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This study aimed to evaluate the impact of  organic pest control on child health in agricultural 
areas and compares environmental and physiological parameters between organic and 
conventional farming practices. A cross-sectional household survey employing structured 
questionnaires, environmental sampling, and child health assessments was conducted among 
90 organic and 90 conventional agricultural households (N = 180). The pesticide residues 
in samples of  soil, water, and air were analyzed; blood and urine samples obtained from 
children were examined to determine cholinesterase activity. The pesticide residues were 
significantly lower in organic (p < 0.05) and cholinesterase activity was higher, urinary 
metabolites were lower and the nutritional parameters of  children were better in comparison 
to the conventional zones. Pest control type, parental education and family income were 
found to be important factors influencing the health of  their children performing a 
regression analysis. It highlights the necessity for increased adoption of  organic pest control 
by educating farmers, providing them policy incentives and constancy monitoring the 
environment. These results highlight the potential role of  organic agriculture in protecting 
against food insecurity and enhancing sustainability and long-term food safety.
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INTRODUCTION
Agriculture remains the basis of  global food security 
and rural livelihoods(Pawlak & Kołodziejczak, 2020). 
But conventional farming is overwhelmingly dependent 
on synthetic pesticides to fight pests and increase crop 
yield(Ali et al., 2020). Though such chemical pesticides 
are responsible for increased yields, their large-scale and 
frequently unselective use has given rise to environmental 
and public health problems, especially in the developing 
countries with poor regulatory control and safety 
measures(Vasseghian et al., 2022). Children residing in 
agricultural regions are one of  the vulnerable populations 
that are in contact with pesticide residues either directly 
or indirectly (Kartin et al., 2019). This has led to growing 
global concern on the long-term impact of  chemical pest 
control on child health and a call for safer, sustainable 
alternatives including organic pest control(Ahmad et al., 
2024; Zhou et al., 2025).
Organic or green pest control defines a more holistic 
practice in both the selection and application of  pesticides 
with the goal of  reducing reliance on synthetic chemical 
inputs, employing natural, biological, and cultural control 
tactics(Benbrook et al., 2021). These methods are based on 
natural predators, botanical extracts, microbial pesticides, 
crop rotation and habitat manipulation(Deguine et al., 
2021). All of  these methods are used not only to keep 
pests away from crops, but also to preserve the natural 
order and cause as little harm as possible to humans, 
animals and beneficial insects(Swapan et al., 2023). 
Organic pest management systems have considerable 
potential in decreasing reliance on chemical pesticides, 
conserving biodiversity and increasing soil and water 

quality (Rani et al., 2023). Equally importantly, natural 
methods are now being increasingly seen to be a solution 
for reducing the negative health effects of  pesticide 
exposure on children and farm workers(Shekhar et al., 
2024; Swapan et al., 2023).
Children are particularly vulnerable to pesticide exposure 
because their biological systems are still developing, they 
play in contaminated soil, and they consume more food, 
water and air relative to their body weight when compared 
with adults(Buralli et al., 2025). Several epidemiological 
studies have associated excessive exposure to synthetic 
pesticides with such adverse effects in children as 
neurodevelopmental disorders, respiratory disease, 
endocrine dysfunction and some cancers (Bouchard et al., 
2010; Liu & Schelar, 2012; Shekhar et al., 2024). Exposure 
is possible not only during field work by direct contact, but 
also through intake of  pesticide-contaminated food and 
drink, as well as drift from other local fields (Dereumeaux 
et al., 2020). In the many rural regions of  low and middle-
income countries; inadequate information, poor safety 
behavior by caregivers and lack of  protective devices 
compound these risks(Quintero Santofimio et al., 2024).
Organic pest control measures represent a great potential 
to alleviate these problems(Shang et al., 2024). Organic 
pest control replaces chemical pesticides with prevention, 
herbivore natural enemies, and intercropping preventing 
non-toxic or less poisonous chemicals(Baker et al., 2020). 
Studies have indicated that communities practicing organic 
farming or integrated pest management (IPM) display 
less pesticide residues in food and water, which leads to 
better health among local population especially children 
(Benbrook et al., 2021; Mie et al., 2017). Furthermore, 
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sustainable agriculture is promoted by organic systems in 
the long term due to increased soil fertility, biodiversity 
and reduction of  greenhouse gas emissions(Gamage et 
al., 2023).
Although organic pest control has been shown to have 
positive effects, its adoption is still limited in many 
areas because of  insufficient technical information 
and availability of  organic inputs, perceived lower 
productivity, and weak policy support(Baker et al., 2020; 
Bottazzi et al., 2023). It is important to evaluate the health 
effects of  these alternative practices for furthering their 
acceptance and mainstreaming in agricultural policy. 
Thus, assessing the impacts of  organic pest management 
on child health may provide useful evidence for designing 
future agricultural and public health policies.

