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Background: Pesticides pose health risks to vulnerable populations living in agricultural areas, especially children. However,
effective interventions demonstrating biomarker-based reductions in pesticide exposure among toddlers remain scarce, including in
Thailand.

Objective: This quasi-experimental study, using a pre-test/post-test design, aimed to assess the effect of a parental behavior
modification program on pesticide exposure among young Thai children.

Methods: The sample consisted of 90 families with children aged 1-3 years who lived within 50 meters of agricultural areas,
including 46 in the intervention group and 44 in the control group. Guardians in the intervention group received a behavior
modification program based on the Theory of Planned Behavior (TPB), which included three training sessions and one home visit.
The control group did not receive any intervention. Acetylcholinesterase (AChE) levels in toddlers were measured via finger prick in
both groups at three time points: baseline, follow-up 1 (two months after the end of the intervention), and follow-up 2 (five months
after the end of the intervention).

Results: Linear mixed-model analysis showed that, from baseline to follow-up 1, hemoglobin-adjusted AChE (HAChE) levels in the
intervention group were 1.307 U/g Hgb higher than in the control group (P = 0.047). From baseline to follow-up 2, HAChE levels
were 2.332 U/g Hgb higher in the intervention group (P = 0.005), and AChE levels were also higher by 0.311 U/mL.

Conclusion: These findings suggest that the parental behavior modification program can effectively reduce pesticide exposure in
young Thai children, and therefore the program should be considered for implementation as part of efforts to improve health outcomes
among children living in agricultural areas of Thailand.
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Introduction

The use of pesticides for increasing agricultural productivity is widespread worldwide, including Thailand. Between
2019 and 2021, the amount of pesticide use and imports into Thailand showed an increasing trend.' Not only farmers, but
also farming families and individuals living in agricultural areas, especially young children, are at risk of pesticide
exposure due to pesticide drift and take-home pathways.>* Children may be particularly vulnerable to pesticide
exposure, not only from agricultural environments but also within farming households, including through domestic
pesticide use.*” Previous studies have revealed that children living in agricultural communities are more likely to be
exposed to pesticides compared to those in non-agricultural areas.®
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Additionally, behaviors and hygiene practices common among children, such as putting their hands or objects in their
mouths, accompanying caregivers to farms, and walking barefoot, may increase their risk of pesticide exposure.”® Many
studies have detected pesticide residues on children’s skin (eg, hands and feet), on household floors, and on children’s toys.* 2
Pesticide exposure in children can also be detected using biological markers, including urine for specific metabolites and blood
for cholinesterase (ChE) activity related to organophosphate (OP) and carbamate (CA) pesticides.'*'* Exposure to pesticides
can result in various health effects and unfavorable symptoms. Adverse effects in children include behavioral disorders,
delayed neurodevelopment, and cancer.'*'” Common symptoms of pesticide exposure in children include skin and eye
irritation, coughing, runny nose, nausea, vomiting, loss of appetite, and difficulty breathing.'%'®

In Thailand, children living in agricultural areas, particularly those aged 1-3 years, are at high risk of exposure to OPs
(eg, chlorpyrifos) and CAs (eg, carbaryl, carbofuran, methomyl), with pesticide residues detected on their skin in
60—100% of cases.® ' Therefore, preventing pesticide exposure is crucial, particularly for toddlers who are unable to
protect themselves. In this context, parents and caregivers play a vital role in safeguarding children. The development of
parental behavior modification programs to prevent pesticide exposure in children living in agricultural areas is thus
essential for achieving effective and sustainable solutions to this problem.

A literature review revealed that effective programs aimed at reducing pesticide exposure among young children in
farming families are limited, particularly those assessed using internal exposure measures. Although various interven-
tions have been carried out internationally, evidence of clear reductions in this population remains modest. One Thai
study evaluated the effectiveness of a program only in terms of behavioral improvement, but it lacked data on
biomarkers.” Recently, a Parental Behavior Modification Program for Pesticide Exposure Prevention Among Children
in Agricultural Areas was proposed as a role model for implementation in a Sub-District Health Promotion Hospital in
Thailand.'” The program was designed using the Theory of Planned Behavior (TPB) framework and developed through
Intervention Mapping (IM), a systematic, step-by-step approach that integrates theory and empirical evidence to design
health promotion and education programs.?**! However, although the program has been conceptually proposed, it has
not yet been evaluated in practice. Extending previous findings, this research provides evidence regarding the effects of
the intervention, particularly with respect to biological outcomes. Therefore, this study aimed to evaluate the effective-
ness of the parental behavior modification program for pesticide exposure prevention, using ChE levels as a blood

biomarker among young Thai children living in agricultural areas.

