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Background: Residential pesticide exposure can be harmful to the health of young children, particularly in agricultural areas. It is 
critical to educate their caregivers on pesticide exposure prevention. The purpose of this study was to determine the effectiveness of 
a two-pronged education intervention for caregivers in preventing pesticide exposure among Thai young children living in agricultural 
areas.
Methods: This was an experimental study with 90 primary caregivers of young children aged 6 months to 5 years. Thirty caregivers 
each were assigned to one of three groups: booklet plus lecture intervention, only booklet intervention, and control. Caregivers in both 
interventions received a booklet that educated them on residential pesticide exposure and prevention. The caregivers in the booklet 
plus lecture group also attended a 2-hour lecture with the same content as the booklet. A questionnaire was developed to assess 
caregivers’ knowledge, attitudes, intention, and behaviors regarding residential pesticide exposure and prevention in children. Face-to- 
face interviews were conducted at their homes three times: baseline, post-intervention, and follow-up (three weeks after the end of the 
intervention).
Results: Linear mixed models showed that, from baseline to post-intervention, the intervention effect on knowledge and attitude in 
both intervention groups, as well as intention in the booklet plus lecture group, was significant (p<0.05). From baseline to follow-up, 
the knowledge, attitude, intention, and behavior scores in both intervention groups increased significantly more than the control group 
(p<0.01). Only the attitude score increased more in the booklet plus lecture group than in the booklet group at post-intervention 
(p=0.009) and follow-up (p=0.003).
Conclusion: Both the booklet plus lecture method and the booklet method alone have a positive effect on improving the caregiver’s 
knowledge and behaviors regarding pesticide exposure prevention at home. Thus, providing a booklet to caregivers to reduce 
children’s risk of pesticide exposure is recommended.
Keywords: insecticide, pesticide, education, booklet, lecture, caregiver, children

Introduction
Pesticides are still used extensively in agriculture around the world, particularly in tropical region like Thailand, to 
protect crops and increase yields. Household insecticides are also commonly used to prevent mosquitos and other insects. 
These pesticides can be harmful to people’s health, especially children. Pesticide exposure occurs in farming families as 
a result of pesticide drift and pesticide take-home. Many studies have found that children living in farming communities 
are at risk of being exposed to pesticides carried home by their parents when they return from farming.1,2 Home pesticide 
use for insect control may be a significant source of exposure in farmworker homes.3 Household insecticide use leaves 
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residue in residential environments such as food, air, and floor dust.4,5 Young children can be exposed to pesticide 
residues through ingestion, inhalation, and dermal routes from activities such as crawling, playing on the ground or with 
toys, and sucking.6,7 In Thailand, studies have found a high risk of residential pesticide exposure from agriculture or 
household use among young children in both rural and urban areas, depending on caregivers, hygiene habits, and child 
activities.8–12

Numerous studies have shown that exposure to residential pesticides may have a negative impact on children’s health, 
including growth, behavioral disorders, neurodevelopment, brain tumors, and cancer.13–19 As a result, young children 
should be exposed to residential pesticides as little as possible.20,21 Because children are unable to care for themselves, 
caregivers such as parents should be provided with behavioral intervention to minimize children’s exposure. Education 
and training are required to promote knowledge and behavior regarding pesticide use among caregivers of children aged 
1–6 years.22 Many experimental studies have been conducted to investigate the effects of interventions aimed at 
protecting children in farming families from pesticide exposure.3,23–31 However, there is little evidence for delivering 
information about household insecticides, and to date, no intervention study to reduce pesticide exposure among Thai 
children has been found.

Education via booklet has proven to be a generally effective intervention of behavioral change for parents and 
guardians in preventing their children from being at risk.32 It is also suggested that multicomponent interventions may be 
more effective.33,34 When considering a practical and simple format for delivering education with knowledge retention in 
the Thai rural context, a booklet and lecture via PowerPoint may be appropriate and effective for child caregivers. 
Therefore, the purpose of this pilot study was to determine the effectiveness of a two-pronged education intervention 
(booklet and lecture) for caregivers in preventing residential pesticide exposure among Thai young children living in 
agricultural areas. The findings of this study can be used to educate parents, grandparents, and guardians, as well as the 
general public, about the effects of household insecticides and prevention. It is also expected to raise awareness and make 
recommendations for reducing children’s risk of pesticide exposure to individuals, communities, or organizations 
involved in health policy and planning.

