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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, 2 0 1 5 ; Shammi et al., 2 0 2 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 

et al., 2015). 

A large amount of annual pesticides imports to Thailand demonstrate 

Thailand's high-volume pesticides use, which is the main consequence for reported 
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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 
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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. 
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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. 
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CHAPTER 2 

THEORETICAL BACKGROUNDS 

2.1 Sweet corn cultivation 

In Thailand, there is a total cultivated area of 385 km2. Nakhon Ratchasima, 

Lopburi, and Saraburi provinces cover 15.88 km2, 4.50 km2 and 1.44 km2 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) 

 

 

 

 

 

 

Figure 1 Sweet corn growing stages (Beckingham, 2007) 
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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 C8H14Cl N5, relative molecular mass: 215.69, melting point: 173°C, density: 

1.187 g/cm3 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 
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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/m3 by Occupational Safety and Health Administration 

( OSHA)  ( 1 9 9 7 ) .  Soil quality standards (for living and agriculture) are set by the 

Pollution Control Department to not exceed 2 2  µg/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 µg/L and criterion continuous concentration for 
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protection of aquatic life from chronic toxicity ( CCC)  is 123 µg/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 I (the highest of four levels), moderately toxic (category 

II) by oral route and slightly toxic (category III) by dermal route. The lethal 

concentration (LC50 ) for inhalation in rat is 0.83-1.93 mg/kg3. 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 .56x10-4  kg/kg corn has the potential to cause total health effects throughout the 

entire life cycle 10-11 cases/kg pesticide (included cancer and non-cancer effect). This 
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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 Sanjuán (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 

1.00x10-6 kg m2 showed the human toxicity at 1.85x10-12 DALY kg-1 based on human 

intake fractions. Paraquat indicated high freshwater ecotoxicity at 9.25x10 PAF m3 d 

kg-1 , 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. 

 Steingrímsdóttir 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 x10-3  DALY/kg a.i. applied. Azoxystrobin 

show the highest ecotoxicity potential at 1 .2 x103  PDF m3  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 III, 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): 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 15 

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 technique 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. 
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Table 1 Other research on factors affecting farmers' willingness 

Researchers 

(year) 

Research topic Data 

analysis 

Direction of relationship with 

willingness to pay 

Positive (+) Negative (-) 

Wang et al. 

(2018) 

Farmers’ willingness to pay 

for health risk reductions of 

pesticide use in China: A 

contingent valuation study 

Binary 

logit 

regression 

Education level, 

income, risk 

perception, social 

network, social trust 

Household size, 

social 

reciprocity 

Khan et al. 

(2018) 

Willingness to pay by the 

farmers for safer use of 

pesticides 

Ordered 

probit 

regression 

Education level, age, 

health impairment, 

number of dosage of 

pesticides, risk 

perception, working 

hour 

Farm size, Use 

of pesticides 

according to the 

recommended 

dose 

Ahmed et al. 

(2015) 

Exploring factors 

influencing farmers' 

willingness to pay (WTP) 

for a planned adaptation 

program to address climatic 

issues in agricultural sectors 

Logit 

regression 

Education level, 

income, household 

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. 

 

 

 

 

 

 

 

 

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.  

 

 

 

 

 

 

 

 

 

 

 

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 = ∑ ∑ 𝐶𝐹𝑥,𝑖 × 𝑀𝑥,𝑖𝑥𝑖             eq.1 

 

where 𝐼𝑆 is the impact score of pesticide x, 𝐶𝐹𝑥,𝑖 is the characterization factor 

of pesticide x released in compartment i, and 𝑀𝑥,𝑖 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 𝑀𝑥,𝑖 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) 

 

 

  

 

 

 

 

 

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 ( 𝐶𝐹𝐻,𝑥)  for substance 𝑥 

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

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

Exposure factor (𝑋𝐹𝑥) 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): 

 

𝐶𝐹𝐻,𝑥 = 𝐼𝐹𝐻,𝑥 × 𝐸𝐹𝐻,𝑥 × 𝐷𝐹𝐻,𝑥               eq.2 

 𝐼𝐹𝐻,𝑥 =  𝐹𝐹𝐻,𝑥 × 𝑋𝐹𝐻,𝑥                          eq.3 

 

where 𝐼𝐹𝐻,𝑥   is the human population intake fraction (kgintake kg-1
emitted) of    

   substance 𝑥   

𝐹𝐹𝐻,𝑥 is fate factor (day) of substance 𝑥   

𝑋𝐹𝐻,𝑥 is exposure factor (day-1) of substance 𝑥   

𝐸𝐹𝐻,𝑥  is the effect factor (number of cases kg-1
intake of substance 𝑥)  

𝐷𝐹𝐻,𝑥   is damage factor (DALY case-1) of substance 𝑥  

 

Intake fraction (𝐼𝐹𝑥)  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. 

 

𝐼𝐹𝐻,𝑥 =
∑ 𝑀𝑘×𝑋𝑃𝑘𝑘

𝑆
=

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐼𝑛𝑡𝑎𝑘𝑒

𝑇𝑜𝑡𝑎𝑙 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠
                         eq.4 

 

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

𝑋𝑃𝑘 is 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 (𝑋𝑃𝐻,𝑥) for inhalation route defined as the proportion of mass/volume 

that the population receives directly daily can be obtained from this equation. 

 

𝑋𝑃𝐻,𝑥 =
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑘×𝑏𝑟𝑒𝑎𝑡ℎ𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 [

𝑚3

𝑑
]

𝑉𝑜𝑙𝑢𝑚𝑒𝑘[𝑚3]
                        eq.5 

 

According to a number of populations, human breathing rate of 13 m3/day was 

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

 

The effect of intake dose was assessed by calculating the human effect factor 

( 𝐸𝐹𝑖). The effect dose ( 𝐸𝐷50ℎ)  and lifetime dose ( 𝐸𝐷50ℎ
𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒

)  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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𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝑟𝑖𝑠𝑘𝐼𝑛𝑡𝑎𝑘𝑒 𝑑𝑜𝑠𝑒 ×  
0.5

𝐿𝑖𝑓𝑒 𝑡𝑖𝑚𝑒 𝑑𝑜𝑠𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑛𝑔 50% 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑟𝑖𝑠𝑘𝑠
       eq.6 

𝐸𝐹𝐻,𝑥 =  
0.5

365×𝐿𝑇×𝐵𝑊×𝐸𝐷50ℎ
=

0.5

𝐸𝐷50ℎ
𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 × 106 𝑚𝑔

𝑘𝑔
            eq.7 

 

where 𝐸𝐷50ℎ          is the effect dose inducing response over background of   

                                50% for humans (mg/kg day) 

0.5               is the response level corresponding to the 𝐸𝐷50ℎ    

         (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) 

𝐸𝐷50ℎ
𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒

   is the lifetime dose yielding 50% increase in tumor for  

        human h (kg/lifetime) 

The human health damage factor (𝐷𝐹𝑥) for cancer effects is 11.5 DALY case-1 

and for non-cancer effects is 2.7 DALY case-1 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 ( 𝐶𝐹𝐸,𝑥)  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-1) (eq. 8). 
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                                        𝐶𝐹𝐸,𝑥 = 𝐹𝐹𝐸,𝑥 × 𝑋𝐹𝐸,𝑥 × 𝐸𝐹𝐸,𝑥 × 𝐷𝐹𝐸,𝑥                        eq.8 

 

where 𝐹𝐹𝐸,𝑥 is the fate factor describing the mass increase of pesticide 𝑥 in  

freshwater due to emission flow (kg d-1) of pesticide in the    

environmental compartment 𝑚 (kg in compartment/(kgemitted d
-1)). 

𝑋𝐹𝐸,𝑥 is the exposure factor referring to the bioavailable fraction of 

pesticide in freshwater. 

𝐸𝐹𝐸,𝑥 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 m3 kg-1). 

𝐷𝐹𝐸,𝑥 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 ( 𝑋𝐹𝐸,𝑥)  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 ( 𝐶𝑤,𝑠𝑢𝑠𝑝) , dissolved organic carbon concentration 

( 𝐶𝑤,𝑑𝑜𝑐)  and the biota concentration ( 𝐶𝑤,𝑏𝑖𝑜𝑚𝑎𝑠𝑠)  in freshwater as assumption in 

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

coefficient dissolved organic carbon/water (𝐾𝑑𝑜𝑐)  and the bioconcentration factor in 

fish (𝐵𝐶𝐹𝑓𝑖𝑠ℎ) was obtained from a database of USEtox model. 