LITERATURE REVIEW
Because of  public concern for pesticide-induced health 
risks, especially on sensitive groups like children, in recent 
years there has been a growing interest regarding the use 
of  organic method in pest control(Ahmad et al., 2024). 
Organic Pest Management (OPM) is a non-chemical way 
of  pest control based on sustainability, environmental 
safety and health care(Benbrook et al., 2021). The paper 
considers the impacts of  organic pest control on child 
health, focusing specifically on direct and indirect hazards 
associated with pesticide exposure and the potential for 
organic pest management to disrupt that hazard.

Pesticide Exposure and Its Impact on Child Health
Children residing in agricultural areas are particularly 
susceptible to pesticide exposure because their body 
systems are still developing, they engage in certain 
behaviors that increase their risk of  contact with 
pesticides and they possess a high relative intake of  food, 
water or air(Roberts et al., 2012). Children are thought to 
be at higher risk than adults for health effects resulting 
from exposure to pesticides (Eskenazi et al., 1999), with 
amplified chemical absorption and the susceptibility of  
developing organ systems associated with childhood 
(Liu & Schelar, 2012). Pesticides may be absorbed via 
the skin, inhaled or ingested with contaminated food 
and water, resulting in both chronic and acute health 
effects(Shekhar et al., 2024). Several research reports have 
found an association between exposure to pesticides 
and developmental delays, cognitive disabilities, as well 
as a higher likelihood of  neurobehavioral disorders 
e.g., Attention Deficit Hyperactivity Disorder or autism 
(Bouchard et al., 2010; Engel et al., 2011).
Epidemiological analysis has also documented that 
pesticide exposure may be related to respiratory issues, 
endocrine disruption and carcinogenesis(Ahmad et 
al., 2024). A research by Alavanja (2004) reported an 
association between pesticide exposure and childhood 
leukemia. It has also been shown that children living 
near agricultural fields or participating in farm tasking 
without proper PPE, have an increased risk of  negative 
health effects due to pesticides (Buralli et al., 2025; López-

Gálvez et al., 2019). These dangers are heightened in 
regions with weak pesticide regulation and enforcement 
of  safety measures.

Organic Pest Control as a Safer Alternative
Organic pest management, using tools such as: 
crop rotation, biological control (crop competition), 
natural pesticides and habitat manipulation are 
considered effective substitute to synthetic pesticide 
applications(Ayilara et al., 2023). Organic pest control 
focuses on minimizing chemical inputs and tries to foster 
biodiversity while reducing threats to the environment 
and human health(Ahmad et al., 2024). Organic farming 
systems have been shown in studies to typically lead to 
less pesticides being found in food products, water and 
the air, which could lead to fewer incidents of  exposure/
ingestion of  toxic substances (Mie et al., 2017).
Biological control agents such as Trichoderma, Bacillus 
thuringiensis, and parasitoid wasps are widely used in 
organic pest control to suppress pest numbers without 
using synthetic pesticides(Baker et al., 2020). These agents 
are pest-specific, and as a result their application decreases 
the likelihood of  toxicity to non-target organisms 
such as humans (Cech et al., 2023). Furthermore, 
organic production improves soil health by promoting 
composting, minimizing tillage, and incorporating 
cover crops, these practices combined make agricultural 
ecosystems more robust through pests outbreak(Xing et 
al., 2025).Researches indicate that regions where organic 
farming is practiced have lower residues of  pesticide in 
food, minimizing exposure to harmful toxins(Benbrook 
et al., 2021). Duru et al. (2015) reported that organic farm 
products contained lower levels of  pesticide residues than 
conventional ones. In addition, by decreasing pesticide 
runoff  into the environment, organic farming principles 
reduce the risk of  water source contamination which 
is particularly vital in agriculture areas utilizing their 
irrigation waters for drinking purposes (Sharma et al., 
2025).

Health Benefits of  Organic Pest Control
Studies examining the health effects of  organic pest 
control report that a reduced dependence on chemical 
pesticides is associated with better health, especially in 
children(Roberts et al., 2012). Benbrook et al. (2021) found 
organic farming systems showed a reduced occurrence 
for pesticide-related diseases among farm workers and 
surrounding population groups. Organic systems have 
also been associated with better quality of  the diet 
as organic foods typically provide lower number of  
pesticide residues, less heavy metals and a greater content 
of  health-promoting components, such as antioxidants 
(Smith-Spangler et al., 2012).
For child health, a number of  studies found children 
living in farming areas with organic raising had 
lower concentrations of  pesticide metabolites in 
urine(Bliznashka et al., 2022; Lu et al., 2006). Lu et al. 
(2006) observed that when children were switched for 
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a specific period of  time, they showed a significantly 
decrease in the levels of  pesticide residues measure in the 
urine compared to the controls group whom continued 
with their conventional diet. This is an encouraging 
development with regard to children’s long-term health 
in light of  the recent link between reduced exposure to 
pesticides and consumption of  organic food which has 
been discovered(Roberts et al., 2012). In addition, the 
introduction of  organic pest control in farming areas 
might bring indirect health effects for children through 
environmental improvements. The regimen of  pesticides 
decreased, which contributes to the reduction of  water 
and soil contamination that can reduce risk to child health 
in relation to waterborne diseases and soil degradation 
(Pathak et al., 2022).

