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Abstract 
 

Assessment of Pesticide Knowledge, Attitudes, and Practices  
Among Pregnant Women in Northern Thailand 

By Alyson Lorenz 
 
 

Background and Significance:  Birth cohort studies conducted in the United States have 
found evidence of a connection between prenatal pesticide exposure and adverse 
neurodevelopmental outcomes.  This association is currently under investigation in 
developing countries such as Thailand, where an estimated 400,000 neonates born each year 
are at risk of prenatal exposure due to their mother’s agricultural occupation.  Pesticide 
exposure in Thailand has been linked to unsafe practices and inappropriate beliefs about 
pesticides.  However, limited information is available on the knowledge, attitudes, and 
practices of pesticide use among women of child-bearing age.  Obtaining this information is 
essential to understand the factors that influence prenatal pesticide exposure, to develop 
interventions that prevent exposure, and ultimately to protect pregnant women and their 
children from the health impacts of pesticide exposure. 
 

Methods:  Knowledge, Attitudes, and Practices surveys were administered to 76 pregnant 
women in northern Thailand.  Multivariate logistic regression was used to assess and 
quantify the extent to which pesticide-related knowledge and stage of pregnancy predict 
pesticide use behaviors.  Additional analyses were conducted to inform future interventions 
by determining other factors that impact behavior and identifying populations at an elevated 
risk of exposure. 
 

Results:  Lower knowledge and earlier stage of pregnancy were marginally significantly 
associated with unsafe practices in the home, but were not associated with unsafe practices 
at work.  Women who worked in agriculture before becoming pregnant, applied pesticides in 
the home before becoming pregnant, or had a previous child were significantly more likely 
to engage in unsafe behaviors in the home during their current pregnancy.  Among women 
who worked in agriculture, unsafe behaviors at work were associated with unsafe behaviors 
at home. 
 

Discussion and Conclusions:  Increasing pesticide-related knowledge among pregnant 
women in northern Thailand may be effective in promoting safe practices and thus reducing 
prenatal exposure.  Although unsafe behaviors are associated with other factors such as 
occupation and parity, these characteristics are not preventable by nature.  Thus, knowledge 
remains an important predictor from the perspective of prevention.  Knowledge-based 
interventions may be most effective when implemented early in pregnancy and targeted to 
at-risk sub-populations. 
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INTRODUCTION 

Pesticides: Definition and History 

Pesticides are substances used in agriculture, in communities, and in the home to 

control organisms that threaten crop yield, carry disease, or are otherwise unwanted.  

Although pesticides were used as early as 2500 BC, the contemporary pesticide era began in 

the 1940s with the widespread production and use of DDT (Jones, 1973; Aspelin, 2003).  

DDT and other highly persistent organochlorine pesticides were gradually phased out when 

they came under public scrutiny after the publication of Silent Spring in the 1960s (USEPA, 

1975).  The book revealed the devastating ecological impacts of DDT and ultimately led to 

the establishment of the United States Environmental Protection Agency (USEPA) in 1970 

(Lewis, 1985).   

Organochlorine pesticides were replaced with acutely toxic, but less persistent, 

organophosphate pesticides.  More recently, synthetic pyrethroid pesticides have taken over 

a large share of the market.  New pesticides are constantly under development in the United 

States and worldwide (USEPA, 2011). 

Classification 

Pesticides can be classified by the type of pest they control, the severity of their 

health effects, or their chemical composition.  Insecticides, fungicides, rodenticides, 

herbicides, and biocides are examples of categories defined by the target pest (Gilden et al., 

2010; USEPA, 2010a).  The World Health Organization (WHO) classifies pesticides by the 

severity of their potential human health impacts, ranging from unlikely to present acute 

hazard to extremely hazardous (WHO, 2009; table 1).  These classifications are determined 

through toxicological studies using animal models.  Finally, classes of pesticides can be 

defined by their chemical structure.  For example, insecticides are further classified as 
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organophosphates (OPs), pyrethroids, carbamates, or organochlorines, among many others 

(USEPA, 2010a). 

Pesticide Exposure and Health Effects 

Pesticides are important public health tools that are used to prevent vector-borne 

disease and to increase food supplies.  However, recent research has shown that pesticides 

may also have negative impacts on public health.  Studies have demonstrated acutely toxic 

effects at high doses, as well as chronic effects at low levels of exposure (Alavanja et al., 

2004).  Potential acute health effects of pesticide exposure include skin irritation, eye 

irritation, shortness of breath, salivation, nausea, vomiting, abdominal cramps, excessive 

fatigue, headache, muscle twitching, and numbness (USEPA, 2005).  Extreme cases of acute 

pesticide exposure or pesticide poisoning can result in death (Eddleston et al., 2002).  An 

estimated 1 to 5 million pesticide poisoning incidents occur worldwide each year, mostly in 

developing countries (FAO, 2004).  The health impacts of chronic exposure to pesticides 

include effects on neurodevelopment, the reproductive system, the endocrine system, the 

immune system, and cancer (Gilden et al., 2010).  Health outcomes such as attention 

deficit/hyperactive disorder (ADHD) and Parkinson’s disease have also been linked to 

exposure to certain classes of pesticides (Marks et al., 2010; Le Couteur et al., 1999).   

Exposure to pesticides can occur through occupational use, residential application, 

proximity to agricultural fields where pesticides are applied, and consumption of foods that 

have been treated with pesticides (USEPA, 2005).  The routes of exposure to pesticides are 

oral ingestion, dermal absorption, and inhalation (Gilden et al., 2010).  OP, carbamate, 

pyrethroid, and organochlorine insecticides have been shown to cross the human placenta, 

exposing developing fetuses as well (Stuetz et al., 2001; WHO, 2003; Kalayanarooj and 
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Nimmannitya, 2003).  Prenatal exposure to pesticides is of particular concern due to the 

demonstrated neurodevelopmental toxicity of certain classes of pesticides (table 2). 

The majority of evidence for developmental neurotoxicity in humans comes from 

OP insecticides.  The primary mode of action of OP insecticides is inhibition of 

acetylcholinesterase, the enzyme that normally breaks down the neurotransmitter 

acetylcholine (Jeyaratnam and Maroni, 1994).  Observed neurodevelopmental effects of OP 

insecticides include reflex abnormalities, reduced birth weight and length, increased reaction 

time, and reduced short-term memory and attention (see table 2). 

Neurodevelopmental effects resulting from pyrethroid insecticides have been 

observed in animal models.  These include changes in motor activity, changes in blood-brain 

permeability, and higher activity of the dopaminergic system (see table 2).  Although reports 

on the developmental impacts of carbamates are limited, recent research demonstrated that 

this class of insecticides causes acetylcholinesterase inhibition in rats (Moser et al., 2010). 

Pesticide Use and Regulation in the Developing World 

Due to the potential health effects of pesticides, most countries have developed 

regulations to encourage safe use and control production, import, and export.  In the United 

States, the USEPA has the authority to review pesticide safety, register pesticides for use, 

and regulate their import and export (USEPA, 2010b).    

Developing countries often have weaker pesticide regulations and lower levels of 

enforcement than developed countries (Ecobichon, 2001; Eddleston et al., 2002).  Thus, 

some pesticides that are banned in the United States due to their demonstrated health or 

ecological effects are still used in developing countries (Ecobichon, 2001; Abhilash and 

Singh, 2009).  In addition, safe practices, such as the use of personal protective equipment 

and following recommendations on the labels of pesticide containers, are less common in 
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the developing world (Ngowi et al., 2007).  Although pesticide use in developing countries 

accounts for only 25% of the total usage worldwide, 99% of deaths from pesticide poisoning 

occur in developing countries (Ngowi et al., 2007).  According to the WHO, pesticide 

poisoning can be prevented with safe practices and proper precautions (WHO, 1997). 

Pesticide Exposure in Thailand 

Partially as a result of different practices in developing countries, these populations 

have higher levels of exposure to pesticides than people in the developed world.  In 

Thailand, where approximately 42% of the labor force is employed in agriculture, researchers 

have found higher cord blood pesticide levels in women-infant pairs than those found in 

similar studies in developed countries (CIA, 2011; Riederer, 2008).  In addition, pesticide 

detection frequencies and median pesticide concentrations in the urine of children from 

Chiang Mai Province in Thailand were higher than those found in the urine of children in 

the United States (Panuwet et al., 2009). 

 The health impacts of these exposures are also evident in Thailand.  In 2007, there 

were 1,452 reported pesticide poisoning incidents, or 2.3 per 100,000 population 

(Kachaiyaphum et al., 2010).  The true number of incidents is likely much higher, as reported 

incidents include only those individuals who have symptoms that are severe enough to 

require medical attention, or who have access to healthcare (Kachaiyaphum et al., 2010).  

About 28% of farmers tested by the Ministry of Public Health in 2006 had risky or unsafe 

levels of cholinesterase depression, a marker of OP or carbamate pesticide exposure 

(Kachaiyaphum et al., 2010).  In a study published in 2009, individuals who were 

occupationally exposed to pesticides reported pesticide-related signs and symptoms such as 

dizziness (88%), headache (91%), difficulty concentrating (13%), numbness in hands or feet 

(4%), nausea (82%), and abdominal pain (21%) in the past year (Jintana et al., 2009). 
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 Although agricultural workers are considered to be the major population at risk, the 

general population can also be exposed to pesticides through environmental media and 

consumption of foods that are contaminated with pesticides.  Jaipieam et al. (2009) measured 

the concentrations of three organophosphate pesticides in drinking water in Thailand.  They 

found detectable levels of each pesticide, but the mean levels did not exceed U.S. drinking 

water standards (Jaipieam et al., 2009).  However, individual samples did contain up to four 

times the Australian drinking water guidelines (Jaipieam et al., 2009).  Thailand has not yet 

developed its own drinking water standards or guidelines for any of the pesticides measured 

in this study. 

 Another study found detectable levels of six different pesticides in domestic water 

wells in central Thailand (Hudak and Thapinta, 2005).  Notably, four of these pesticides had 

been banned over 15 years before the study was conducted.  Research also indicates that 

pesticide residues found on foods in Thailand could result in health impacts for consumers 

(Panuwet et al., 2009). 

Pesticide Use and Regulation in Thailand  

The use of chemical pesticides in Thailand dates back to World War II, when DDT 

was imported to control the spread of malaria (Thai PCD, 2005).  Since then, their use has 

expanded to agricultural, industrial, and residential pest control.  Most pesticides used in 

Thailand are imported rather than produced in-country, likely due to the difficulty in 

obtaining a permit for production from the government (Thai PCD, 2005).  Thus, the 

amount of pesticides used is often represented as the amount imported.  Using imported 

amounts as an indicator, the use of pesticides has grown dramatically.  In 2003, over 50,000 

tons of active ingredients of pesticides (including insecticides, fungicides, herbicides, and 
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other classes) were imported into Thailand (Thai PCD, 2005).  In contrast, only about 9,000 

tons were imported in 1977 (Thai PCD, 2005). 

During the Fifth Agricultural Census in Thailand, conducted in 2003, 54% of 

agricultural holdings reported using pesticides, with 73% of holdings in the northern region 

of the country reporting use (Thai NSO, 2003).  A recent study from northern Thailand 

found that farmers currently use a number of insecticides, including OP, carbamate, 

pyrethroid, and organochlorine insecticides (Plianbangchang et al., 2009).  However, about 

25% of insecticides used by the farmers in the study were unidentifiable because the 

pesticides had been re-packaged into previously-used containers (Plianbangchang et al., 

2009).  In addition, one of the pesticides in use had been banned by the government.  