𝑋𝐹𝐸,𝑥  =
1

1+(𝐾𝑑𝑜𝑐×𝐶𝑤,𝑑𝑜𝑐+𝐵𝐶𝐹𝑓𝑖𝑠ℎ×𝐶𝑤,𝑏𝑖𝑜𝑚𝑎𝑠𝑠)/106
                   eq.9 
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where  𝐾𝑑𝑜𝑐       is the partition coefficient dissolved organic  

carbon/water  (L/kg) 

𝐶𝑤,𝑑𝑜𝑐        is the dissolved organic carbon concentration in 

freshwater: 5 mg/L* 

𝐵𝐶𝐹𝑓𝑖𝑠ℎ     is the bioconcentration factor in fish (L/kg) 

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

 

The effect factor ( 𝐸𝐹𝐸,𝑥) for freshwater ecotoxicity (PDF m3 kg-1) can be 

calculated follow: 

𝐸𝐹𝑖 =  
0.5

𝐻𝐶50
=  

0.5×𝑃𝐴𝐹

𝐻𝐶50𝐸𝐶50
        eq.10 

 

Ecotoxicological data were based on a database from the USEtox 

model. 𝐻𝐶50 is the hazardous concentration (kg/m3)  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 (𝑛𝑠𝑝𝑒𝑐𝑖𝑒𝑠) is the value obtained from the assumption of the model. 

The 𝐻𝐶50 formula can be expressed in eq. 11: 

                               𝐻𝐶50 = 𝑎𝑛𝑡𝑖𝑙𝑜𝑔
1

𝑛𝑠𝑝𝑒𝑐𝑖𝑒𝑠
× ∑ log (𝐸𝐶50𝑠𝑝𝑒𝑐𝑖𝑒𝑠)𝑠𝑝𝑒𝑐𝑖𝑒𝑠              eq.11 

where 𝑛𝑠𝑝𝑒𝑐𝑖𝑒𝑠 is 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 m3 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. 

 

 

 

 

 

  

 

 

 

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 (α = 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.  

𝑃(𝑖) =
1

1+𝑒𝑥𝑝
−(𝑌(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: 

𝑌𝐻 = β
0𝐻1

+ β
1𝐻1

𝐴1             eq.13 

𝑌𝐻 = β
0𝐻2

+ β
1𝐻2

𝑆1 + β
2𝐻2

𝑆2+ β
3𝐻2

𝑆3+ β
4𝐻2

𝑆4           eq.14 

                                           𝑌𝐻 = β
0𝐻3

+ β
1𝐻3

𝑃1 + β
2𝐻3

𝑃2                       eq.15 

where 𝑌𝐻  is WTP to reduce health impact 

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

follows: 

𝑌𝐸 = β
0𝐸1

+ β
1𝐸1

𝐴2             eq.16 
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𝑌𝐸 = β
0𝐸2

+ β
1𝐸2

𝑆1 + β
2𝐸2

𝑆2+ β
3𝐸2

𝑆3+ β
4𝐸2

𝑆4                 eq.17 

𝑌𝐸 = β
0𝐸3

+ β
1𝐸3

𝑃1 + β
2𝐸3

𝑃2                                 eq.18 

where 𝑌𝐸  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 

(IOC) 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 

     Female 

     Total 

 

26 

15 

41 

 

63.41 

36.59 

100 

Age 

     31-45 years 

     46-60 years 

     >60 years 

     Total 

 

12 

19 

10 

41 

 

29.27 

46.34 

24.39 

100 

Household member 

     1-3 person 

     4-6 person 

     >6 person 

     Total 

      

 

7 

32 

2 

41 

 

17.10 

78.00 

4.90 

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

classified by socio-economic characteristics 

Demographic data Frequency Percentage 

Marital status 

     Single 

     Married 

     Divorce 

      Total 

 

3 

38 

0 

41 

 

7.32 

92.68 

0.00 

100 

Marital status 

     Single 

     Married 

     Divorce 

      Total 

 

3 

38 

0 

41 

 

7.32 

92.68 

0.00 

100 

Education level 

     Primary school 

     Lower secondary school 

     Upper secondary school 

     Diploma 

     Undergraduate 

     Upper graduate 

     Total 

 

18 

7 

9 

2 

4 

1 

41 

 

43.90 

17.07 

21.95 

4.88 

9.76 

2.44 

100 

Monthly income 

     <10,000 baht 

     10,000-20,000 baht 

     20,001-30,000 baht 

     30,001-40,000 baht 

     >40,000 baht 

     Total 

      

 

11 

15 

3 

1 

11 

41 

 

26.83 

36.59 

7.31 

2.44 

26.83 

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 years. 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 (1.33×10-6±4.21×10-7 DALY) was slightly higher than atrazine (1.30×10-
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6±6.21×10-7 DALY). For freshwater ecotoxicity, atrazine was found to create much 

higher impact score (1262.67±600.83 PDF m3 day) than paraquat (68.37±21.7 PDF 

m3 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; Vonberg et al., 2014). 

 

 

 

 

 

 

 

 

 

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 1.37×10-6±4.32×10-7 
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DALY for paraquat and 8.89×10-7±2.84×10-7 DALY for atrazine ii) the transition 

increased human toxicity was 48.78% with the average impact scores of 1.29×10-

6±4.17×10-7 DALY for paraquat and 1.74×10-6±5.79×10-7 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 

paraquat, 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 

Frequency (percentage) 
Median 

Strongly 

disagree 

(1) 

Disagree 

(2) 

Neutral 

(3) 

Agree 

(4) 

Strongly 

agree 

 (5) 

Attitudes 

A1: Transitioning the 

pesticide from paraquat to 

atrazine has reduced 

sickness and diseases such 

as cancer. 

 

5 

(12.20%) 

 

3 

(7.32%) 

 

13 

(31.71%) 

 

9 

(21.95%) 

 

11 

(26.83%) 

 

3 
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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 

Frequency (percentage) 
Median 

Strongly 

disagree 

(1) 

Disagree 

(2) 

Neutral 

(3) 

Agree 

(4) 

Strongly 

agree 

 (5) 

A2: Transitioning the 

pesticide from paraquat to 

atrazine has reduced the 

danger to aquatic life. 

 

4 

(9.76%) 

 

7 

(17.07%) 

 

13 

(31.71%) 

 

8 

(19.51%) 

 

9 

(21.95%) 

 

3 

 

Subjective norms 

S1: Transitioning the 

pesticide from paraquat to 

atrazine by other farmers 

also influences the decision 

to change your pesticide use. 

 

4 

(9.76%) 

 

5 

(12.20%) 

 

10 

(24.39%) 

 

13 

(31.71%) 

 

9 

(21.95%) 

 

4 

 

S2: Transitioning the 

pesticide from paraquat to 

atrazine as recommended by 

your family also influences 

your decision to change your 

pesticide use. 

 

4 

(9.76%) 

 

4 

(9.76%) 

 

7 

(17.07%) 

 

10 

(24.39%) 

 

16 

(39.02%) 

 

4 

 

S3: Transitioning the 

pesticide from paraquat to 

atrazine as recommended by 

agricultural scholars also 

influences your decision to 

change your pesticide use. 

 

3 

(7.32%) 

 

6 

(14.63%) 

 

9 

(21.95%) 

 

7 

(17.07%) 

 

16 

(39.02%) 

 

4 

 

S4: Transitioning the 

pesticide from paraquat to 

atrazine from the media and 

social media influences your 

decision to change your 

pesticide use. 

 

7 

(17.07%) 

 

2 

(4.88%) 

 

12 

(29.27%) 

 

8 

(19.51%) 

 

12 

(29.27%) 

 

3 

 

Perceived behavioral control 

P1: Today, the pesticide 

atrazine is more readily 

available than paraquat. 

 

0 

(0%) 

 

0 

(0%) 

 

1 

(2.44%) 

 

4 

(9.76%) 

 

36 

(87.80%) 

 

5 

 

P2: The pesticide efficacy of 

atrazine was similar to that 

of paraquat. 