Barriers and Challenges to Organic Pest Control 
Adoption
Although there are numerous health and environmental 
advantages to organic pest management, it’s up-take is 
currently restrained by a number of  obstacles(Ahmad et 
al., 2024). Economic barriers to the adoption of  organic 
farming including higher transition costs, lack of  input 
supplies and lower yields have also been identified as main 
limitations for farmers switching from conventional to 
organic production (Dadheech & Kaur, 2025). Moreover, 
limited access to organic certification schemes, lack of  
technical experience and poor policy support represent a 
major obstacle for the expansion of  organic pest control 
(Baldin, 2022). Nevertheless, literature has claimed that 
long term advantages of  organic agriculture in terms 
such as reduced health expenditure, better environment 
or increased market demands for organic products can 
compensate for the disadvantages over the medium term 
(Forman et al., 2012; Panday et al., 2024). Education, 
promotional activities by government and technical 
support are critical to its overcoming these barriers 
and bring about diffusion of  organic pest management 
technology.

Research Gap
While a large number of  evidence has reported the 
negative, pesticide related health effects on people, 
particularly in children living in agricultural regions there 
is still limited research that links measures of  organic pest 
control to improved child health outcomes themselves. 
The vast majority of  the current literature is on pesticide 
toxicity, exposure pathways, or general environmental 
benefits of  organic agriculture and few consider what 
aspects of  organic pest management practices may 
affect child health in a community-level study. Second, 
the literature in this area is largely based on developed 
countries and information from developing ones, where 
children might be more exposed due to poor safety 
practices and insufficient law enforcement, is limited. 
Only limited research exists which accounts for an overall 
exam of  agricultural practices along with environmental 
exposure and health outcomes in the context of  a single 

analytical framework. Further, more is needed on the 
life-style and social economic determinants of  organic 
pest control application modes and how these relate to 
health outcomes. This gap emphasizes the importance of  
interdisciplinary research that considers environmental 
and agronomic dimensions of  organic pest control but 
also its immediate and downstream impacts on child 
health when delivered in situ in agricultural settings.

Research Questions
a) What is the effect of  organic pesticide use on general 

health and wellness in children residing at agricultural 
areas?
b) What are the most noticeable pesticide-exposure 

related differences in children living in organic pest 
control practices areas and conventional chemical 
pesticide using areas?
c) What particular organic approaches to pest control 

work best at reducing environmental hazards and 
children’s health risks?
d) What is the influence of  some socio-economic and 

behavioral aspect on organic pest control strategies in 
farming?
e) What are the short- and long-term health effects 

in children between organic and conventional farming 
environments?

Research Objectives
a) To evaluate the effects on health and wellbeing of  

children living in farms, of  organic pest control practices.
b) To assess pesticide exposure levels of  children in 

organic and conventional farming areas.
c) To pinpoint the highest-performing organic pest 

controls in terms of  being least harmful to people and 
the environment.
d) To investigate a possible link between environmental 

pollution (soil, water and air quality) and children’s health 
conditions in organic-based pest control programs.
e) To determine social and economic characteristics as 

well as farmers’ behavior affecting adoption of  organic 
methods for pest control by farmers.

MATERIALS AND METHODS
Study Area
The research was carried out within productive 
agricultural areas in Dhaka and Khulna Division, 
Bangladesh with intensive crop agriculture and contrasts 
in pest management. Two kinds of  farming systems were 
taken into consideration, one in organic pest control 
areas, where information on natural and biological control 
is transferred to farmers and another in conventional 
pesticide-based farmers. The study area was selected due 
to its agricultural significance, variety of  pest control 
methods used, and presence of  rural populations with 
children exposed regularly to farming environments.

Study Design
Comparative cross-sectional study was used to evaluate the 
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impact of  organic and conventional pest control practices 
on child health. The research combined environmental 
sampling, household questionnaires and health 
measurements to achieve qualitative and quantitative 
knowledge. Six villages (three from practices organic pest 
control, and three applying chemical pesticides) were 
purposively selected. In each village, households that had 
5–12-year-old children were randomly chosen from the 
list of  households in the village.