Materials and Methods
Study Design and Subjects
The research is a three-arm experimental study with a pretest-posttest design, two intervention groups and one control 
group. The study was carried out in agricultural areas in the Wiang Haeng District of Chiang Mai Province, Northern 
Thailand. In the study area, commercial household insecticide products containing pyrethroids that are widely used 
include aerosol sprays, electric mosquito repellent liquid vaporizers, mosquito coils, and ant and cockroach killer chalk/ 
powder. The most common names for the active ingredient in these products are cypermethrin, prallethrin, imiprothrin, 
phenothrin, metofluthrin, permethrin, allethrin, deltamethrin, bifenthrin, and esbiothrin.

To avoid potential contamination, the study areas of three groups were purposively chosen from three villages, each 
group in one village. The intervention and control groups are separated by 10–15 kilometers. The research project was 
then publicized in order to recruit subjects for the study using convenience sampling. Village health volunteers visited 
homes to compile a list of 30 child caregivers in each village. The subjects who met the following inclusion criteria 
were invited to take part in this study: 1) are Thai primary caregivers living with their children aged 6 months to 5 
years; 2) have a history of household pesticide use in the previous six months; and 3) are literate and communicate in 
Thai.

The G*power program was used to calculate the sample size for three groups using the formula for comparing more 
than two independent means with an effect size of 0.4, a 95% confidence level, and an 80% power. The minimum sample 
size for each group in this study was 22 caregivers. To account for possible loss to follow-up, this number was increased 
to 30 individuals for each group: 1) booklet plus lecture group, 2) booklet group, and 3) control group (no intervention). 
The study was approved by the Committee of Research Ethics, Faculty of Public Health, Chiang Mai University (No. 
ET026/2564). All caregivers who participated in the study provided written informed consent.
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Intervention
A two-pronged intervention consisted of a booklet and a lecture to educate caregivers in order to prevent pesticide 
exposure of their children. The booklet was designed to deliver a guide and details about pesticides through text and 
images. Many research findings have been referenced to support many of the statements in the booklet. Its contents 
included knowledge about household insecticides, sources of pesticide exposure (agriculture, home, and public health), 
factors related to pesticide exposure (eg, take-home pathway, child behaviors and activities, and characteristics of 
insecticide use), routes of pesticide exposure (oral, dermal, and inhalation) via various media (food and water, surfaces, 
air, and soil), effects of pesticide exposure (acute and chronic), and preventing pesticide exposure (eg, using less toxic 
substances, home cleaning, washing vegetables and fruits, hygiene habits, safe use, storage, and disposal). Before 
printing, the booklet was reviewed by experts for suitability and validity and revised based on their recommendations. 
The second prong was an onsite lecture with PowerPoint that covered the same information as the booklet. This activity 
lasted about two hours and only 30 caregivers from the booklet plus lecture group attended in a community room. During 
this session, the caregivers can ask for clarification and the researcher can check for understanding.

Questionnaire
A five-part questionnaire for child caregivers was developed based on literature reviews. In the first part, the ques-
tionnaire was designed to collect general information about caregivers and their young children (eg, gender, age, marital 
status, education, occupation, perceived income sufficiency, relationship to the child, and duration of child care), as well 
as information about household insecticide use (the need for household insecticide training or education, frequency and 
duration of using household insecticides, and having other family members who use household insecticides). The second 
part, knowledge about residential pesticide exposure, included 17 questions about sources of exposure, risk factors, route 
of exposure, health effects, and prevention. Each item was scored 1 for the correct answer and 0 for the incorrect or 
unsure answer, for a total possible score of 17. Examples of these questions were “Household insecticides can be 
absorbed through the skin of young children”, “Household pesticides can leave residues on toys for young children” and 
“Residential pesticide exposure may have an impact on the nervous system and brain development of young children”. 
The third part, attitude regarding residential pesticide exposure, included 12 questions. Each item was a positive or 
negative question with five rating scales ranging from strongly disagree to strongly agree. There were 12 to 60 points in 
total possible. Examples of these questions were “You think that household insecticides are only harmful to mosquitoes 
and bugs, not to young children”, “You think that household pesticides can only harm weak children” and “You think that 
young children should be exposed to as little pesticide residue as possible”.