 

5 

(12.20%) 

 

 

11 

(26.83%) 

 

18 

(43.90%) 

 

3 

(7.32%) 

 

4 

(9.76%) 

 

3 

 

 

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 

(Baht/year) 

Frequency Percentage 

0 - 99 8 19.5% 

100 - 199 16 39.0% 

200 – 299 13 31.7% 

>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/ha/year (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 

WTPH,E 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 paraquat to 

atrazine has reduced sickness and diseases 

such as cancer. 

1 = Negative (score 1-2) 

2 = Neutral (score 3) 

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 paraquat to 

atrazine has reduced the danger to aquatic 

life. 

1 = Negative (score 1-2) 

2 = Neutral (score 3) 

3 = Positive (score 4-5) 

S1H,E Transitioning the pesticide from paraquat to 

atrazine by other farmers also influences 

the decision to change your pesticide use. 

1 = Negative (score 1-2) 

2 = Neutral (score 3) 

3 = Positive (score 4-5) 

S2H,E Transitioning the pesticide from paraquat to 

atrazine as recommended by your family 

also influences your decision to change 

your pesticide use. 

1 = Negative (score 1-2) 

2 = Neutral (score 3) 

3 = Positive (score 4-5) 

S3H,E Transitioning the pesticide from paraquat to 

atrazine as recommended by agricultural 

scholars also influences your decision to 

change your pesticide use. 

1 = Negative (score 1-2) 

2 = Neutral (score 3) 

3 = Positive (score 4-5) 

S4H,E Transitioning the pesticide from paraquat to 

atrazine from the media and social media 

influences your decision to change your 

pesticide use. 

1 = Negative (score 1-2) 

2 = Neutral (score 3) 

3 = Positive (score 4-5) 

P1H,E On these days, the atrazine is more readily 

available than paraquat. 

1 = Negative (score: 1-2) 

2 = Neutral (score 3) 

3 = Positive (score: 4-5) 

P2H,E The pesticide efficacy of atrazine was 

similar to that of paraquat. 

1 = Negative (score 1-2) 

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% CI=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 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 58 

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 

(β) 

Sig. Exp (β) 95% CI 

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 Monfragüe national park, Spain was also assessed. The study 

shown that perceived behavioral control was the most significant predictors of 

visitors' willingness to pay (López-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. (1.33×10-6±4.21×10-7 DALY for paraquat and 1.30×10-

6±6.21×10-7 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 m3 day for paraquat and 1,262.67±600.83 PDF m3 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 

paraquat 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.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 63 

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. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFE REN CES 
 

REFERENCES 
 

 

Adamowicz, W., Boxall, P., Williams, M., & Louviere, J. (1998). Stated preference 

approaches for measuring passive use values: choice experiments and contingent 

valuation. American journal of agricultural economics, 80(1), 64-75.  

Ahmed, A., Masud, M. M., Al-Amin, A. Q., Yahaya, S. R., Rahman, M., & Akhtar, R. 

(2015). Exploring factors influencing farmers' willingness to pay (WTP) for a 

planned adaptation programme to address climatic issues in agricultural sectors. 

Environ Sci Pollut Res Int, 22(12), 9494-9504. https://doi.org/10.1007/s11356-015-4110-

x  

Ajzen, I. (1991). The theory of planned behavior. Orgnizational Behavior and Human 

Decision Processes, 50, 179–211. In. 

Al Zubaidi, N. (2020). The relationship between collectivism and green product 

purchase intention: The role of attitude, subjective norms, and willingness to pay 

a premium. Journal of Sustainable Marketing, 1(1). https://doi.org/10.51300/josm-2020-

23  

Arslan, Z. F., Williams, M. M., Becker, R., Fritz, V. A., Peachey, R. E., & Rabaey, T. L. 

(2016). Alternatives to Atrazine for Weed Management in Processing Sweet 

Corn. Weed Science, 64(3), 531-539. https://doi.org/10.1614/ws-d-16-00001.1  

Atinkut, H. B., Yan, T., Arega, Y., & Raza, M. H. (2020). Farmers’ willingness-to-

pay for eco-friendly agricultural waste management in Ethiopia: A contingent 

valuation. Journal of Cleaner Production, 261. 

https://doi.org/10.1016/j.jclepro.2020.121211  

Bagheri, A., Bondori, A., Allahyari, M. S., & Damalas, C. A. (2019). Modeling farmers’ 

intention to use pesticides: An expanded version of the theory of planned 

behavior. Journal of environmental management, 248, 109291.  

Baral, N., Gautam, R., Timilsina, N., & Bhat, M. G. (2007). Conservation implications 

of contingent valuation of critically endangered white-rumped vulture Gyps 

bengalensis in South Asia. The International Journal of Biodiversity Science and 

Management, 3(3), 145-156.  

Bijster, M., Guignard, C., Hauschild, M., Huijbregts, M., Jolliet, O., Kounina, A., 

Magaud, V., Margni, M., McKone, T., Posthuma, L., Rosenbaum, R., van de 

Meent, D., & van Zelm, R. (2015). USEtox® 2.0 User Manual (P. Fantke, Ed.)  

https://usetox.org/sites/default/files/support-tutorials/USEtox_Manual.pdf  

Chainarong, I. (2018). Theory of Planned Behavior and Walking Exercise Intention in 

Post Stroke Patients. Journal of The Royal Thai Army Nurses, 19(1) 47-55.  

Churachangkean, A., Chaiwong, U., & Wongchai, A. (2018). Costs and Returns of 

Fresh Sweet Corn Grown by Contracted Farmers Towards the National Corn and 

Sorghum Research Center (In Thai). Khon Kaen Agriculture Journal, 46.  

Comendant, C., & Davies, P. (2018). Economic assessment of paraquat use in New 

Zealand. Environmental Protection Authority. Wellington, NZ: Sapere Research 

Group. P, 31.  

Ditjanapongpon, A. (2013). Cost Effectiveness of Chalated Beach Restoration, Songkla 

Province Using Contingent Valuation Method Chulalongkorn University]. 

http://cuir.car.chula.ac.th/bitstream/123456789/43973/1/5587202720.pdf 

Food and Agriculture Organization. (2009). Global agriculture towards 2050. 

https://www.fao.org/fileadmin/user_upload/lon/HLEF2050_Global_Agriculture.

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 65 

 

pdf 

Food and agriculture organization of the United Nations. (2007). Paraquat Dichloride. 

http://www.fao.org/fileadmin/templates/agphome/documents/Pests_Pesticides/Spec

s/Paraquat08.pdf 

FREEMAN III, A. M. (1979). The hedonic price approach to measuring demand for 

neighborhood characteristics. The economics of neighborhood, 191-217.  

Hoyos, D., & Mariel, P. (2010). Contingent valuation: Past, present and future. Prague 

economic papers, 4(2010), 329-343.  

Hsiao, H. H. M., & Tseng, H.-p. (1999). The Formation of Environmental 

Consciousness in Taiwan: Intellectuals, Media, and the Public Mind. Asian 

Geographer, 18(1-2), 99-109. https://doi.org/10.1080/10225706.1999.9684051  

Huijbregts, M. A., Struijs, J., Goedkoop, M., Heijungs, R., Hendriks, A. J., & Van De 

Meent, D. (2005). Human population intake fractions and environmental fate 

factors of toxic pollutants in life cycle impact assessment. Chemosphere, 61(10), 

1495-1504.  

Jamsai, T., & Tungpitukkai, A. (2019). The Study of Sweet Corn Production Capacity 

Management Approach, Sriratana District, Srisaket Province. Journal of Local 

Governance and Innovation, 3(1), 17-32.  

Jin, J., Wang, W., He, R., & Gong, H. (2017). Pesticide use and risk perceptions among 

small-scale farmers in Anqiu County, China. International journal of 

environmental research and public health, 14(1), 29.  

Jolliet, O., Margni, M., Charles, R., Humbert, S., Payet, J., Rebitzer, G., & Rosenbaum, 

R. (2003). IMPACT 2002+: a new life cycle impact assessment methodology. 

The International Journal of Life Cycle Assessment, 8(6), 324-330.  