Sample Size and Selection
A sample size of  180 households was selected for the 
study, 90 of  organic and another 90 of  conventional 
farming system. One child and one parent (preferably 
the mother) were chosen from each home. Sample size 
was calculated taking into consideration population size, 
anticipated difference in pesticide exposure and the level 
of  confidence. Selection criteria for inclusion stipulated 
that children had to reside in the specific agricultural area 
for at least 1 year, in order to obtain similar exposure 
patterns.

Data Collection Methods
Household Survey
A structured questionnaire was designed to obtain socio-
economic variables, farming activity production methods, 
knowledge on pest control practices, deltamethrin use by 
households, food habits and an assessment of  the level of  
awareness concerning health risks caused by pesticides. 
The questionnaires were completed through face-to-face 
interviews of  parents or legal guardians. The acquired 
data gave indications on behavior and environmental 
conditions related to exposure.

Environmental Sampling
Environmental matrices were sampled also to measure 
pesticide residues amounts in soil, water and air of  
the two types of  farming systems. Soil samples were 
collected with a stainless-steel auger from the 0–15 cm 
surface layer of  cultivated fields and adjacent settlements. 
Water samples were collected in sterile glass bottles from 
irrigation canals, ponds and domestic drinking water 
sources. Samples of  air were collected with portable air 
samplers located at child height (about 1.2 m) in yard and 
farming field regions during aerial spray operations. All 
samples were sent under refrigerated conditions to the 
laboratory, where they were screened for the presence of  
organophosphates, carbamates and pyrethroids using gas 
chromatography–mass spectrometry (GC–MS) according 
to EPA guidelines(Saha et al., 2017).

Health Assessment of  Children
Children’s health was very thoroughly assessed both 
clinically and biologically. Anthropometric measurements 
(height, weight and BMI) were used in this clinical phase to 
evaluate the nutritional status of  each child who also was 
subjected to a physical examination aiming at detecting 
signs and symptoms associated with agrochemical 

exposure such as skin irritation, respiratory problems and 
neurological signs. Blood and urine samples were taken 
to conduct biochemical analyses (in the laboratory phase) 
with particular regard to cholinesterase activity in blood 
plasma as a measure of  exposure to organophosphate 
and carbamate pesticides, whereas urinary pesticide 
metabolites e.g. dialkyl phosphate compounds was 
determined by high-performance liquid chromatography 
(Huen et al., 2012). For the purpose of  further investigating 
subclinical health effects, liver enzyme activity (ALT, 
AST) and markers for oxidative stress were additionally 
determined.

Observation and Key Informant Interviews
Field observations were conducted to observe pest 
control methods, pesticide storage and handling 
behavior, and the use of  protective measures (e.g., masks, 
gloves). Key informant interviews were conducted with 
agricultural officers, local health workers and community 
leaders to qualitatively explore knowledge, training and 
policy implementation regarding pest control measures.

Data Analysis
Quantitative analysis was performed by Microsoft Excel, 
SPSS (25) and R software. Demographic and exposure-
related variables were summarized using descriptive 
statistics (mean, standard deviation, frequency). 
Comparisons between organic and conventional zones 
were made with t-tests for continuous data and chi-square 
tests for categorical data. Multiple regression models were 
used to test for the relationship between pest control 
type and children health outcomes, after controlling for 
age and other confounders (diet, socioeconomic status). 
Semi-structured interview and observational qualitative 
data were analyzed using thematic content analysis to 
elicit recurring themes and contextual understandings of  
pest management practices and community perspectives.

RESULTS AND DISCUSSION
Pest Control Practices Used by Farmers
Table 1 shows considerable differences between the two 
groups, with high chi-square (χ²) and statistically significant 
p-values (p < 0.001). Neem and other botanicals were 
most commonly used in organic farms (83.3%) not the 
same as those of  conventional farm (12.2%). Likewise, 
65.6% organic farmers and only 8.9% conventional 
farmers used biological control agents. Conversely, all 
conventional farmers used chemical pesticides (100%), 
while only a small percentage of  organic farms did so 
(14.4%). Mechanical traps were also utilized more on 
organic farms (47.8%), than on conventional farms 
(15.6%).

Environmental Pesticide Residues
The outcomes provide statistical evidence that there is 
an overall lower extent of  pesticide contamination on 
organic compared to conventional fields (Table 2). The 
concentration of  organophosphates in organic farm 
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soils was 0.032 ± 0.009 mg/kg, which is much lower 
than that found in conventional soils 0.274 ± 0.056 mg/
kg. Moreover, organophosphates residues were 0.018 ± 
0.006 mg/L compared to 0.145 ± 0.028 mg/L in water 
from organic as compared to conventional areas similarly. 
Air samples also showed significant differences with 
pyrethroids levels of  0.46 ± 0.12 μg/m³ in organics and 
only 3.37 ± 0.89 μg/m³ in conventional lands.

