Project Title: Nature Meets Nanotech: A Sustainable Strategy for Mosquito-Borne Disease Prevention in California

Project Title
Nature Meets Nanotech: A Sustainable Strategy for

Mosquito-Borne Disease Prevention in California
A Holistic Approach to Vector Control in a Changing Climate

Author
Samith Gowda

Grade 11
Adrian C. Wilcox High School, Santa Clara, CA

Mentor
Shanti Balaraman
President & CEO, Children’s Innovation Center
Former President, Stanford University Chapter of Sigma-Xi-The Scientific Research Honor Society
Former USA Representative, United Nations (UN), Transformative Education Forum

PROJECT OVERVIEW

California faces a growing public health challenge as invasive mosquitoes spread diseases such
as dengue, Zika, and yellow fever. Warmer temperatures, global trade, and stagnant water
sources have created ideal breeding grounds, leaving communities vulnerable to outbreaks.
Traditional mosquito control methods often rely on chemicals that damage ecosystems, creating
an urgent need for more sustainable approaches.

This project offers a holistic solution grounded in scientific insight and natural resilience. It
integrates environmentally safe repellents, a virus-blocking bacterium that limits mosquito
reproduction, advanced biosensors powered by nanotechnology for early disease detection, and
community-based protection strategies. Together, these components not only suppress mosquito
populations but also disrupt the transmission cycle of mosquito-borne illnesses.

The impact of this initiative reaches beyond immediate health concerns. By embracing
sustainable and data-informed practices, California has the opportunity to lead by example,
offering a blueprint for regions grappling with climate-related mosquito expansion. A proactive
response today can shape a future where public health and environmental stewardship advance in
harmony.

Page 1 of 9




Project Title: Nature Meets Nanotech: A Sustainable Strategy for Mosquito-Borne Disease Prevention in California

INTRODUCTION

The tropical mosquito Aedes aegypti is a known vector of numerous infectious diseases, posing
significant threats to human health. While traditionally found in the tropical regions of Asia and
Africa, these mosquitoes have increasingly migrated to temperate zones, including North
America. This shift has alarming implications for California, where the risk of disease outbreaks
is growing. In 2024 alone, four cases of dengue virus were reported in the state; stark contrast to
the zero cases documented between 2016 and 2022. Although this number may appear small, it
underscores a troubling trend when combined with other data. For instance, global trade and
manufacturing activities have facilitated the spread of invasive mosquito populations, impacting
70 counties in California by 2013. This growing issue highlights a gap in society's preparedness
and response to mosquito infestations.

Globally, regions such as Asia and Africa have implemented extensive mosquito control
programs to combat diseases like the Zika virus and dengue fever. In sub-Saharan Africa, for
example, the distribution of insecticide-treated bed nets (ITNs) contributed to a remarkable 42%
reduction in malaria cases between 2000 and 2019, as reported by the World Health
Organization. Other interventions, such as using insecticide sprays and introducing mosquito-
eating insects and fish, have also proven effective. These strategies offer valuable lessons that
California can adapt and improve upon. However, to address this pressing issue
comprehensively, the state must develop a low-cost, sustainable solution capable of eradicating
infected mosquitoes and preventing the resurgence of the disease. By learning from global
successes and leveraging innovative approaches, California has the opportunity to mitigate the
impact of invasive mosquito populations while prioritizing environmental sustainability.

Question: How can California effectively reduce invasive mosquito populations, ensure
they cannot transmit viruses, and prevent their spread by proactively managing stagnant
water sources in an environmentally sustainable manner?

Hypothesis: If California adopts the proven Wolbachia-infected mosquito release method,
integrates advanced nanotechnology, and leverages data-driven software solutions, then the
state can effectively target mosquito populations at the early life stage, reduce the spread of
viruses, and manage stagnant water sources while maintaining environmental
sustainability.
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SOLUTION STRATEGIES FROM NATURE

To develop a working solution that can effectively cut down on mosquitoes while stopping their
reproduction in bodies of water, one must first look to nature for ideas.