The primary pesticide regulation in Thailand is the Hazardous Substances Act of 

1992, which put three ministries in charge of regulating hazardous chemicals, including 

pesticides (Thai FDA, 2004; Thapinta and Hudak, 1998).  Four agencies within these 

ministries currently regulate pesticides in Thailand – the Food and Drug Administration, the 

Department of Agriculture, the Department of Livestock Development, and the 

Department of Fisheries – depending on how the pesticides will be used (Panuwet et al., 

2011).  Due to the fragmentation of regulatory authority, pesticide management in Thailand 

is disjointed and incomplete.  For example, domestic sales are largely unregulated, and the 

use of pesticides that have been banned due to their potential human health impacts still 

occurs (Panuwet et al., 2011).  Further, the proper and safe use of pesticides is largely 

uncontrolled (Panuwet et al., 2011). 

Pesticide Practices in Thailand  

Unsafe practices can lead to observable health effects in workers exposed to 

pesticides (Khan et al., 2010).  Research suggests that pesticide misuse by Thai farmers 
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results in pesticide residues on food at levels that may threaten the health of consumers as 

well (Panuwet et al., 2009).  Studies that administer questionnaires to agricultural workers 

have revealed a number of unsafe practices in Thailand.  

Of 123 farmers interviewed in a study in northern Thailand, 81% reported reading 

the label on pesticide containers (Plianbangchang et al., 2009).  However, only 32% reported 

reading every topic on the label.  Use of personal protective equipment (PPE) was also low, 

including wearing gloves (42%), boots (21%), and long-sleeved shirts (21%).  The most 

common reason for not wearing full PPE was a lack of knowledge about pesticide hazards.  

Other reasons included the high cost of the equipment and discomfort due to the humid 

climate (Plianbangchang et al., 2009).  Only 9% reported showering after handling pesticides 

and 16% of farmers claimed that they kept empty pesticide containers at home for other 

uses (Plianbangchang et al., 2009). 

In another questionnaire on pesticide practices among 90 occupationally exposed 

individuals in Thailand, 70% indicated that they used higher than recommended 

concentrations of pesticides (Jintana et al., 2009).  Only 36% used PPE and only 13% bathed 

or changed clothes soon after spraying (Jintana et al., 2009).  This study also took 

measurements of total blood cholinesterase activity as a marker of OP insecticide exposure.  

They found significantly lower levels of acetylcholinesterase activity in those who reported 

the unsafe behaviors of using higher than recommended concentrations of pesticides and 

not using personal protective equipment (Jintana et al., 2009).  Because OP insecticides 

inhibit cholinesterase activity, lower levels of acetylcholinesterase activity indicate higher 

levels of pesticide exposure.  Thus, in this study pesticide exposure was associated with 

certain unsafe pesticide practices. 
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Among 350 chili farm workers in Chaiyaphum Province, safe practices were more 

common (Kachaiyaphum et al., 2010).  More than half of study participants reported taking 

a shower immediately after spraying pesticides (51%), washing their hands immediately after 

spraying pesticides (68%), wearing a long-sleeved shirt and trousers while spraying pesticides 

(87%), and carefully reading and understanding all instructions for pesticides (62%) 

(Kachaiyaphum et al., 2010).  However, taking all behaviors into account, only 28% of 

participants had “good” pesticide use behaviors, while 61% had “moderate” pesticide use 

behaviors, and 11% had “poor” behaviors, according to defined cut-off points 

(Kachaiyaphum et al., 2010).  Multiple linear regression analysis revealed that abnormal 

serum cholinesterase1 levels, a marker of anticholinergic pesticide exposure, were associated 

with having moderate or poor pesticide-use behaviors (Kachaiyaphum et al., 2010). 

Pesticide Attitudes in Thailand 

Attitudes about pesticides may impact whether farmers use safe practices.  

Community members in a focus group conducted in northeastern Thailand identified 

“pesticide poisons” as a community hazard, but indicated that they use pesticides despite this 

potential health hazard because it enables them to sell their crops at a higher price (Inmuong 

et al., 2009).  They also indicated that they know how to prevent pesticide poisoning, but 

that they have seen their parents and grandparents use pesticides with no health problems 

and are thus not too concerned about poisonings (Inmuong et al., 2009). 

 Survey results support the findings of this focus group.  One study found that 

farmers did not seem to associate their individual susceptibility with unsafe pesticide 

practices (Alano et al., 2010).  In a questionnaire distributed to hundreds of farmers in 

                                                        
1 Serum cholinesterase, also called plasma or butyrylcholinesterase, is found in the serum or plasma fraction of 
blood.  Its only known purpose is to serve as a “sink” which will absorb most of the assault by anticholinergic 
chemicals thereby protecting red blood cell and brain acetylcholinesterases (Broomfield et al., 1991; Raveh et 
al., 1993). 
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Pathumthani, most (80%) agreed with the statement that using chemical pesticides is 

unavoidable (Buranatrevedh and Sweatsriskul, 2005).  However, in contrast to the focus 

group findings, 72% of farmers in this study indicated that they were concerned about 

pesticides in their body (Buranatrevedh and Sweatsriskul, 2005).  In another survey, 67% of 

farmers strongly agreed that those in agricultural occupations are at risk of negative effects 

from pesticides (Kachaiyaphum et al., 2010).  However, only 54% of these farm workers 

strongly agreed that using PPE could protect against exposure to chemicals, and only 44% 

strongly agreed that pesticide toxicity could cause death (Kachaiyaphum et al., 2010).  

Having low perceived susceptibility, determined by responses to these questions, was 

associated with abnormal serum cholinesterase levels (Kachaiyaphum et al., 2010).  Thus, 

farm workers who did not think they were susceptible to the health effects resulting from 

pesticide exposure actually had higher levels of pesticide exposure. 

Pesticide Knowledge in Thailand  

Most information on the state of public knowledge about pesticides in Thailand 

comes from surveys among agricultural workers.  In one such study, over 75% of chili farm 

workers identified oral (96%), dermal (85%), and inhalation (75%) as routes of exposure to 

pesticides (Kachaiyaphum et al., 2010).  Neurological disease was identified as a risk of long-

term pesticide exposure by 67% of participants (Kachaiyaphum et al., 2010).  Respiratory 

disease was identified by 77% of participants, while cancer was identified by only 42% 

(Kachaiyaphum et al., 2010).  About 90% of participants agreed that pesticide residues exist 

in soil, ground water, and on fruit, seeds, and vegetables (Kachaiyaphum et al., 2010).  

However, only 53% correctly indicated that pesticide residues could exist in the air as well 

(Kachaiyaphum et al., 2010).  Taking all knowledge questions into account, 31% of 
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participants had “high” pesticide-use knowledge, 51% had “moderate” knowledge, and 18% 

had “low” knowledge, according to defined cut-offs (Kachaiyaphum et al., 2010). 

Many of these studies have recommended the implementation of educational 

interventions, which have been shown to be effective in increasing knowledge, altering 

attitudes, and improving pesticide practices in Thailand.  In Ratchaburi province, the 

knowledge, attitudes, and practices (KAP) scores of 33 farmers who participated in a six-

month training program were significantly improved after the training (Janhong et al., 2005; 

fig. 1).  In another study conducted in Pathumthani, the mean knowledge score among 

hundreds of farmers increased following an educational intervention (Buranatrevedh and 

Sweatsriskul, 2005; table 3). 

Research Justification 

An estimated 400,000 neonates born in Thailand each year are at risk of prenatal 

exposure to pesticides resulting from their mother’s agricultural occupation (UNICEF, 2010; 

USCIA, 2011).  However, this number does not take into account other forms of maternal 

exposure, including exposure through home use and environmental media, and is thus likely 

an underestimate.  In addition, large amounts of pesticides are used agriculturally and for 

vector control making widespread exposure to pesticides common.  The potential health 

effects of pesticide exposure for both mothers and their developing fetuses have been 

documented.  However, limited information is available on the knowledge, attitudes, and 

practices of pesticide use among women of child-bearing age in Thailand.  Obtaining this 

information is essential to understand the factors that influence pesticide exposure, to 

develop interventions that prevent pesticide exposure, and ultimately to protect pregnant 

women and their children from the health impacts of pesticide exposure. 
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Specific Aims 

1.   To examine the factors that influence pesticide use among pregnant women in an 

agricultural community in northern Thailand. 

2.   To determine whether pesticide use behaviors differ by stage of pregnancy and state 

of knowledge about pesticides. 

3.   To facilitate development of an evidence-based intervention designed to increase 

knowledge and safe practices surrounding pesticide use among women enrolled in 

later studies. 

 

METHODS 

Research Context 

Researchers at Emory University’s Rollins School of Public Health and Chiang Mai 

University (CMU) are beginning a birth cohort study on the impacts of prenatal pesticide 

exposure in Chiang Mai Province, Thailand.  The SAWASDEE2 birth cohort study will 

investigate the long-term effects of in utero pesticide exposure in the developing world.  The 

researchers have received NIH funding to enroll women beginning in Winter 2011 (Riederer, 

2008).  The study will collect data on prenatal pesticide exposure, maternal health status, 

birth outcomes, and neonatal neurological outcomes (Riederer, 2008).  

The study population will consist of pregnant women residing in an agricultural 

community in Fang District, Chiang Mai Province in northern Thailand (fig. 2; pictured in 

appendix 1).  This location and population was selected for the study because it is expected 

that pesticide exposures will be higher than in previous birth cohort studies and will 

therefore provide valuable information about different levels of prenatal pesticide exposure.  
                                                        
2 SAWASDEE stands for Study of Asian Women And their OffSpring’s Development and Environmental 
Exposures. 
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In addition, the study population is hypothesized to have low levels of exposure to other 

potentially neurotoxic agents such as methyl mercury, lead, and polychlorinated biphenyls 

(Riederer, 2008).   

To collect preliminary information for the birth cohort study, a separate cohort of 76 

women were enrolled from the antenatal care (ANC) clinic at Fang Hospital in January and 

February of 2011 (pictured in appendix 1).  Collaborators at CMU administered a survey to 

participants, who were distributed across all stages of pregnancy.  Preliminary data suggest 

that about 50% of these women will be agricultural workers and that their mean age will be 

around 26 years (Riederer, 2008).  Participation was limited to Thai nationals or foreigners 

with health insurance cards who had resided in Fang District for at least nine months before 

enrollment. 

KAP Survey Development  

 Knowledge, attitudes, and practices (KAP) surveys help identify knowledge gaps, 

behavioral patterns, and commonly-held beliefs in order to increase understanding of the 

issue and elucidate targets and themes for interventions (WHO, 2007).  They have been 

conducted in numerous countries, with various populations, on a multitude of subjects.  

KAP surveys focusing on pesticide use have been conducted in developing countries such as 

Brazil, Ghana, Egypt, and Thailand (Recena et al., 2006; Ntow et al., 2006; Farahat et al., 

2009; Janhong et al., 2005).  However, few of these surveys have focused on a population of 

pregnant women.  This study works toward addressing the lack of information about factors 

influencing pesticide use among pregnant women in the developing world.  Evaluation of 

the knowledge, attitudes, and practices of pregnant women upon enrollment in the survey 

cohort will also facilitate development of an educational intervention on safe pesticide use 

for women enrolling in the birth cohort study.   
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 The KAP survey was developed in December 2009, using questions from previously-

produced materials, with a limited number of additional self-produced questions designed to 

address pregnancy-specific issues and project-specific objectives.  A literature review 

identified published journal articles in which the investigators used a pesticide KAP survey in 

the developing world.  Through direct contact with the authors of these papers, the principal 

investigator obtained the KAP questionnaires used for these studies (Recena et al., 2006; 

Sam et al., 2008).  Colleagues at CMU provided additional KAP questions from a CMU 

survey and a Mahidol University Master’s student thesis (Sorat, 2004).  After compiling a list 

of appropriate questions from these sources, gaps related to the population and objectives of 

this project were identified, and questions to account for this gap were developed. 