Juraske, R., & Sanjuán, N. (2011). Life cycle toxicity assessment of pesticides used in 

integrated and organic production of oranges in the Comunidad Valenciana, 

Spain. Chemosphere, 82(7), 956-962.  

Kamolcharuphisuth, K. (2011). The Willingness to pay to purchase a Personal Accidint 

Insurance Addendum of Motorcycle riders in the Bangkok Metropolis 

Srinakharinwirot University].  

Khan, H., Iqbal, F., & Saeed, I. (2010). Estimating willingness to pay for improvements 

in drinking water quality: evidence from Peshawar, Northern Pakistan. 

Environmental Economics(1, Iss. 2), 38-43.  

Khan, M., & Damalas, C. A. (2015). Farmers' willingness to pay for less health risks by 

pesticide use: a case study from the cotton belt of Punjab, Pakistan. Science of 

the total environment, 530, 297-303.  

Khan, T., Khan, R. E. A., & Bibi, S. (2018). Willingness to Pay by the Farmers for Safer 

Use of Pesticides. Asian Development Policy Review, 6(3), 169-177.  

Kounina, A., Margni, M., Shaked, S., Bulle, C., & Jolliet, O. (2014). Spatial 

analysis of toxic emissions in LCA: a sub-continental nested USEtox model 

with freshwater archetypes. Environ Int, 69, 67-89. 

https://doi.org/10.1016/j.envint.2014.04.004  

Laohaudomchok, W., Nankongnab, N., Siriruttanapruk, S., Klaimala, P., Lianchamroon, 

W., Ousap, P., Jatiket, M., Kajitvichyanukul, P., Kitana, N., & Siriwong, W. 

(2020). Pesticide use in Thailand: Current situation, health risks, and gaps in 

research and policy. Human and Ecological Risk Assessment: An International 

Journal, 27(5), 1147-1169.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 66 

 

Lazaridou, D., & Michailidis, A. (2020). Valuing users’ willingness to pay for improved 

water quality in the context of the water framework directive. International 

Journal of Sustainable Development & World Ecology, 27(5), 424-434.  

Lebov, J. F., Engel, L. S., Richardson, D., Hogan, S. L., Hoppin, J. A., & Sandler, D. P. 

(2016). Pesticide use and risk of end-stage renal disease among licensed 

pesticide applicators in the Agricultural Health Study. Occupational and 

environmental medicine, 73(1), 3-12.  

Likert, R. (1932). A technique for the measurement of attitudes. Archives of psychology.  

López-Mosquera, N. (2016). Gender differences, theory of planned behavior and 

willingness to pay. Journal of Environmental Psychology, 45, 165-175.  

Lopez-Mosquera, N., & Sanchez, M. (2012). Theory of Planned Behavior and the 

Value-Belief-Norm Theory explaining willingness to pay for a suburban park. J 

Environ Manage, 113, 251-262. https://doi.org/10.1016/j.jenvman.2012.08.029  

Lu, F. E. (2001). The common property regime of the Huaorani Indians of Ecuador: 

Implications and challenges to conservation. Human Ecology, 29(4), 425-447.  

Milovantseva, N. (2016). Are American households willing to pay a premium for 

greening consumption of Information and Communication Technologies? 

Journal of Cleaner Production, 127, 282-288. 

https://doi.org/10.1016/j.jclepro.2016.04.001  

Montgomery, H., Morgan, S., Srithanaviboonchai, K., Ayood, P., Siviroj, P., & Wood, 

M. M. (2020). Correlates of Health Literacy among Farmers in Northern 

Thailand. Int J Environ Res Public Health, 17(19). 

https://doi.org/10.3390/ijerph17197071  

Neamsri, M., & Chancharoenchai, K. (2011). A Value of Statistical Life Due to 

Chemical Substance Application: A Case Study of Pomelo Farmers in Phichit 

Province. Journal of Management and Information Science, Naresuan 

University, 7(1), 51-65.  

Norkaew, S., Siriwong, W., Siripattanakul, S., & Robson, M. (2010). Knowledge, 

attitude, and practice (KAP) of using personal protective equipment (PPE) for 

chilli-growing farmers in Huarua Sub-District, Mueang District, Ubonrachathani 

Province, Thailand. Journal of health research, 24(suppl 2), 93-100.  

Obeng, E. A., Oduro, K. A., & Obiri, B. D. (2019). Application of the Theory of 

Planned Behavior in Predicting US Residents’ Willingness to Pay to Restore 

Degraded Tropical Rainforest Watersheds. Journal of Sustainable Development, 

12(6). https://doi.org/10.5539/jsd.v12n6p62  

Office of Agricultural Economics. (2018). Sweet corn planted area, Harvested area, 

Productivity and yield.  Retrieved from 

http://www.oae.go.th/assets/portals/1/fileups/prcaidata/files/sweet%20corn61.pd

f  

Office of Agricultural Economics. (2019). Sweet corn planted area, Harvested area, 

Productivity and yield.  Retrieved from 

http://www.oae.go.th/assets/portals/1/fileups/prcaidata/files/sweet%20corn61.pd

f 

Pinter, A., Török, G., Börzsönyi, M., Surjan, A., Csik, M., Kelecsényi, Z., & Kocsis, Z. 

(1990). Long-term carcinogenicity bioassay of the herbicide atrazine in F344 

rats. Neoplasma, 37(5), 533-544.  

Plianbangchang, P., Jetiyanon, K., & Wittaya-Areekul, S. (2009). Pesticide use patterns 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 67 

 

among small-scale farmers: a case study from Phitsanulok, Thailand. Southeast 

Asian Journal of Tropical Medicine and Public Health, 40(2), 401.  

Pobhirun, T., & Pinitsoontorn, S. (2019). The association between health literacy and 

pesticide use behaviors among sweet corn farmers in the Pak Chong district of 

Thailand: a cross-sectional study. F1000Research, 8.  

Pollution control department. (1992). Soil Quality Standards.  Retrieved from 

http://pcd.go.th/info_serv/reg_std_soil01.html 

Quassinti, L., Maccari, E., Murri, O., & Bramucci, M. (2009). Effects of paraquat and 

glyphosate on steroidogenesis in gonads of the frog Rana esculenta in vitro. 

Pesticide biochemistry and physiology, 93(2), 91-95.  

Rekola, E. P. M. (2010). The Theory of Planned Behavior in Predicting Willingness to 

Pay for Abatement of Forest Regeneration. Society & Natural Resources, 14(2), 

93-106. https://doi.org/10.1080/089419201300000517  

Sabra, F. S., & Mehana, E.-S. E.-D. (2015). Pesticides toxicity in fish with particular 

reference to insecticides. Asian Journal of Agriculture and Food Sciences, 3(1).  

Santaweesuk, S., Boonyakawee, P., & Siriwong, W. (2020). Knowledge, attitude and 

practice of pesticide use and serum cholinesterase levels among rice farmers in 

Nakhon Nayok Province, Thailand. Journal of health research.  

Sapbamrer, R. (2018). Pesticide use, poisoning, and knowledge and unsafe occupational 

practices in Thailand. New solutions: a journal of environmental and 

occupational health policy, 28(2), 283-302.  

Sapingi, R., Ahmad, N., & Mohamad, M. (2011). A study on zakah of employment 

income: Factors that influence academics’ intention to pay zakah. 2nd 

International Conference on Business and Economic Research (2nd ICBER 

2011) Proceeding,  

Sass, J. B., & Colangelo, A. (2006). European Union bans atrazine, while the United 

States negotiates continued use. Int J Occup Environ Health, 12(3), 260-267. 

https://doi.org/10.1179/oeh.2006.12.3.260  

Shammi, M., Sultana, A., Hasan, N., Rahman, M. M., Islam, M. S., Bodrud-Doza, M., 

& Uddin, M. K. (2020). Pesticide exposures towards health and environmental 

hazard in Bangladesh: A case study on farmers’ perception. Journal of the Saudi 

Society of Agricultural Sciences, 19(2), 161-173.  

Sinlapathorn, W., Keochanh, D., Phuinthiang, P., Nawinwattana, N., Jindakaraked, M., 

& Kajitvichyanukul, P. (2018). Comparison of fate and transport of atrazine in 

corn and rubber plantation soils. Lowland Technology International, 20(2, Sep), 

56-62.  

