627 34 .842
Scaled Pearson Chi-Square 28.627 34
Log Likelihood® -23.575
Akaike's Information Criterion 69.149
(AIC)
Finite Sample Corrected AIC 78.252

(AICC)
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Bayesian Information Criterion 87.998
(BIC)
Consistent AIC (CAIC) 98.998

Dependent Variable: WTPEN

Model: (Threshold), S1, S2, S3, S4

a. Information criteria are in smaller-is-better form.

b. The full log likelihood function is displayed and used in computing

information criteria.

Omnibus Test?
Likelihood Ratio
Chi-Square df Sig.
15.840 8 .045

Dependent Variable: WTPEN
Model: (Threshold), S1, S2, S3, S4
a. Compares the fitted model against the

thresholds-only model.

Tests of Model Effects

Type l1I
Source Wald Chi-Square df Sig.
S1 .695 2 .706
S2 4.289 2 117
58| 4.693 2 .096
S4 .077 2 .962

Dependent Variable: WTPEN
Model: (Threshold), S1, S2, S3, S4
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95% Wald 95% Wald
Confidence Confidence Interval
Interval Hypothesis Test for Exp(B)
Std. Wald Chi-

Parameter B Error  Lower Upper  Square df Sig.  Exp(B) Lower Upper
Threshold [WTPEN=1] -2.629 7178 -4.036 -1.222 13.416 1 <001 .072 018 .295

[WTPEN=2] -.227 5138 -1.234  .780 195 1  .658 797 291 2.181

[WTPEN=3] 1.895 .6735 575 3215 7.917 1 .005 6.652 1.777 24.901
[S1=1] -643 17021 -3.979 2.693 143 1 .706 526  .019 14.774
[S1=2] -.747 9134 -2.537 1.043 .668 1 414 474 .079 2.839
[S1=3] 0 1
[S2=1] 2032 13318 -578 4.642 2.328 1 127 7.631 561 103.800
[S2=2] -1.138  1.1820 -3.455 1.179 .927 1 .336 320 .032 3.250
[S2=3] 0 1
[S3=1] -791 25150 -5.720 4.139 .099 1 753 454 003 62.710
[S3=2] -2.057 .9539 -3.927 -.188 4.652 1  .031 128 .020 .829
[S3=3] 0 1
[S4=1] .012  2.0072 -3.922 3.946 .000 1 .99 1.012  .020 51.742
[S4=2] -.191 7111 -1.584 1.203 .072 1 .788 .826  .205 3.330
[S4=3] 0? 1
(Scale) g

Dependent Variable: WTPEN

Model: (Threshold), S1, S2, S3, S4

a. Set to zero because this parameter is redundant.

b. Fixed at the displayed value.
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6) Perceived behavioral control factors and willingness to pay to reduce ecotoxicity
impact.

Categorical Variable Information

N Percent
Dependent Variable WTPEN 0-99 8 19.5%
100-199 16 39.0%
200-299 13 31.7%
>299 4 9.8%
Total 41 100.0%
Factor P1 Neutral 3 1 2.4%
Positive 4-5 40 97.6%
Total 41 100.0%
P2 Negative 1-2 16 39.0%
Neutral 3 18 43.9%
Positive 4-5 7 17.1%
Total 41 100.0%
Goodness of Fit?
Value df Value/df
Deviance 4.835 6 .806
Scaled Deviance 4.835 6
Pearson Chi-Square 4.174 6 .696
Scaled Pearson Chi-Square 4.174 6
Log Likelihood® -12.621
Akaike's Information Criterion 37.242
(AIC)
Finite Sample Corrected AIC 39.713
(AICC)
Bayesian Information Criterion 47.523
(BIC)
Consistent AIC (CAIC) 53.523

Dependent Variable: WTPEN

Model: (Threshold), P1, P2

a. Information criteria are in smaller-is-better form.

b. The full log likelihood function is displayed and used in computing

information criteria.



Omnibus Test?
Likelihood Ratio
Chi-Square df

Sig.

1.135 3

.769

Dependent Variable: WTPEN
Model: (Threshold), P1, P2

a. Compares the fitted model against the

thresholds-only model.