Pesticide knowledge was evaluated using survey questions regarding pesticide 

training, exposure routes, long-term health effects, toxicity symptoms, and effective methods 

for preventing exposure.  Attitudes were evaluated using questions about responsibility, 

susceptibility, effectiveness, and reasons for pesticide use.  Safe practices were evaluated 

using questions about occupational use, home use, PPE use, and other safety precautions 

during and after pesticide spraying.  Questions regarding pesticide use were asked prior to 

the knowledge and attitude questions to avoid biased answers that may result from reflection 

on pesticide hazards and risks. 

 Additional questions aimed at identifying demographic, occupational, and other 

factors associated with pesticide knowledge, attitudes, and practices were also included.  

These questions were adapted from the maternal baseline questionnaire used by the 

CHAMACOS3 Study group at the University of California at Berkeley, and included 

                                                        
3 CHAMACOS stands for Center for the Health Assessment of Mothers and Children of Salinas.  This is a 
Latina birth cohort developed in the Salinas Valley in California which is a predominantly agricultural region 
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occupational information, maternal and paternal demographics, medical history, and 

pregnancy history.  

CMU collaborators translated the final KAP survey into Thai.  The survey was pre-

tested among Thai co-workers at CMU and pilot tested among seven pregnant women at the 

study site in July 2010.  Feedback from survey administrators and test subjects was 

incorporated in extensive editing of the KAP survey for clarity, accuracy of translation, and 

interview length.  Editing was conducted simultaneously in Thai and English by the principal 

investigator and CMU collaborators in August 2010.  Appendix 2 contains both English and 

Thai versions of the full KAP survey used in this study. 

 The principal investigator developed a coding scheme, codebook, and files for data 

entry using Microsoft Excel.  CMU collaborators were trained on the coding scheme as well 

as data entry procedures.  Data entry files were in English, and both versions of the survey 

were numbered and labeled in English to ensure proper data entry. 

Survey Administration 

 Participants were enrolled on a rolling basis in January and February of 2011.  

Subjects were asked to participate in the KAP study while visiting the ANC clinic at Fang 

Hospital.  Written consent was obtained using an IRB-approved consent form.  Human 

subjects approval was obtained at both Emory University and CMU (appendix 3).  

Confidentiality was maintained throughout the project.  All observations were de-identified 

and the list that provides identification was kept at CMU on a computer requiring a 

password for access.  Interviews were conducted in Thai by three trained survey 

administrators. 

                                                                                                                                                                     
with many migrant workers.  The study/center’s principal investigator is Brenda Eskenazi.  For more 
information on this study, see http://ehs.sph.berkeley.edu/chamacos/. 
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CMU collaborators completed data entry in February 2011 and transmitted the de-

identified data entry files to the United States, where data were analyzed by the principal 

investigator. 

Data Analysis 

In order to analyze the data on knowledge, attitudes, and practices of pesticide use in 

the study population, tests for differences in means and proportions and multivariable 

analyses were conducted using SAS 9.2 (Cary, NC).  Knowledge, attitudes, and practices 

scores were calculated using previously-published methods where available (Dasgupta et al., 

2005; Sam et al., 2008; Goldman et al., 2004).  A total of seven scores, with one measuring 

knowledge, four measuring attitudes, and two measuring practices, were computed.  

Continuous measures did not follow a normal or log-normal distribution.  Thus, the scores 

were dichotomized at the median for the majority of analyses.  Univariate analyses were 

conducted to examine factors associated with each of the scores, along with additional 

variables of interest identified during preliminary analyses.  Pesticide practice measures were 

used as the outcomes in multivariate logistic regression models to determine whether 

knowledge and stage of pregnancy were associated with practices and to quantify these 

associations. 

Hypotheses 

H1.  Knowledge about pesticides is a significant predictor of pesticide practices and 

retains predictive importance after controlling for demographic characteristics and 

other potential confounders. 

H2.  Pesticide use and the factors that influence pesticide use differ by stage of 

pregnancy.  Women in more advanced stages of pregnancy use less pesticides and 

adopt behaviors to minimize exposures. 
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Score Construction and Calculation 

Knowledge was assessed using a method modified from Dasgupta et al. (2005), 

where a measure termed “misperception” indicated whether the participant correctly 

answered at least half of the questions related to pesticide knowledge.  Because all 

participants in this study answered at least half of the questions correctly, knowledge scores 

above the median indicated a high degree of knowledge, while scores below the median 

indicated a low degree of knowledge.  Correct answers were verified in the literature, and 

“don’t know” responses were considered incorrect, based on the approach taken in prior 

studies (McCormack et al., 2002).  Table 4 presents each knowledge question, the responses 

considered correct and incorrect, and the reference used for verification. 

Four separate attitude scores were calculated and dichotomized for use in logistic 

regression models.  First, two pesticide susceptibility attitudes scores were calculated.  These 

included a measure of the attitudes on personal susceptibility to the health effects of 

pesticides ranging from 0 to 4, as well as a measure of the attitudes on the participant’s 

child’s susceptibility to the health effects of pesticides ranging from 0 to 8.  The highest 

score in this range indicated the highest belief in susceptibility to health effects from 

pesticides and a score of 0 indicated the lowest belief in susceptibility to health effects from 

pesticides.  A third attitude score demonstrated the extent to which the participant believed 

they had a personal responsibility for the safe use of pesticides, based on an attitudes score 

calculated by Sam et al. (2008).  This score ranged from 0 to 12 with higher scores indicating 

a higher acceptance of personal responsibility for safe use.  These first three attitude scores 

were all dichotomized at the maximum score because approximately 50% of participants 

scored at the maximum.  A fourth attitude score was calculated to indicate the degree of the 

participant’s belief in the usefulness of pesticides.  This measure was only calculated for 
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participants who personally applied pesticides either at work or at home, and was based on 

the number of options they specified as reasons for using pesticides.  The pesticide 

usefulness attitude score ranged from 0 to 13 and was dichotomized at the mean of 4.2 due 

to its approximately normal distribution.  Tables 5-8 present the methods for calculating 

each attitude score. 

Pesticide practice indicators were the number of “risky behaviors” that the 

participant engaged in at work and at home, selected due to their potential to lead to 

pesticide exposure.  This indicator was based on the risky behaviors defined by Goldman et 

al. (2004), which included improper handwashing, delayed bathing, lack of protective 

clothing, improper storage of clothing, low frequency of house cleaning, eating fruits and 

vegetables directly from the field, wearing work shoes into the house, and wearing work 

clothes into the house.  One additional risky behavior was added to this indicator (storing 

pesticides in or around the home).  Because not all participants were involved in agricultural 

occupations, two separate measures were developed for risky behaviors: at work and at 

home.  Each of these pesticide practices measures were dichotomized into no risky 

behaviors or some risky behaviors.  Tables 9-11 present the defined criteria for each risky 

behavior and separates the measures into behaviors at work and behaviors at home. 

Descriptive Statistics and Univariate Analyses 

Descriptive statistics for each variable were calculated and reported as means and 

standard deviations for continuous variables and numbers and proportions for categorical 

variables.  Where questions did not apply to a particular participant (such as asking if the 

participant handles pesticides at work when they are not employed), the value for the 

variable was set to missing and the participant was excluded from the descriptive statistics 

for that variable.  Pesticide knowledge, attitudes, and practices as well as demographic 
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characteristics were compared between agricultural workers and non-agricultural workers 

(defined as those who reported working in agriculture since becoming pregnant, and those 

who did not report such an activity) using t-tests4 and chi-square tests5. An alpha level of 

0.05 was used in all analyses to establish statistical significance.  Marginally significant results 

were also reported when the association was considered plausible. 

Associations between relevant factors and personal characteristics (such as 

occupation, stage of pregnancy, and ethnicity) and the seven dichotomized knowledge, 

attitudes, and practices scores were examined using t-tests4 and chi-square tests5. 

Characteristics associated with each score were identified when the p-value for the 

association was statistically significant (α=0.05) or marginally significant (approximately 

α=0.1) and deemed plausible.  These associations were also examined for stage of 

pregnancy. 

Multivariate Analyses and Model Construction 

Multivariate maximum likelihood logistic regression models were constructed to 

further examine and quantify the extent to which knowledge and stage of pregnancy predict 

risky behaviors at work and risky behaviors at home.  Knowledge was included as a 

continuous variable in order to improve precision and ease interpretation of the odds ratio.  

Stage of pregnancy was categorized as first trimester and second or third trimester.  Both 

risky behavior measures were categorized as some or none.   

 Variables eligible for inclusion in the initial model consisted of the characteristics 

that were found to be associated with the outcome in univariate analyses.  Variables that 

produced unstable estimates, were non-informative or not plausible, or that were a 

                                                        
4 For continuous variables that did not follow a normal distribution, Wilcoxon-Mann-Whitney tests (Wilcoxon 
two-sample tests, using a t approximation) were used. 
5 When an expected cell count for the chi-square test was less than 5, Fisher’s exact tests were used. 
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component of a score already included in the model were excluded.  Eligible variables were 

assessed for association with the primary predictor using t-tests6, chi-square tests7, and 

univariate linear regression.  The initial model used for assessment of collinearity, interaction, 

confounding, and precision thus included the outcome of interest, the primary predictor, and 

variables associated with both the outcome and the primary predictor (with exclusions as 

described above).  Participants with missing data for any of the variables included in the 

model were excluded from the corresponding analysis.  The most appropriate final models 

were selected after consideration of collinearity, interaction, confounding, and precision.  

Collinearity was assessed prior to consideration of interaction or confounding in 

order to eliminate collinear predictors, which can lead to unstable maximum likelihood 

estimates (Schaefer, 1983).  Condition indices and variance decomposition proportions 

(VDPs) were calculated and a collinearity problem was identified when at least one condition 

index was approximately thirty or above (Belsley, 1992).  Modeled variables with high VDPs 

(approximately 0.5) associated with such condition indices were eliminated from the model 

in order to decrease collinearity issues in the model and ensure accuracy of maximum 

likelihood estimates.  To avoid unnecessary elimination, the variable with the greatest 

evidence of collinearity (the highest VDP corresponding to the highest condition index) was 

removed first, at which point collinearity was re-assessed to determine whether further 

removal was required.  This was carried out sequentially until no further collinearity issues 

were evident. 

Interaction was assessed using two-factor interaction terms between the primary 

predictor and each variable in the initial model.  Examination of interaction was carried out 

                                                        
6 For continuous variables that did not follow a normal distribution, Wilcoxon-Mann-Whitney tests (Wilcoxon 
two-sample tests, using a t approximation) were used. 
7 When an expected cell count for the chi-square test was less than 5, Fisher’s exact tests were used. 



 21 

through hierarchical backward elimination of interaction terms as described by Kleinbaum 

and Klein (2002).  During this procedure, the least significant interaction term was dropped 

from the full interaction model, resulting in a new reduced interaction model.  After fitting 

this new interaction model, the next least significant interaction term was dropped.  This 

process continued until any interaction terms remaining in the model were significant (Wald 

chi-square test, α=0.05).  If no significant interaction terms remained after backward 

elimination, there was no evidence of interaction in the model and interaction terms were 

not included in further procedures.  Variables involved in interaction terms were retained in 

models during consideration of confounding and precision to ensure that the final model 

was hierarchically well-formulated (Kleinbaum and Klein, 2002). 