The fourth part, intention to prevent child exposure to residential pesticides, included 10 questions. Each item was 
a positive question with five rating scales ranging from lowest to highest level. The total score was between 10 and 50 
points. Examples of these questions were “I intend to reduce my use of household insecticides”, “I intend to stop using 
household insecticides or instead use safer alternatives such as natural insect repellents” and “I intend to clean my 
children’s toys more frequently”. The last part, behaviors to prevent child exposure to residential pesticides, included 10 
questions. Each item was either a positive or negative question with a five-point rating scale ranging from never to 
always. The final score ranged from 10 to 50 points. Examples of these questions were “You used household insecticides 
while there were young children nearby”, “You clean your home with a damp or wet cloth after using household 
insecticides” and “You wash your children’s hands or remind them to wash their hands”. All parts were reviewed and 
validated by a panel of three experts in community, environmental, and occupational health. The questionnaire was pilot 
tested for reliability with 20 child caregivers who lived in a nearby area and shared the same characteristics as the 
participants in this study. In terms of knowledge, the Kuder-Richardson (KR-20) coefficient was 0.79. Cronbach’s alpha 
coefficients for attitude, intention, and behavior were 0.88, 0.96, and 0.92, respectively.

Data Collection
Face-to-face interviews with caregivers were conducted at their homes three times: pre-intervention (baseline), imme-
diately after intervention (post-intervention), and three weeks after the end of the intervention (follow-up). Caregivers 
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with multiple children in the age range of interest were notified to provide information on their youngest children. At the 
beginning, all participants were asked about general information and household insecticide use, as well as their knowl-
edge, attitudes, intentions, and behaviors about pesticide exposure and prevention. The booklet was then distributed at 
home to both intervention groups, including the booklet plus lecture group and the booklet group. One week after 
receiving the booklet, the researcher delivered a two-hour oral community lecture to the booklet plus lecture group to 
provide knowledge focused on the first prong intervention. Immediately after the end of the intervention, all three groups 
were interviewed to assess changes in knowledge, attitudes, and intentions. Similarly, the same questionnaire with 
behavioral questions was used to assess the effectiveness of educational interventions at the follow-up period (Figure 1). 
Two research assistants were trained in the interviewer-administered questionnaire. This study was carried out between 
March and April of 2022.

Questionnaire
(Knowledge, Attitude, Intention, 

Behavior)

Booklet

Village A
Booklet + Lecture group

(n=30)

Village C
Control group

(n=30)

12 villages in Mueang Haeng Sub-district, 
Wiang Haeng District, Chiang Mai Province

Village B
Booklet group

(n=30)

1st week
(Baseline)

5th week
(Follow-up) 

2nd week
(Post-intervention)

Questionnaire
(Knowledge, Attitude, Intention, 

Behavior)

Booklet

Questionnaire
(Knowledge, Attitude, Intention, 

Behavior)

Lecture

Questionnaire
(Knowledge, Attitude, Intention)

Questionnaire
(Knowledge, Attitude, Intention)

Questionnaire
(Knowledge, Attitude, Intention)

Questionnaire
(Knowledge, Attitude, Intention, 

Behavior)

Questionnaire
(Knowledge, Attitude, Intention, 

Behavior)

Questionnaire
(Knowledge, Attitude, Intention, 

Behavior)

Analysed
(n=30)

Analysed
(n=30)

Analysed
(n=30)

Figure 1 Data collection flowchart.
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Statistical Analysis
Data were analyzed using Stata/IC version 16.0 for Windows (StataCorp LP, College Station, TX, USA) and the level of 
significance for all statistical tests was set at 0.05. The general information about caregivers and their young children as 
well as the use of household insecticides among the three groups was compared using the chi-square test. The mean 
differences in knowledge, attitude, intention, and behavior about pesticide exposure and prevention among different 
groups at each measurement time were tested using one-way analysis of variance (ANOVA). A difference-in-difference 
analysis was performed using a linear mixed model with interaction between intervention and time to assess the 
magnitude of the intervention effect at post-intervention and follow-up compared to baseline.