Solomon, K. R., Carr, J. A., Du Preez, L. H., Giesy, J. P., Kendall, R. J., Smith, E. E., & 

Van Der Kraak, G. J. (2008). Effects of atrazine on fish, amphibians, and aquatic 

reptiles: a critical review. Crit Rev Toxicol, 38(9), 721-772. 

https://doi.org/10.1080/10408440802116496  

Steingrímsdóttir, M. M., Petersen, A., & Fantke, P. (2018). A screening framework for 

pesticide substitution in agriculture. Journal of Cleaner Production, 192, 306-

315.  

Tawatsin, A. (2015). Pesticides used in Thailand and toxic effects to human health. 

Medical Research Archives(3).  

Tonpoo, P. (2017). Factors Related to The Use Of Pesticide Behavior that 

Affecting to Corn Farmer’s Health at Sathan Sub-District, Nanoi District, 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 68 

 

Nan Province Thammasart University]. 

http://ethesisarchive.library.tu.ac.th/thesis/2017/TU_2017_5917035080_85

36_6817.pdf 

United States Environmental Protection Agency. (1997). Paraquat dichloride. 

https://archive.epa.gov/pesticides/reregistration/web/pdf/0262fact.pdf 

United States Environmental Protection Agency. (2006). Decision Documents for 

Atrazine. 

https://www3.epa.gov/pesticides/chem_search/reg_actions/reregistration/red_PC

-080803_1-Apr-06.pdf 

United States Environmental Protection Agency. (2007). Atrazine Chemical Summary. 

https://archive.epa.gov/region5/teach/web/pdf/atrazine_summary.pdf 

Vonberg, D., Hofmann, D., Vanderborght, J., Lelickens, A., Koppchen, S., Putz, T., 

Burauel, P., & Vereecken, H. (2014). Atrazine soil core residue analysis from an 

agricultural field 21 years after its ban. J Environ Qual, 43(4), 1450-1459. 

https://doi.org/10.2134/jeq2013.12.0497  

Wang, W., Jin, J., He, R., Gong, H., & Tian, Y. (2018). Farmers’ willingness to pay for 

health risk reductions of pesticide use in China: A contingent valuation study. 

International journal of environmental research and public health, 15(4), 625.  

Wilson, M. A., & Carpenter, S. R. (1999). Economic valuation of freshwater ecosystem 

services in the United States: 1971–1997. Ecological applications, 9(3), 772-

783.  

Xue, X., Hawkins, T. R., Ingwersen, W. W., & Smith, R. L. (2015). Demonstrating an 

approach for including pesticide use in life-cycle assessment: Estimating human 

and ecosystem toxicity of pesticide use in Midwest corn farming. The 

International Journal of Life Cycle Assessment, 20(8), 1117-1126.  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A 

แบบสอบถามชุดที่ 1  

เรื่อง การประเมินการใช้สารเคมีกำจัดศัตรูพืช  

คำชี้แจง  
แบบสอบถามนี้ เป็นส่วนหนึ่งของการจัดทำวิทยานิพนธ์หลักสูตรวิทยาศาสตร์มหาบัณฑิต คณะ

วิทยาศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย เพื่อประเมินผลกระทบจากสารเคมีกำจัดศัตรูพืชสำหรับการปลูกข้าวโพด

หวานท่ีอาจส่งผลกระทบต่อมนุษย์และสิ่งแวดล้อม พร้อมกับศึกษาความเต็มใจจ่ายและปัจจัยที่ส่งผลต่อความเต็มใจ

จ่ายเพื่อลดผลกระทบที่คาดว่าจะเกิดขึ้นต่อสุขภาพและสิ่งแวดล้อม คำตอบที่เป็นจริงของท่านจะเป็นประโยชน์โดย

การนำผลการวิจัยมาเป็นข้อมูลในการวางแผน ดำเนินการป้องกันและแก้ไขปัญหา ผลกระทบต่อการใช้สารกำจัด

ศัตรูพืชต่อสุขภาพมนุษย์และสิ่งแวดล้อมในอำเภอปากช่อง จังหวัดนครราชสีมา , อำเภอมวกเหล็ก จังหวัดสระบุรี

และอำเภอลำสนธิ จังหวัดลพบุรีต่อไป 

ผู้วิจัยจึงใคร่ขอความร่วมมือจากท่านในการตอบแบบสอบถามให้ครบทุกข้อตามความเป็นจริง คำตอบของ

ท่านไม่มีคำตอบใดที่ผิดหรือถูก ข้อมูลและคำตอบของท่านทุกข้อจะถูกเก็บเป็นความลับ 

กรุณาตอบคำถามโดยใส่เครื่องหมาย ✓ลงในช่องว่างที่ตรงกับคำตอบของท่านและเติมคำลงในช่องว่าง 

ส่วนที่ 1 ข้อมูลทั่วไป 

 1. เพศ 

  1. ชาย    2. หญิง     

2. อายุ......................................................ปี 

 3. สถานภาพ 

  1. โสด   2. สมรส/อยู่ด้วยกัน  3. หย่า/แยกกันอยู่ 

 4. รายได้เฉลี่ยต่อเดือนของครัวเรือน.............................................บาท/เดือน  

5. ระดับการศึกษาสูงสุด 

  1. ไม่ได้รับการศึกษา    2. ต่ำกว่าประถมศึกษา  

3. ประถมศึกษา     4. มัธยมศึกษาตอนต้น  

5. มัธยมศึกษาตอนปลาย/ปวช.   6. อนุปริญญา/ปวส. 

  7. ปริญญาตรี     8. สูงกว่าปริญญาตรี 
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 6. ในครอบครัวของท่านมีจำนวน..........................................คน 

ส่วนที่ 2 การปลูกข้าวโพดหวาน    

 1. ท่านมีพื้นที่ในการเพาะปลูกข้าวโพดหวานจำนวน..................................ไร่..............................งาน 

 2. ในรอบปี ท่านปลูกข้าวโพดหวานได้จำนวน......................................................ครั้ง  

 3. ผลผลิตข้าวโพดหวานที่เก็บเก่ียวได้โดยประมาณ ..........................................ตนั/คร้ัง 

ส่วนที่ 3 การใช้สารเคมีกำจัดศัตรูพืช 

 1. ระยะเวลาที่ท่านร่วมกลุ่มเกษตรกรผู้ปลูกข้าวโพดหวานที่ศูนย์วิจัยข้าวโพดข้างฟ่างแห่งประเทศ

ไทย (ไร่สุวรรณ) 

  1. น้อยกว่า 3 ปี    2. 3 - 5 ปี 

  3. 5 - 10 ปี    4. มากกว่า 10 ป ี

 2. ปัจจุบันท่านได้ใช้สารกำจัดวัชพืชอะทราซีน (Atrazine) ในการปลูกข้าวโพดหวานหรือไม่? 

  1. ใช้ ปริมาณการใช้............................................................../กิโลกรัม/ไร่/ป ี

  เหตุผลที่ใช้........................................................................................................................... 

  2. ไม่ใช้ (ถ้าไม่ใช้ข้ามไปข้อ 6) 

  เหตุผลที่ไม่ใช้....................................................................................................................... 