Tests of Model Effects
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Type Il
Source Wald Chi-Square df Sig.
P1 .200 1 .654
P2 .998 2 .607
Dependent Variable: WTPEN
Model: (Threshold), P1, P2
Parameter Estimates
95% Wald
Confidence 95% Wald Confidence
Interval Hypothesis Test Interval for Exp(B)
Wald
Std. Chi-
Parameter B Error  Lower Upper Square df Sig. Exp(B) Lower Upper
Threshold [WTPEN=1] -.845 7105 -2.237 .548 1.413 1].235 430 .107 1.730
[WTPEN=2] .950 7087  -.439 2.339 1.796 1 .180 2585  .645 10.369
[WTPEN=3] 2.861 .8454 1204 4518 11.453 1 <0 17.478 3.333 91.642
01
[P1=2] -731 16330 -3.932 2.469 .200 1 .654 481 .020 11.815
[P1=3] 0° 1
[P2=1] 732 8169 -869 2.333 .804 1 .370 2.080  .420 10.314
[P2=2] .784 8339 -851 2418 .883 1 .347 2190 427 11.225
[P2=3] 0° 1
(Scale) b

Dependent Variable: WTPEN
Model: (Threshold), P1, P2

a. Set to zero because this parameter is redundant.

b. Fixed at the displayed value.
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Appendix C

AF 02-12
The Research Ethics Review Committee for Research Involving Human Research

Participants, Group |, Chulalongkorn University
Jamjuree 1 Building, 2nd Floor, Phyathai Rd., Patumwan district, Bangkok 10330, Thailand,
Tel: 0-2218-3202, 0-2218-3049 E-mail: eccu@chula.ac.th

COA No. 132/2021
Certificate of Approval

Study Title No. 060.1/64 : INTEGRATING HUMAN AND ECOTOXICOLOGICAL IMPACTS INTO
WILLINGNESS 10 PAY EVALUATION: TRANSITION FROM
PARAQUAT TO ATRAZINE USE IN SWEET CORN CULTIVATION

Principal Investigator : MISS PATHARANUN TOOLKIATTIWONG
Place of Proposed Study/Institution : Faculty of Science,
Chulalongkorn University

The Research Ethics Review Committee for Research Involving Human Research
Participants, Group |, Chulalongkorn University, Thailand, has approved constituted in accordance
with Belmont Report 1979, Declaration of Helsinki 2013, Council for International Organizations of
Medical Sciences (CIOM) 2016, Standards of Research Ethics Committee (SREC) 2017, and National
Policy and guidelines for Human Research 2015.

Signature:?"gﬂ-{‘amﬂ‘stf;gnatum: Rowegmn f?mj,m[mw

(Associate Prof. Prida Tasanapradit, M.D.) (Assistant Prof. Raveenan Mingpakanee, Ph.D.)
Chairman Secretary
Date of Approval : 1 June 2021 Approval Expire date : 31 May 2022

The approval documents including;

1) Research proposal

2) Participant Information Sheet and Consent Form
3) Researcher

4) Questionnaire

The approved investigator must comply with the following conditions:
1. It’s unethical to collect data of research participants before the project has been approved by the committee.
2. The research/project activities must end on the approval expired date. To renew the approval, it can be applied one month
prior to the expired date with submission of progress report.
Strictly conduct the research/project activities as written in the proposal.
Using only the documents that bearing the RECCU’s seal of approval: research tools, information sheet, consent form, invitation
letter for research participation (if applicable).
Report to the RECCU for any serious adverse events within 5 working days.
Report to the RECCU for any amendment of the research project prior to conduct the research activities.
Report to the RECCU for termination of the research project within 2 weeks with reasons.
Final report (AF 01-15) and abstract is required for a one year (or less) research/project and report within 30 days after the
completion of the research/project.
9. Research project with several phases; approval will be approved phase by phase, progress report and relevant documents for
the next phase must be submitted for review.
10. The committee reserves the right to site visit to follow up how the research project being conducted.
11. For external research proposal the dean or head of depanhwent oversees how the research being conducted.
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