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The Junior Science and Humanities Symposia
(JSHS) Program is a tri-service – U.S. Army,
Navy, and Air Force – sponsored STEM
competition which promotes original research
and experimentation in the sciences,
technology, engineering, and mathematics
(STEM) at the high school level and publicly
recognizes students for outstanding
achievement. By connecting talented students, their teachers, and
research professionals at affiliated symposia and by rewarding research
excellence, JSHS aims to widen the pool of trained talent prepared to
conduct research and development vital to our nation.

E
Endorsed by the National Association of Secondary School Principals
(NASSP), JSHS regional and national symposium are held during the
academic year and reach more than 8,000 high school students and
teachers throughout the United States, Puerto Rico, and the Department
of Defense Schools of Europe and the Pacific Rim. Students must first
participate in their regional symposia where they compete for selection
to present at the national symposium each year.

ABOUT SARSEF
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SARSEF accomplishes their mission of "Every Child,
Thinking Critically, Solving Problems" through a
variety of programming including the SARSEF Regional
Science and Engineering Fair, educational outreach
programs with an emphasis on underrepresented
populations in the sciences, teacher professional
development, Arizona JSHS, ACES Camp for middle
school girls, STAR Labs, Racing the Sun, and Arizona
STEM Adventure.
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ABOUT STAR LAB
Students Taking Advantage of Research (STAR) Lab is a collaboration
between SARSEF and the University of Arizona Department of Molecular
and Cellular Biology that provides mentorship, consultation,
research supplies, and lab space for high school students to
complete their own authentic research projects. This program is
accommodates students locally by providing a mentor and physical lab
space at the University of Arizona Campus as well as virtual
mentorship for students residing anywhere in the state of Arizona.
Accepted students in the STAR Lab program will receive 3 University
of Arizona credits at a greatly reduced tuition cost. Scholarships
are available for those in financial need.
Although the STAR Lab is housed in Molecular and Cellular Biology,
the outreach program supports students and mentors in all fields of
science.
STAR Lab Student Application Process
Students wishing to participate in the STAR Lab Program, must be 16
years of age by September 30, 2022. We request that you have a
nominating teacher who will commit to supporting you in your
commitment to the program. If you are interested in participating in
the 2022/2023 STAR Lab, please contact Margaret Wilch, PhD with
SARSEF at margaret@sarsef.org. Applications will open in May 2022
and will be available on the SARSEF website.
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SCHEDULE OF EVENTS
Friday, March 18th
4:00-4:30
Out of town participants check-in at hotel:
Graduate Tucson
4:45-5:30
Check in at ENR2 Commons, welcome activities
5:30-6:15
Buffet Dinner at ENR2 Café Courtyard
6:30-8:00
Opening Ceremonies, Keynote, and Instruction in
ENR2 Room S107
Saturday, March 19th
7:00-7:30
Oral Presenters load and test presentations on
classroom computers
7:15-7:45
Breakfast at ENR2 Café Courtyard: Breakfast
Burritos
8:00-9:20
Oral Presentations Morning Session
9:20-9:40
Break
9:40-11:20 Oral Presentations Morning Session
11:30-12:30 Lunch at ENR2 Café Courtyard (Semifinalists
announced at 12:00)
12:40-4:00 Oral Presentations Semi-final Session, ENR2 S107
4:00-5:00
Judge Caucusing
5:00-5:30
Awards and Closing
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KEYNOTE SPEAKER
DANTE LAURETTA
Dante Lauretta is principal
investigator of the OSIRIS-REx
mission and a professor of
planetary science at the
University of Arizona’s Lunar and
Planetary Laboratory. His
research interests focus on the
chemistry and mineralogy of
asteroids and comets, and he is an expert in the analysis of
extraterrestrial materials, including lunar samples,
meteorites and comet particles.
Dr. Lauretta fosters the advancement of the next generation
of scientists, engineers, and other space leaders through
mentorship and taught coursework which apply his expertise
in planetary science and spacecraft mission design &
implementation. Dr. Lauretta heads the OSIRIS-REx research
team at UArizona working on this mission, which has
included more than 200 undergraduate and graduate students.
This project will help ensure that the University of Arizona
remains at the forefront of planetary exploration for the
next decade.
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SCHEDULE OF ORAL PRESENTATIONS

Saturday, March 19th | Room S107 | Biomedical
8:00
8:20
8:40
9:00
9:20
9:40
10:00
10:20
10:40

Vedant Tuli, Mountain Ridge
Saptarshi Mallick, University High
Hersh Nanda, BASIS Chandler
Andrea Romero, Harvest Prep
Break
Tamarron Austin, Navajo Prep
Anisha Dhara, Paradise Valley
Audrey Winkle, University High
Ashley Valencia, Harvest Prep

Saturday, March 19th | Room S210 | Physical Sciences,
Engineering and Technology
8:00
8:20
8:40
9:00
9:20
9:40
10:00
10:20

Kristopher Luo, Hamilton
Christopher Miranda, Harvest Prep
Yaritza Durazo, Sunnyside
Prisha Schroff, Hamilton
Break
Lia Wilford, Navajo Prep
Calista Wilk, BASIS Scottsdale
Nicholas Dekhtyar, Patagonia

Saturday, March 19th | Room S215 | Environmental Sciences
8:00
8:20
8:40
9:00
9:20
9:40
10:00
10:20
10:40

Nathaniel van der Leeuw, University
Auhona Shil, University
Natasha Thompson, Middle College
Elizabeth Haloftis, Immaculate Heart
Break
Emily Kamp, Catalina Foothills
Naomi Hernandez, Willcox
Laylalanai Gocobachi, Tucson
Jimena Uribe, Harvest Prep

Arizona JSHS

Page 05

SCHEDULE OF ORAL PRESENTATIONS

Saturday, March 19th | Room S223 | Environmental Sciences,
Chemistry
8:00
8:20
8:40
9:00
9:20
9:40
10:00
10:20
10:40

Kandis Antonia, Navajo Prep
Itzel Bustos, Harvest Prep
Chloe Zhan, Hamilton
Savannah Botello, Cibola
Break
Josselyn Hernandez, Harvest Prep
Cole Steinmetz, Cibola
Julianna Serna-Oritz, Harvest Prep
Hannah Tapia, Harvest Prep

Saturday, March 19th | Room S225 | Behavioral Sciences,
Medicine and Health
8:00
Karen Nguyen, University
8:20
Victor Vigbedorh, Sunnyside
8:40
Daveena Biswas, BASIS Oro Valley
9:00
Pia Gupta, BASIS Tucson North
9:20
Break
9:40
Amritjot Singh, Cienega
10:00 Baochan Fan, Hamilton
10:20 Quinn Nemeth, Cibola
Saturday, March 19th | Room S230 | Math, Computer Science
8:00
8:20
8:40
9:00
9:20
9:40
10:00

Shreya Sreekantham, BASIS Chandler
Mason Fosdick, Mica Mountain
Ananya Munjal, University
Arun Moorthy, BASIS Scottsdale
Break
Ella Wang, BASIS Chandler
Ariana Rahman, BASIS Chandler
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SCHEDULE OF ORAL PRESENTATIONS

Saturday, March 19th | Room N595 | Life Sciences
8:00
8:20
8:40
9:00
9:20
9:40
10:00
10:20
10:40

Kulindu Vithanachchi, Catalina Foothills
Ana Navarro, Harvest Prep
Jozlyn Moreman, Willcox
Jeronimo Barela, Catalina Foothills
Break
Alexander Nelson, Home School
Hendrick Read, University
Jordyn Begay, Navajo Prep
Sheyla Solozano, Harvest Prep
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MEET OUR ORAL PRESENTERS

The symposium is a two-day conference, with
qualifying students presenting their research to
a panel of judges and symposium attendees in a
12-minute presentation. Judges ask clarifying
questions and score the students on presentation
skills as well as the quality of their science
and engineering research. The top students from
the preliminary round then proceed to the final
round of presentations. The following pages
present the 54 oral presenters, listed
alphabetically by first name, and their
abstracts.