 3. ระยะเวลาที่ใช้สารกำจัดวัชพืชอะทราซีน (Atrazine) 

  1. ใช้น้อยกว่า 1 ปี   2. ใช้ 1 - 3 ปี 

  3. ใช้ 3 - 5 ปี    4. ใช้มากกว่า 5 ปี 

4. ท่านซื้อสารกำจัดวัชพืชอะทราซีน (Atrazine) 1 ถุง ขนาด.............กิโลกรัม ในราคา.............บาท 

5. ในการปลูกข้าวโพดหวาน 1 ไร่ ท่านต้องใช้สารกำจัดวัชพืชอะทราซีน (Atrazine) จำนวน

......................ถุง 

6. ก่อนหน้านี้ท่านเคยใช้สารกำจัดวัชพืช พาราควอต (Paraquat) ในการปลูกข้าวโพดหวาน

หรือไม่? 
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  1. เคยใช้  ปริมาณการใช้............................................................../กิโลกรัม/ไร่/ปี  

  2. ไม่เคยใช้  

7. ระยะเวลาที่ใช้สารกำจัดวัชพืชพาราควอต (Paraquat) 

  1. ใช้น้อยกว่า 1 ปี   2. ใช้ 1 - 3 ปี 

  3. ใช้ 3 - 5 ปี    4. ใช้มากกว่า 5 ปี 

8. ท่านเคยซื้อสารกำจัดวัชพืชพาราควอต (Paraquat) 1 ขวด ขนาด..............................ลิตร ใน

ราคา...........................................บาท 

9. ในการปลูกข้าวโพดหวาน 1 ไร่ ท่านต้องใช้สารกำจัดวัชพืชพาราควอต (Paraquat) จำนวน

......................ขวด 

ส่วนที ่4 ผลกระทบจากการใชส้ารกำจัดศัตรูพืช 

1. ท่านและคนในครอบครัวของท่านเคยมีอาการผิดปกติหรือเจ็บป่วยจากการใช้สารกำจัดศัตรพูืช

หรือไม่  

           1. เคยมีอาการผิดปกติ (กรุณาตอบคำถามข้อ 2.)     2. ไม่เคยมีอาการผิดปกต ิ

2. อาการผิดปกติหรือเจ็บป่วยใดบ้างที่เคยเกิดข้ึนกับท่านหรือคนในครอบครัวของท่าน (ตอบได้

มากกว่า 1 ข้อ)  

กลุ่มอาการความเป็นพิษเฉียบพลัน กลุ่มอาการความเป็นพิษกึ่งเร้ือรัง กลุ่มอาการความ
เป็นพิษเร้ือรัง 

     ไอ 

     แสบจมูก 

     คอแห้ง/เจ็บ
คอ 

     หายใจ
ติดขัด 

     เวียนศีรษะ/   
     ปวดศีรษะ 

     คันผิวหนัง/ 

     ผิวแห้ง/ผิว
แตก 

     ผื่นคันท่ี
ผิวหนัง/ 

     ตุ่มพุพอง 

     ปวดแสบร้อน 

     ตาแดง/
ระคาย 

     เคืองตา 

     
อ่อนเพลีย 

     อาการ
ชา 

     ใจสั่น 

     น้ำตา
ไหล 

     น้ำมูก
ไหล 

     หนังตากระตุก 

     ตาพร่ามัว 

     เจ็บ/แน่น
หน้าอก 

     คลื่นไส้/
อาเจียน 

     ปวดท้อง 

     ท้องเสีย 
     
กล้ามเนื้อ    
     อ่อนล้า 

     มือสั่น 

     เดิน
โซเซ 

     หายใจติดขัด 

     ลมชัก 

     หมดสต ิ

     ไม่รู้สึกตัว 

อาการอ่ืน ๆ (โปรดระบุ)..................................................................................... 
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ส่วนที่ 5 ทัศนคติ การคล้อยตามกลุ่มอ้างอิงและการรับรู้ความสามารถในการควบคุมพฤติกรรมจากการ

ใช้สารกำจัดศัตรูพืช 

หมวดหมู่/คำถาม ความคิดเห็น 
เห็นด้วย 
อย่างยิ่ง  

(5) 

เห็นด้วย 
(4) 

ไม่แน่ใจ 
(3) 

ไม่เห็นด้วย 
(2) 

ไม่เห็น
ด้วยอย่าง

ยิ่ง 
(1) 

ทัศนคติ (Attitude) 
1. การเปลี่ยนสารกำจัดศัตรูพืชที่ท่านใชจ้ากเดิมพาราควอต 
(Paraquat) เป็นอะทราซีน (Atrazine) ทำให้เกิดความเจ็บปว่ย
และเกิดโรคต่างๆ เช่น มะเร็งลดลง 

     

2. การเปลี่ยนสารกำจัดศัตรูพืชที่ท่านใชจ้ากเดิมพาราควอต 
(Paraquat) เป็นอะทราซีน (Atrazine) ทำให้เกิดความอันตราย
ต่อสัตว์น้ำลดลง 

     

การคล้อยตามกลุ่มอ้างอิง (Subjective norm) 
1. การเปลี่ยนสารกำจัดศัตรูพืชที่ใช้จากเดิมพาราควอต 
(Paraquat) เป็นอะทราซีน (Atrazine) ของเกษตรกรคนอ่ืนๆ 
ส่งผลต่อการตัดสินใจในการเปลี่ยนการใช้สารกำจัดศัตรูพืชของ
ท่านด้วย 

     

2. การเปลี่ยนสารกำจัดศัตรูพืชที่ใช้จากเดิมพาราควอต 
(Paraquat) เป็นอะทราซีน (Atrazine) ตามคำแนะนำของคนใน
ครอบครัว ส่งผลต่อการตัดสินใจในการเปลี่ยนการใช้สารกำจัด
ศัตรูพืชของท่านด้วย 

     

3. การเปลี่ยนสารกำจัดศัตรูพืชที่ใช้จากเดิมพาราควอต 
(Paraquat) เป็นอะทราซีน (Atrazine) ตามคำแนะนำของ
นักวิชาการเกษตร ส่งผลต่อการตัดสินใจในการเปลี่ยนการใช้สาร
กำจัดศัตรูพืชของท่านดว้ย 

     

4. การเปลี่ยนสารกำจัดศัตรูพืชที่ใช้จากเดิมพาราควอต 
(Paraquat) เป็นอะทราซีน (Atrazine) จากสื่อและกระแสสังคม 
ส่งผลต่อการตัดสินใจในการเปลี่ยนการใช้สารกำจัดศัตรูพืชของ
ท่านด้วย 

     

การรับรู้ความสามารถในการควบคุมพฤติกรรม (Perceived behavioral control) 
1. ในปัจจุบันท่านสามารถหาซ้ือสารกำจัดศัตรูพืชอะทราซีน 
(Atrazine) ได้อย่างสะดวกมากกวา่พาราควอต (Paraquat) 

     

2. ประสิทธิภาพในการกำจัดศัตรูพืชของอะทราซีน (Atrazine) ให้
ผลลัพธ์พอๆ กับพาราควอต (Paraquat) 

     

 

*** ขอบคุณทุกท่านท่ีสละเวลาในการตอบแบบสอบถามน้ี *** 
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แบบสอบถามชุดที่ 2 
เรื่อง ความเต็มใจจ่ายเพ่ือลดผลกระทบที่คาดว่าจะเกิดขึ้นต่อสุขภาพและสิ่งแวดล้อม 

 

คำชี้แจง  

แบบสอบถามนี้เป็นส่วนหนึ่งของการจัดทำวิทยานิพนธ์หลักสูตรวิทยาศาสตร์มหาบัณฑิต คณะ

วิทยาศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย เพื่อประเมินผลกระทบจากสารเคมีกำจัดศัตรูพืชสำหรับการปลูก

ข้าวโพดหวานที่อาจส่งผลกระทบต่อมนษุย์และสิ่งแวดลอ้ม พร้อมกับศึกษาความเต็มใจจ่ายและปัจจัยที่ส่งผล

ต่อความเต็มใจจ่ายเพื่อลดผลกระทบที่คาดว่าจะเกิดขึ้นต่อสุขภาพและสิ่งแวดลอ้ม คำตอบที่เป็นจริงของท่าน

จะเป็นประโยชน์โดยการนำผลการวิจัยมาเป็นข้อมูลในการวางแผน ดำเนินการป้องกันและแก้ไขปัญหา 

ผลกระทบต่อการใช้สารกำจัดศัตรูพืชต่อสุขภาพมนุษย์และสิ่งแวดล้อมในอำเภอปากช่อง จังหวัด

นครราชสีมา, อำเภอมวกเหล็ก จังหวัดสระบุรีและอำเภอลำสนธิ จังหวัดลพบุรีต่อไป 

ผู้วิจัยจึงใคร่ขอความร่วมมือจากท่านในการตอบแบบสอบถามให้ครบทุกข้อตามความเป็นจริง 

คำตอบของท่านไม่มีคำตอบใดที่ผิดหรือถูก ข้อมูลและคำตอบของท่านทุกข้อจะถูกเก็บเป็นความลับ 