Remaining variables not involved in any interaction terms were assessed for 

confounding.  Evidence of confounding was present when eliminating a potential 

confounder or a group of potential confounders from the “gold standard” model resulted in 

a substantial change in the estimated odds ratio for the primary predictor.  The gold standard 

model was defined as the model including all potential confounders and significant 

interaction terms.  All possible combinations of predictors were considered, retaining the 

primary predictor and any variables involved in interaction terms (including the interaction 

terms themselves) in all possible models.  All models yielding an odds ratio for the primary 

predictor within 10% of the odds ratio from the gold standard model were eligible for 

further consideration.  Of these, the model with the highest precision, or the smallest 

confidence interval, for the odds ratio for the effect of the primary predictor was selected as 

the best overall model. 

This procedure was implemented for all models of interest, resulting in hierarchically 

well-formulated final models accounting for relevant and significant interaction and 
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confounding.  Thus, these final models provide the most precise and accurate measure of 

the true association between the primary predictor and the outcome of interest based on the 

data collected.  

Elucidating Targets for Intervention 

Knowledge gaps were identified using descriptive statistics (means and proportions) 

to select the areas where knowledge was least prevalent.  Significant differences in pesticide 

behaviors and knowledge between agricultural workers and non-agricultural workers were 

examined using t-tests8 and chi-square tests9.  Disparities were identified to inform 

interventions that might be geared toward a specific occupational cohort.  Knowledge and 

behaviors were compared to determine whether specific (rather than general) knowledge of 

harmful actions and protective strategies led to correspondingly appropriate decisions 

regarding these actions and strategies.  Factors associated with inconsistencies in declared 

knowledge and reported behaviors were examined using t-tests6 and chi-square tests7 to 

elucidate potential targets for intervention outside of simple knowledge dissemination.   

Where knowledge was not significantly associated with practices after accounting for 

interaction and confounding, multivariate logistic regression models were constructed to 

identify the factors most strongly associated with risky behaviors.  A simple backward 

elimination procedure was implemented, allowing variables other than knowledge to become 

a part of the final model.  The least significant term was eliminated from the model 

sequentially until all remaining terms were significant (Wald chi-square test, α=0.05).  While 

collinearity was addressed prior to backward elimination procedures, interaction and 

confounding were not assessed due to the lack of a previously-identified primary predictor.  

                                                        
8 For continuous variables that did not follow a normal distribution, Wilcoxon-Mann-Whitney tests (Wilcoxon 
two-sample tests, using a t approximation) were used. 
9 When an expected cell count for the chi-square test was less than 5, Fisher’s exact tests were used. 
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This procedure was used to build predictive models for risky behaviors at work and risky 

behaviors at home that were not restricted by the selection of knowledge or stage of 

pregnancy as the primary predictor.   

Model Fit Statistics 

Likelihood ratio statistics, R-squared values, and percent concordant and discordant 

pairs were calculated to describe how well each model explains the observed data.  For 

purposes of assessment and comparison of model fit, likelihood ratio tests were conducted 

to compare each model of interest to the corresponding model including the intercept only.  

This method was selected due to its application as a test for significance as well as ease of 

interpretation.  A significant p-value (α=0.05) for this test indicates that including the 

variables in the model improves the fit of the model beyond the information provided by the 

intercept. 

 

RESULTS 

Demographic Characteristics and Pesticide Use 

 Demographic characteristics of the participants are presented in table 12.  The mean 

age was 26 and the 76 participants were relatively evenly distributed throughout the first 

(28%), second (33%), and third (39%) trimesters.  

Information on agricultural and residential pesticide use is presented in table 13.  As 

expected, approximately half of the participants (45%) had worked in agriculture since 

becoming pregnant.  Twenty-three (30%) women, all of whom had worked in agriculture 

since becoming pregnant, reported that pesticides were applied at their job.  Pesticides had 

been applied in the homes of 39 (51%) participants since they became pregnant, with 21 

(28%) personally applying those pesticides. 
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Pesticide Knowledge, Attitudes, and Practices: Descriptive Statistics 

Seven total scores were calculated to summarize pesticide knowledge, attitudes and 

practices.  These are presented in tables 14-16, with significant differences between 

agricultural workers and non-agricultural workers highlighted.  The median knowledge score 

among all participants was 0.86 (table 14).  Significantly higher proportions of participants 

who did not work in agriculture correctly answered two of the knowledge questions (chi-

square and Fisher’s exact tests, p<0.05).  Mean overall knowledge scores did not differ 

significantly between agricultural and non-agricultural workers (0.83 and 0.85, respectively; 

Wilcoxon test, p=0.10) 

 Pesticide attitude scores and responses are presented in table 15.  Comparisons 

between agricultural and non-agricultural workers revealed significant differences in attitudes 

on personal responsibility for the safe use of pesticides between the two groups, with 

significantly higher mean scores among non-agricultural workers (Wilcoxon test, p<0.01). 

Proportions of participants who reported each risky behavior surrounding pesticide 

use can be found in table 16.  Among the 34 participants who had worked in agriculture 

since becoming pregnant, 16 (47%) regularly engaged in at least one risky behavior related to 

their work.  Among all participants, 55 (72%) engaged in at least one risky behavior related 

to daily life at home (table 16).  The mean number of risky behaviors at work was 0.56 out of 

a possible 3 (median: 0), while the mean number of risky behaviors at home was 1.4 out of 7 

(median: 1).  Women who had worked in agriculture since becoming pregnant were more 

likely to have engaged in at least one risky behavior at home (chi-square test, p<0.01). 

Univariate Analyses 

 Univariate analyses identified characteristics significantly associated with each of the 

seven summary scores, presented in tables 17-23.  Higher knowledge was significantly 
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associated with having at least some formal education and believing in personal 

responsibility for the safe use of pesticides (chi-square test, p<0.05; table 17).  Both 

measures of risky behaviors were marginally significantly associated with knowledge, 

although those with higher knowledge scores were more likely to engage in risky behaviors 

at work (Wilcoxon and chi-square tests, p<0.1; tables 18, 19, 22).  Among agricultural 

workers, those who engaged in risky behaviors at work engaged in more risky behaviors at 

home (chi-square test, p=0.03).  Summary tables of the univariate associations between the 

seven knowledge, attitudes, and practices scores are presented in tables 24-26. 

Women in their first trimester of pregnancy were significantly more likely to engage 

in risky behaviors at home (chi-square test, p=0.03; table 19).  Univariate associations 

between stage of pregnancy (first trimester vs. second and third) and demographics and 

other characteristics are presented in table 27.  Women in their first trimester were more 

likely to be agricultural workers and were less educated than women in later stages of 

pregnancy (chi-square tests, p<0.05; table 27). 

Model Construction and Multivariate Analyses 

 The final model describing the association between knowledge and risky behaviors at 

work contained knowledge as the only predictor.  There was no data-based evidence of 

confounding, as none of the variables associated with risky behaviors at work were 

associated with the continuous knowledge score (table 28).  However, in order to ensure the 

accuracy of the model, eligible variables that were associated with risky behaviors at work 

were also assessed for interaction and confounding with knowledge.  This analysis led to the 

same final model, with no evidence of interaction or confounding (table 29).  The 

association between knowledge and risky behaviors at work was positive (OR = 1.14) but 

not significant (p=0.21; 95% CI: 0.93, 1.40).  This model did not demonstrate improved 
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predictive performance over a model containing only the intercept (likelihood ratio test, 

p=0.20; table 41). 

 The final model describing the association between knowledge and risky behaviors at 

home also contained knowledge as the only predictor.  There was no evidence of interaction 

or confounding with any of the variables in the initial model (table 30).  In the final model, 

presented in table 31, the association between knowledge and risky behaviors at home was 

negative (OR = 0.87) and marginally significant (p=0.10; 95% CI: 0.74, 1.03).  Adding the 

predictor of knowledge to the model resulted in marginally but not statistically significantly 

improved fit compared to a model containing only the intercept (likelihood ratio test, 

p=0.09; table 41). 

 The univariate association between stage of pregnancy and risky behaviors at work 

was far from significant, so the corresponding model was not constructed.  The final model 

for the association between stage of pregnancy (first trimester or second/third trimester) and 

risky behaviors at home included both stage of pregnancy and education, which was found 

to be a confounder of the association (table 32).  In the univariate model containing only 

stage of pregnancy, the odds of engaging in a risky behavior at home among women in their 

first trimester were significantly higher than the odds among women in their second or third 

trimester (OR = 5.0, 95% CI: 1.1, 23.9).  However, in the final model including the 

education, the odds ratio for stage of pregnancy was not statistically significant (OR = 4.1, 

95% CI: 0.8, 20.6; table 33).  The model including both stage of pregnancy and education fit 

the observed data significantly better than a model containing the intercept as the sole 

predictor (likelihood ratio test, p=0.04; table 41). 
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Elucidating Targets for Intervention 

 Targets for a knowledge-based intervention are presented in tables 34 and 35.  The 

knowledge areas with the lowest median scores were pesticide toxicity symptoms and intake 

routes for pesticide exposure (table 34).  The question most often answered incorrectly was 

related to the health effects of pesticides.  Only 5% of participants knew that different 

pesticides have different health effects (table 35). 

 A comparison between the declared knowledge and reported behaviors of 

participants in respect to specific harmful actions and protective strategies are presented in 

table 36.  Although virtually all participants agreed that spraying pesticides in the home could 

harm their fetus, 28 (37%) reported using pesticides in the home since they became 

pregnant.  Similarly, all of the participants who did not wear gloves while using pesticides in 

the home indicated knowledge that wearing gloves when handling pesticides was an effective 

strategy to prevent pesticide exposure (table 36).  Factors associated with these two most 

common inconsistencies in knowledge and behaviors are presented in tables 37 and 38. 

In further exploring potential predictors of risky behaviors to identify targets for 

intervention other than simple knowledge dissemination, the only variable remaining in the 

model predicting risky behaviors at work after backward elimination of insignificant 

predictors was the number of risky behaviors the participant engaged in at home (table 39).  

Agricultural workers who engaged in more risky behaviors at home were more likely to 

engage in risky behaviors at work (OR = 2.2, 95% CI: 1.1, 4.5).  Having a job involving farm 

work before becoming pregnant, using pesticides in the home before becoming pregnant, 

having a previous child, and having a high belief in the child’s susceptibility to pesticides 

were identified as risk factors for engaging in risky behaviors at home (table 40).  Both 
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models demonstrated significantly improved fit compared to models containing only the 

corresponding intercept (likelihood ratio tests, p<0.05; table 41). 

 

DISCUSSION 

Knowledge, Attitudes, and Practices 

 Participants demonstrated relatively high knowledge about pesticides, with most 

participants answering over 80% of questions correctly.  Pesticide knowledge was higher in 

this study population than in previous studies among agricultural workers in Thailand and 

other countries such as Bangladesh and Brazil (Kachaiyaphum et al., 2010; Sam et al., 2008; 

Recena et al., 2006).  This may be due to this study’s inclusion of non-agricultural workers, 

who had higher levels of education and marginally significantly higher levels of knowledge 

than agricultural workers.  Knowledge did not significantly differ by age, ethnicity, or 

income, but those with at least some education were more likely to have higher pesticide-

related knowledge.   

 Consistent with previous findings, attitudes on personal susceptibility to the health 

effects of pesticides were not associated with pesticide practices (Alano et al., 2010).  

Participants with lower beliefs in their personal susceptibility to pesticides also believed that 

they could develop an immunity to pesticides, a belief that was more common among 

agricultural workers.  These attitudes may arise as a result of a familiarity with pesticides, 

supporting the results of a focus group discussion in northern Thailand where community 

members indicated that they were not concerned about pesticide poisonings because they 

had seen their parents and grandparents use pesticides without experiencing health problems 

(Inmuong et al., 2009).  Participants with higher beliefs in their child’s susceptibility to 
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pesticides were more likely to engage in risky behaviors at home, again indicating that 

believing in susceptibility to pesticides does not play a role in preventing unsafe practices. 

 Beliefs in personal responsibility for the safe use of pesticides were higher among 

non-agricultural workers, who may not need to accept such responsibility on a regular basis.  