Results
General information for 90 participants divided into three groups (booklet plus lecture group, booklet group, and control 
group) are shown in Table 1. The mean age of caregivers in the booklet plus lecture group was 36.8 years (SD=12.7), 
38.4 years (SD=12.4) in the booklet group, and 39.9 years (SD=11.3) in the control group. The chi-square test revealed 
no statistically significant differences among the three groups in general information about caregivers such as gender, 
age, marital status, education, occupation, perceived income sufficiency, relationship to the child, and duration of child 
care, as well as general information about their young children such as gender and age. In terms of household insecticide 
use, there were no statistically significant differences among three groups in the need for training or education on 
household insecticides, frequency of using household insecticides, duration of using household insecticides, and having 
other family members who use household insecticides.

Table 1 General Information About Caregivers and Their Young Children as Well as the Use of Household Insecticides from Different 
Groups

Factor Booklet + Lecture  
Group (n=30)

Booklet Group (n=30) Control Group (n=30) p-value

Sex of caregiver 0.126

Male 4(13.3%) 10(33.3%) 5(16.7%)

Female 26(86.7%) 20(66.7%) 25(83.3%)

Sex of the child 0.553

Male 15(50.0%) 19(63.3%) 18(60.0%)

Female 15(50.0%) 11(36.7%) 12(40.0%)

Age of caregiver 0.527

≤ 30 years 12(40.0%) 9(30.0%) 6(20.0%)

31–40 years 8(26.7%) 8(26.7%) 14(46.7%)

41–50 years 5(16.7%) 6(20.0%) 4(13.3%)

> 50 years 5(16.7%) 7(23.3%) 6(20.0%)

Age of the child 0.561

≤ 2 years 15(50.0%) 12(40.0%) 16(53.3%)

3–5 years 15(50.0%) 18(60.0%) 14(46.7%)

Marital status 0.146*

Single/divorced/widowed 6(20.0%) 1(3.3%) 3(10.0%)

Married 24(80.0%) 29(96.7%) 27(90.0%)

(Continued)
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Table 2 compares caregivers’ knowledge, attitude, intention, and behavior regarding residential pesticide exposure 
and prevention at each time point in different groups. At baseline, there were no statistically significant differences in 
mean knowledge, attitude, intention, and behavior scores among the three groups. At post-intervention, post hoc tests 
using Bonferroni revealed that mean scores of knowledge, attitude, and intention in the two-pronged intervention group 
were significantly higher when compared to the control group (p<0.05), whereas only mean scores of knowledge and 

Table 1 (Continued). 

Factor Booklet + Lecture  
Group (n=30)

Booklet Group (n=30) Control Group (n=30) p-value

Education 0.164

Primary school or lower 15(50.0%) 13(43.3%) 8(26.7%)

Secondary school or higher 15(50.0%) 17(56.7%) 22(73.3%)

Occupation 0.541*

Unemployed 5(16.7%) 2(6.7%) 5(16.7%)

Farmers/Agricultural workers 19(63.3%) 17(56.7%) 17(56.7%)

Others 6(20.0%) 11(36.7%) 8(26.7%)

Perceived income sufficiency 0.393

Insufficient 10(33.3%) 13(43.3%) 8(26.7%)

Sufficient 20(66.7%) 17(56.7%) 22(73.3%)

Relationship to the child 0.295

Parents 26(86.7%) 23(76.7%) 21(70.0%)

Grandparents/Other 4(13.3%) 7(23.3%) 9(30.0%)

Duration of child care 0.490

≤ 2 years 17(56.7%) 13(43.3%) 17(56.7%)

3–5 years 13(43.3%) 17(56.7%) 13(43.3%)

The need for training or education on household insecticides 0.592

No 3(10.0%) 2(6.7%) 5(16.7%)

Yes 27(90.0%) 28(93.3%) 25(83.3%)

Frequency of using household insecticides 0.830

< 1 time/month 6(20.0%) 8(26.7%) 7(23.3%)

≥ 1 time/month 24(80.0%) 22(73.3%) 23(76.7%)

Duration of using household insecticides 0.175*

≤ 2 years 15(50.0%) 20(65.0%) 13(43.3%)

> 2 years 15(50.0%) 10(40.0%) 17(56.7%)

Having other family members who use household insecticides 0.468

No 23(76.7%) 20(66.7%) 24(80.0%)

Yes 7(23.3%) 10(23.3%) 6(20.0%)

Note: *Exact test.
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attitude in the booklet group were significantly higher when compared to the control group (p<0.05). At follow-up, the 
mean scores of knowledge, attitude, intention and behavior in both intervention groups were significantly higher than 
those in the control group (p<0.05).