1. The Gaur:

The skin of the gaur deters landing and feeding by mosquitoes
by secreting an oily substance, a novel 18-carbon acid. This 18-
carbon fatty acid blocks and disrupts the mosquito's receptors,
making them less likely to see the Gaur as a host. This natural
occurrence can be used as an inspiration for creating a solution
that proactively manages stagnant water sources. For example,
combining Gaur acid with plant-based repellents such as lemon
eucalyptus oil could be the beginning of a pellet that is dissolved

in water. This pellet would gradually dissolve in a stagnant water source like a pond or small
resServoir.
Source Link: https://asknature.org/strategy/secretion-repels-mosquitoes/

2. The Mosquitofish:
The mosquitofish is a species native to California that plays a crucial role in
: m natural mosquito control. These small fish can consume large quantities of
e mosquito larvae, effectively reducing the larvae populations in California. By
introducing mosquitofish into ponds and other standing water sources where

., @ mosquitoes breed, communities can target the problem at its source without
A relying on chemical pesticides. This proactive approach to mosquito control
Wi . not only helps prevent the spread of mosquito-borne diseases, such as dengue,

but also supports the ecological balance by utilizing a natural predator.

it Additionally, using mosquitofish as a biological control method reduces the
Fry: % Inch need for chemical interventions, which can harm beneficial species in the area.

Source Link: https://vector.santaclaracounty.gov/mosquitoes/mosquitofish

B

SOLUTION DESIGN

This is a comprehensive solution Design for Mosquito-Borne Disease Control. The approach to
controlling the spread of mosquito-borne diseases is not a singular solution but a multi-faceted
strategy integrating four key components. These elements work in synergy to reduce mosquito
populations sustainably while minimizing health risks. Inspired by advancements in technology,
biology, and statistical analysis, this design focuses on the following critical areas:
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1. Early Stage Vector Control — Disrupting mosquito populations at their larval and
adolescent stages through eco-friendly interventions.

2. Adult Stage Vector Control — Preventing disease transmission by disrupting how
mosquitoes spread harmful viruses within their populations. This approach offers a long-
term, sustainable solution to limit outbreaks while protecting public health.

3. Data-Driven Diagnostics for Early Disease Detection — Harnessing nanotechnology-
based biomarkers, Al-driven surveillance, and predictive analytics to monitor pathogen
presence and identify mosquito-borne disease risks in real time, enabling swift and
proactive intervention before outbreaks emerge.

4. Human Protection from Mosquito Bites — Enhancing personal and community-level
defenses through advanced repellents, protective clothing, insecticide-treated nets, and
smart environmental design to reduce human exposure to mosquitoes.

A Holistic Approach to Vector Early Stage Natural repellents like guar acid &

Control in a Changing Climate Vector

eucalyptus oil in stagnant waters
Control P S

Nature Meets
Human Nanotech:

Protection | A Sustainable
from Strategy for
Mosquito / Mosquito-Borne
Bites Disease Prevention

in California

Adult Stage
Vector
Control

Multi-faceted approach to minimize
human exposure to mosquitos

/' Data-Driven
f Diagnostics

for Early
Disease
Detection

Integration of Geographic Information
Systems (GIS), remote sensing, artificial
intelligence (Al) technologies for precise
identification of high-risk areas

Gold Nanoparticles Biosensors
for Pathogen Detection in
waste water systems
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Early Stage Vector Control: Targeting Mosquito Development Sustainably

A crucial component of this solution focuses on disrupting mosquito populations at their earliest
developmental stages—the larval and adolescent phases. Traditional vector control methods rely
heavily on chemical larvicides, such as methoprene and pyriproxyfen, which are effective in
eliminating mosquito eggs and larvae. However, these substances pose significant risks to
aquatic ecosystems, often causing more harm than the diseases they aim to prevent.

To address this challenge, a more sustainable and eco-friendly
approach is proposed. Instead of relying on conventional larvicides,
this solution incorporates biodegradable larvicide pellets infused with
natural repellents like guar acid and eucalyptus oil—both
scientifically recognized for their mosquito-deterring properties.
Rather than eliminating larvae outright, these pellets prevent
mosquito breeding by repelling adult mosquitoes, discouraging them
from laying eggs in water sources near populated areas.