Unfortunately, agricultural workers, who are more likely to work with pesticides and should 

take responsibility for the safe use of pesticides, were less likely to indicate beliefs in the need 

for such actions. 

 Agricultural workers were also more likely to engage in risky behaviors in the home.  

However, certain behaviors were only considered risky when the participant had a household 

member who worked in agriculture, which was significantly more common among 

participants who worked in agriculture themselves (chi-square test, p<0.01).  Thus, while it is 

difficult to assess the true association between working in agriculture and having unsafe 

practices in the home, it is clear that agricultural workers have a greater potential for 

exposure to pesticides in the home due to the increased potential for, and engagement in, 

risky behaviors.  

 Risky behaviors among this study population were far less common than among 

other populations, including primarily Spanish-speaking pregnant women in an agricultural 

community in California as well as agricultural workers in Thailand (Goldman et al., 2004; 

Plianbangchang et al., 2009; Jintana et al., 2009; Kachaiyaphum et al., 2010).  While this 

could be a result of truly safer practices among this population of pregnant women, pilot 

testing of the survey indicates that these women may be unlikely to admit to engaging in 

risky behaviors due to a desire to please researchers.  Although survey design prevented a 

bias that could arise from asking about knowledge prior to behaviors, this cultural barrier 

could not be completely removed through a simple multiple choice survey. 
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Knowledge and Stage of Pregnancy as Predictors of Practices 

 In this study, risky behaviors were used as a measure of potential pesticide exposure 

during pregnancy.  Thus, predictors of the odds of engaging in risky behaviors were of great 

interest to identify women and fetuses at an elevated risk of pesticide exposure and to reveal 

potential targets for future interventions.  Higher knowledge was marginally associated with 

decreased odds of engaging in risky behaviors at home.  On average, the odds of engaging in 

risky behaviors at home decreased by 13% for every additional knowledge question 

answered correctly.   This relationship held after searching for potential confounders and 

effect modifiers, indicating that an intervention to increase knowledge among pregnant 

women from all backgrounds in the study population could be effective at reducing potential 

pesticide exposure in the home.  However, it should be emphasized that the association did 

not meet the criteria for significance.  A study with a larger sample size may be necessary to 

confirm the relationship.  Knowledge had no marginal or significant effect on the odds of 

engaging in risky behaviors at work, perhaps partially due to small sample size (the outcome 

was only assessed for the 34 agricultural workers). 

 Consistent with our hypothesis, women in early stages of pregnancy were 

significantly more likely to engage in risky behaviors at home.  This was also consistent with 

the observation that more women had worked in a job involving potential pesticide 

exposure, personally applied pesticides, or had pesticides applied in their home before 

becoming pregnant.  These observations may indicate that women alter their pesticide use 

behaviors when they become pregnant as well as when they advance to later stages of 

pregnancy.  However, upon controlling for education as a confounder, the relationship 

between stage of pregnancy and risky behaviors at home was only marginally significant.  It 

appears that in our sample population, women in their first trimester were less educated than 
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women in other trimesters, thus leading to lower knowledge and more risky behaviors at 

home, outside of the effect of stage of pregnancy alone.  However, the relationship remained 

marginally significant, and with a larger sample size a true relationship between stage of 

pregnancy and risky behaviors at home may become more evident.  The model including 

both stage of pregnancy and education demonstrated significantly improved model fit over a 

model containing only the intercept.  This indicates that the combination of these variables 

resulted in effective prediction of risky behaviors at home among the women in this study.  

Stage of pregnancy was not marginally or significantly associated with risky behaviors at 

work, again potentially due to small sample size. 

Targets for Intervention 

Participants had the least knowledge about pesticide toxicity symptoms and intake 

routes for pesticide exposure and were highly knowledgeable about populations that can be 

harmed by pesticides, including developing fetuses.  The observation that knowledge about 

the symptoms of pesticide toxicity symptoms was low can be attributed to the fact that this 

study population contained non-agricultural workers, who are less likely to be familiar with 

pesticide poisonings.  The majority of hospitalizations for accidental pesticide poisonings 

occur through occupational exposure (Wesseling et al., 1993).  Thus, increasing knowledge 

of pesticide toxicity symptoms among non-agricultural workers may not be the most 

effective use of an intervention.  The knowledge areas of greatest interest for future 

interventions including all pregnant women in northern Thailand should therefore focus on 

intake routes for pesticides, potential health impacts of pesticides, and strategies to prevent 

pesticide exposure. 

Interventions targeted toward agricultural workers should focus on pesticide toxicity 

symptoms, along with providing information about the populations that can be harmed by 
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pesticides, an area in which agricultural workers scored significantly lower than non-

agricultural workers.  Interventions targeted toward non-agricultural workers should focus 

on intake routes for pesticides, potential health impacts of pesticides, and strategies to 

prevent pesticide exposure. 

Inconsistencies in knowledge and behavior were associated with other potentially 

harmful behaviors including risky behaviors at work, smoking, and not taking vitamins.  This 

indicates that women who continue to use pesticides in the home while they are pregnant 

despite the knowledge that doing so could harm their fetus may be prone to engaging in 

potentially hazardous behaviors in other aspects of life.  For these women, increasing 

knowledge about pesticides may not be effective in preventing pesticide exposure. 

After exploring the relationships between the predictors of interest and the odds of 

engaging in risky behaviors at home and work, it became clear that neither knowledge or 

stage of pregnancy alone significantly predicted unsafe pesticide practices.  In order to fulfill 

the aims of the research, it was necessary to identify other predictors of unsafe pesticide 

practices.  The “best” predictor of the odds of engaging in risky behaviors at work identified 

through backward elimination was the number of risky behaviors the participant reported at 

home.  Including risky behaviors at home led to significant improvement in model fit 

compared to a model containing only the intercept, a target that was not met in the model 

containing knowledge as the predictor.  The odds of engaging in risky behaviors at work 

increased two-fold for each risky behavior the participant reported at home.  Although it 

does not immediately seem helpful to discover that risky behaviors at work can be predicted 

by those at home, it does point to the idea that interventions to decrease the number of risky 

behaviors at home may be effective in decreasing risky behaviors at work as well.  In 

addition, risky behaviors at home may serve as a proxy for risky behaviors at work in future 
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studies.  Behaviors at home can be assessed among all women enrolling in future studies, as 

opposed to behaviors at work, which are specific to agricultural workers and thus can only 

be assessed in half of the study population. 

 Four predictors associated with risky behaviors at home remained significant after 

backward elimination.  It has already been noted that agricultural workers were more likely 

to report risky behaviors at home, so the observation that having a job involving farm work 

before becoming pregnant is associated with risky behaviors in the home is not surprising.  

This observation helps to identify a group at high risk for potential pesticide exposure during 

pregnancy using a characteristic that can be determined quickly and objectively.  Similarly, 

the observation that participants who used pesticides in the home before becoming pregnant 

were more likely to practice unsafe pesticide use behaviors while pregnant is also intuitive 

and can quickly allow for categorization into high and low risk of exposure and need for 

intervention.  However, this characteristic may be more subjective to the potential cultural 

barriers described previously.  In addition, women with a previous child were significantly 

more likely to engage in risky behaviors at home during the current pregnancy.  This is 

consistent with previous findings that women in the United States were more likely to 

engage in harmful behaviors such as use of tobacco and lower utilization of prenatal care 

during their second pregnancy than during their first (Blankson et al., 1993).  These 

observations indicate that women carrying their first child may be more likely to take 

precautions and use safe practices during pregnancy.  Women carrying a child that is not 

their first may need to be reminded that safe pesticide practices during pregnancy are 

necessary to protect her developing fetus. 

Although the predictors identified in backward elimination are informative to 

identify populations at risk of exposure to target interventions, they are not preventable by 
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nature.  Thus, pesticide knowledge retains its predictive importance from the perspective of 

prevention. 

 

CONCLUSIONS AND RECOMMENDATIONS 

Research Strengths  

The results of this survey provide much-needed information about the state of 

pesticide-related knowledge, attitudes, and practices among pregnant women in northern 

Thailand.  This population has been largely understudied, as most research in pesticide 

exposure focuses on agricultural workers.  Examining pesticide use behaviors and the factors 

that influence these behaviors among pregnant women provides information about prenatal 

exposure in a vulnerable population of developing fetuses.  Perhaps most importantly, the 

results also suggest that increasing knowledge in this population may promote safe pesticide 

practices in the home and at work, thus protecting this vulnerable population.  Exploring 

this relationship using solely a baseline survey is a novel concept, as most single time-point 

studies simply describe the current state of knowledge, attitudes, and practices in the 

population of interest.  Those that go on to investigate the relationship between knowledge 

and behavior usually do so in regard to the effectiveness of a knowledge-based intervention, 

using both a baseline and a follow-up study.  The methods presented here provide a strategy 

to determine whether such interventions have the potential to be successful, to recognize 

other factors and characteristics that may influence their success, and to identify sub-

populations and information topics as targets for intervention.  Thus, this type of analysis 

can serve to inform preventive efforts prior to implementation. 
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Research Limitations 

 Limitations of this research project include survey design, sample size, and lack of a 

direct measure of exposure.  This survey was based on previously-published work, pre-

tested, pilot tested, and extensively edited to ensure proper translation, coherence, and 

relevance.  However, survey validation according to defined methods was outside the scope 

of this project.  Although attempts were made to include questions that would identify 

women who blindly answered affirmatively for all options listed under a given topic area, a 

method to control for these responses was not identified.  Knowledge might be best 

measured through open-ended questions, where participants are asked to provide the 

information without potentially leading questions or a restricted number of choices.  

Additionally, the lack of critical feedback through pilot testing of the survey indicates that 

these women may be overly concerned with pleasing the researchers.  This could lead to a 

culture-specific reporting bias, which may partially explain why safe practices were more 

prevalent in this study than in previous findings. 

 The study was also limited by a small sample size.  Although the study included 76 

women, it was presumably difficult to detect true relationships between the variables of 

interest among the sub-samples in the study such as agricultural workers or women who 

personally applied pesticides.  For example, the power of analyses predicting risky behaviors 

at work among agricultural workers was limited by a sample size of 34. 

 Additionally, the primary outcomes of interest in this study were proxies for 

exposure to pesticides rather than direct measures.  Although there is evidence that unsafe 

pesticide practices lead to increased exposure, this relationship has not been confirmed 

among pregnant women in Thailand or their fetuses (Jintana et al., 2009; Kachaiyaphum et 

al., 2010).  While it is practical to assume that risky behaviors lead to exposure in this 
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population, it can only be stated that they lead to the potential for exposure.  Further 

research is required to strengthen the results of this study and confirm that the risky 

behaviors of interest lead to actual exposure in this population. 

 As with all surveys, the potential for interviewer bias or incorrect coding of data is of 

concern.  However, the data entry file provided by the study nurse was in perfect condition 

according to the code book provided.  This observation is extremely encouraging and 

indicates that proper procedures were followed and that errors arising from survey 

administration and data entry were minimal. 

Conclusions and Recommendations 

 Consistent with the research hypotheses, pesticide knowledge and stage of pregnancy 

appear to have some capacity to predict engagement in behaviors leading to the potential for 

pesticide exposure among pregnant women in northern Thailand.  However, these 

characteristics may not be the best predictors.  Unsafe, or risky, behaviors in the home are 

associated with occupation and pesticide use before becoming pregnant, as well as parity.  

Unfortunately, these predictors are not amenable to behavior change and thus do not offer 

an opportunity for prevention.  While these characteristics are informative to aid researchers 

and public health workers in targeting interventions to populations at an elevated risk of 

exposure, knowledge remains an important predictor for preventive purposes. 