กรุณาตอบคำถามโดยใส่เครื่องหมาย ✓ลงในช่องว่างที่ตรงกับคำตอบของท่าน 

 

ส่วนที่ 1 ความเต็มใจจ่ายเพ่ือลดผลกระทบต่อสุขภาพ 

สารกำจัดศัตรูพืชเป็นสารเคมีที่มีผลกระทบต่อสุขภาพทั้งในระยะสั้นและระยะยาว นอกจาก

ผลกระทบทางด้านสุขภาพแล้วยังทำให้ต้องเสียค่าใช้จ่ายในการรักษาพยาบาล เสียโอกาสในการทำงาน ไม่

สามารถดำเนินกิจวัตรประจำวันได้อย่างปกติ เป็นต้น 

หากงานวิจัยสรุปว่า ในการปลูกข้าวโพดหวาน ท่านเคยใช้สารกำจัดศัตรูพืชพาราควอต (Paraquat) 

ที่ปริมาณการใช้.............................กิโลกรัม/ไร่/ปี และได้เปลี่ยนชนิดของสารกำจัดศัตรูพืชที่ใช้เป็นอะทราซีน 

(Atrazine) ที่ปริมาณการใช้..............................กิโลกรัม/ไร่/ปี จะทำให้มีโอกาสเกิด ความบกพร่องทาง

สุขภาพหรือเกิดความเจ็บป่วย เช่น ปวดศีรษะ คลื่นไส้ ปวดท้อง แน่นหน้าอก ปวดแสบร้อนจากแผลพุพอง 

ฯลฯ  จากเดิม.......................วินาที/วัน เป็น..........................วินาที/วัน 

ท่านมีความยินดีจ่ายเป็นจำนวนเงิน 110 บาท/ปี ให้กับศูนย์วิจัยข้าวโพดข้าวฟ่างแห่งชาติในการ

สนับสนุนมาตรการต่างๆ เพื่อลดผลกระทบต่อสุขภาพหรือไม่ 
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ความเต็มใจจ่ายสูงสุดของท่านคอื.........................................................บาท/ปี 

เหตุผลที่ท่านยินดีจา่ยในราคาดงักล่าว.............................................................................................................. 

 

ส่วนที่ 2 ความเต็มใจจ่ายเพ่ือลดผลกระทบต่อระบบนิเวศในน้ำ 

แหล่งน้ำจืดตามธรรมชาติ เช่น คลอง แม่น้ำ เป็นที่อยู่ของสิ่งมีชีวิตไม่ว่าจะเป็นสัตว์หน้าดิน ไรน้ำ 

แพลงก-์ตอน ปลา ฯลฯ การเปลี่ยนแปลงของสภาพแหล่งน้ำอันเป็นผลจากสารเคมีที่ถูกปลดปล่อยลงสู่แหล่ง

น้ำทั้งที่ตั้งใจและไม่ได้ตั้งใจ อาจทำให้เกิดผลกระทบต่อห่วงโซ่อาหาร เช่น ไรแดงที่เป็นอาหารของปลามี

จำนวนลดลง ส่งผลให้จำนวนปลาลดลงตามไปด้วย ข้อมูลข้างต้นสามารถนำมาใช้วัดผลกระทบที่เกิดขึ้นจาก

การใช้สารเคมีกำจัดศัตรูพืชได้ 

หากงานวิจัยสรุปว่า จากเดิมที่ท่านใช้พาราควอต (Paraquat) ในการปลูกข้าวโพดหวานที่ปริมาณ

........................กิโลกรัม/ไร่/ปี และได้เปลี่ยนชนิดของสารกำจัดศัตรูพืชเป็นอะทราซีน (Atrazine) ปริมาณ

...........................กิโลกรัม/ไร่/ปี ได้ส่งผลกระทบต่อระบบนิเวศในน้ำมากขึ้น ทำให้เกิดการเปลี่ยนแปลงของ

ห่วงโซ่อาหาร จากเดิมมีผลทำให้ปริมาตรน้ำ...................................ลูกบาศก์เมตรสูญเสียสิ่งมีชีวิตทั้งหมดใน 

1 วัน จากการเปลี่ยนแปลงการใช้สารกำจัดศัตรูพืชทำให้ผลกระทบเพิ่มขึ้น โดยทำให้ปริมาตรน้ำ

.......................................ลกูบาศก์-เมตรสูญเสียสิ่งมีชีวิตทั้งหมดใน 1 วัน  

ยินดี/     ไม่ยินดีจ่าย ยินดี/     ไม่ยินดีจ่าย ยินดี/     ไม่ยินดีจ่าย 

ยินดีจ่าย 

ที่ราคา 137.5 บาท 

ยินดีจ่าย ไม่ยินดจี่าย 

1 

ที่ราคา 247.5 บาท 

ท่านยินดีจ่ายหรือไม ่

ยินดี/     ไม่ยินดีจ่าย 

1 

ที่ราคา 165 บาท ท่านยินดีจ่ายหรือไม ่

ไม่ยินดจี่าย 

ที่ราคา 82.5 บาท ที่ราคา 27.5 บาท 

ยินดีจ่าย ไม่ยินดจี่าย 

1 

ท่านยินดีจ่ายหรือไม ่

1 

ที่ราคา 55 บาท ท่านยินดีจ่ายหรอืไม ่
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ท่านมีความยินดีที่จะจ่ายเป็นจำนวนเงิน 110 บาท/ปี ให้กับศูนย์วิจัยข้าวโพดข้าวฟ่างแห่งชาติใน

การในการใช้มาตรการต่างๆเพื่อลดผลกระทบต่อระบบนิเวศในแหล่งน้ำหรือไม่ 

 

 

 

 

 

 

 

 

 

 

 

 

ความเต็มใจจ่ายสูงสุดของท่านคอื.........................................................บาท/ปี 

เหตุผลที่ท่านยินดีจา่ยในราคาดงักล่าว.............................................................................................................. 

 

 

 

 

 

 

 

 

 

 

 

*** ขอบคุณทุกท่านท่ีสละเวลาในการตอบแบบสอบถามน้ี *** 

ยินดี/     ไม่ยินดีจ่าย ยินดี/     ไม่ยินดีจ่าย ยินดี/     ไม่ยินดีจ่าย 

ยินดีจ่าย 

ที่ราคา 137.5 บาท 

ยินดีจ่าย ไม่ยินดจี่าย 

1 

ที่ราคา 247.5 บาท 

ท่านยินดีจ่ายหรือไม ่

ยินดี/     ไม่ยินดีจ่าย 

1 

ที่ราคา 165 บาท ท่านยินดีจ่ายหรือไม ่

ไม่ยินดจี่าย 

ที่ราคา 82.5 บาท ที่ราคา 27.5 บาท 

ยินดีจ่าย ไม่ยินดจี่าย 

1 

ท่านยินดีจ่ายหรือไม ่

1 

ที่ราคา 55 บาท ท่านยินดีจ่ายหรอืไม ่
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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 

 N Correlation 

Significance 

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 

t df 

Significance 

Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence Interval 

of the Difference 

One-

Sided 

p 

Two-

Sided 

p Lower Upper 

Pair 1 HealthP - 

HealthA 

.0000000233 .00000058

11 

.00000

00908 

-.0000001601 .0000002067 .257 40 .399 .799 

Pair 2 EcoP - 

EcoA 

-1194.29836 591.82068 92.426

86 

-1381.10001 -1007.49670 -12.922 40 <.001 <.001 
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Paired Samples Effect Sizes 

 Standardizera Point Estimate 

95% Confidence Interval 

Lower Upper 

Pair 1 HealthP - HealthA Cohen's d .0000005811 .040 -.266 .346 

Hedges' correction .0000005866 .040 -.264 .343 

Pair 2 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 A1 Negative 1-2 8 19.5% 

Neutral 3 13 31.7% 

Positive 4-5 20 48.8% 

Total 41 100.0% 

 

 

Goodness of Fita 

 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 Likelihoodb -12.446   

Akaike's Information Criterion 

(AIC) 

34.893 
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Finite Sample Corrected AIC 

(AICC) 

36.607 
  

Bayesian Information Criterion 

(BIC) 

43.461 
  

Consistent AIC (CAIC) 48.461   

Dependent Variable: WTPHN 

Model: (Threshold), A1 

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

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

information criteria. 