Materials and Methods
Study Design and Subjects

This research employed a quasi-experimental design using a pretest-posttest control group with a follow-up test. The
study was conducted from April to October 2022 in Sakon Nakhon Province, a region characterized by extensive
agricultural land use. Major economic crops include rice, cassava, rubber, oil palm, sugarcane, animal feed corn,
pineapple, longan, rambutan, durian, mangosteen, coconut, and coffee. Additionally, the province is a key production
area for fresh corn, tomatoes, and cantaloupe. Pesticides are used throughout the year in this region.

The G*Power program was used to calculate the sample size based on a comparison of two independent means, with
an effect size of 0.6, a two-tailed test, a 95% confidence level, and 80% power. The minimum required sample size for
both groups was 90 participants. To account for potential loss to follow-up, the sample size was increased by 20%,
resulting in a total of 108 dyads of parents/caregivers and their children. Participants were identified using lists provided
by Subdistrict Health Promotion Hospitals and through household surveys. Inclusion criteria were as follows: children
aged 1-3 years living with their parents or caregivers, a caregiving duration of at least six months, residence in
agricultural areas located within 50 meters of active farmland, and willingness of the parents or caregivers to provide
information and participate in the study.

The intervention and control groups were selected from four districts in Sakon Nakhon Province: Chiang Khruea
(intervention) and Khok Kong (control) in Mueang Sakon Nakhon District, Chan Phen (intervention) and Tao Ngoi
(control) in Tao Ngoi District, Phok Noi (intervention) in Phanna Nikhom District, and Nong Phok Yai (control) in Kham
Ta Kla District. These areas were chosen for their similar agricultural practices and socio-demographic characteristics.
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Crop types commonly grown in these areas include tomatoes, chilies, cantaloupe, potatoes, and cassava. Pesticides used,
as identified through farmer interviews and surveys of crop fields and agricultural stores, included organophosphates and
carbamates, which are known to be harmful to human health upon exposure.

The sample was selected based on the inclusion criteria from areas with similar contexts to ensure comparable
activities across groups, and recruitment continued until the required sample size was reached. The alternating mountai-
nous and lowland terrain, together with the more than 30-kilometer separation between intervention and control villages,
minimized information or behavioral exchange and reduced contamination bias. Data collection was conducted simulta-
neously for both the experimental and control groups to control for differences in the timing and implementation of the
intervention. This approach helped reduce potential temporal bias. Community-level group assignment was handled in
a way that supported internal validity.

At baseline, the sample consisted of 108 children aged 1-3 years and their parents, equally divided into the
experimental group (n = 54) and the control group (n = 54). Although the researchers thoroughly explained the research
process, participation was entirely voluntary, and written informed consent was obtained to ensure ethical compliance. To
limit loss to follow-up during the COVID-19 situation—which further restricted interpersonal contact—the researchers
coordinated data collection at participants’ homes when participants were unable to travel to the study activities.
However, due to illness during the outbreak and the inability of some parents to bring their children for blood sample
collection within the data collection period, 18 participants were removed from both the experimental and control groups.

This study was approved by the Ethics Review Committee for Research Involving Human Research Subjects of
Kasetsart University in Thailand (No. COA65/005). All parents or guardians of the participating children provided written
informed consent prior to participation. All methods were carried out in accordance with the Declaration of Helsinki.

Data Collection

A preparatory workshop was conducted prior to implementing the Parental Behavior Modification Program for Pesticide
Exposure Prevention among children living in agricultural areas. The workshop involved public health officers and village
health volunteers from the target Subdistrict Health Promotion Hospitals, who were trained to serve as research assistants.
An interviewer-administered questionnaire was used to collect baseline data from both the experimental and control groups.
The questionnaire included sections on caregiver information (sex, age, education level, occupation, monthly income,
relationship with the child, and duration of childcare), child information (sex and age), and pesticide prevention-related
behaviors (bathing and washing the child’s hands and feet with soap after exposure to soil or dirt, avoiding taking the child
to the farm, and cleaning the house with a wet cloth). In addition to the questionnaire, wipe samples were collected from the
children’s hands and feet, and finger-prick blood samples were taken to measure ChE levels.