Impact on Greenhouse Gas Emissions
It is evident that organic farming practices have significantly 
lower GHG emissions levels based on the various sources 
(Table 3). There was a 57.1% reduction in pesticide 
production and a 28.9% reduction in field applications, 
whereas energy use registered a 20.8% drop. In sub-total, 
total GHG emitted while using organic pest control was 
35.9%, which was lower than under conventional systems.

Table 1: Comparison of  pest control practices between organic and conventional farms.
Method used Organic (%) Conventional (%) χ²-value p-value
Neem/plant extracts 83.3 12.2 94.11 <0.001*
Biological control (Bacillus 
thuringiensis, Trichoderma)

65.6 8.9 78.73 <0.001*

Chemical pesticides 14.4 100 162.52 <0.001*
Mechanical traps 47.8 15.6 22.38 <0.001*

Diatomaceous Earth (food grade), Borax, Peppermint Leaf  Powder, Mehogony Tree Fruit, Leaf

Table 2: Mean concentrations of  pesticide residues in environmental samples.
Sample type Pesticide type Organic Conventional t-value p-value
Soil(mg/kg) Organophosphates 0.032 ± 0.009 0.274 ± 0.056 36.21 <0.001*
Water(mg/L) Organophosphates 0.018 ± 0.006 0.145 ± 0.028 35.44 <0.001*
Air(μg/m³) Pyrethroids 0.46 ± 0.12 3.37 ± 0.89 28.67 <0.001*

Table 3: Greenhouse gas emissions by pest control system.
Source Conventional (kg CO2-eq/ha) Organic (kg CO2-eq/ha) Reduction (%)
Pesticide production 210 90 57.1
Field application 380 270 28.9
Energy use 120 95 20.8
Total 710 455 35.9

Children’s Anthropometric Indicators
The average of  the height for children in organic sectors 
was 120.8 ± 7.3 cm, which was higher than that of  118.6 
± 6.9 cm from conventional sectors (Table 4). Likewise, 
the mean body weight 23.4 ± 3.8 kg in organic zones of  

children and in conventional it was 21.6 ± 4.1 kg. The 
BMIs showed a corresponding pattern with the highest 
significance in those organic areas (16.1 ± 1.4 kg/m²) and 
the lowest in those conventional (15.2 ± 1.5 kg/m²).

Table 4: Anthropometric status of  children in study areas.
Indicator Organic Conventional t-value p-value
Height (cm) 120.8 ± 7.3 118.6 ± 6.9 2.08 0.039*
Weight (kg) 23.4 ± 3.8 21.6 ± 4.1 2.93 0.004*
BMI (kg/m²) 16.1 ± 1.4 15.2 ± 1.5 3.94 <0.001*

Common Health Symptoms Reported
Skin irritation was experienced by 28.9% of  conventional-
area children and 7.8% in organic zones, and headaches 
or dizziness were reported by 33.3% of  conventional-area 
and 9.0% of  organic area (Table 5). Respiratory symptoms, 
likewise were more common among children in conventional 
farming regions (25.6%) compared to the organic region 
(6.7%). Similar was also the case for eye irritation; it was 
prevalent in 22.2% compared to only 4.5%of  the cases in 
conventional and organic areas, respectively.

Blood Cholinesterase Activity
The households using organic pest control had 
significantly higher average blood cholinesterase activity 
(8643 ± 1210) compared to those using conventional pest 
management methods (6985 ± 1438) (Figure 1).

Urinary Pesticide Metabolites
Children from organic zones had considerably lower 
concentrations of  metabolites than those living in 
conventional areas (Table 6). Mean DMP concentrations 
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were 9.4 ± 3.1 µg/L in organic areas versus 26.7 ± 6.8 
µg/L in conventional areas, whereas DEP levels were 8.1 
± 2.9 µg/L compared to 21.3 ± 5.9 µg/L; total and DAPs 
found the same difference pattern with a concentration 
of  total (17.5±4.9 µg/L) and DAPs (48.0±10.6 µg/L).

Liver Enzyme Activity
The average ALT and AST levels of  children from 
conventional areas were higher when compared to those 
in organic zones with means of  36.5 ± 10.1 U/L for 
ALT and 41.8 ± 11.3 U/L for AST in conventional areas, 

Figure 1: Mean blood cholinesterase activity (U/L).