O
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Analysis of Pollen-pistil Interactions to Model Reproductive
Thermotolerance in Tomato
Alexander Nelson

R

School: Homeschool, Tucson, Arizona
Mentor: Dr. Cedar Warman, University of Arizona
Under current global circumstances, developing heat-tolerant
crops has become of pinnacle importance. S. lycopersicum, the
commonly cultivated tomato variety, is one of the most
valuable vegetable crops. Successful pollination in tomato
under heat stress requires thermotolerant pollen tubes to
carry the sperm cells and grow within the pistils to complete
fertilization. Accordingly, tomato accessions with shorter
pistils and pollen tubes were hypothesized to have greater
thermotolerance because the pollen tubes travel a shorter
distance and have fewer opportunities for premature bursting
events, both aspects likely to be experienced by pollen tubes
grown under heat stress. Reproductive thermotolerance in
tomato was characterized using three assays. In vitro pollen
tube burst rates were measured in replicates of eight per
accession, at both 26oC and 34oC, for eight diverse tomato
accessions. Pollen tube length (at 26 oC) for each of the
selected accessions was measured in ImageJ, to determine if
there was any correlation between pollen tube length and
pollen tube burst rate. Pistil lengths of the of the same
accessions were measured to determine if pistil lengths
influence pollen tube burst rate. While there was no
significant correlation between pistil lengths and burst
rates, burst rates were directly correlated with pollen tube
lengths, verified using several statistical tests. Accessions
with comparatively shorter pollen tubes resisted bursting
under heat stress conditions, whereas accessions with longer
pollen tubes burst at a higher rate. This research presents a
direct benefit to agriculture: identifying cultivars with
short pollen tube lengths may aid in developing thermotolerant
crops.
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Effects of Sociodemographic Factors on COVID-19 Vaccination
Rates
Amritjot Singh
School: Cienega High School, Tucson, Arizona
Mentor: Dr. Adriana Picoral, University of Arizona
This study investigated what sociodemographic factors affect
COVID-19 vaccination rates in Arizona. It also investigated
why individuals received or avoided the vaccine. Six
sociodemographic factors were tested, with these factors being
political standing, age, gender REC (race, ethnicity, and
cultural identity) group, income, and education. A custom
survey was created and then sent across Arizona through
university connections and an Arizona high school. The data
from the survey was then cleaned and analyzed using R and
RStudio, finally being used to create multivariate regression
models. Political standing and age were shown to be
significant factors in predicting whether an Arizonan received
the COVID-19 vaccine or not, while gender and REC group were
not shown to be significant factors. Education and income were
eliminated from the analysis for differing reasons.
Individuals who received the vaccine seemed to mostly do so
for safety or protection of themselves and others, while
individuals who did not receive the vaccine largely did so due
to mistrust in the vaccine. In order to use this information
and increase vaccination rates, misinformation regarding
COVID-19 and the vaccine must be lessened and Republican
political figures should openly support their followers to
receive the vaccine.
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Antimicrobial Potentials of Ayurvedic Products Extracts and
Streptomycin Against Necrosis Causing Bacteria in the Saguaro
Cactus
Ana Navarro
School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Alfred Santos
Bacterial soft rot is the initial stage of the saguaro cactus'
natural disintegration. Necrosis is the process of cellular
death caused by a significant injury and followed by an
invasion of microorganisms. The objective of the present study
was to investigate the antimicrobial potential of ayurvedic
products extracts; while testing their inhibitory effects on
the growth of likely pathogenic microorganisms found in the
necrotic tissue of the saguaro cactus. The effects of oregano,
garlic, clove, and cinnamon extracts- known to inhibit the
growth of pathogenic bacteriawere compared to the
antimicrobial potential of the antibiotic, streptomycin.
Ethanoic extracts of the treated plants (Oregano, cinnamon,
clove, and garlic) were tested in samples of the necrotic
tissue of three saguaro cactus. A PCR test was done to
identify the predominant bacterial colonies from each sample.
Fifty to seventy-five percent of the plants’ extracts were
found to significantly exhibit an antimicrobial potential
compared to streptomycin with zones of inhibition higher than
16mm (p<0.05, paired t-test). Oregano extracts exhibited the
highest zones of inhibition of higher than 16 mm as compared
to streptomycin, while another extract presented a higher
inhibitory effect and a significant difference on two of the
necrotic tissue samples. This study is significant as Saguaro
cactus plays both ecological and cultural significance in
Mexico and Arizona.
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Comparing Different Machine Learning Approaches to Assess
Frailty Among Geriatric Patients Using Upper-Extremity
Function
Anaya Munjal
School: University High School, Tucson, Arizona
Teacher: Elyse Wexler
Mentor: Mehran Asghari and Nima Toosizadeh, University of
Arizona
Frailty, or a general weakness of the body, is a beneficial
indicator of patient disease progression and possible health
outcomes. The Upper-Extremity Function (UEF) test calculates
patient frailty by having subjects move their forearm while
wearing sensors and running the data through a UEF software.
This test has the capability to become the new clinical
standard for calculating frailty, replacing the current
laborious testing process, however its accuracy needs to be
increased. To make the UEF test more accurate, we tested
different machine learning models and extracted more complex
features from the software data. Previously, the team
extracted some features from UEF signals, categorized the
older adult according to their frailty status, and classified
them with an accuracy of 65%. To increase the accuracy, we
determined frailty statuses of different subjects using the
UEF software and then took parameters from the output data
which we compared to the frailty status values using different
machine learning models. The accuracy comes from how well
these parameters are able to predict the frailty status. Long
Short-Term Memory deep learning proved to be the most accurate
with 75.7% accuracy. The best feature set of parameters was
speed mean, flexion numbers, sample entropy, PSD, and range of
motion variability. This application of machine learning will
allow for a faster, more accurate way to assess frailty and
the progress of patients, allowing the geriatric community to
live longer, more fulfilling lives. This test has the
potential to become the clinical standard for testing frailty.
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Investigating The Effects of Native Sonoran Desert Plants on
Enhancing the Effects Of Antibiotics Against E. Coli
Andrea Romero
School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Alfred Santos
Mentor: Mr. Nyles Bauer
Antibiotic resistance is one of the most serious public health
issues that the globe is facing today. Every year, around 2.5
million people in the United States contract an antibioticresistant infection, with 35,000 people end up dying. To
address this problem, this study investigated the
pharmaceutical potential of 4 different Sonoran Desert plants
and determined whether they could enhance the effects of the
antibiotics (Erythromycin, Ampicillin, Penicillin).
This project was conducted using the following methods: First,
to obtain the ethanoic extracts of Larrea tridentata,
Fouquieria splendens, Cercidium microphyllum, and Prosopis
glandulosa leaves, rotary evaporation was performed. Secondly,
bacterial dilutions were prepared following the 0.5 Mcfarland
standard. Thirdly, paper discs were prepared and grouped into
2 treatments. Treatment 1 received 10µL of the plant extracts
only while treatment 2 received 10µL of antibiotics and 10µL
plant extract. Discs receiving antibiotics only were used as a
control. Lastly, Kirby-Bauer Sensitivity Assay was performed,
and zones of inhibition were measured using a digital caliper.
The results of the experiment showed that E. coli was
susceptible to all plant extracts with recorded average zones
of inhibition higher than 16mm. Antibiotics mixed with plant
extracts showed a significant increase in its effects as shown
by zones of inhibition higher than 16mm. This was also
supported by the t-test results for all treatments with p
value of <0.05. However, the effects of Larrea tridentata and
Fouquieria splendens were diminished when mixed with
Penicillin. This research presents those Native plants from
the Sonoran Desert have antimicrobial properties.
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mTORC2’s differential roles in cancers with mutant PI3K versus
with mutant Ras
Anisha Dhara