Following baseline data collection, the researcher implemented the behavior modification program in the experi-
mental group over a one-month period, consisting of four weekly activities.'” Meanwhile, the control group continued
with routine activities and received standard care provided by the local Subdistrict Health Promotion Hospital. Follow-up
data were collected in both groups at 2 and 5 months after the intervention using finger-prick blood tests to assess
changes in ChE levels. All data collection and intervention activities were conducted at the Subdistrict Health Promotion
Hospitals. The data collection flowchart is shown in Figure 1.

Wipe Sampling on Children’s Hands and Feet

To detect the types and amounts of pesticide residues on the skin of children living in agricultural areas, surface wipe
samples were collected from their hands and feet using 4x4 inch sterile gauze pads soaked in 3 mL of 40% isopropanol.
The used gauze pads were placed in tightly sealed tubes and stored in a light-proof, refrigerated container. Seven target
pesticides from the CAs and OPs groups—aldicarb, carbofuran, carbaryl, methomyl, prothiofos, pirimiphos-methyl, and
chlorpyrifos—were analyzed. Pesticide residues were then extracted from the samples and analyzed to determine both
type and concentration using High-Performance Liquid Chromatography (HPLC), following previously established
methods.®® The pesticide residue levels were measured and reported as micrograms per combined hand and foot wipe
sample (pg/sample). The limit of detection (LOD) and limit of quantification (LOQ) were 0.001 pg/sample and 0.003 pg/
sample, respectively.
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Group A Group B
Intervention group Control group
1° week Questionnaire, wiping, and blood test Questionnaire, wiping, and blood test
(Baseline)

Session 1: It can be prevented with
understanding

I

2" week Session 2: Everyone can take good
care of their children

3 week Session 3: Believ;'that you can do it
'
4th week Session 4 : Can it be done?
!
(F1°I2I‘:wv:- E;epk1 ) Blood test BIoo‘c: test
!
(F:‘:‘I‘;:W‘C’_iikz) Bloo; test Blood test

Figure | Data collection flowchart.

Blood ChE Testing in Children

Cholinesterase levels in the children’s blood were measured by a nurse, who cleaned the fingertip before collecting 10
microliters of capillary blood using a finger-prick method. The samples were analyzed using the EQM Test-mate ChE
field kit (Model 400), which is based on the Ellman method, in combination with the AChE Assay Kit.** The kit
measured acetylcholinesterase (AChE) activity in units of U/mL. In addition, the kit automatically derived hemoglobin-
adjusted erythrocyte cholinesterase (HAChE) to correct for potential interference from iron status. HAChE was
calculated by dividing the AChE value by the hemoglobin (Hgb) result and is expressed in units of U/g Hgb.?* Both
AChE and HAChE values were recorded simultaneously for each sample. Measurements were taken at baseline as well

as at the 2-month and 5-month follow-up periods.

Parental Behavior Modification Program for Pesticide Exposure Prevention in Children Living in Agricultural
Areas (for Subdistrict Health Promoting Hospitals)

This program, developed by Siriwat et al, aims to systematically strengthen parents’ capacity to prevent pesticide
exposure in children living in agricultural areas.'® Designed in alignment with the roles and functions of Subdistrict
Health Promoting Hospitals, the program focuses on identifying and modifying intrapersonal factors that influence
parental behavior. Grounded in the TPB, it incorporates key constructs, including attitude, subjective norm, and
perceived behavioral control, through learning methods tailored to parents’ local contexts.”” Upon completion, parents
are expected to demonstrate positive attitudes toward preventing pesticide exposure in children, conformity to subjective
norms through alignment with desirable reference groups, a greater sense of perceived behavioral control, and the
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adoption of effective preventive behaviors. The behavior change process is facilitated through a series of structured
learning activities targeting behavioral determinants related to pesticide exposure. The program was implemented over
one month and consists of four weekly activities, as outlined in Table 1.