Table 3 shows the magnitude of the overall intervention effect by linear mixed models. From baseline to post- 
intervention, intention to prevent pesticide exposure in young children increased more in the booklet plus lecture 
group and the booklet group than in the control group by 3.23 points (p = 0.020) and 1.73 points (p = 0.212), 
respectively. From baseline to follow-up, the absolute effect of the booklet plus lecture group was 4.70 points for 
intention (p = 0.001), and 5.40 points for behavior (p = 0.006). Whereas the absolute effect of the booklet group was 
3.80 points for intention (p = 0.002), and 5.37 points for behavior (p = 0.002). At post-intervention and follow-up, 
the intervention effect on knowledge and attitude in both groups was found to be significant (p < 0.01). In addition, 
attitude increased more in the booklet plus lecture group than in the booklet group by 3.93 points at post- 
intervention (p = 0.009) and 4.47 points at follow-up (p = 0.003), whereas there was no statistically significant 
difference in knowledge, intention, and behavior between the two interventions (Table 4).

Table 2 Mean Score Comparison of Variables Studied Among Different Groups at Each Point of Measurement

Outcome Time Booklet + Lecture Group 
(n=30)

Booklet Group 
(n=30)

Control Group 
(n=30)

p-value

Mean S.D. Mean S.D. Mean S.D.

Knowledge score Baseline 8.30 3.51 8.57 3.23 8.83 3.11 0.822

Post-intervention 12.57 2.13 11.37 1.59 8.47 3.16 <0.001

Follow-up 13.30 1.44 12.53 2.92 8.97 3.15 <0.001

Attitude score Baseline 34.10 5.15 33.83 4.61 34.37 5.84 0.925

Post-intervention 41.93 2.45 37.73 4.17 34.03 5.52 <0.001

Follow-up 42.90 3.67 38.17 4.19 33.70 5.72 <0.001

Intention score Baseline 35.87 4.59 35.07 4.05 35.20 5.48 0.783

Post-intervention 41.70 1.97 39.40 5.27 37.80 3.53 <0.001

Follow-up 42.97 1.33 41.27 5.71 37.60 4.23 <0.001

Behavior score Baseline 35.33 5.08 32.87 5.51 32.33 5.45 0.074

Follow-up 41.90 2.29 39.40 5.00 33.50 7.76 <0.001

Table 3 Effects of the Program for Caregivers on Variables Studied at Post-Intervention and Follow-Up 
Compared to Baseline by Mixed Effects Model

Outcome Intervention Coefficient p-value 95% CI

Knowledge Booklet + Lecture group

- Post-intervention 4.63 <0.001 2.82, 6.45

- Follow-up 4.87 <0.001 3.05, 6.68

Booklet group

- Post-intervention 3.17 0.001 1.35, 4.98

- Follow-up 3.83 <0.001 2.02, 5.65

(Continued)
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Discussion
This study examined the distribution of a booklet and onsite lecture intervention to educate Thai caregivers about 
pesticide exposure at home and improve pesticide preventive behaviors for their young children living in agricultural 
communities. Given that the booklet plus lecture was hypothesized to be the highest-intensity intervention for promoting 
preventive behaviors among caregivers, the increasing score in knowledge, attitude, and intention for the two-pronged 
intervention group was higher, as expected. However, there was only a statistically significant difference in attitude 
between the two intervention groups. This could be because caregivers in both intervention groups can access the booklet 

Table 3 (Continued). 