 

 

Omnibus Testa 

Likelihood Ratio 

Chi-Square df Sig. 

.404 2 .817 

Dependent Variable: WTPHN 

Model: (Threshold), A1 

a. Compares the fitted model against the 

thresholds-only model. 

 

 

 

Tests of Model Effects 

Source 

Type III 

Wald Chi-Square df Sig. 

A1 .402 2 .818 

Dependent Variable: WTPHN 

Model: (Threshold), A1 
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Parameter Estimates 

Parameter B 

Std. 

Error 

95% Wald 

Confidence 

Interval Hypothesis Test 

Exp(B) 

95% Wald 

Confidence Interval 

for Exp(B) 

Lower Upper 

Wald Chi-

Square df Sig. 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 

[A1=1] -.201 .7496 -1.670 1.268 .072 1 .789 .818 .188 3.555 

[A1=2] .291 .6464 -.976 1.558 .203 1 .652 1.338 .377 4.750 

[A1=3] 0a . . . . . . 1 . . 

(Scale) 1b          

Dependent Variable: WTPHN 

Model: (Threshold), A1 

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% 
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S4 Negative 1-2 9 22.0% 

Neutral 3 12 29.3% 

Positive 4-5 20 48.8% 

Total 41 100.0% 

 

 

Goodness of Fita 

 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 Likelihoodb -28.540   

Akaike's Information Criterion 

(AIC) 

79.081 
  

Finite Sample Corrected AIC 

(AICC) 

88.184 
  

Bayesian Information Criterion 

(BIC) 

97.930 
  

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 Testa 

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. 
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Tests of Model Effects 

Source 

Type III 

Wald Chi-Square df Sig. 

S1 1.102 2 .576 

S2 5.109 2 .078 

S3 .583 2 .747 

S4 .706 2 .703 

Dependent Variable: WTPHN 

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

 

 

Parameter Estimates 

Parameter B 

Std. 

Error 

95% Wald 

Confidence 

Interval Hypothesis Test 

Exp(B) 

95% Wald 

Confidence 

Interval for 

Exp(B) 

Lower Upper 

Wald Chi-

Square df Sig. 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] .474 .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] 0a . . . . . . 1 . . 

[S2=1] 1.665 1.2287 -.743 4.074 1.837 1 .175 5.287 .476 58.763 

[S2=2] -1.420 .9773 -3.335 .496 2.111 1 .146 .242 .036 1.642 

[S2=3] 0a . . . . . . 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] 0a . . . . . . 1 . . 

[S4=1] 1.377 1.7953 -2.142 4.896 .588 1 .443 3.964 .117 133.747 

[S4=2] .385 .7066 -1.000 1.770 .296 1 .586 1.469 .368 5.868 

[S4=3] 0a . . . . . . 1 . . 

(Scale) 1b          

Dependent Variable: WTPHN 

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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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 Fita 

 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 Likelihoodb -14.217   

Akaike's Information Criterion 

(AIC) 

40.434 
  

Finite Sample Corrected AIC 

(AICC) 

42.905 
  

Bayesian Information Criterion 

(BIC) 

50.715 
  

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 Testa 

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 

Source 

Type III 

Wald Chi-Square df Sig. 

P1 .009 1 .925 

P2 .377 2 .828 

Dependent Variable: WTPHN 

Model: (Threshold), P1, P2 

 

Parameter Estimates 

Parameter B 

Std. 

Error 

95% Wald 

Confidence 

Interval Hypothesis Test 

Exp(B) 

95% Wald 

Confidence 

Interval for 

Exp(B) 

Lower Upper 

Wald Chi-

Square df Sig. Lower Upper 

Threshold [WTPHN=1] -1.258 .7517 -2.731 .215 2.801 1 .094 .284 .065 1.240 

[WTPHN=2] -.114 .7148 -1.515 1.286 .026 1 .873 .892 .220 3.620 

[WTPHN=3] .997 .7256 -.425 2.419 1.888 1 .169 2.710 .654 11.237 

[P1=2] .145 1.5342 -2.862 3.152 .009 1 .925 1.156 .057 23.384 

[P1=3] 0a . . . . . . 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 1.345 .268 6.737 

[P2=3] 0a . . . . . . 1 . . 

(Scale) 1b          

Dependent Variable: WTPHN 

Model: (Threshold), P1, P2 

a. Set to zero because this parameter is redundant. 

b. Fixed at the displayed value. 
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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 Fita 

 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 Likelihoodb -11.308   

Akaike's Information Criterion 

(AIC) 

32.616 
  

Finite Sample Corrected AIC 

(AICC) 

34.331 
  

Bayesian Information Criterion 

(BIC) 

41.184 
  

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 Testa 

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 

Source 

Type III 

Wald Chi-Square df Sig. 

A2 .710 2 .701 

Dependent Variable: WTPEN 

Model: (Threshold), A2 

 

Parameter Estimates 

Parameter B 

Std. 

Error 

95% Wald 

Confidence 

Interval Hypothesis Test 

Exp(B) 

95% Wald 

Confidence Interval 

for Exp(B) 

Lower Upper 

Wald Chi-

Square df Sig. 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

01 

7.769 2.326 25.950 

[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] 0a . . . . . . 1 . . 

(Scale) 1b          

Dependent Variable: WTPEN 

Model: (Threshold), A2 

a. Set to zero because this parameter is redundant. 

b. Fixed at the displayed value. 
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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 Fita 

 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 Likelihoodb -23.575   

Akaike's Information Criterion 

(AIC) 

69.149 
  

Finite Sample Corrected AIC 

(AICC) 

78.252 
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Bayesian Information Criterion 

(BIC) 

87.998 
  

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 Testa 

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 

Source 

Type III 

Wald Chi-Square df Sig. 

S1 .695 2 .706 

S2 4.289 2 .117 

S3 4.693 2 .096 

S4 .077 2 .962 

Dependent Variable: WTPEN 

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

Parameter B 

Std. 

Error 

95% Wald 

Confidence 

Interval Hypothesis Test 

Exp(B) 

95% Wald 

Confidence Interval 

for Exp(B) 

Lower Upper 

Wald Chi-

Square df Sig. 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 3.215 7.917 1 .005 6.652 1.777 24.901 

[S1=1] -.643 1.7021 -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] 0a . . . . . . 1 . . 

[S2=1] 2.032 1.3318 -.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] 0a . . . . . . 1 . . 

[S3=1] -.791 2.5150 -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] 0a . . . . . . 1 . . 

[S4=1] .012 2.0072 -3.922 3.946 .000 1 .995 1.012 .020 51.742 

[S4=2] -.191 .7111 -1.584 1.203 .072 1 .788 .826 .205 3.330 

[S4=3] 0a . . . . . . 1 . . 

(Scale) 1b          

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 Fita 

 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 Likelihoodb -12.621   

Akaike's Information Criterion 

(AIC) 

37.242 
  

Finite Sample Corrected AIC 

(AICC) 

39.713 
  

Bayesian Information Criterion 

(BIC) 

47.523 
  

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. 
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Omnibus Testa 

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 

Source 

Type III 

Wald Chi-Square df Sig. 

P1 .200 1 .654 

P2 .998 2 .607 

Dependent Variable: WTPEN 

Model: (Threshold), P1, P2 

 

Parameter Estimates 

Parameter B 

Std. 

Error 

95% Wald 

Confidence 

Interval Hypothesis Test 

Exp(B) 

95% Wald Confidence 

Interval for Exp(B) 

Lower Upper 

Wald 

Chi-

Square df Sig. 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 2.585 .645 10.369 

[WTPEN=3] 2.861 .8454 1.204 4.518 11.453 1 <.0

01 

17.478 3.333 91.642 

[P1=2] -.731 1.6330 -3.932 2.469 .200 1 .654 .481 .020 11.815 

[P1=3] 0a . . . . . . 1 . . 

[P2=1] .732 .8169 -.869 2.333 .804 1 .370 2.080 .420 10.314 

[P2=2] .784 .8339 -.851 2.418 .883 1 .347 2.190 .427 11.225 

[P2=3] 0a . . . . . . 1 . . 

(Scale) 1b          

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 
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