R

School: Paradise Valley High School, Phoenix, Arizona
Mentor: Mollie Wiegand, University of Arizona
Cancer metastasis is the leading cause of death by cancer to
this day and will continue to cause millions of deaths in the
future (National Cancer Institute, 2020). By gaining a better
understanding of signaling pathways present in cancer
metastasis, scientists can develop therapeutic strategies to
prevent the spread of cancer. mTORC2 is a protein complex
including mTOR that regulates cell migration. The project
focuses on the different roles of mTORC2 with mutant PI3K and
mutant Ras in various types of cancers. It was hypothesized
that mutant PI3K will promote mTORC2 activity within
metabolism while mutant Ras is hypothesized to promote mTORC2
activation within cytoskeletal organization. This research
focused specifically on SRC and CD71 which are proteins and
have shown significant correlation with mTORC2. By gaining
pAKT data, and conducting analysis through Microsoft Excel and
RStudio, correlations between SRC and CD71 with mTORC2
activity in either the PI3K mutation or Ras mutation was
visualized.
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Novel Machine Learning Algorithm to Predict Molecular Subtypes
of Triple Negative Breast Cancer
Ariana Rahman
School: BASIS Chandler, Chandler, Arizona
Triple-negative breast cancer (TNBC) is the most aggressive
tumor subcategory within breast cancer with the fastest growth
rate, but treatment plans have been limited to chemotherapy,
radiation therapy, or surgery due to the absence of hormone
receptors that cannot be targeted. Identifying the subtypes
within TNBC can be helpful to doctors to provide accurate
therapies and medication. There is no publicly available
predictor that can be easily implemented in a personal
computer to perform reliable classification of Triple-negative
Breast Cancer samples. This study’s objective was to design a
machine learning model for the classification of Triplenegative Breast Cancer subtypes using publicly available gene
expression data. A supervised model consisting of Random
Forest Classifiers was developed using high-quality mRNA
expression data to predict subtypes within TNBC, achieving an
overall accuracy of 92%. 265 signature genes were identified
to classify TNBC samples that can be leveraged in a targeted
sequencing effort to stratify patients for personalized
treatment suggestions. The robustness of the model was further
tested and validated for subtype prediction. This Machine
learning model can be implemented in any lab/research computer
to categorize TNBC samples and runtime can be less than 5
minutes. Accurate classification of TNBC subtyping based on
the proposed signature gene list can lead to great advances in
disease prognosis. The simplicity of the model aspires us to
implement this as a smartphone application that can scan any
gene expression data from a patient to predict the TNBC
subtype accurately.
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Rapid NISQ Hamiltonian Simulations of Quantum Systems using
Cliques of Commuting Operators
Arun Moorthy
School: BASIS Scottsdale, Scottsdale, Arizona
Mentor: Lane Gunderman, University of Waterloo and Institute
for Quantum Computing
When quantum computers were first conceived of by Richard
Feynman, the algorithm that motivated it was the simulation of
quantum systems. Rapid performance of simulating quantum
systems has applications from materials science to drug
discovery, to protein folding, to simulation of foundational
aspects of quantum and gravitational systems. Since then, the
circuit model theory for this task, broadly known as
Hamiltonian simulation, has improved to the optimal scaling,
however, this circuit model requires devices with effectively
perfect gates– something that is still far away. In the
meantime, NISQ (Noisy Intermediate Scale Quantum) devices can
provide proof of concept speedups and may even suffice for
outperforming classical algorithms. One method for performing
Hamiltonian simulation on a NISQ device is to use
Trotterization. This technique has been refined significantly.
Here we provide an improvement upon this method whereby we
cluster the Pauli operators in the Trotterization into
commuting cliques, an idea that has gained traction within the
variational quantum Eigensolver NISQ device community, but has
yet to be utilized for Hamiltonian simulation. We find that by
using a greedy clique finding algorithm in pre-processing and
feeding these cliques into Trotterization we obtain an
asymptotic speed up, as well as significant speedups with
explicit examples.
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Improving the Dental Health In Developing Countries With a
Toothpaste Infused With Psidium Guajava and Acmella Oleracea
Extracts Against Tooth Decay Causing Bacteria Streptococcus
Mutans
Ashley Valencia
School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Alfred Santos
Oral diseases such as tooth decay are expected to affect
roughly 3.5 billion individuals worldwide. In most developing
countries, access to primary oral health treatments is limited
due to an unequal distribution of oral health specialists and
a lack of sufficient health facilities. This project focused
on investigating how Psidium guajava and Acmella oleracea
extracts, plants native to developing countries, can prevent
the growth of tooth decay causing bacteria Streptococcus
mutans. This project was conducted using the following
methods. First, to collect the extract from P. guajava leaves
and A. oleracea buds, ethanol extraction and rotary
evaporation was performed. Secondly, to collect pure colonies
of S. mutans, streak plate method was done. Lastly, KirbyBauer Sensitivity Assay was utilized to test the antibacterial
effects of the plant extracts and toothpaste infused with the
plant extracts. Zones of inhibition were measured and
analyzed. The results of the experiment showed that both plant
extracts were able to prevent the growth of S. mutans with
zones of inhibition measuring higher than 16mm. The toothpaste
infused with the plant extracts showed a greater antibacterial
effect against S. mutans. Results are supported by paired ttest with all p values <0.05. In conclusion, the toothpaste
infused with Psidium guajava and Acmella oleracea had a great
antibacterial effect against tooth decaycausing bacteria
Streptococcus mutans. The created toothpaste will be a great
solution to dental health problems around the world. The
plants tested in this project are readily available in almost
every developing country.
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The Effects of Lavender, Eucalyptus, Lemongrass, and Cinnamon
Essential Oils on E. coli and S. aureus
Audrey Winkle
School: University High School, Tucson, Arizona
Teacher: Elyse Wexler
Mentor: Dr Margarethe A. Cooper, University of Arizona
Antibiotic resistance is on the rise due to the misuse and
overuse of antibiotics, so an alternative is necessary.
Essential oils may be that alternative as they have been shown
to inhibit the growth of many strains of different bacteria.
There have been a wide range of essential oils tested on
different strains, including antibiotic resistant ones, of
bacteria, however, many are not pure or food safe. Lavender,
Eucalyptus, Lemongrass, and Cinnamon essential oils were
tested against nonpathogenic strains of E. coli and S. aureus
along with a negative saline control and positive Tetracycline
antibiotic control. Blank disks were dipped in different
concentrations (undiluted, 1:10, 1:100) of pure, food safe
Lavender, Eucalyptus, Lemongrass, and Cinnamon essential oils
and placed on inoculated petri dishes. The diluted and 1:10
concentrations of Cinnamon Essential oil inhibited more S.
aureus than the other essential oils tested and the positive
Tetracycline control while the undiluted concentration of
Cinnamon Essential oil inhibited more E. coli than the other
essential oils tested and the positive Tetracycline control.
One application of these results would be using Cinnamon
Essential Oil in place of the antibiotics given to livestock
during growth.
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Comparison between the Effects of Chlorella Vulgaris and
Spirulina Platensis on the Bioremediation of Wastewater
Pollutants
Auhona Shil and Isabella Mixton-Garcia
School: University High School, Tucson, Arizona
Algae have been applied to multiple innovations for
sustainable development in recent years; specifically, the
addition of algae can remove impurities from wastewater, a
process known as phycoremediation. This project presents a
thorough comparison between the effectiveness of two
biomasses, Chlorella Vulgaris and Spirulina Platensis, on the
bioremediation of wastewater pollutants. Previous works have
addressed various aspects of Chlorella Vulgaris in treatment
for wastewater; there is significantly less extensive research
and application of Arthrospira Platensis in the purification
of municipal water. We conducted this project by comparing
fourteen wastewater indicators in an attempt to phycoremediate
composite samples of primary effluent from the Tres Rios
Wastewater Management Facility using algae biomasses:
Arthrospira Platensis and Chlorella Vulgaris. Results showed
that Chlorella Vulgaris was the most efficient bioremediating
agent, proving to remediate 100% of Aluminum, 66% of Cyanuric
Acid, 50% of Total Hardness, and 100% of Bromine from primary
effluent. Though, Spirulina Platensis was effective at
completely remediating cyanuric acid and had a quicker 50%
decrease in total hardness compared to Chlorella Vulgaris. The
world is in dire need of sustainable and cost-effective
methods to purify contaminated water. Many 3rd world countries
don’t have a proper sewage disposal system. Our research could
aid them to implement a costeffective water purification
system which could be the only option to help 3rd world
countries reach UN Sustainable Development goals.
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Self-Disinfecting High-Performance Facemask Based on
Biomaterial Coated Nanofibers
Baochan Fan

R

School: Hamilton High School, Chandler, Arizona
Mentor: Dr. Shu Wang, Arizona State University
Today, the COVID-19 pandemic has caused more than 5,900,000
deaths worldwide, and face coverings are an essential line of
defense. However, the commonly used surgical masks lack
sufficient filtration efficiency, while N95 respirators are
less comfortable to wear due to their reduced breathability.
Lacking self-disinfection functions, N95 and surgical masks
are designed for single use, which strains the supply chain
and produces unnecessary polypropylene waste that requires 2030 years to decompose. Reusable face masks with the selfdisinfecting function, high filtration efficiency, and easy
breathability are in urgent need.
We designed nanofiber-based self-disinfecting face masks to
meet the needs. The nanofiber filters are created via
electrospinning of polyacrylonitrile (PAN) solution, and then
soaked in chitosan solution. The obtained nanofiber filters,
with a thickness of 10-20 micrometers, are sufficient to
achieve the filtration efficiencies comparable to the much
thicker N95 respirators, while maintaining high breathability
comparable to surgical masks for optimal wearing comfort.
For self-disinfection against viruses and microbes, we
incorporate FDA-approved biomaterials including chitosan and
epigallocatechin gallate (EGCG). EGCG is encapsulated into
nanoparticles with above 90% efficiency for increased
stability to bind electrostatically to chitosan. Our EGCG
nanoparticles and chitosan coated on PAN nanofibers
demonstrate significant antimicrobial effects against
Salmonella enteritidis, Escherichia coli, and Staphylococcus
aureus, along with significant antiviral effects against Human
Coronavirus OC43 that is used as a testbed of coronaviruses.
We view the future application of our nanofiber filters as
being integrated into the largescale production for highly
efficient face masks with good breathability, selfdisinfection function, and reusability.
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Replacing Gallium Arsenide in Space Solar Cells with 2D
Materials in a Novel 7-Junction Configuration
Calista Wilk