Data Analysis

Data were recorded using the double-entry method by two individuals independently. Data analysis was conducted using STATA.
Descriptive statistics, including frequency, percentage, mean, standard deviation (SD), median, and interquartile range (IQR),
were used to summarize the participants’ characteristics and blood ChE levels. Fisher’s exact test and the Chi-square test were
employed to compare categorical characteristics between the intervention and control groups. The independent #-test was used to
compare continuous characteristics between groups and to analyze the mean blood ChE levels of young children in both groups at
different time points. A linear mixed-effects model, incorporating an interaction term between intervention and time, was used to
assess the intervention effect through difference-in-difference (DID) analysis at the 2-month and 5-month follow-ups compared
to the baseline. Both unadjusted and adjusted models were applied, with the latter controlling for baseline characteristics that
significantly differed between groups. A p-value of less than 0.05 was considered statistically significant.

Table | Learning Activities in the Parental Behavior Modification Program for Pesticide Exposure Prevention in Children Living in
Agricultural Areas

Learning Activity Training Method
Session |: Training Strategy:
“It can be prevented with Organize learning processes led by public health personnel at the Well Child Clinic.
understanding” (90 min) Objective:
To promote positive attitudes among parents toward behaviors that prevent pesticide exposure in
children.
Activities:

® Slide-supported lectures

® Group discussions and brainstorming sessions

® Opinion sharing and exchange
Contents:

I. Diseases and health risks from pesticide exposure in children aged -3 years

2. Guidelines for preventing pesticide exposure in children based on parental roles
Materials:

I. Activity Worksheet: “Is My Child at Risk?”

2. Video: “Diseases and Health Risks from Pesticide Exposure in Children Aged |-3 Years’

3. Activity Worksheet: “What Should Parents Do to Keep Their Children Safe?”

)

Session 2: Community Knowledge | Strategy:

Sharing Organize learning activities led by public health personnel at the Well Child Clinic.
“Everyone can take good care of their Objective:
children” (90 min) To promote conformity with desirable reference groups.

Activities:

® Knowledge exchange through video viewing

® Group discussions and brainstorming sessions

® Hands-on practice
Contents:

I. Risks and impacts of pesticide exposure in children aged |1-3 years

2. Guidelines for preventing pesticide exposure in children based on parental roles
Materials:

I. Activity Worksheet: “Where Is the Risk?”

2. Video: “Raising Children in Agricultural Areas”

3. Activity Worksheet: “Our Responsibilities”

(Continued)
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Table | (Continued).

Learning Activity

Training Method

Session 3: Hands-on Practice
“Believe that you can do it” (90 min)

Strategy:
Organize learning activities led by public health personnel at the Well Child Clinic.
Objective:
To enhance parents’ perception of behavioral control in preventing pesticide exposure in children.
Activities:
® Hands-on practice
® Opinion exchange and discussion
Contents:
Skills for preventing pesticide exposure in children according to parental roles, including prevention
from the home environment, agricultural areas, and exposure from family members.
Materials:
I. Practice Materials: “How to Make Our Home Safe”
2. Practice Materials: “How Can the Environment Be Made Safe?”
3. Practice Materials: “Clean Parents, Safe Children”

Session 4: Home Visit “Can it be
done?” (90 min)

Strategy:
Facilitate learning activities conducted by Village Health Volunteers through home visits.
Objective:
To monitor and address challenges in practicing pesticide exposure prevention behaviors in children.
Activities:
® Home visits
® Knowledge-sharing discussions
® Self-commitment agreements
Contents:
I. Processes for overcoming behavioral obstacles to prevent pesticide exposure in children
2. Sources of information for further learning about pesticide exposure prevention in children
3. Practical guidelines for implementing pesticide exposure prevention behaviors
Materials:
I. Parent Handbook: “Personal Record Notebook for My Child’s Safety”
2. Self-Contract Form

Results

Table 2 presents the baseline characteristics of the young children and their caregivers. In both the intervention and

control groups, the majority of caregivers were female (93.5% and 97.7%, respectively). The average caregiver age was

41.65 years in the intervention group and 34.32 years in the control group. Most caregivers had attained secondary

education (54.3% and 50.0%) and worked as farmers (65.2% and 56.8%). Over half reported an average monthly income
of less than 5000 baht (52.2% and 47.7%). The majority of caregivers were parents (52.2% and 72.7%, respectively).
Regarding the children’s characteristics, most were male (54.3% in the intervention group and 61.4% in the control

Table 2 Baseline Characteristics of Young Children and Their Caregivers

Characteristics Intervention Group (n = 46) | Control Group (n = 44) | P-value
n % n %
Caregiver’s sex
Male 3 6.5 | 2.3 0.617%
Female 43 93.5 43 97.7

(Continued)
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Table 2 (Continued).