Outcome Intervention Coefficient p-value 95% CI

Attitude Booklet + Lecture group

- Post-intervention 8.17 <0.001 5.66, 10.68

- Follow-up 9.47 <0.001 6.96, 11.98

Booklet group

- Post-intervention 4.23 0.001 1.72, 6.74

- Follow-up 5.00 <0.001 2.49, 7.51

Intention Booklet + Lecture group

- Post-intervention 3.23 0.020 0.51, 5.96

- Follow-up 4.70 0.001 1.98, 7.42

Booklet group

- Post-intervention 1.73 0.212 −0.99, 4.46

- Follow-up 3.80 0.006 1.08, 6.52

Behavior Booklet + Lecture group

- Follow-up 5.40 0.002 1.95, 8.85

Booklet group

- Follow-up 5.37 0.002 1.92, 8.82

Table 4 Effects of a Two-Pronged Educational Intervention for Caregivers (vs Booklet 
Group) on Variables Studied at Post-Intervention and Follow-Up Compared to Baseline 
Using a Mixed Effects Model

Outcome Time Coefficient p-value 95% CI

Knowledge Post-intervention 1.47 0.114 −0.35, 3.28

Follow-up 1.03 0.265 −0.78, 2.85

Attitude Post-intervention 3.93 0.009 0.99, 6.87

Follow-up 4.47 0.003 1.53, 7.41

Intention Post-intervention 1.50 0.313 −1.41, 4.41

Follow-up 0.90 0.545 −2.01, 3.81

Behavior Follow-up 0.03 0.984 −3.24, 3.31
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whenever they need information. The slightly higher increase in knowledge score may be due to participants being 
motivated again by an onsite lecture prior to data collection after the immediate end of intervention. Interaction from the 
lecture session may allow caregivers to concentrate and gain a deeper understanding and learning, as well as possibly 
improve knowledge retention. It may then encourage a positive attitude, resulting in a slightly higher than intention score 
in the two-pronged intervention group. According to a previous study, the most effective media used is a combination of 
print media such as booklets and electronic media such as power point presentations.35

Whereas behavior scores between two intervention groups may be comparable, implying that a booklet intervention 
alone may be sufficient to promote pesticide exposure prevention. Considered in terms of benefit, while reading a booklet 
is restricted to caregivers who are Thai literate, viewing a presentation may be suitable for illiterate people. This study 
may be limited by the short time frame (one month) for looking at behavior outcomes, which normally take time to 
change. Therefore, the study evaluating intervention effectiveness in the short term and long-term follow-up should be 
investigated further. A lecture intervention should also be considered.

In terms of booklet intervention, it has a significant impact on promoting caregivers’ good behavior for their children. 
Because the booklet provided evidence-based information, it may convince caregivers of the effectiveness of a health 
intervention.36 This study does not report having seen the booklets, which should be asked in the next study. The 
distribution of booklets is recommended as a low-cost effective method that has proven the effectiveness of an 
educational booklet suitable for knowledge dissemination in Thai rural communities. This is consistent with some 
studies that found a positive effect of booklet intervention on caregivers for child health care.32,37,38 Overall, the study 
revealed a significant intervention effect on knowledge, attitudes, intentions, and behaviors over time, with the exception 
of the intention score at post-intervention in the booklet group. More sessions of educational intervention to retain 
knowledge may be required for greater improvements as well as a greater likelihood of ensuring the continued existence 
of the gained knowledge and practice.

According to the KAP model, which is widely used to change behavior, knowledge is an important factor that leads to 
attitude and practice. It can be explained that when caregivers gain knowledge, they will consider the importance of 
caring for and protecting the health of young children, resulting in a shift in attitudes and an increased intention to 
perform good behaviors for children. Additionally, attitude plays an important role in the Theory of Planned Behavior 
(TPB), which contributes to behavioral intention and actual behavior.39 A change in intention can partially lead to 
a change in behavior. A study found that small-to-medium change in behavior results from a medium-to-large change in 
intention.40 However, this study showed the influence of the two interventions on the enhancement of caregiver 
intentions. The actual practice of caregivers in preventing pesticide exposure in children should be investigated and 
monitored. Biomonitoring of pesticides in children is suggested for future research.