R

School: BASIS Scottsdale, Scottsdale, Arizona
Mentor: Peide Ye, Purdue University
In recent years, satellite usage has expanded from military
purposes and government-sponsored space exploration missions
to commercial applications such as radio, television, and
internet services. To adapt to the growing needs of this
trend, the performance and cost of satellites must be
reassessed, namely their core power source: the solar cell.
While three-dimensional semiconductor materials like gallium
arsenide (GaAs) have been the main material used in these
cells to convert solar energy into electrical energy, twodimensional (2D) materials like tellurene have demonstrated
properties that warrant consideration. This research paper
evaluates the potential of a novel 7-junction space solar cell
configuration consisting of manganese phosphorus trisulfide,
tungsten disulfide, rhenium disulfide, molybdenum disulfide,
molybdenum ditelluride, bismuth oxyselenide, and tellurene to
replace current 3-junction configurations using GaAs-based
materials. Thermodynamic expressions, including the efficiency
of a Carnot heat engine, and a geometric optimization approach
using the Shockley-Queisser triangle were analyzed to derive
equations for two properties critical to a space solar cell:
efficiency and specific power. Computational simulations were
run, and the results indicate that a 7-junction space solar
cell configuration using 2D materials can enable a maximum
efficiency gain of 12%, a mass reduction by over one-fifth,
and a specific power output improvement of ~54% at lower costs
compared to GaAs-based space solar cells. The implications of
this study point to the performance and cost feasibility of
satellite usage for a broad range of applications, with social
and environmental significance.
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A Novel Model Based Optimization Approach to Maximize Water
Productivity Under Deficit Irrigation
Chloe Zhan

R

School: Hamilton High School, Chandler, Arizona
Teacher: Debbie Nipar
Farms around the world currently account for 70% of all water
consumed annually. However, increasing municipal and
industrial demands for water means there is less water
allocated for agriculture, necessitating the use of deficit
irrigation. This project proposed a novel model based
constrained optimization approach to maximize crop yield under
deficit irrigation. AquaCrop-OSPy was first used to run
simulations of different irrigation strategies, such as fixed
interval and Evapotranspiration (ET) based irrigation, using
36 years of historical weather data from Champion, Nebraska.
ET based irrigation was used in this project because it has
the best non-optimized yield and is easy to implement.
Experiments were then designed to simulate the effect of water
stress on the four crop growth stages using different deficit
irrigation amounts and historical weather data. Based on the
experimental data, four sigmoid models were created using
transformed linear regressions to predict the effects of
irrigation deficit on the final crop yield for each of the
four growth stages. An optimization problem was formulated to
find the best irrigation distribution for each of the four
crop growth stages given a total seasonal irrigation
constraint, so that the model predicted yield can be
maximized. This optimized irrigation strategy was tested in
simulation using maize and clay loam soil under 36 years of
historical weather data, which resulted in an average yield
increase between 13 to 35% under deficit irrigation amounts of
350 to 600mm, compared to non-optimized ET-based irrigation
under no rain conditions
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Exogenous Niacin and Zeaxanthin treatment to Increase the
Stress Tolerance and Light Absorbance Capacity of Microalgae
Chlorella vulgaris Under an Engineered Martian Environment
Christopher Miranda
School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Alfred Santos
According to NASA Transition Authorization Act of 2017, it is
planned by 2033 to send the first human to Mars. However, the
current oxygen machines have been found to be inefficient and
dangerous as they release byproducts of Hydrogen and Methane.
For these reasons, this project aimed to improve the stress
tolerance and light absorbance capacity of Chlorella vulgaris
under an engineered Martian environment. The following methods
were utilized for this project. First, Microalgae had to be
modified with Niacin and Zeaxanthin to have a better
performance at completing the process of photosynthesis. 3, 5,
and 6 grams of each were added to the prepared algal cultures
in which 5g Niacin and 3g Zeaxanthin were the ones who
outperformed the control. Lastly these two were combined to
produce the best oxygen production possible. The solution was
tested inside a vacuum chamber, which simulated the Martian
environment and these were recorded. The results showed that
it is possible to modify the photosynthesis rate of
Microalgae, this helped it outperform the unchanged algae
which had a 26.14% increase in comparison to the unchanged
algae. At last, it was proven that by exogenously treating
Microalgae Chlorella vulgaris with Niacin and Zeaxanthin it
can survive under the conditions of a Martian environment
while producing oxygen for life.
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Seaweed Biochar Filtration
Cole Steinmetz
School: Cibola High School
This paper shows an alternative method to charcoal water
filtration. Over 9.9% of the world’s population doesn’t have
access to potable water. Finding new and more effective ways
to clean water can benefit the whole world. Kelp is the
second-fastest-growing plant and could make an effective
filter. Not only does the type not matter, but it’s also high
in elemental iodine, which is known to kill bacteria and
viruses to make water drinkable. Seaweed and sawdust were
burned in airtight ceramic containers up to 600℃. PVC pipes
were stuffed with a cotton ball and capped at the end. They
were filled with the respective biochars and filtered Colorado
River water through. All of the waters had the same
conductivity and pH. The control water had an average of 48.6
NTUs, with the sawdust biochar having 33.47 NTUs. The seaweed
filtered out the most impurities with 25.4 NTUs. The seaweed
biochar contained large amounts of iodine which led to the
water with fewer impurities. Further research is being
conducted with more sensors and more filtration methods.
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Which treatments are most effective at improving cognitive
function in Alzheimer's patients 50 years or older?
Daveena Biswas
School: BASIS Oro Valley, Oro Valley, Arizona
Mentor: Jennifer Feng, Rutgers University, State University of
New Jersey
This review aimed to find out which Alzheimer's treatment has
the best effect on the improvement of cognitive function in
people over 50 years. For this review, Galantamine,
Rivastigmine, and Donepezil were tested in the mild to
moderate stage of Alzheimer’s disease, while Memantine,
Olanzapine, and Donepezil were tested in the moderate to
severe stage. Using search engines such as Google Scholar, Pub
Med, et cetra, clinical studies regarding Donepezil,
Memantine, Galantamine Rivastigmine, and Olanzapine and their
effects on Alzheimer’s disease were searched. Then, using
Cohen’s D coefficient test as well as the ADAS-Cog test scores
found in the clinical studies, the effect sizes of each of the
treatments were calculated. The results for the mild to
moderate stage were as followed: Galantamine had an effect
size of 3.449042934, Donepezil had an effect size value of
2.74468070, and lastly, Rivistagmine had an effect size of
1.875383275. The results for the moderate to severe stage are
as followed: Donepezil had an effect size of 4.945759085,
Memantine had a value of 4.356755473, and Olanzapine had a
value of 0.927220. As seen from the data collected,
Galantamine, in the mild to moderate stage, and Donepezil, in
the moderate to severe stage, have the highest effect sizes,
as found through the Cohen’s D test, thus indicating that
Galantamine and Donepezil have the most effect on cognitive
improvement in Alzheimer’s patients.
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The Effect of Landscape Gravel on Ambient Air, Surface, and
Soil Temperature
Elizabeth Haloftis and Phuong Bui
School: Immaculate Heart High School, Oro Valley, Arizona
Teacher: Dr. Mary Lyons
Mentor: Dr. James R. Malusa, University of Arizona
City temperatures are rising, a phenomenon known as the Urban
Heat Island (UHI) effect. The research examines the role of
the color of landscape gravel in the mitigation of the UHI
effect in cities. The three treatments of light-colored
gravel, dark-colored gravel, and no gravel were tested over
three days. Treatments’ temperatures logged by sensors every
15 minutes at 14.5 cm above the surface (= the air
temperature), 2 cm below the surface (= surface), and 12 cm
below the surface (= soi). Differences in air, surface, and
soil temperatures were tested for significance by a
Generalized Linear Mixed Model in their warmest and coolest 3hour period. Contrary to the prediction that the high albedo
characteristics and lower emissivity of light-colored gravel
would have the lowest air, surface, and soil temperatures
during both day and night, the results showed that no single
treatment reduces these temperatures during their warmest and
coolest periods, but shows a trade-off. White gravel resulted
in significantly higher air temperatures during the day, but
the coolest at night. Dark gravels resulted in the hottest
surface temperature during the day and the coolest at night.
With regard to the UHI, the results suggest no gravel is the
best treatment. The daytime air temperature above the nogravel treatment was about 2 C cooler than other treatments.
During the coolest period, the no-gravel treatment was the
warmest, but only by 0.2 C. Since the experiment was during
fall, differences in the warmest air temperature would be
amplified during summer.