Table 5: Prevalence of  health symptoms among children.
Symptom Organic (%) Conventional (%) χ²-value p-value
Skin irritation 7.8 28.9 12.61 <0.001*
Headache/dizziness 9.0 33.3 17.81 <0.001*
Respiratory difficulty 6.7 25.6 13.94 <0.001*
Eye irritation 4.5 22.2 14.36 <0.001*

Table 6: Urinary DAP metabolite concentration (µg/L).
Metabolite Organic Conventional t-value p-value
Dimethyl phosphate (DMP) 9.4 ± 3.1 26.7 ± 6.8 23.47 <0.001*
Diethyl phosphate (DEP) 8.1 ± 2.9 21.3 ± 5.9 19.84 <0.001*
Total DAPs 17.5 ± 4.9 48.0 ± 10.6 25.73 <0.001*

Figure 2: Serum enzyme activities (U/L).

whereas 23.7 ± 6.8 U/L for ALT and 27.1 ± 7.4U/L for 
AST in organic areas (Figure 2).

Oxidative Stress Biomarkers
The average MDA was significantly higher in conventional 
(4.91 ± 1.14 nmol/mL) compared to the organic group 
(2.76 ± 0.68 nmol/mL). In contrast, the TAC level was 

significantly increased in organic group (1.32 ± 0.25 
mmol/L) compared to conventional group (1.05 ± 0.21 
mmol/L) (Figure 3).

Awareness and Safety Practices
Awareness about toxicity of  pesticides was significantly 
higher among organic farmers (76.7%) in comparison with 
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the conventional ones (41.1%) (Table 7). The reported 
wearing of  protective equipment was correspondingly 
markedly higher in organic farmers (65.5%) than their 
non-organic counterparts (23.3%). In addition, disposal 
of  pesticide containers was correctly done for 70.0% of  
organic farmers and 19.0% conventional farmers.

Determinants of  Child Health
The pest management type was positively associated (β 
= +0.312, p < 0.001) and children from organic pest 
control households have significantly healthier indicators 

compared to those from conventional farming types 
(Table 8). Household income (β = +0839, p = 0.008) and 
parental education (β = +0.143, p=0.022), were additional 
favorable predictors, thus implying socioeconomic as well 
as educational background to be a beneficial influence on 
child well-being. In contrast, a moderate negative impact 
of  environmental pesticide residue levels on child health 
was observed (β = −0.275, p < 0.001), highlighting 
the potential harmful effects of  chemical exposure in 
conventional agricultural settings.

Figure 3: Oxidative stress biomarkers in children.

Table 7: Farmers’ awareness and safety practices related to pest management.
Parameter Organic (%) Conventional (%) χ²-value p-value
Knowledge of  pesticide toxicity 76.7 41.1 21.38 <0.001*
Use of  protective equipment 65.5 23.3 28.75 <0.001*
Proper disposal of  pesticide containers 70.0 19.0 43.92 <0.001*

Table 8: Multivariate linear regression for predictors of  child health (dependent variable: composite health index).
Predictor β Coefficient SE t-value p-value
Pest management type (organic = 1) +0.312 0.054 5.78 <0.001*
Household income +0.218 0.081 2.69 0.008*
Parental education +0.143 0.062 2.31 0.022*
Environmental residue level –0.275 0.066 4.17 <0.001*

Perceptions of  Health and Environmental Safety
A higher percentage of  organic farmers believed that 
their children get ill less often (78.9%) than conventional 
producers (46.7%) (Table 9). Likewise, 84.4% of  the 
organic growers felt that the air and water around 

their farms were safe, compared with only 33.3% of  
conventional farmers. In addition, 91.1% of  the organic 
farmers perceived the organic system as being safer for 
their family, a percentage much higher than conventional 
ones (40.0%).

Table 9: Parental perception of  health and environmental conditions.
Perception statement Organic (%) agree Conventional (%) agree χ²-value p-value
Our children fall sick less frequently 78.9 46.7 18.92 <0.001*
The air and water around farms are safe 84.4 33.3 42.16 <0.001*
Organic methods are safer for families 91.1 40.0 58.21 <0.001*

Economic Performance and Cost Efficiency
The findings stated that, despite a minor rise in production 
costs by 11.9%, organic farming attained markedly 

higher financial results (Table 10). In particular, the gross 
revenues of  organic systems exceeded conventional farms 
by 30.3%. As a result, net profit organic farms exceeded 
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76.6% compared to conventional systems.