 Further research is necessary to confirm the relationship between pesticide 

knowledge and practices, or to determine other factors that better predict practices and offer 

opportunities for intervention.  Similar survey studies with a larger sample size may provide 

more power to detect a true relationship.  However, it is also clear that barriers to the 

transition of knowledge into behavior exist.  Focus groups and qualitative interviews could 

help to identify these barriers by providing an opportunity for open discussion that is not 
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available through multiple choice surveys.  Qualitative research could also remove a potential 

cultural bias identified through pilot testing that may have led women to under-report risky 

behaviors.  Future research should also focus on determining whether engaging in risky 

behaviors is associated with actual pesticide exposure for both the woman and her future 

child.  This could be accomplished using biomonitoring data that will be collected through 

the SAWASDEE birth cohort in conjunction with the survey used here, which captures 

women’s behaviors surrounding pesticide use during pregnancy. 

 Meanwhile, interventions in northern Thailand aimed at preventing pesticide 

exposure during pregnancy should focus on increasing knowledge about pesticides, 

specifically intake routes for pesticide exposure, potential health impacts, and strategies to 

prevent pesticide exposure.  These interventions should aim to prevent risky behaviors at 

home, which are in turn associated with risky behaviors at work.  Interventions should be 

implemented while women are in their first trimester, as evidence indicates that women may 

engage in more risky behaviors during the early stages of pregnancy.  When funding is 

limited, these interventions should be targeted to the groups identified as most likely to 

engage in unsafe pesticide practices during pregnancy.  These include women who worked in 

agriculture before becoming pregnant, who personally applied pesticides in the home before 

becoming pregnant, or who have been pregnant before.  Evaluations should be conducted to 

determine effectiveness and inform future research and exposure prevention efforts. 

Overall, pregnant women in an agricultural community in northern Thailand were 

found to be relatively knowledgeable about pesticides.  However, many still engage in 

behaviors that put them and their fetuses at risk of pesticide exposure and related health 

effects.  Opportunities for intervention and future research are available, and prevention 
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efforts should be implemented to protect this unique and vulnerable group of women and 

their future children. 

 
 



 39 

REFERENCES 

Abhilash PC, N Singh (2009). Pesticide use and application: an Indian scenario. Journal of 
Hazardous Materials, 165: 1-12. 

Ahlbom J, Fredriksson A, Eriksson P (1994). Neonatal exposure to a type-I pyrethroid 
(bioallethrin) induces dose-response changes in brain muscarinic receptors and 
behaviour in neonatal and adult mice. Brain Res, 645: 318-324. 

Alano R, C Srinivasan, P Wiwatanadate, B Kaewpinta, A DiStefano (2010). Pesticide use 
among farmers in Mae Tha, Thailand: Perceptions of health risk as a determinant of 
practice. Pan American Health Care Exchanges, 2010: 31. 

Alvanja MCR, JA Hoppin, F Kamel (2004). Health effects of chronic pesticide exposure: 
Cancer and neurotoxicity. Annu Rev Public Health, 25: 155-197. 

Artal R, M O'Toole (2003). Guidelines of the American College of Obstetricians and 
Gynecologists for exercise during pregnancy and the postpartum period. BJSM, 37(1): 
6-12. 

Aspelin AL (2003). Pesticide usage in the United States: Trends during the 20th century. 
Center for Integrated Pest Management Technical Bulletin 105. 

Aziz MH, Agrawal AK, Adhami VM, Shukla Y, Seth PK (2001). Neurodevelopmental 
consequences of gestational exposure (GD14- GD20) to low dose deltamethrin in rats. 
Neurosci Lett, 300: 161-165. 

Belsley, DA (1991). Conditioning Diagnostics: Collinearity and Weak Data in Regression. Wiley: New 
York. 

Berkowitz GS, E Birman-Deych, J Obel, RH Lapinski, JH Godbold, IR Holzman, M.S. 
Wolff (2004). In utero pesticide exposure, maternal paraoxonase activity, and head 
circumference. Environ. Health Perspect. 112: 388-391. 

Bjorling-Poulsen M, HR Andersen, P Grandjean (2008). Potential developmental 
neurotoxicity of pesticides used in Europe. Environ Health, 7: 50. 

Blankson ML, SP Cliver, RL Goldenberg, CA Hickey, J Jin, MB Dubard (1993). Health 
behavior and outcomes in sequential pregnancies of black and white adolescents. 
JAMA, 269(11): 1401-1403. 

Broomfield CA, DM Maxwell, RP Solana, CA Castro, AV Finger, DE Lenz (1991). 
Protection by butyrylcholinesterase against organophosphorus poisoning in nonhuman 
primates. Journal of Pharmacology and Experimental Therapeutics, 259(2): 633-638. 

Buranatrevedh S, P Sweatsriskul (2005). Model development for health promotion and 
control of agricultural occupational health hazards and accidents in Pathumthani, 
Thailand. Industrial Health, 43: 669-676. 

Casey P (1994). Deaths from pesticide poisoning in England and Wales: 1945-1989. Human 
and Experimental Toxicology, 13(2): 95-101. 

Cotton P (1994). Smoking cigarettes may do developing fetus more harm than ingesting 
cocaine, some experts say. JAMA, 271(8): 576-577. 

Das R, A Steege, S Baron, J Beckman, R Harrison (2001). Pesticide-related illness among 
migrant farm workers in the United States. Int J Occup Environ Health, 7: 303-312. 

Dasgupta S, C Meisner, M Huq (2005). Health effects and pesticide perception as 
determinants of pesticide use: evidence from Bangladesh. In: World Bank Policy Research 
Working Paper 3776. 

Discover Neem (2011). How does Neem insecticide work?: About Neem oil and insects. 
[Available: http://www.discoverneem.com/neem-oil-insecticide.html, accessed 
1/31/11]. 



 40 

Ecobichon DJ (2001). Pesticide use in developing countries. Toxicology, 160: 27-33. 
Eddleston M, L Karalliedde, N Buckley, R Fernando, G Hutchinson, G Isbister, F 

Konradsen, et al. (2002). Pesticide poisoning in the developing world – a minimum 
pesticides list. The Lancet, 360: 1163-1167. 

Engel SM, Berkowitz GS, Barr DB, Teitelbaum SL, Siskind J, Meisel SJ, Wetmur JG, Wolff 
MS (2007). Prenatal organophosphate metabolite and organochlorine levels and 
performance on the Brazelton Neonatal Behavioral Assessment Scale in a multiethnic 
pregnancy cohort. Am J Epidemiol, 165: 1397-1404. 

Eriksson P, Fredriksson A (1991). Neurotoxic effects of two different pyrethroids, 
bioallethrin and deltamethrin, on immature and adult mice: changes in behavioral and 
muscarinic receptor variables. Toxicol Appl Pharmacol, 108: 78-85. 

Eriksson P, Nordberg A (1990). Effects of two pyrethroids, bioallethrin and deltamethrin, 
on subpopulations of muscarinic and nicotinic receptors in the neonatal mouse brain. 
Toxicol Appl Pharmacol, 102: 456-463. 

Eskenazi B, A Bradman, R Castorina (1999). Exposures of children to organophosphate 
pesticides and their potential adverse health effects. Env Health Perspectives, 107(S3): 
409-419. 

Eskenazi B, AR Marks, A Bradman, K Harley, DB Barr, C Johnson, N Morga, NP Jewell 
(2007). Organophosphate pesticide exposure and neurodevelopment in young 
Mexican-American children. Environ. Health Perspect. 115(5): 792-798. 

Eustace LW, D-H Kang, D Coombs (2002). Fetal alcohol syndrome: A growing concern for 
health care professionals. JOGNN, 32(2): 215-221. 

Farag AT, Goda NF, Mansee AH, Shaaban NA (2006). Effects of permethrin given before 
mating on the behavior of F1-generation in mice. Neurotoxicology, 27: 421-428. 

Farahat TM, FM Farahat, AA Michael (2009). Evaluation of an educational intervention for 
farming families to protect their children from pesticide exposure. East Mediterr 
Health J, 15(1); 47-56. 

Fenske RA, KG Black, KP Elkner, CL Lee, MM Methner, R Soto (1990). Potential exposure 
and health risks of infants following indoor residential pesticide applications. AJPH, 
80(6), 689-693. 

Food and Agriculture Organization (2004). Farmworkers need to be better protected against pesticides: 
FAO and UNEP call for stronger safety measures. FAO Newsroom. [Available: 
http://www.fao.org/newsroom/en/news/2004/50709/index.html, accessed 
1/25/11]. 

Gilden RC, K Huffling, B Sattler (2010). Pesticides and health risks. JOGNN, 39: 103-110. 
Goldman L, Eskenazi B, Bradman A, Jewell NP (2004). Risk behaviors for pesticide 

exposure among pregnant women living in farmworker households in Salinas, 
California. Am J Ind Med, 45(6): 491-499. 

Grandjean P, Harari R, Barr DB, Debes F (2006). Pesticide exposure and stunting as 
independent predictors of neurobehavioral deficits in Ecuadorian school children. 
Pediatrics, 117: e546-e556. 

Gupta A, Agarwal R, Shukla GS (1999). Functional impairment of blood- brain barrier 
following pesticide exposure during early development in rats. Hum Exp Toxicol, 18: 
174-179. 

Hudak PF, A Thapinta (2005). Agricultural pesticides in groundwater of Kanchana Buri, 
Ratcha Buri, and Suphan Buri Provinces, Thailand. Bulletin of Environmental 
Contamination and Toxicology, 74(4): 631-636. 

Husain R, Malaviya M, Seth PK, Husain R (1992). Differential responses of regional brain 



 41 

polyamines following in utero exposure to synthetic pyrethroid insecticides: a 
preliminary report. Bull Environ Contam Toxicol, 49: 402-409. 

Inmuong U, L Charerntanyarak, P Furu (2009). Community perceptions of health 
determinants in Khon Kaen Province, Thailand. Southeast Asian J Trop Med Public 
Health, 40(2): 380-391. 

Jaipieam S, P Visuthismajarn, P Sutheravut, W Siriwong, S Thoumsang, M Borjan, M 
Robson (2009). Organophosphate pesticide residues in drinking water from artesian 
wells and health risk assessment of agricultural communities, Thailand. Human and 
Ecological Risk Assessment, 15: 1304-1316. 

Janhong K, C Lohachit, P Butraporn, P Pansuwan (2005). Health promotion programs for 
the safe use of pesticides in Thai farmers. Southeast Asian J Trop Med Public Health, 
36(S4): 258-261. 

Jeyaratnam J, M Maroni (1994). Organophosphorus compounds. Toxicology, 91(1): 15-27. 
Jintana S, K Sming, Y Krongtong, S Thanyachai (2009). Cholinesterase activity, pesticide 

exposure and health impact in a population exposed to organophosphates. Int Arch 
Occup Environ Health, 82: 833-842. 

Jones DP. 1973. Agricultural Entomology, in History of Entomology. Palo Alto, CA: Edited 
by RF Smith, et al. 

Kachiayaphum P, N Howteerakul, D Sujirarat, S Siri, N Suwannapong (2010). Serum 
cholinesterase levels of Thai chilli-farm workers exposed to chemical pesticides: 
prevalence estimates and associated factors. J Occup Health, 52: 89-98. 

Kalayanarooj S and S Nimmannitya (2003). Clinical presentations of dengue hemorrhagic 
fever in infants compared to children. J Med Assoc Thai, 86(S3): S673-S680. 

Khan DA, I Hashmi, W Mahjabeen, TA Nagvi (2010). Monitoring health implications of 
pesticide exposure in factory workers in Pakistan. Environmental Monitoring and 
Assessment, 168(1-4): 231-240. 

Kleinbaum DG and M Klein (2002). Logistic Regression: A Self-Learning Text. Springer: New 
York. 