P
R
E
S
E
N
T
E
R
S

Arizona JSHS

Page 26

O
U
R

Assessing Light-Induced Fading of Colored Art Objects via
Novel Digital Visualization Techniques
Ella Wang
School: BASIS Chandler, Chandler, Arizona
Teacher: Mr. Joseph Bostaph
Mentor: Dr. Katherine Schilling, Yale Universtiy
Our Warmer World is a place-based, art approach designed to
facilitate conversation on the local impacts of climate change
in Southeast Tucson, as well as the individual and community's
role in deterring warming effects. Through this exhibition,
qualitative data were collected from participant's transcribed
discussion and painting contributions, as the exhibition
itself was entirely created by and for community members.
Participants painted an aspect of the local environment which
they cherished and would like to see protected from the
endangering effects of climate change. The researcher gave
some participants photochromic paint, which changes from
colorless to colored with sunlight exposure, to highlight
which living things, resources, and activities are more
resilient to current warming trends in a metaphor to visually
depict future environmental change. In a coding analysis of
quotes and discussion trends, it was determined that Vail
community members perceive their personal role in taking a
proactive stance against the effects of climate change through
their environmental perception. Discussion to realize this was
facilitated by the researcher and guided by previous,
published research on ecological grief, informal science
learning, art therapy, and exposure experiences. The data
collection and analysis reported is preliminary as exhibitions
are still in progress. Although, discussion and painting
trends are anticipated to strengthen with continued data
collection and a final composition event of Our Warmer World.
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Assessing Urban Vs Rural Historical Temperature Trends
Emily Kamp
School: Catalina Foothills High School, Tucson, Arizona
Mentor: Dr. Matthew B. Osman, University of Arizona
Several studies have recognized the link between
infrastructure and temperature increases through the Urban
Heat Island effect (UHI). However, to date no studies have
shown the impacts of population on temperatures. Here, we
assess how population growth has impacted temperature changes
across both rural and urban locations across the last half
century. Specifically, we compare changes in both the mean and
variance of minimum and maximum daily temperatures across
urban and rural areas during the last half century, and
compare those trends to population change. Our data shows a
positive increase in temperature trends as well as variance
when compared to population change within the last half
century.
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The Feasibility of Creating a Solar Panel That Can Harness UV
lights During Cloudy Days Using Luminescent Extracts from
Agrowaste
Hannah Tapia
School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Alfred Santos
Are solar panels environmentally friendly? Waste from solar
panels contain extremely dangerous chemicals such as cadmium
and arsenic which can be harmful not only to the environment
but for our health. At the same time, solar panels do not work
well during cloudy days. With these reasons, the researcher
decided to engineer a solar panel using luminescent extracts
from agrowaste that can harness UV rays during cloudy day.
This project was conducted using the following methods. First,
extraction of the luminescent pigments from common agrowaste
products (carrot peels, blueberry, and cabbage) was performed.
Then, the solar panel with added luminescent pigments from
common agrowaste was engineered. Luminescent extracts were
diffused to resins and molded it using a rectangular silicone
mold. Lastly, to test whether the panels absorb UV rays, a UV
flashlight was used. Then the engineered solar panel was
placed in a frame with soldered mini solar cells. The solar
panel was tested during a cloudy day using a Neulog Current
Sensor and a computer. Based on the results, the solar panel
made from carrot peel extracts showed the highest recorded
current with an average of 17.53(p<0.05) mA (6001 data
points). Solar panels from cabbage (1.37 mA) and blueberries
(2.59 mA) also showed current, however, it’s not as high as
the one with the carrot. This research proves that Solar
panels can be engineered from natural sources. When switching
to renewable source of energy we should also consider if it is
safe for our health and the environment.
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Analyzing SARS-CoV-2 Related Genomic Traits Among Chiroptera
and Other Mammals
Hendrick Read and Natalie Son

R

School: University High School, Tucson, Arizona
Mentor: M. Elise Lauterbur, Univeristy of Arizona
SARS-CoV-2 has heavily impacted society due to its highly
contagious nature. Understanding the relationship between
factors that may have contributed to the spread of SARS-CoV-2
is important to better understand the complexities of this
virus and the potential roles of mammals, especially bats
(Chiroptera), as viral reservoirs in spreading future viruses.
We examined the relationships between mammalian order and
infection resistance (as Angiotensin Converting Enzyme 2 or
ACE-2 protein binding affinity), long-term exposure to
coronaviruses (as selection in coronavirus interacting
proteins), and the relationship between these two factors
taking order into account. We hypothesized that Chiroptera
would have a lower binding affinity compared to other orders,
have a higher coronavirus interacting protein selection (VIP
selection), and that mammals would have an inverse
relationship between coronavirus interacting protein selection
and ACE-2 protein binding affinity. We conducted phylogenetic
regressions using the R statistical program and found that
bats have lower ACE-2 protein binding affinity than other
mammals, but that orders do not differ in coronavirus VIP
selection. Additionally, there is no correlation between ACE-2
protein binding affinity and coronavirus VIP selection across
all mammals because correlations within orders differed. This
is important because that means there are less obvious factors
that contribute to an organism's resistance to SARS-CoV-2 and
that the time an organism spends with SARS-CoV-2 does not
directly impact an organism’s resistance to infection. By
testing this interaction between organisms and coronaviruses,
we could predict what happens with future coronaviruses and
potentially identify intermediary species between mammals and
humans.
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Development of a User-defined Software for Robust
Cardiomyocyte Contraction Analysis
Hersh Nanda
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School: BASIS Chandler, Chandler, Arizona
Mentor: Dr. Jared Churko, University of Arizona
Cardiomyocytes, or cardiac muscle cells, make up heart tissue
and are essential for normal cardiac function. Current
research into the quantification and measurement of
cardiomyocyte contraction is crucial for understanding
cardiomyocyte physiology, pathology, and drug-induced
response. Although methods for cardiomyocyte contraction
analysis exist, most are time-consuming and require skilled
manual intervention, extensive training, and expensive
proprietary equipment [1]. The purpose of this research was to
eliminate these concerns with the feasible alternative of a
user-defined software for robust cardiomyocyte contraction
analysis.
This program contains several functions which were developed
in MATLAB to analyze cardiomyocyte monolayer video frames and
generate the cardiomyocyte contraction traces. The software
was used to analyze cardiomyocyte monolayers – a control
monolayer, where no treatment was added, and an experimental
monolayer, in which treatment was added to alter cardiomyocyte
contraction rate. Post-analysis, the software generated
reliable contraction traces and correctly displayed an
abnormally high cardiomyocyte contraction rate in the
experimental monolayer.
The results showed that this software provides a feasible
alternative to traditional methods for cardiomyocyte
contraction analysis and can be used for heart disease
modeling. Additionally, this software serves as a useful tool
where cardiomyocyte contraction parameters, including force
and speed of contraction, can be calculated for drug testing
and treatment development. Although more testing is required,
cardiac arrhythmias, or irregular heartbeat, could potentially
be detected using this software.
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An innovative polydimethylsiloxane (PDMS) microfluidic
biosensing platform for rapid detection of viruses
Hersh Nanda
Grade: 11
Program: ASU SCENE Program, Tempe, Arizona
Professor/Mentor: Dr. Chao Wang
Program Supervisor: Yadeli Corella
This project demonstrates an innovative approach for the
biomedical application of microfluidics for the detection of
analytes. This project entailed the fabrication of a versatile
PDMS microfluidic device that can detect viruses and small
molecules. The device integrates a gold biosensor with a PDMS
mold and uses surface detection - a process wherein the gold
biosensor allows glycoproteins secreted by viruses and small
molecules to bond to it. The procedure for fabrication of the
device is innovative because it significantly simplifies the
traditional process of PDMS mold making, and it is versatile
because it can be adapted to fabricate microfluidic devices
that allow for a variety of other detection methods. The
simplified process for fabricating the PDMS mold resulted in
55% reduction in lead time (from 11 hours to 5 hours).
Additionally, the requirement of a plasma cleaner was
eliminated, dramatically decreasing the cost of production by
at least $6000. This device is theoretically capable of
detecting any virus provided that the virus secretes a
glycoprotein, and there is a molecule that is able to bond
that glycoprotein to the biosensor. A reflection simulation
analysis was conducted, showing that all biosensors were
functioning optimally. This device falls in the category of
lab-on-a-chip (LOC) devices and it offers several benefitsversatility in detection of diverse analytes, small sample
size requirement, increased efficiency (less time to fabricate
the device and quickly scale production to large volumes),
lower production cost, device portability in the field, and
ease of use for healthcare professionals.
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Improving Water Potability of Water Fountains In San Luis, Az
Using Citrus Peels And Moringa Seeds
Itzel Bustos