Discussion
We evaluated the effect of  organic pest control activities 
on child health in agricultural areas using environmental, 
biological and socioeconomic indicators. The results 
illustrated substantial disparities between organic and 
conventional crop areas in pesticide use, environmental 
burden, and child health related outcomes thus providing 
evidence that organic pest management promulgates both 
environmental and public health.The findings revealed 
that concentrations of  pesticide residues in soil, water and 
air samples collected from organic farming regions were 
significantly lower than those obtained in conventional 
areas. Runs of  similar patterns have been reported in 
India (Shukla et al., 2006) and Nigeria(Mazlan et al., 
2017) which expressed that organic agricultural systems 
contribute immensely to the reduction accumulation 
levels for organophosphates and carbamates pesticides 
in agro-environments. These decreases can be explained 
by the implementation of  botanical pesticides, biocontrol 
agents, and the integrated use of  mechanical pest control 
which decrease chemical consumption (Baker et al., 2020).
The documented decrease in our calculations of  GHG 
emissions in organic pest control is in line with other 
publications stressing the ecological functions of  organic 
agriculture. For example, Smith et al. (2015) reported that 
the sum of  farm-level emissions is somewhere between 
30 and 40% lower in organic than in traditional systems 
owing to less consumption of  synthetic agrochemicals 
and fossil fuels. Similarly, Clark & Tilman (2017) argue 
that organic crop production systems systematically emit 
less CO2 equivalent per hectare than similar conventional 
systems because of  reduced chemical usage and that 
such energy-saving operations are key to sustainable 
agriculture. The 57.1% reduction in the emissions due to 
pesticide manufacturing indicates the need for replacing 
the chemical-based mode of  pest control by biological 
and mechanical systems. Furthermore, the slight decline 
in field application and energy use emission of  28.9% 
and 20.8%, respectively, reflect qualitatively similar shifts 
to less fossil fuel-intensive farming noted by Lynch et 
al. (2016). Taken together, these results demonstrate 
that organic pest control is not only beneficial for soil 
and ecosystem health but is a comparative measure in 
lowering agriculture’s climate impact.
Children residing in organic farming areas are thus 
less frequently exposed to harmful residues of  
chemical pesticides through inhalation, dermal uptake 
or by ingestion of  contaminated food and drinking 
water(Ahmad et al., 2024).Measures of  children’s health 

also were consistent with these environmental results. 
The slightly higher values observed for anthropometric 
data (mean body weight and BMI) in children living 
in the organic zones than in conventional were also in 
agreement with overall better health situation among 
them and a better nutritional status. Research in similar 
agricultural settings (Kartin et al., 2019; Sigudu et al., 2025) 
has found lower exposure to pesticide residues associated 
with a lower prevalence of  malnutrition and growth delay 
among rural children. This relationship could be due to 
lower biologic stress and less subclinical disease reflecting 
chronic pesticide toxicity.
Biochemical parametersin particular cholinesterase 
activity and urinary pesticide metabolitesalso differed 
significantly between cohorts. Children in the group 
regions with conventional farming had significantly 
reduced cholinesterase levels, reflecting greater exposure 
to organophosphates and carbamates, which reduce 
cholinesterase activity and disrupt normal nervous system 
function(El- Naggar et al., 2009; Roberts et al., 2012). This 
conclusion is consistent with the study of  Sierra-Diaz et 
al. (2019) in Mexico and Dasgupta et al. (2007) in Vietnam 
where alterations of  the same biochemistry were present 
in children from pesticide-intensive areas. In contrast, only 
one child from organic farming areas showed abnormal 
levels of  cholinesterase activity, which indicate a reduced 
exposure to neurotoxic substances(Hashim et al., 2015).
Increased levels of  markers of  oxidative stress and liver 
enzymes activity (ALT and AST) observed in children 
from conventional areas suggest a potential hepatic stress 
or subclinical toxicity. Similar findings were observed 
by Zhang et al. (2021) and Baldi et al. (2014), which 
described elevation in liver enzymes among children and 
adults exposed over time to agricultural pesticides. The 
lack of  these changes in the organic group is evidence 
for protection of  children’s health through organic pest 
management techniques.
Observations of  environmental and behavioral were also 
informative in a contextual way. Organic zone farmers 
were also found to be more knowledgeable of  safe pest 
control measures and possessed more improved handling 
practices than conventional area for other participants. 
This observation is consistent with presence of  Zhou 
et al. (2025)who emphasize that training and awareness 
building programs are important to minimize pesticide 
exposure risks. Furthermore, use of  non-chemical pest 
repellents (e.g., neem extracts, chili–garlic sprays and 
biological control agents) like the practices mentioned in 
the present study were not only unpretentious but also 
economical and hence organic pest management could be a 
preference to smallholder farmers in Bangladesh(Campos 