Characteristics Intervention Group (n = 46) | Control Group (n = 44) | P-value

n % n %

Caregiver’s age (years)

<30 years 7 15.2 16 36.4 0.058°
3044 years 22 478 18 40.9
245 years 17 37.0 10 227
Mean * SD 41.65 = 12.83 3432 £ 1251 0.007°

Education level

Primary school 14 30.4 14 31.8 0.899"
Secondary school 25 54.3 22 50.0
Higher education 7 15.2 8 18.2

Occupation

Unemployment 5 10.9 6 13.6 0.716°
Farmer 30 65.2 25 56.8
Other occupation 11 239 13 29.5

Monthly income

<5000 THB 24 522 21 47.7 0.364°
5001-10,000 THB 12 26.1 17 38.6
>10,000 THB 10 21.7 6 13.6

Caregiver’s relationship with the child

Parent 24 522 32 72.7 0.044°

Grandparent/Uncle/Aunt 22 478 12 27.3

Duration of childcare

Mean * SD 23.48 + 6.00 2391 £ 551 0.724¢
Child’s sex
Boy 25 54.3 27 61.4 0.501°
Girl 21 45.7 17 38.6
Child’s age
12-24 months 23 50.0 21 47.7 0.829°
25-36 months 23 50.0 23 523
Mean * SD 24.33 + 54| 2391 £ 551 0.718°

Child bathing and hand/foot washing

Sometimes 8 17.4 12 273 0.260°

Always 38 82.6 32 72.7

(Continued)
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Table 2 (Continued).

Characteristics Intervention Group (n = 46) | Control Group (n = 44) | P-value

n % n %

Bringing the child to the farm

Rarely 5 10.9 8 18.2 0.615°
Sometimes 32 69.6 28 63.6
Always 9 19.6 8 18.2

Cleaning the floor with a wet cloth

Sometimes 7 15.2 I 25.0 0.246°

Always 39 84.8 33 75.0

Detected CA pesticides (above LOD)

- Aldicarb I 239 16 36.4 0.198°
- Carbofuran 9 19.6 8 18.2 0.867°
- Carbaryl 6 13.0 6 13.6 0.934°
- Methomyl 12 26.1 7 15.9 0.237°

Detected OP pesticides (above LOD)

- Prothiofos 19 41.3 17 38.6 0.796°
- Chlorpyrifos 40 87.0 33 75.0 0.147°
Median (IQR), pg/sample 0.766 (0.413) 0.751 (0.907)
- Pirimiphos-methyl 44 95.7 42 95.5 1.000*
Median (IQR), pg/sample 1.357 (0.608) 1.496 (0.729)

Notes:  Fisher’s exact test, bChi-Square test, © Independent t-test.

group), with a mean age of approximately 24 months in both groups. A comparison of baseline characteristics between
the two groups showed significant differences in the mean caregiver age (P = 0.007) and the proportion of caregiver
relationships to the child (P = 0.044). In addition, caregiver behaviors—including child bathing and hand/foot washing,
bringing the child to the farm, and cleaning the floor with a wet cloth—as well as pesticide residues detected on
children’s hands and feet showed no significant differences between the intervention and control groups, with the highest
detection observed for pirimiphos-methyl and chlorpyrifos.

Blood ChE measurements in children, obtained using the Test-mate ChE field kit, revealed no significant differences
in AChE or HAChE levels between the intervention and control groups at baseline or at the 2-month follow-up.
However, a statistically significant difference in AChE levels was observed at the 5-month follow-up (P = 0.010), as
shown in Table 3.