The educational intervention that covered various aspects of residential pesticide exposure and prevention to children 
may have resulted in a higher knowledge score for both intervention groups. Because household insecticides are 
commonly used in Thailand, many caregivers may be unaware of the potential negative consequences of exposure in 
children. Concerningly, daily household insecticide use in Thai urban areas was reported at 79% for households that used 
insecticide products.9 At the pre-intervention, the caregivers had a low knowledge score for children’s health effects of 
pesticide exposure (eg behavioral disorders, neurodevelopment, brain tumors, blood cancer), pesticide exposure from flea 
and tick prevention pet products, pesticide residue contamination on children’s body skin, dermal route of pesticide 
exposure, pesticide exposure prevention, and pesticide drift and take-home for children in agricultural communities. As 
a result, education has enabled them to gain new and different perspectives on household insecticides. The intervention 
also highlighted the importance of knowledge for exposure prevention in promoting good caregiver behaviors and 
lowering the risks of young children. In line with previous research, some caregivers are unaware of the route of 
exposure and the negative effects of pesticides on children’s health.22,25

Regarding attitude, the caregivers scored low on questions at baseline about the effects of pesticide exposure; some 
incorrectly believed that insecticide use in the home could not be dangerous for children and could only harm weak 
children, as well as increasing resistance in the body for children who are exposed on a regular basis. Some caregivers 
thought that household insecticides decompose in the air after use, that cleaning the house after use is unnecessary, that 
young children’s clothes should not be washed separately from those who used agricultural pesticides, and that reading 
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the package label before using household insecticides is a waste of time. Additionally, they had low scores on many 
intention questions at baseline, including stopping the use of household insecticides or using other safer substances, 
reducing the use of household insecticides to less, cleaning children’s toys more often, frequently washing children’s 
hands and feet or reminding them to wash their hands and feet, and reading the package label before using household 
insecticides. On many behavior questions at baseline, they also received low scores, including reading and following 
instructions on packaging labels of household insecticide products, using household insecticides while young children are 
nearby, reducing the frequency of use of household insecticides, using herbal insect repellents instead of, and cleaning the 
house with a damp or wet cloth after using household insecticides. At the post-intervention and follow-up, scores on 
attitudes, intentions, and behaviors among caregivers in both intervention groups increased in all items.

Our findings are consistent with previous research, which found that an education intervention (lecture and video) for 
farmer families to protect their children can significantly increase knowledge scores.24,25 A community-based education 
program for farmworkers and farmworker family members on reducing pesticide exposures at home and at work, with 
a focus on protecting children, resulted in a significant increase in knowledge about the routes of exposure, the 
vulnerability of children, and ways to minimize pesticide exposures, as well as improved behaviors.27 Significant 
improvements in pesticide-related knowledge and practices related to para-occupational exposure and residential pest 
control were observed among farmworker families after intervention.26 Another study found a significant increase in 
overall pesticide knowledge and increased protective behaviors at home after watching a pesticide exposure video 
intended for protecting children for migrant and seasonal farmworkers.28 According to a study in children, knowledge, 
attitude, and practice about pesticides improved significantly after receiving educational intervention among children 
aged 13 to 15 years working in agriculture.23 A home-based intervention to reduce pesticide exposures to farmworkers’ 
children reduced insecticide levels in their home from floor wipe samples.3

To our knowledge, this is the first study to look at the effects of delivering an educational intervention to reduce 
children’s residential pesticide exposure in Thailand. Despite the small sample size, statistical significance can be found 
in this study. These findings may not be generalizable to other child caregivers as participants were chosen using non- 
probability sampling. Using a questionnaire to assess changes in caregiver behaviors, social desirability bias may occur. 
Measurements of biomarkers for evaluating internal exposure in children, such as insecticide metabolites, are required to 
confirm the effectiveness of this intervention, as well as the adequacy of recommended prevention behaviors for reducing 
the children’s health risk.

Conclusion
This study demonstrates that a two-pronged educational intervention, consisting of a booklet and an onsite lecture, can be 
effective in providing caregiver knowledge about residential pesticide exposure and improving behaviors in exposure 
prevention of children living in agricultural areas. Implementing only the booklet showed that it is a simple design and 
efficient method. As a result, delivering a booklet to caregivers to reduce children’s risk of pesticide exposure is 
recommended for practical reasons. It is also anticipated that the booklet will be useful to caregivers in both agricultural 
and non-agricultural communities where child caregivers used household insecticides because the details particularly 
emphasized household insecticide exposure and prevention. More intervention studies are needed to evaluate approaches 
to minimizing child pesticide exposure.
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