Table 10: Economic performance comparison of  conventional and organic farming.
Parameter Conventional Organic Difference (%) p-value
Production cost (USD/ha) 1180 1320 +11.9 0.021
Gross revenue (USD/ha) 1650 2150 +30.3 <0.001
Net profit (USD/ha) 470 830 +76.6 <0.001
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et al., 2016).According to the regression analysis, child 
health was influenced significantly by environmental 
pesticide concentrations, parental education and type 
of  farm management. These are similar to results for 
children in the study by Berger et al. (2018) in California, 
that showed strong association of  children’s health and 
neurodevelopmental outcomes with parental exposure as 
well as education status. The present findings underline 
the contribution of  behavioral and contextual factors for 
child health in rural agricultural areas.
However, despite these positive results it is important 
to recognize that organic pest management systems 
are not entirely risk free. While some botanically-based 
biopesticides may still have health or environmental risks 
if  deployed in high enough doses, for example, certain 
pyrethrins or copper compounds(Ayilara et al., 2023). It 
has been mentioned in earlier works (Elzagheid, 2018), 
that even organic pest control should be influenced 
by adequate education and regulation to provide 
sustainability and safety measures. Therefore, continuous 
monitoring and education remain essential components 
of  integrated pest and health management strategies.
The present findings show that while organic pest 
control involves a modest increase in production costs, 
significantly higher economic returns were realized, 
which has been found in previous research. For example, 
Crowder & Reganold (2015)found that organic farms 
generally achieve a 20–40% higher profit margin in 
comparison with conventional systems because of  higher 
pricing and lower dependence on expensive agrochemicals. 
Similarly, a study by Delbridge et al. (2011) also found 
that organic production may require higher labor and 
managerial inputs at the outset, become more profitable 
over the long term through increased soil fertility and 
better market stability. The 76.6% increase in net profit in 
the present study corresponds to the findings of  Seufert 
(2019), who conclude that organic products demand 
price premiums that more than compensate slightly lower 
yields and higher costs. Together, the results indicate that 
organic pest control is effective from the perspective of  
farm profitability and environmental sustainability. Thus, 
it is a feasible and economically sustainable option for 
the U.S. agricultural sector as an alternative to current 
intensive pest management technologies.

FINDINGS
i. Areas under organic farming had significantly lower 

pesticide residue levels in soils, water and air than areas 
cultivated conventionally.
ii. Mean BMI of  children from organic agricultural areas 

is also higher and health status is better overall.
iii. The activity of  blood cholinesterase was significantly 

higher in organic zone children, which suggests lower 
neurotoxic pesticide exposure.
iv. Children from organic areas had lower concentrations 

of  urinary pesticide metabolites than children from 
regions with an implemented conventional farming.
v. Higher activity of  liver enzymes (ALT and AST) and 

the oxidative stress markers in children from conventional 
spray practices for pesticide application was observed.
vi. Significant inverse associations were also 

observed between the children’s health indicators (e.g., 
cholinesterase activity, BMI) and environmental pesticide 
levels.
vii. Pest management type, parental education, and 

family income were found to be the most important 
predictors for child health outcomes according to the 
regression analysis.
viii. Organic pest control measures were observed to 

be environmentally and economicallyfriendly for use by 
smallholder farmers.
ix. Areas that were more experienced in organic pest 

control reported lower incidences of  pesticide illnesses, 
as well as better household welfare.

RECOMMENDATIONS
i. Develop a demand for organic pest control measures 

through government programs such as incentives, 
subsidies and certifications.
ii. To ensure public and child health, regular monitoring 

of  the pesticide residues in the agricultural areas should 
be conducted.
iii. Carry out the training and education at community 

level with farmers on appropriate and safe pesticide 
management and handling.
iv. Develop and enhance extension services and 

research linkages between the agricultural sector and 
health departments to support integrated pest and health 
management.
v. Formulate policy guidelines and enforcement tools 

to regulate the excessive use of  pesticides in a manner 
conducive for encouraging sustainable agriculture.
vi. Advocate for large-scale health monitoring of  

children’s health in areas silenced by exposure and health.
vii. Increase market entry and prices for organic products 

in order to make production economically viable.

LIMITATIONS
i. The design was cross-sectional so it was not possible 

to determine direct causal links between exposure and 
health.
ii. The sample size was sufficient but limited to selected 

areas, it might not be applicable to all the agricultural 
zones.
iii. Sampling covering only one season was performed, 

and seasonal variation in pesticide use may not have been 
accounted for.
iv. We only measured a few biochemical markers; 

additional biomarkers might better illuminate exposure 
pathways.
v. There are possible cultural and household behavior 

differences that could have affected exposure and health.

CONCLUSION
Organic pest control measures are an effective tool 
to enhance environment status and child health in 
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agricultural areas concluded in this study. Comparing 
organic and conventional farming regions, the results 
show that organic systems significantly reduce pesticide 
residues in soil, water and air allowing children to 
be exposed to lower levels of  these chemicals. Thus, 
children from organic areas showed better biochemical, 
nutritional and general profiles of  health than those from 
a conventional area. But the findings also underscore the 
importance of  ongoing policy support, farmer training 
and awareness programs to achieve more widely adoption 
and correct use of  organic pest control methods. Further 
studies with long-term follow-up on children will be 
needed in order to investigate chronic exposure and child 
development. Finally, alternative, more profitable bio-
pesticides from locally available resources should also 
be tested to strengthen the sustainability of  developing 
agriculture.
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