The effectiveness analysis of the parental behavior modification program in preventing pesticide exposure among
children living in agricultural areas, using a mixed-effects model, revealed that, from baseline to the 2-month follow-up,
the HAChE level in the intervention group increased significantly more than in the control group by 1.3 U/g Hgb (P =
0.049). From baseline to the 5-month follow-up, the HAChE level in the intervention group increased by 2.3 U/g Hgb
more than in the control group (P = 0.005). These results were obtained after adjusting for the caregiver’s age and their
relationship to the child, as shown in Table 4.
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Table 3 Blood ChE Measurements in Children Between the Intervention and Control Groups
at Baseline, 2-Month Follow-Up, and 5-month Follow-Up

Blood ChE Intervention Group (n=46) | Control Group (n=44) | P-value®
Mean SD Mean SD

AChE (U/mL)

At baseline 1.980 0.503 1.931 0.464 0.629

At the 2-month follow-up 2.197 0.448 2.233 0.473 0.712

At the 5-month follow-up 2432 0.539 2.058 0.388 0.010

HAChE (U/g Hgb)

At baseline 22.860 5.676 23.621 3.976 0.470

At the 2-month follow-up 23.661 4.990 23.236 3.420 0.640

At the 5-month follow-up 23.556 5.094 22.067 4.287 0.284

Note: * Independent t-test.

Table 4 Effectiveness of the Program on Blood ChE Levels in Toddlers at the 2- and
5-month Follow-Ups Compared to Baseline

Outcome | Intervention Effect Coefficient | SE P-value 95% CI
AChE Unadjusted model
(U/mL)
- At the 2-month follow-up —0.086 0.107 0.422 —0.294, 0.123
- At the 5-month follow-up 0.325 0.131 0.013 0.067, 0.582
Adjusted model*
- At the 2-month follow-up —0.086 0.106 0.421 —0.294, 0.123
- At the 5-month follow-up 0.312 0.131 0.018 0.054, 0.569
HAChE Unadjusted model
(U/g Hgb)
- At the 2-month follow-up 1.302 0.658 0.048 0.011, 2.592
- At the 5-month follow-up 2.352 0.821 0.004 0.742, 3.962
Adjusted model*
- At the 2-month follow-up 1.298 0.659 0.049 0.007, 2.589
- At the 5-month follow-up 2.323 0.822 0.005 0.712, 3.934

Notes: Increased AChE and HAChE levels are indicative of lower pesticide exposure. * Adjusted for caregiver’s
age (years) and relationship to the child.

Discussion

The study results revealed that children living in agricultural areas in Thailand had very low ChE values, indicating

potential risk of pesticide-related effects, particularly regarding neurodevelopment.'®'> This is likely due to the extensive

use of CA and OP pesticides in Thai agriculture. Although some of these pesticides, such as chlorpyrifos and carbofuran,

have been banned or restricted in many countries due to their high toxicity, they were still detected on the hands and feet

of the young children in this study. Notably, chlorpyrifos and pirimiphos-methyl were found in over 50% of the children.

Moreover, the children in this sample group lived within 50 meters of farmland, suggesting the influence of pesticide
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drift.>** Consequently, young children in these areas can be exposed through inhalation, dermal contact, and ingestion,
including contaminated food and hand-to-mouth behaviors such as thumb-sucking.

The study on the effectiveness of the Parental Behavior Modification Program to prevent pesticide exposure among
toddlers living in agricultural areas, using DID analysis in both unadjusted and adjusted models, found that AChE levels
significantly increased at the 5-month follow-up, while HAChE levels significantly increased at both the 2-month and
5-month follow-ups compared to baseline. The observed increase in ChE levels suggests a reduced risk of exposure to
OPs and CAs following participation in the program. This pattern may reflect AChE turnover in red blood cells, with the
weaker effect at 2 months likely due to incomplete enzyme recovery. Although normative values for children have not
been established, baseline AChE and HAChE levels were relatively low, related to common symptoms of pesticide
exposure in children aged 1-3 years at similar enzyme activity levels.'® Following the 5-month intervention, AChE
activity increased by over 20% from baseline, possibly indicating a clinically meaningful recovery of enzyme function.
Overall, these findings suggest that the intervention, which was developed based on the TPB and its key constructs—
attitude, subjective norm, and perceived behavioral control—was effective in modifying parental behaviors to reduce
pesticide exposure in young children.?