Kofman O, A Berger, A Massarwa, A Friedman, AA Jaffar (2006). Motor inhibition and 
learning impairments in school-aged children following exposure to organophosphate 
pesticides in infancy. Pediatric Research, 60(1): 88-92. 

Lazarini CA, Florio JC, Lemonica IP, Bernardi MM (2001). Effects of prenatal exposure to 
deltamethrin on forced swimming behavior, motor activity, and striatal dopamine 
levels in male and female rats. Neurotoxicol Teratol, 23: 665-673. 

Le Couteur DG, AJ McLean, MC Taylor, BL Woodham, PG Board (1999). Pesticides and 
Parkinson’s disease. Biomedicine & Pharmacotherapy, 53(3): 122-130. 

Lewis J (1985). The birth of EPA. [Available: 
http://www.epa.gov/history/topics/epa/15c.htm, accessed 1/25/11]. 

Malaviya M, Husain R, Seth PK, Husain R (1993). Perinatal effects of two pyrethroid 
insecticides on brain neurotransmitter function in the neonatal rat. Vet Hum Toxicol, 
35: 119-122. 

Marks AR, K Harley, A Bradman, K Kogut, DB Barr, C Johnson, N Calderon, B Eskenazi 
(2010). Organophosphate pesticide exposure and attention in young Mexican-
American children: the CHAMACOS study. Environmental Health Perspectives, 
118(12): 1768-1774. 

McCormack L, SA Garfinkel, et al (2002). Health insurance knowledge among Medicare 
beneficiaries. Health Services Research, 37(1): 41-61. 

McKone TE, R Castorina, ME Harnly, Y Kuwabara, B Eskenazi, A Bradman (2007). 



 42 

Merging models and biomonitoring data to characterize sources and pathways of 
human exposure to organophosphorus pesticides in the Salinas Valley of California. 
Environ Sci Technol, 41: 3233-3240. 

Moniz AC, Bernardi MM, Souza-Spinosa HS, Palermo-Neto J (1990). Effects of exposure to 
a pyrethroid insecticide during lactation on the behavior of infant and adult rats. Braz J 
Med Biol Res, 23: 45-48. 

Moser VC, KL McDaniel, PM Phillips, AB Lowit (2010). Time-course, dose-response, and 
age comparative sensitivity of N-methyl carbamates in rats. Toxicological Sciences, 
114(1): 113-123. 

National Cancer Institute (NCI) (2010). Cancer Trends Progress Report - 2009/2010 
Update: Pesticides. [Available: 
http://progressreport.cancer.gov/doc_detail.asp?pid=1&did=2007&chid=71&coid=7
13&mid, accessed 1/31/11]. 

National Research Council (NRC) (1993). “Pesticides in the Diets of Infants and Children”. 
National Academy Press: Washington, DC. 

Nemours Foundation (2010). Eating During Pregnacy. [Available: 
http://kidshealth.org/parent/nutrition_center/dietary_needs/eating_pregnancy.html
#, accessed 1/31/11]. 

Ngowi AVF, C Wesseling, L London (2007). “Health impacts in developing countries”, 
from Encyclopedia of Pest Management, Vol 2, D Pimentel (ed.), pg 228-231.  

Ntow WJ, HJ Gijzen, P Kelderman, P Drechsel (2006). Farmer perceptions and pesticide 
use practices in vegetable production in Ghana. Pest Management Science, 62: 356-
365. 

Palis FG, RJ Flor, H Warburton, M Hossain (2006). Our farmers at risk: behaviour and 
belief system in pesticide safety. Journal of Public Health, 28(1): 43-48. 

Panuwet P, T Prapamontol, S Chantara, DB Barr (2009). Urinary pesticide metabolites in 
school students from northern Thailand. Int J Hyg Environ Health, 212: 288-297. 

Panuwet P, W Siriwong, T Prapamontol, M Robson, DB Barr (2011). Agricultural pesticide 
management in Thailand: Current problems and population health risk (in press).  

Plianbangchang P, K Jetiyanon, S Wittaya-areekul (2009). Pesticide use patterns among 
small-scale farmers: A case study from Phitsanulok, Thailand. Southeast Asian J Trop 
Med Public Health, 40(2): 401-410. 

Rauh VA, Garfinkel R, Perera FP, Andrews HF, Hoepner L, Barr DB, Whitehead R, Tang 
D, Whyatt RW (2006). Impact of prenatal chlorpyrifos exposure on 
neurodevelopment in the first 3 years of life among inner-city children. Pediatrics, 118: 
e1845-e1859. 

Raveh L, J Grunwald, D Marcus, Y Papier, E Cohen, Y Ashani (1993). Human 
butyrylcholinesterase as a general prophylactic antidote for nerve agent toxicity: In vitro 
and in vivo quantitative characterization. Biochemical Pharmacology, 45(12): 2465-
2474. 

Recena MCP, ED Caldas, DX Pires, ERJC Pontes (2006). Pesticides exposure in Culturama, 
Brazil – Knowledge, attitudes, and practices. Environmental Research 102: 230-236. 

Riederer A (2008). “Early pesticide exposure and neurodevelopmental outcomes in a Thai 
birth cohort”. Grant Proposal to the National Institutes of Health. 

Ruckart PZ, Kakolewski K, Bove FJ, Kaye WE (2004). Long-term neurobehavioral health 
effects of methyl parathion exposure in children in Mississippi and Ohio. Environ 
Health Perspect, 112: 46-51. 

Salvatore AL, A Bradman, R Castorina, J Camacho, J Lopez, DB Barr, et al. (2008). 



 43 

Occupational behaviors and farmworkers' pesticide exposure: findings from a study in 
Monterey County, California. Am J Ind Med, 51(10): 782-794. 

Sam KG, HH Andrade, L Pradhan, A Pradhan, SJ Sones, PGM Rao, C Sudhakar (2008). 
Effectiveness of an educational program to promote pesticide safety among pesticide 
handlers of South India. Int Arch Occup Environ Health, 81(6): 787-795. 

Sanborn M, D Cole, K Kerr, C Vakil, LH Sanin, K Bassil (2004). “Pesticides Literature 
Review”. Ontario College of Family Physicians: Ontario, Canada. [Available: 
www.ocfp.on.ca/English/OCFP/Communications/CurrentIssues/Pesticides/default.
asp?s=1, accessed 1/31/11]. 

Schaefer RL (1983). Bias correction in maximum likelihood estimation. Statistics in 
Medicine, 2: 71-78. 

Sorat W (2004). The relationship between health belief, pesticide use and safety behaviors 
with acute poisoning symptoms of farmers, Chaiyaphum province. In: Thesis, Mahidol 
University, Thailand. 

Stuetz W, T Prapamontol, JG Erhardt, HG Classen (2001). Organochlorine pesticide 
residues in human milk of a Hmong hill tribe living in Northern Thailand. Sci Total 
Environ, 273(1-3): 53-60. 

Talts U, Fredriksson A, Eriksson P (1998). Changes in behavior and muscarinic receptor 
density after neonatal and adult exposure to bioallethrin. Neurobiol Aging, 19: 545-
552. 

Thai Food and Drug Administration (FDA) (2004). Laws and Regulations. Hazardous 
Substances Control Group. [Available: 
http://www.fda.moph.go.th/eng/hazardous/laws.stm, accessed 1/25/11]. 

Thai National Statistical Office (NSO) (2003). 2003 Agricultural Census. [Available: 
http://web.nso.go.th/eng/en/agriculture/agr_census2003.htm, accessed 1/25/11]. 

Thai Pollution Control Department (PCD) (2005). POPs: Pesticide Inventory Report. 
Thapinta A, PF Hudak (1998). Pesticide use and residential occurrence in Thailand. 

Environmental Monitoring and Assessment, 60: 103-114. 
United Kingdom Health and Safety Executive (2009). Using Pesticides. Available: 

http://www.pesticides.gov.uk/safe_use.asp, accessed 1/31/11]. 
United Nations Children’s Fund (UNICEF) (2010). UNICEF Statistics: Thailand. [Available: 

http://www.unicef.org/infobycountry/Thailand_statistics.html, accessed 3/4/10]. 
United States Central Intelligence Agency (USCIA) (2011). The World Factbook: Thailand. 

[Available: https://www.cia.gov/library/publications/the-world-
factbook/geos/th.html, accessed 1/25/11]. 

United States Environmental Protection Agency (USEPA) (1975). DDT regulatory history: a 
brief survey (to 1975). [Available: http://www.epa.gov/history/topics/ddt/02.htm, 
accessed 1/25/11]. 

United States Environmental Protection Agency (USEPA) (1999). “Recognition and 
management of pesticide poisonings”, Fifth Edition. [Available: 
http://www.epa.gov/opp00001/safety/healthcare/handbook/handbook.htm, 
accessed 1/31/11]. 

United States Environmental Protection Agency (USEPA) (2005). “Citizen’s guide to pest 
control and pesticide safety”. [Available: 
http://sis.nlm.nih.gov/enviro/pesticides.html, accessed 1/25/11]. 

United States Environmental Protection Agency (USEPA) (2007). Pesticide Safety Tips. 
[Available: http://www.epa.gov/opp00001/factsheets/pest_ti.htm, accessed 
1/31/11]. 



 44 

United States Environmental Protection Agency (USEPA) (2010a). Types of Pesticides. 
[Available: http://www.epa.gov/pesticides/about/types.htm, accessed 1/25/11]. 

United States Environmental Protection Agency (USEPA) (2010b). About EPA’s Pesticides 
Program. [Available: http://www.epa.gov/pesticides/about/aboutus.htm, accessed 
1/25/11]. 

United States Environmental Protection Agency (USEPA) (2010c). Human Health Issues. 
[Available: http://www.epa.gov/opp00001/health/human.htm, accessed 1/31/11]. 

United States Environmental Protection Agency (USEPA) (2010e). Assessing Health Risks 
from Pesticides. [Available: http://www.epa.gov/opp00001/factsheets/riskassess.htm, 
accessed 1/31/11]. 

United States Environmental Protection Agency (USEPA) (2011). Pesticides. [Available: 
http://www.epa.gov/pesticides/index.htm, accessed 4/7/11]. 

Wesseling C, L Castillo, C Elinder (1993). Pesticide poisonings in Costa Rica. Scand J Work 
Environ Health, 19(4): 227-235. 

Whyatt RM, Rauh V, Barr DB, Camann DE, Andrews HF, Garfinkel R, Hoepner LA, Diaz 
D, Dietrich J, Reyes A, Tang D, Kinney PL, Perera FP (2004). Prenatal insecticide 
exposures and birth weight and length among an urban minority cohort. Environ 
Health Perspect, 112: 1125-1132. 

World Health Organization (1997). Management of poisoning: a handbook for health care 
workers. England: WHO. 20-133. 

World Health Organization (2009). The WHO Recommended Classification of Pesticides by 
Hazard and Guidelines to Classification 2009. 

World Health Organization (WHO) (2011). WHOPES: WHO Pesticides Evaluation 
Scheme. Available: http://www.who.int/whopes/questions/en/index.html, accessed 
1/31/11]. 

World Health Organization (WHO) and Stop TB Partnership (2007). “A guide to developing 
Knowledge, Attitude, and Practice surveys”. Advocacy, communication and social 
mobilization for TB control. 

World Health Organization (WHO), Regional Office for South-East Asia (2003). Population 
at malaria risk in SEAR countries, 2003 (Estimates). New Delhi, World Health 
Organization [Available http://w3.whosea.org/ LinkFiles/Malaria_po.pdf, accessed 
10/10/05]. 