To ensure precise deployment, autonomous drones would be The dropping of natural larvicide
programmed to distribute the pellets in high-risk water bodies pellets regulates standing water sources
located near human settlements. These target locations would be Jrom mosquito breeding.
identified using advanced data analytics from the third component

of the overall solution. By integrating natural repellents into mosquito breeding grounds while
maintaining ecological balance, this method significantly reduces mosquito populations in urban

environments, minimizing disease transmission sustainably and responsibly.

Adult Stage Vector Control: Sustainable Suppression of Disease-Carrying Mosquitoes

The second component of this solution focuses on controlling -7 E . A

adult mosquitoes in California, which pose a significant threat as " T A ¥ -
. . . . . B 7y

primary carriers of mosquito-borne diseases, such as dengue and R o T K

Zika viruses. While chemical and natural repellents offer
temporary relief by reducing mosquito bites, they fail to address
the core issue—mosquitoes continue to spread diseases once the
repellent effect wears off. A more proactive and sustainable
solution is required to disrupt disease transmission at its source.

A scientifically proven method to achieve this is the Wolbachia
technique, a safe and environmentally friendly approach. This
method involves introducing mosquitoes infected with
Wolbachia, a naturally occurring bacterium that significantly
reduces their ability to transmit harmful viruses. Wolbachia-

The mosquito in the netting is infected with
Wolbachia. When released, this mosquito

can spread the bacteria to others.

Page 5 of 9



Project Title: Nature Meets Nanotech: A Sustainable Strategy for Mosquito-Borne Disease Prevention in California

infected mosquitoes are bred in controlled environments and systematically released into densely
populated areas, identified using the advanced data-driven targeting system described in
component three. As these mosquitoes mate with wild populations, the bacterium spreads
through generations, dramatically diminishing the mosquitoes’ ability to carry and transmit
diseases.

Unlike conventional solutions that merely address symptoms, this technique directly targets the
root cause of mosquito-borne disease outbreaks. By reducing the overall transmission capacity of
local mosquito populations, this strategy offers a long-term, scalable, and ecologically
responsible approach to protecting public health while maintaining environmental balance.

Data-Driven Detection: Precision-Based Mosquito Control Through Advanced Analytics
As the cornerstone of this solution design, the third component leverages advanced data analytics
and cutting-edge nanotechnology to improve the accuracy of mosquito surveillance and disease
prediction. By integrating Geographic Information Systems (GIS), remote sensing, artificial

intelligence (Al), and innovative sensor technology, this approach precisely identifies high-risk
areas for mosquito breeding and disease transmission, enabling timely and proactive intervention
strategies.

A key advancement in data collection is the use of sensors based on Gold Nanoparticles for
Pathogen Detection. These nanotechnology-based gold metal biosensors are strategically placed
in water streams and wastewater systems. These highly sensitive biosensors can detect
biomarkers associated with mosquito-borne diseases, including dengue, chlkungunya zika, and
yellow fever, with superior accuracy. By continuously monitoring
environmental conditions and pathogen presence, these sensors
provide real-time insights into potential outbreak zones, allowing
for predictive modeling and faster response times.

GIS technology facilitates the integration of spatial data from
multiple sources, enhancing the ability to track mosquito
populations and disease spread. Al models analyze environmental
factors—such as temperature, humidity, and rainfall patterns—

alongside sensor data to refine predictions on mosquito

population dynamics and outbreak risks. The image depicts how the Gold
Nanoparticle Biosensors will be positioned

hi . h 1 ) ffici in wastewater management streams. This
This data-driven methodology ensures strategic, efficient, and way, it is easy to detect an infectious

proactive interventions. The insights gathered from Al and disease swiftly.

nanotechnology-driven monitoring systems optimize the
deployment of biodegradable larvicide pellets and Wolbachia-infected mosquitoes, precisely
targeting high-risk regions while minimizing ecological disruption. By harnessing advanced
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analytics and next generation sensing technology, this component revolutionizes mosquito
control efforts, creating a smarter, more sustainable vector control program that effectively
mitigates disease transmission.