This positive outcome may be attributed to the program’s components, which included training on the dangers and
prevention of pesticide exposure in children, community knowledge sharing about childcare, hands-on practice of good
hygiene in childcare, and home visits. These activities equipped parents and caregivers with knowledge, such as the
routes of exposure and the negative effects of pesticides on children’s health, and practical skills to ensure proper hygiene
and appropriate health care for children living in agricultural settings. Preventing pesticide exposure in children involves
parental practices such as avoiding taking children to cultivated areas, ensuring they wear shoes rather than going
barefoot both indoors and outdoors, increasing the frequency of showering or washing hands and feet, and cleaning the
house more often. These behaviors are associated with reduced pesticide exposure in young children.” '%** In addition,
regular follow-ups were conducted by village health volunteers, in collaboration with public health officials, who visited
families to encourage and reinforce desirable childcare behaviors.

Similar to a previous study in Thailand that examined an educational intervention for caregivers to prevent residential
pesticide exposure among young children in agricultural communities, providing booklets to inform caregivers about
pesticide exposure and prevention can enhance their understanding and learning.” This may promote more positive
attitudes and strengthen their intention to adopt protective behaviors for their children. In the context of other countries,
despite positive changes in knowledge and behavior from interventions targeting pesticide exposure in children of
farming families, interventions achieving effective reductions in actual exposure levels remain less pronounced.”> >’
A home-based intervention delivered by community health workers was associated with decreased trans-permethrin
levels in floor wipe samples, while no significant reductions were observed for OPs or other agricultural pesticides, and
although child urinary metabolite levels were lower in intervention households compared to controls, the differences
were not statistically significant.>’ Whereas no significant impact of community intervention to reduce pesticide exposure
among farmworkers and their children by measuring in urinary pesticide metabolite concentrations or in pesticide residue
concentrations in house and vehicle dust.’” In addition, an educational intervention on OP exposure significantly
increased risk perception among adults and schoolchildren; however, child urinary metabolite levels remained
unchanged, suggesting the need for a longer observation period.*®> These discrepancies may result from variations in
participants’ sociodemographic backgrounds, types of biomonitoring used, and differences in intervention design,
including study duration and number of follow-ups. Nevertheless, the current study demonstrates an effective interven-
tion for reducing pesticide exposure among young children aged 1-3 years living in agricultural areas.

This parental behavior modification program for preventing pesticide exposure among children living in agricultural
areas is both feasible and practical, as it is specifically designed for public health officers at sub-district health promotion
hospitals and village health volunteers. The structure of the program enables these personnel to effectively integrate it
into their existing activities, aligning with Thailand’s agricultural context. Therefore, it is recommended that policies be
developed to target high-risk agricultural areas, along with the implementation of mechanisms to promote sustainable

changes in parental health behaviors aimed at reducing pesticide exposure in young children. In addition, the validated
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program should be further developed into a comprehensive learning package for use by relevant agencies, thereby
facilitating knowledge dissemination and providing a foundation for future public health initiatives.

In this study, generalizability may be limited due to the specific characteristics of the participants, including their environ-
mental conditions and socioeconomic backgrounds. Measuring internal exposure among children using additional biomarkers,
such as metabolites of other pesticides, may be necessary to strengthen the evidence for the program’s effectiveness. In addition,
using questionnaires based on the TPB constructs to assess parents’ or caregivers’ preventive practices, and conducting
behavioral observations, is recommended to support the exposure assessment results. Since behavioral change depends on
time, further studies should include an extended follow-up period to evaluate the sustainability of the intervention.

Conclusion

The findings on the participants’ blood ChE levels, measured from baseline through the 2nd- and 5th-month follow-up
periods, showed a greater increase in the intervention group compared to the control group. This suggests that the
Parental Behavior Modification Program for Pesticide Exposure Prevention among Children Living in Agricultural
Areas, based on the TPB and incorporating key constructs such as attitude, subjective norm, and perceived behavioral
control, had a positive effect on improving parental or caregiver behavior and reducing the risk of pesticide exposure
among children. The program serves as a potential model for integration into routine services at Subdistrict Health
Promotion Hospitals, supporting efforts to prevent pesticide exposure and mitigate its negative health impacts on young
children in agricultural areas of Thailand.
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