R

School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Alfred Santos
Is access to potable water a concern for the community of San
Luis, Az? Last October 29, 2021, the City of San Luis reported
that the water system in the city had tested positive for
contaminants. For these reasons, this research looked for a
way to improve the water potability of drinking water
fountains in the city of San Luis. This project was conducted
using the following methods. First, water samples were
collected from five locations. Second, a filter was engineered
using citrus peels and moringa seeds. Then, the researcher
performed a pre-test using water testing strips to evaluate
the collected water samples. Finally, water samples were run
through the engineered citrus peels and moringa seed filters.
Data were analyzed by comparing the pre-test and the filtered
treatment results. The results from the experiment showed that
both moringa seed and mixed powders made the highest
contribution to water enhancement. The results from the
project are significant to the San Luis Community for 2
reasons. For one, the community will become aware of the
chemical contaminants that were found in frequented places and
what they are consuming. Lastly, the community will find an
inexpensive alternative to the improvement of water
purification.
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Effects of Sceloporus Virgatus (Striped Plateau Lizard)
Cloacal Bacteria on Fungal Growth
Jeronimo Barrela
School: Catalina Foothills High School, Tucson, Arizona
Teacher: Tiffanie Bialis
Mentor: Stacy Weiss, University of Puget Sound
The cloacal microbiome has been suspected to host a wide range
of beneficial bacteria to protect against fungal intruders.
This study is focused on the microbiome of the Striped Plateau
Lizard, and if an isolated bacteria is able to effectively
reduce the sporulation of common environmental fungi such as
Fusarium and Narcissus rubicola. The results showed that the
isolated bacteria Enterobacter ludwigii is effective at
reducing the sporulation of the fungal samples, reducing
Fusarium by 74%, and reduced the sporulation of Narcissus
rubicola by 61%. This research can provide new hypotheses in
future studies as to how bacteria are able to reduce the
sporulation of a particular fungal agent.
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Mitigating Ocean Acidification by Increasing the
Photosynthesis Rate of Macroalgae Ulva lactuca using
Phycobilin, Carotene, and Coumarin
Jimena Uribe Lin
School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Alfred Santos
Ocean acidification is the evil twin of global warming! When
carbon dioxide is absorbed by the ocean, it shifts the pH of
the water to neutral. This phenomenon leads to detrimental
damage to coral reefs and other marine organisms. To address
this issue, this project aimed to mitigate ocean acidification
by increasing photosynthesis rate of macroalgae Ulva lactuca
using Phycobilin, carotene, and coumarin. The methods of this
research include the following: First, 6 experimental
treatments of Ulva lactuca received varying amounts of
carotene, phycobilin and coumarin. Secondly, the treatment
(carotene and phycobilin) with the highest percent increase
was identified. Lastly, a new treatment was created with the
best formulation and was submerged for 2 weeks. For the first
part of the results, the carotene of 0.3g and the phycobilin
of 1g were the best formulations. For the second part of the
results, the Novel strain of Ulva lactuca was able to increase
the photosynthesis rate/oxygen production by 28.30% (30 mins.)
and 14.04% (1 hr.) compared to the control. Results are
validated using ANOVA test with p<0.05. Also, the increase of
the pH of the water was successful by 1.04. Current solutions
to ocean acidification are way too expensive and ambitious.
The results of this research prove that there are natural or
ecological ways to mitigate ocean acidification. Oceans are
important so we need to act right now.
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Bioinformatics Applied to the Y-DNA Haplogroup Q-M242: Male
Navajo Genetic Marker
Jordyn Begay
School: Navajo Preparatory School, Farmington, New Mexico
Teacher: Yolanda Flores
Mentor: Dr. Daniel J. Winarski, U.S. Army Corps of Engineers
My study applies the emerging technology of Bioinformatics,
which makes use of biology, computer science, mathematics, and
statistics to analyze and interpret biological data, including
that of DNA. I used the nucleotide search tool called BLAST
(Basic Local Alignment Search Tool) to search one of the main
repositories of genetic sequence information, GenBank. GenBank
is administered by NCBI (National Center for Biotechnology
Information).
The application of this search tool was focused on the study
of the Y (Male) DNA Haplogroup Q-M242. Q-M242 was chosen
because it is a genetic marker in male Navajos, with an
incidence rate between 92.3% and 96%.
Via use of Primer-BLAST, the forward and reverse primers of QM242 were used to recover the entire genetic sequence of 366
nucleotides, in FASTA format. I then applied three letter (A,
C, G, T) “triplet” nucleotide sequences, called DNA Codons, to
identify the amino acid sequence in Q-M242. My primer results
were checked via the EMBOSS revseq and transeq tools, which
were provided by EMBL’s European Bioinformatics Institute
(EMBL-EBI). The amino acids in Q-M242 were then tallied in
histogram form via a PERL computer program.
Indications are that Q-M242 originated some 30,000 years ago,
in the Altai region of Central Asia, sandwiched between
Russia, Kazakhstan, Mongolia, and China. From there, my people
migrated eastward, across the Bering Strait, to North America.
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Creating Antimicrobial Lipsticks Using Dyes From Natural
Sources
Josselyn Hernandez
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School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Dr. Alfred Santos
On an average, women in U.S.A spend more than $3500 dollars on
lipstick throughout their lifetime. However, studies have
discovered that current cosmetic lipsticks contain harmful
chemicals, which are heavy metals and preservatives like
cadmium, lead, and magnesium, petrochemicals, and synthetic
fragrances. All these damaging chemicals not only affect the
skin but also the environment. To solve this problem, this
project aimed to engineer antimicrobial lipsticks using dyes
from natural sources that could prevent the growth of
microorganisms. This project was conducted using the following
methods. First, the preparation of dyes from natural sources
(annatto seeds, moringa seeds, turmeric, and blueberry) was
performed. Then, the oil base for lipsticks mixture was made
with a variety of organic oils: Tacuma butter, coconut oil,
candelilla wax, and essential oil. Lastly, to test the
antimicrobial properties of the engineered lipsticks,
KirbyBauer Sensitivity Assay was performed. The results showed
that among all lipsticks, only lipsticks with blueberry and
moringa have good antibacterial effects against Staphylococcus
epidermidis with average zones of inhibition higher than 16mm
(p<0.05). For the Candida albicans, the results showed that
all the engineered lipsticks were able to prevent the growth
of the fungi, among all lipsticks moringa exhibited the
highest average ones of inhibition measuring 26.28mm (p<0.05).
This research proves that creating lipstick from organic
sources is possible. This is vital as majority of lipsticks in
the market contain hazardous substances that is detrimental
not only to our health but to the environment.
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Improving the Welfare of a Captive Chuckwalla Through the Use
of Comparative Behavioral Studies
Jozlyn Moreman and Arlene Montano
School: Wilcox High School, Wilcox, Arizona
Mentor: Brittany Caldwell, University of Arizona
There is a large difference between the habitat of a wild and
captive chuckwalla. The differentiation between the
environments affects the welfare and behavior of the reptile.
To ensure that the reptile’s behavior is normal to that of its
kind in the wild, it is necessary to closely relate the home
in captivity to the home in nature. At Reid Park Zoo, a
chuckwalla was observed through zoom meetings and recordings
to collect data on his behavior. Behaviors were recorded in
two or five-minute intervals to interpret which behaviors were
expressed by “Chuck.” All recordings were put into an ethogram
and averaged out to determine which of the behaviors were
expressed the most. The final data of his most used behaviors
were compared to the behaviors of chuckwallas in the wild.
Comparing the behaviors of a captive and wild chuckwalla
helped to suggest changes to the environment that could be
made to improve the chuckwalla’s overall welfare.
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Engineering of Antimicrobial Bioplastics from Invasive Algae
Caulerpa prolifera, Undaria pinnatifida, and Waste Corn Cobs
Julianna Serna- Ortiz
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School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Alfred Santos
Are biodegradable plastics in the market truly biodegradable?
Current biodegradable plastics such as PLA and oxobiodegradables are found to be inefficient for they require a
special composting facility to biodegrade in which most
individuals do not have access to. To solve this problem, this
project tried to find ways to produce a bioplastic using
invasive algae and waste corn cobs.
This project was conducted using the following methods. First,
extraction of starch from waste corn cobs. Second, creating
Sodium alginate from Undaria pinnatifida. Next, to obtain the
extracts from Caulerpa prolifera and common herbs, ethanol
extraction and rotary evaporation were performed. The next
step was to assemble the bioplastics and compare their
biodegradation rate, strength, melting point, and
antimicrobial properties.
After comparing the engineered bioplastics with oxo
biodegradable plastic samples, the results showed that the
engineered bioplastic was the most efficient. The bioplastic
showed 89.94% biodegradation rate after 2 weeks. In terms of
antimicrobial results, all the bioplastics showed significant
effects against E. coli with garlic having the highest zones
of inhibition of 25.28mm (p<0.05). The results showed, it was
more environmentally friendly and cost effective than the
other plastics. The results also showed that this bioplastic
can be a great alternative to petroleumbased plastics. I was
able to utilize invasive algae which are detrimental to
ecological balance and waste corncobs that have been a waste
disposal problem by a lot of American farmers. Therefore, this
project could be a solution for many environmental problems
that our planet is facing.
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Methane Assessment in the Four Corners Region
Kandis Antonio
School: Navajo Preparatory School, Farmington, New Mexico
Teacher: Yolanda Flores
Mentor: Dr. Daniel J. Winarski, U.S. Army Corps of Engineers
Methane is a powerful greenhouses gas with a 100-year global
warming potential 28-34 times that of CO2. Measured over a 20year period, that ratio grows to 84-86 times. About 60% of
global methane emissions are due to human activities. The main
sources of anthropogenic (people created) methane emissions
are the oil and gas industries, agriculture (including
fermentation, manure management, and rice cultivation),
landfills, wastewater treatment, and emissions from coal
mines. Fossil fuel production, distribution and use are
estimated to emit 110 million tons of methane annually.
Because of the disastrous effects of global warming, . The
methane parts per million (PPM) was measured by an MQ-4
methane sensor attached to an Arduino UNO microprocessor. The
data, in PPM, was displayed on the serial monitor of my
laptop. If the methane density exceeded a preselected value,
indicating dangerous conditions, a red alarm LED lit,
indicating the need to leave immediately and possibly seek
medical attention.
With the data taken from this experiment, it shows that there
are higher methane concentrations in the air near abandoned
methane gas wells. There is also high methane concentrations
near coal mines, such as in Black Mesa and Kayenta. It has
also been shown that mine areas, have higher methane
concentrations in the air than oil drilling areas do. The data
also shows that there is high methane levels near gas
stations, which is predictable considering that vehicles
release methane into the air regularly.
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Bilingualism’s Effect on Memory
Karen Nguyen and Kristin Jung
School: University High School, Tucson, Arizona
Mentor: Jennifer Feng, Rutgers University, State University of
New Jersey
This project centered around bilingualism’s effect on shortterm memory, isolating whether or not the variable of
proficiency had a large role in the bilingual advantage of
memory. With an aging population, brain health is a pressing
concern. Some scientists assert bilingualism is a proactive
way to delay the onset of Alzheimer's until a cure is found.
Not only do scientists disagree on whether bilingualism can
serve to delay Alzheimer’s, but they also vary as to how
bilingualism impacts different regions of the brain. In this
experiment the relationship between proficiency and memory
were studied to determine whether a negative or positive
correlation could be found. Twelve upperclassmen high school
students from University High School participated in the study
with consent from parents, where they filled out a background
informational survey, a Spanish proficiency test, and a memory
test. After receiving data from our study, scatter plot graphs
demonstrated a positive correlation between proficiency test
score and memory test score determined by an R-squared value
of 0.1384. With an R-squared value of 0.2749, Unweighted GPA
was a better prediction of student memory scores. Key impacts
of the research are helping to solve a piece of the
bilingualism puzzle, and providing evidence that could
encourage students to continue their pursuit of learning a
second language. The research also demonstrates the
educational benefits of learning a second language as a young
adult and helps more people understand the long-term
importance of keeping one’s mind young by learning a new
language.