Human Protection from Mosquito Bites: Cutting-Edge Strategies for California

The fourth component of this solution focuses on minimizing human exposure to mosquitoes,
reducing the risk of bites and disease transmission through advanced protective measures. Given
California's diverse geography, varying climates, and increasing mosquito activity due to
urbanization and climate change, integrating next-generation repellents, smart environmental
design, and innovative barrier technologies is crucial for effective mosquito bite prevention.

1. Advanced Repellents and Skin Protection:

While traditional insect repellents rely on DEET or picaridin, novel bio-based repellents derived
from natural plant compounds such as nootkatone (from grapefruit) and catnip oil are proving to
be highly effective and safer for long-term use. These substances disrupt mosquitoes’ ability to
detect humans while offering long-lasting protection without the environmental drawbacks of
synthetic chemicals. Additionally, transdermal microencapsulated repellent patches provide
sustained protection by slowly releasing mosquito-deterring compounds through the skin,
eliminating the need for frequent reapplication.

2. Smart Environmental Design:
Urban landscapes can be redesigned to make mosquito breeding less viable, reducing infestation
risks.
o Mosquito-repelling landscaping utilizes native plants that naturally deter mosquitoes
while supporting local biodiversity.
e Smart irrigation systems ensure that excess standing water—prime mosquito breeding
grounds—is minimized.
e Ultrasonic deterrents strategically placed in outdoor spaces emit frequencies that disrupt
mosquito communication and deter them from congregating in populated areas.

3. Innovative Barrier Technologies:

Traditional insecticide-treated nets (ITNs) have been effective, but next-generation
microencapsulated bed nets now offer extended efficacy with controlled insecticide release,
reducing mosquito populations while minimizing chemical exposure. Additionally, homes and
outdoor spaces can benefit from photoactive fabrics and mosquito-resistant window screens
infused with nano-coatings that repel mosquitoes while maintaining airflow.

4. Community-Based Protection Initiatives:
Public engagement is essential in sustaining long-term mosquito protection efforts.
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e Wearable smart bands with real-time mosquito activity alerts allow individuals to adjust
protective measures dynamically.

e Al-driven community surveillance apps notify residents of mosquito hotspots and
recommend tailored protection methods based on real-time data.

e Neighborhood-wide fogging using plant-based repellents offers a safe, environmentally
friendly method of reducing mosquito density in shared spaces.

By integrating biotechnology, urban planning innovations, and smart monitoring systems,
California can effectively minimize human exposure to mosquitoes, ensuring greater public
health protection without excessive reliance on chemical solutions.

CONCLUSION AND RECOMMENDATION

This study explored sustainable strategies to reduce invasive mosquito populations in California,
prevent the transmission of mosquito-borne viruses, and manage stagnant water sources. At its
core, the research asked how California can effectively limit mosquito proliferation, block viral
transmission, and prevent further spread through environmentally responsible interventions.

The proposed solution integrates four key components: biodegradable larvicide pellets, the
release of mosquitoes infected with Wolbachia bacteria, advanced biosensors powered by
nanotechnology for early pathogen detection, and improved human protection strategies. These
elements work in concert to address each stage of the mosquito life cycle, offering a
comprehensive and targeted response.

Findings suggest that a multifaceted approach is not only feasible but highly effective. Success
depends on coordinated efforts among public health agencies, local governments, and
community organizations. Strategic investment in predictive analytics and localized prevention
programs will be essential to support this collaboration. When these groups work together, they
can achieve rapid results while laying the groundwork for enduring vector control systems.

Future research should prioritize increasing the sensitivity and reliability of biosensors, refining
drone-assisted deployment of larvicide pellets, and expanding Wolbachia-based mosquito control
to regions with similar ecological and epidemiological profiles. Progress in these areas will
reinforce a resilient and scalable framework, capable of adapting to the evolving challenges of
public health and environmental sustainability.
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