Young JG, Eskenazi B, Gladstone EA, Bradman A, Pedersen L, Johnson C, Barr DB, 
Furlong CE, Holland NT (2005). Association between in utero organophosphate 
pesticide exposure and abnormal reflexes in neonates. Neurotoxicology, 26: 199-209.



 45 

TABLES AND FIGURES 

 

 

 

 
 

Figure 1. Pesticide Knowledge, Attitudes, and Practices among 33 farmers 
before and after a 6-month educational intervention (Source: Janhong et al., 

2005) 
 

Table 1. Pesticide Classifications from the WHO (Source: WHO, 2009) 
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Table 2. Neurodevelopmental toxicity of selected classes of pesticides (adapted 

from Bjorling-Poulsen et al., 2008) 
 

Pesticide class Developmental neurotoxicity 
reported in humans Notes References 

Organo-
phosphates 
  
  
  
  
  

Reflex abnormalities in neonates 
and affected mental development   

Young et al, 
2005; Eskenazi 
et al, 2007  

Reduced head circumference in 
infants and anomalies in 
primitive reflexes 

Chlorpyrifos 
Berkowitz et al, 
2004; Engel et al, 
2007 

Reduced birth weight and length 
and developmental delay at 3 
years of age 

Chlorpyrifos 
Whyatt et al, 
2004; Rauh et al, 
2006 

Visuospatial deficits Prenatal 
exposure 

Grandjean et al, 
2006 

Increased reaction time 
Current 
exposure in 
children 

Grandjean et al, 
2006 

Reduced short term memory and 
attention 

Methyl 
parathion 

Ruckart et al, 
2004 

Carbamates No reports found     

Pesticide class Developmental neurotoxicity 
reported in animals Notes References 

Pyrethroids 
  
  
  
  
  
  

Increased motor activity, lack of 
habituation, changes in mAChR 
density 

Mouse model 

Ahlbom et al, 
1994; Eriksson 
et al, 1991; 
Eriksson et al, 
1990; Talts et al, 
1998 

Learning changes Rat model Moniz et al, 
1990 

Changes in motor activity Rat model Husain et al, 
1992 

Changes in sexual behavior and 
higher activity of the 
dopaminergic system 

Rat model Lazarini et al, 
2001 

Changes in mAChR expression Rat model 
Aziz et al, 2001; 
Malaviya et al, 
1993 

Changes in blood-brain 
permeability Rat model Gupta et al, 1999 

Affected development of 
reflexes, swimming ability 

Mouse 
model, 
parental 
exposure 

Farag et al, 2006 
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Table 3. Pesticide knowledge scores before and after 
intervention (Source: Buranatrevedh and Sweatsriskul, 2005) 

 

 
Figure 2. Study location. The map on the left shows 
Chiang Mai Province; the map on the right shows 

Fang District within Chiang Mai Province. 
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Table 4. Knowledge Questions Correct 
Response Source 

I believe that the following actions could be harmful to 
my fetus:    

  Smoking cigarettes Yes Cotton, 1994 

  Eating fruits No Nemours 
Foundation, 2010 

  Drinking alcohol Yes Eustace et al., 
2002 

  Spraying pesticides in the home Yes Sanborn et al., 
2004 

  Spraying pesticides at work Yes Sanborn et al., 
2004 

  Light exercise No Artal and O'Toole, 
2003 

  Taking vitamins No  
  Taking supplements No  
Exposure to pesticides can have an adverse effect or 

impact on human health Agree USEPA, 2010c 

Do all the pesticides have the same adverse health 
effect on the human body? No USEPA, 2010c 

Pesticides can be harmful to the health of:    
  The general population Yes NCI, 2010 
  The agricultural workers who apply them Yes Das et al., 2001 
  Other agricultural workers Yes USEPA, 2005 

  People who consume the crops Yes McKone et al., 
2007 

  Farm residents Yes USEPA, 2005 
  Residents of cities and communities near the farm Yes USEPA, 2005 
Which of the following are intake pathways for 

pesticides?    

  Breathing in pesticides Yes McKone et al., 
2007 

  Getting bit by a mosquito No   

  Getting pesticides on the skin Yes McKone et al., 
2007 

  Swallowing pesticides Yes McKone et al., 
2007 

  Consuming foods from farms that use pesticides Yes McKone et al., 
2007 

Pesticide containers can be reused safely after cleaning Disagree USEPA, 2005 



 

 

49 

Which of the following can be effective in preventing 
pesticide exposure?    

  Wearing full protective equipment when handling 
pesticides Yes USEPA, 2010d 

  Wearing gloves when handling pesticides Yes USEPA, 2010d 
  Washing fruits and vegetables before eating them Yes USEPA, 2005 

  Covering mouth and nose with your hand while 
spraying pesticides No Palis et al., 2006 

  Washing hands in the stream after handling 
pesticides Yes Salvatore et al., 

2008 

  Taking a bath immediately after spraying pesticides Yes Salvatore et al., 
2008 

  Washing clothes worn at the farm separate from 
other clothes Yes USEPA, 2005 

According to your knowledge, the toxicity symptoms 
of pesticides can be which of the following?    

  Headache Yes USEPA, 2005 
  Watery eyes / sore eyes Yes USEPA, 1999 
  Heart attack / stroke Yes USEPA, 2005 
  Nausea / vomiting Yes USEPA, 2005 
  Excessive salivation Yes USEPA, 2005 
  Cough / cold / chest pain / breathlessness Yes USEPA, 1999 
  Skin rash / skin irritation / itching Yes USEPA, 2005 
  Abdominal pain / diarrhea Yes USEPA, 2005 
  Muscle weakness / fatigue / body pain Yes USEPA, 2005 
Pesticides protect people from pest-related diseases Agree WHO, 2011 
Pesticides are poisonous Agree USEPA, 2005 
Pesticide hazard can cause death Agree Casey, 1994 
You can smoke, drink, and eat during pesticide 

spraying Disagree USEPA, 2005 

If I eat and drink near areas where pesticides have been 
sprayed I will not be exposed to pesticides Disagree Fenske et al., 1990 

Which of the following are potential health impacts of 
pesticides?    

  Pesticide poisoning Yes Eskenazi et al., 
1999 

  Cancer Yes USEPA, 2010c 
  Obesity No   

  Slower learning Yes Kofman et al., 
2006 

  Irritated skin Yes USEPA, 2010c 

  Coughing Yes Eskenazi et al., 
1999 
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Table 5. Attitudes on personal susceptibility to health 
effects from pesticides* 

Response indicating 
higher belief in 
susceptibility^ 

Using a large amount of pesticides for only a short time is not 
harmful to my health Disagree 

Using a small amount of pesticides for a long time is not harmful 
to my health Disagree 

*Score ranges from 0-4 with higher scores indicating a higher belief in personal susceptibility to health effects 
from pesticides. 

^These responses were awarded 2 points, while the opposite response was awarded 0 points. Responses of “not 
sure” or “don’t know” (indicating beliefs in between the extremes) were awarded 1 point. 

 

Table 6. Attitudes on future or current children’s 
susceptibility to health effects from pesticides* 

Response indicating 
higher belief in 
susceptibility^ 

Using a large amount of pesticides for only a short time is not 
harmful to the health of my fetus Disagree 

Using a small amount of pesticides for a long time is not harmful 
to the health of my fetus Disagree 

Adults are more resistant to pesticides than children Agree 
Adults are more resistant to pesticides than babies Agree 

*Score ranges from 0-8 with higher scores indicating a higher belief in the participant’s child’s susceptibility to 
health effects from pesticides. 

^These responses were awarded 2 points, while the opposite response was awarded 0 points. Responses of “not 
sure” or “don’t know” (indicating beliefs in between the extremes) were awarded 1 point. 

 

Table 7. Attitudes on responsibility for safe use based on 
Sam et al. (2008)* 

Response indicating 
acceptance of 
responsibility^ 

It is necessary to read or understand the label of a pesticide 
bottle or container Agree 

If a pesticide is sold in the market it means it is safe no matter 
how or by whom it is used Disagree 

A pesticide is effective only if its effect can be seen immediately 
after spraying Disagree 

A pesticide is more effective if it is sprayed according to personal 
experience and not necessarily according to the recommended 
amount 

Disagree 

Every person who uses a pesticide is responsible for its safe use Agree 
After using pesticides for a number of years, a person can 

develop an immunity to pesticides Disagree 
*Score ranges from 0-12 with higher scores indicating a higher acceptance of personal responsibility for the safe 

use of pesticides. 
^These responses were awarded 2 points, while the opposite response was awarded 0 points. Responses of “not 

sure” or “don’t know” (indicating beliefs in between the extremes) were awarded 1 point. 
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Table 8. Attitudes on the usefulness of pesticides* 
Question indicates 
belief in pesticide 

usefulness?^ 
I use pesticides in the home because:  
  They protect my home and family from mosquitoes Yes 
  They protect my home and family from other insects Yes 
  They protect my home and family from rodents Yes 
  They protect my home and family from termites Yes 
  They protect my home and family from other pests Yes 
  They protect my home and family from disease Yes 
 They keep my home clean Yes 
  A family member told me to No 

  Following advice from a doctor, nurse, community leader, 
health volunteer, or government official No 

  Other Yes 
I use pesticides at work because:  
  They kill insects that would harm the plants Yes 
  They kill other pests that would harm the plants Yes 
  They get rid of bacteria growing on the plants No 
  They kill other unwanted plants Yes 
  They make the plants grow taller Yes 
  I am told to apply them No 
 Other Yes 

*Score ranges from 0-13 with higher scores indicating a higher belief in the usefulness of pesticides (scored as 
missing if the participant did not personally apply pesticides). 

^Affirmative responses to these questions were awarded 1 point each, while all other responses were awarded 0 
points. 



 

 

52 

 

Table 9. Risky behaviors defined by Goldman et al. (2004) Corresponding KAP 
survey questions 

Sometimes or never washing hands in the field before smoking 
or eating A20 

Not bathing immediately after work A21 
Not wearing adequate clothing to protect against pesticide 

exposure (long-sleeved shirt, something to cover the head, and 
gloves) 

A18, D5, K3 

Storing or washing farm-worker clothes together with family 
clothes J8, J12 

Cleaning the house less than a few times per week C2 
Eating fruits and vegetables directly from the field B11A 
Household member(s)wearing work shoes from the field into the 

home J4 

Household member(s)wearing work clothes from the field into 
the home for more than 30 minutes J6 

 
 

Table 10. Risky behaviors at work* Corresponding KAP 
survey questions 

Sometimes or never washing hands in the field before smoking 
or eating A20 

Not bathing immediately after work A21 
Not wearing adequate clothing to protect against pesticide 

exposure (long-sleeved shirt, something to cover the head, and 
gloves) 

A18 

*These scores were only calculated for participants who worked in agriculture while pregnant 
 
 

Table 11. Risky behaviors at home Corresponding KAP 
survey questions 

Not wearing personal protective equipment when using 
pesticides in the home D5, K3 

Storing or washing farm-worker clothes together with family 
clothes* J8, J12 

Cleaning the house less than a few times per week C2 
Eating fruits and vegetables directly from the field B11A 
Household member(s) wearing work shoes from the field into 

the home* J4 

Household member(s) wearing work clothes from the field into 
the home for more than 30 minutes* J6 

Household member(s) storing pesticides from work in or around 
the home J13 

*Only considered risky when participants had household members who worked in agriculture 
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Appendix 1. Photographs of Study Site 

 

 
Image 1. Agricultural Fields in Fang District, Chiang Mai Province, Thailand 

 
 

 
Image 2. Fang Hospital, Fang District, Chiang Mai Province, Thailand
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Image 3. Antenatal Care Clinic, Fang Hospital, Fang District,  
Chiang Mai Province, Thailand 
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Appendix 2. KAP Survey 
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Appendix 3. Institutional Review Board Approval Forms 
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