P
R
E
S
E
N
T
E
R
S

Arizona JSHS

Page 41

O
U

Working Camera System Embedded with Machine Learning to Detect
Unattended Children in a Vehicle - Patented
Kristopher Luo

R

School: Hamilton High School, Chandler, Arizona
Teacher: Debbie Nipar
The following paper illustrates a portable device for alerting
parents and guardians of an unattended child. The system
consists of a camera, sound card, display, battery pack, and
Raspberry Pi embedded with a TensorFlow image identification
model. After collecting, filtering, and augmenting over 600
personally taken images of two scenarios – one of only the
baby and another of only the parent inside the vehicle – the
system used this dataset to undergo training and validation to
create a model with the architecture of an Xception neural
network that achieves an F1 score of 97% after testing and
accurately detects an unattended child. Once the parent leaves
the vehicle, the prototype will identify the unattended child
and immediately emit a loud alarm that can be deactivated
after a moment’s notice. The prototype is effective in
identifying an unattended child and in addition to being a
baby safety device, can be utilized as a backseat monitoring
device as well. In addition, an experiment was conducted to
find the effect of the type of machine learning on the
accuracy of the model by comparing the efficacy of an image
classification model to a video classifier model. Both models
were trained on similar datasets with the two classes. Results
showed that the image classification model was much more
effective in this situation with an F1 score of 99% while the
video classifier had an F1 score of 71%.
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Discovering the Underlying Mechanisms Driving Abnormal Killing
Activity of Pseudomonas syringae pv. Aptata Tailocins
Kulindu Vithanachchi
Tailocins are a type of phage tail-like bacteriocins produced
by bacteria (Scholl 2017).They are similar to bacteriophages
except that they don’t carry genetic material. This research
focuses on, P. syringae pv. aptata (Ptt) ,the tailocin derived
in the Balturs Labs from Pseudomonas syringae. Two types of
tailocins have been observed; F-type (flexible) and Rtype(rectractile). Bacteria are capable of producing both. F
and R type tailocins have both been observed in Pseudomonas
aeruginosa, a minor human pathogen, capable of potentially….
(Maarten, Gherique, De Mot 2015). Pseudomonas produces R-type
tailocin that can retract and extend its spike/tube into
bacteria targets (Maarten, Gherique, De Mot 2015).
Because Ptt has been observed to have a broader target range,
it is important to ensure that the bacteria do not produce
other microparticles that would kill bacteria. The goal of
this research is to determine whether the bacterial genome
produces anything else that is unaccounted for in the overlay
plate. The central question is: “does pseudomonas produce
other proteins or material that affects it ? Pseudomonas
syringae pv. aptata (Ptt) could be producing another
antimicrobial compound that is killing while there is also
tailocins. The primary hypothesis is that there is another
phage or byproduct of the bacteria that is impacting the size
of the killing zones. If the target radius of the bacteria
does not change when the tailocins’ ability to function is
hindered (through the Ptt Δsheath) then it can be inferred
that there is something else being produced that influences
the target radius.
A secondary hypothesis is that the bacterial genome of
Pseudomonas affects the efficiency of tailocin killing. In
exploring this possibility we can determine whether the
specific strain of tailocin is more efficient at killing
because of an unnoticed anomaly or if more testing needs to be
done. If this research finds that nothing else is present,
then it would mean that the tailocin strain itself is more
efficient for some reason and we could then explore whether it
is because of things like the size or quantity of tailocins.
This research is important because tailocins can be applied
preventatively to stop future bacterial infections (Baltrus
2021). The use of broad spectrum antibiotics has coincided
with a raise in antibiotic resistance (Tamma et al., 2017).
Finding an alternative to antibiotics for plant pathogens will
be important for our future. Tailocins could be that
alternative.
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Coniochaeta: the Super Fungi
Laylalanai Gocobachi
School: Tucson High Magnet High School, Tucson, Arizona
Mentors: Jusvin Gofandi, B.S., University of Arizona
Our research is on a fungi called Coniochaeta. The reason why
we have interest in this specific fungi is because it is known
to promote stability in plants and their growth. By growing
this fungus in different media we could potentially see what
promotes or affects the growth of Coniochaeta. We won't only
get to see and compare the growth but also how each fungus
reacts and different characteristics they portray. As we all
know, climate change has been an issue for our plant and
animal ecosystems. A goal for this research is to raise
curiosity and further questions from our findings. Moreover,
these findings can hold great promise for agricultural
applications in enhancing crop yield.
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Synthesizing Biomorphic Batteries using Porous Plant Stems
Lia Wilford
School: Navajo Preparatory School, Farmington, New Mexico
Teacher: Yolanda Flores
Mentor: Dr. Daniel J. Winarski, U.S. Army Corps of Engineers
Chemical-based batteries such as lithium or any conventional
battery fall under the label of a chemical battery. Biomorphic
batteries are a new prospecting alternative battery that
utilizes biological matter to assist with energy conductivity
and capacity for future batteries and is reported to be 72
times greater in energy capacity than conventional batteries
in the market. Currently, the research of biomorphic batteries
is limited, and the basic designs are scattered. This begged
whether biomorphic batteries could produce 72 times more
energy than conventional batteries and be environmentally
friendly, unlike current chemical-based batteries,
disregarding other new alternative chemical-based batteries
that are also competing for the role. This research aims to
recreate a biomorphic battery using the basic structure of a
battery, the voltaic (galvanic) cell, and porous plant stems,
such as squash, corn cob, pumpkin, and sunflower stems as the
biological component of the battery. The most stable
biomorphic battery is the squash stem since the battery is
durable in energy production compared to the other biomorphic
batteries but is considerably dwarfed by the conventional
lithium battery used as a comparison. This demonstrated that
biomorphic batteries could outrank a chemical battery but will
need more resources and studies done. This paper did not
investigate these biomorphic batteries' energy capacity and
density. Still, it will be a consideration in future battery
improvements, and ultimately, the batteries will stem towards
a more typical battery structure.
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Craquelure Classification of European Regional Paintings Using
Convolutional Neural Network
Mason Fosdick
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School: Mica Mountain High School, Tucson, Arizona
Teacher: Sandra Crusa
The research in this project focuses on the use of a
Convolutional Neural Networks (CNN) to determine the location
of origin of different paintings based on their craquelure.
Craquelure is the distinct patterns of cracks that form in
paintings during their drying process and are based on
regions; French, Italian, Netherlands and Belgium. A CNN was
programmed using the python coding language with TensorFlow
and Keras Libraries. The CNN was then trained on the 4
different craquelure types using 400 images, 100 per
craquelure type. Once the CNN was trained 20 new images, 5 per
craquelure type, were used for testing. The images were
inputted and the CNN outputted confidence values for each of
the regions for each image. These confidence values were
relatively accurate with, on average, an 89% confidence value
for the French paintings, 84% confidence value for the Italian
paintings, 88% confidence value surrounding the Flemish
paintings, and 77% confidence value surrounding the Dutch
paintings. Not only was the CNN accurate, it was also precise.
When undergoing statistical analysis, using the precision
formula, the French precision was 3.01%, the Italian precision
percentage was 1.19%, the Flemish precision percentage was
4.12%, and the Dutch precision percentage 1.51%. Percentages
closer to zero means that the CNN was more precise. The
developed CNN is a reliable way to classify paintings, and can
be applied in the real world for authentication, restoration,
and large painting database classification.

P
R
E
S
E
N
T
E
R
S
Arizona JSHS

Page 46

O
U
R

Beetlemania Returns
Naomi Hernandez
School: Wilcox High School, Wilcox, Arizona
Teacher: Ty White
Mentor: Kara Barron, Gila Watershed Partnership in Arizona
Due to Tamarisk Beetles invading other native animals'
habitats organizations have been keeping a lookout for them
and monitoring their moves. Tamarisk Beetles were first
introduced to the United States in 2001 as a biocontrol agent
for the Tamarisk Trees which are also known as salt cedars.
The salt cedars were originally introduced to the United
States in the 1800s as a way to control erosion but due to no
consumers eating or destroying the tree, the Tamarisk beetles
were brought in to do the job. By collecting data, relevant
trends and patterns are being found in order to answer
questions that many may have. In order to collect this data,
Tamarisk Trees are being “sweeped” with a cloth net to
determine if or how many are in that spot. These sweeps are
done by doing five upward motions towards the tree with a
total of five trees in one area. Having Gila Watershed
Partnership in Arizona and RiversEdge West share data these
are some results that we're able to be concluded. With 8
graphs total what was able to be concluded was that the
population is just developing so there are no individuals to
be sustainable. Another hypothesis was with such a larger area
to colonize the Tamarisk beetles can be moving to more
locations. Lastly, there is not enough consistent data. In
conclusion for further research having more high schools come
out and do more consistent testing would be a way to have more
reliable data.
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Water Filter: Is it Necessary in my Home?
Natasha Thompson
School: Middle School College
The project tests and compares two different types of water:
non-filtered and filtered water. A Water Test Kit is used to
sample each type of water for bacteria, Pesticides, Lead, and
Chlorine, etc. It is tested to show if there is a difference
between the filtered and non-filtered water. The results
support that the Brita Water filter used to filter the water,
makes no difference.
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Contemporary and Projected Climate Change across the
Southwestern United States Relative to the Last 24,000 years
Nathaniel van der Leeuw and Lily Wood
School: University High School, Tucson, Arizona
Teacher: Mrs. Wexler
Mentor: Dr. Osman, University of Arizona
This project investigated how temperature and precipitation
across the Southwestern United States’ metropolitan areas
changed relative to 10,000 BCE using climatic reconstructions
and projections between 24,000 BCE and 2099 CE. By knowing how
global climatic changes affect local areas such as Tucson
Arizona, we can implement water and environmental conservation
measures that preserve not only the Southwest’s unique
environment but also the rapidly growing metropolitan areas.
By interpreting historical records from the World
Meteorological Organization, reconstructions from The National
Centers for Environmental Information, and the CMIP6 through
MATLAB™, this project determined that temperature across the
Southwest is projected to increase 2°C to 8°C while
precipitation is expected to fluctuate between -0.2 mm to 0.2
mm relative to 10,000 BCE. This change is expected to occur in
the next 100 years and suggests that modern and future
climatic events are unparalleled in rate but similar in
magnitude in comparison to the climatic changes at the end of
the Last Glacial Maximum. Through statistical analysis,
temperature across the Southwest was determined to be in the
highest emissions scenario at the hundredth percentile while
precipitation remained approximately at the fiftieth
percentile over the past 24,000 years. However, changes were
monitored at a 222 km radius around the actual city location.
By knowing these extremes, communities can prepare for
climatic fluctuations by restricting water usage in growing
metropolitan areas and preserving local environments.
Understanding the complex relationship between global and
local climatic changes can empower humanity to fully prepare
for what challenges await us.
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What’s Your Age Baby: Quantifying and Graphing the Age of the
Universes as Constrained by Joint/Separate Probes
Nicholas Dekhtyar
School: Patagonia Union High School, Patagonia, Arizona
Teacher: Allison Lemons
Mentor: Paul Rogozenski, University of Arizona
The age of the universe has been a question that has lingered
since the dawn of humanity, but it is not a cut and dry
answer, there are a lot of factors that play into calculating
its age. Teams of scientists have probes in space taking
measurements of key variables, but these measurements at
different epochs of the universe often disagree with one
another. This project was focused on computing and graphing
the age of these universes with measurements from the Planck
probe, and the Dark Energy Survey (with supplementary Low-Z
data). In this project, universes were calculated and graphed
to analyze each universe’s rate of expansion along with how
they correlated with each other. With these calculations and
graphs it was shown that All Ext. (a combination of Planck,
DES+Low-Z) had the largest age at 13.957 Gigayears (Billion
years), followed by Planck, and then lastly with DES+Low-Z
(Low-Z used to counteract redshift in measurements). DES+Low-Z
had the most dark energy and the largest hubble constant
resulting in it having the smallest age. This shows how the
amount of dark energy along with different measurements of the
Hubble Constant causes the age to vary. Within the graphs of
these universes they revealed a similar correlation, in shape,
between all proposed universes. This shows how the universe
most likely expanded, along with the trend as it progressed.
In addition to these graphs, calculations were made to show
how each of the proposed universes disagreed/agreed with one
another given their error bars, which revealed a stronger
correlation between Planck and DES+Low-Z and DES+Low-Z and All
Ext. While All Ext. and Planck, have a higher disagreement
rate, due to both containing more precise measurements of the
universe. Despite these disagreements it is shown insight on
how our universe grew(and how its rate of expansion changed
over time), how the general area of how old the universe is,
along with how the universe will progress in the future, while
also giving view to how the universe may end.
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Ultrasound Vagus Nerve Stimulation to Increase Heart Rate
Variability and Reduce Anxiety
Pia Gupta

R

School: BASIS Tucson North, Tucson, Arizona
Mentor: Dr. Joseph L. Sanguinetti, University of Arizona
Anxiety disorders are among the most common mental health
concerns in the United States, yet current treatments are
often time-consuming, costly, or ineffective. Electrical vagus
nerve stimulation has been approved as a treatment for
epilepsy and depression, and some studies show it has reduced
anxiety as well, but there are limitations to electrical
stimulation. It isn’t widely accessible and can have side
effects such as neck pain, dizziness, headache,
nasopharyngitis, and oropharyngeal pain (Farmer et al., 2021).
Ultrasound stimulation of the vagus nerve could develop as a
fast-acting, easily accessible, and safer treatment for
anxiety. In this study, we tested whether ultrasound
stimulation could modulate heart rate variability and anxiety
scores in a healthy group of participants. There were three
between-subjects conditions: two minutes of interval
simulation (30s on, 30s off), no-interval simulation
(continuous), and placebo. Participants were split into
anxious and non-anxious subgroups based on scores on the
Spielberger State-Trait Anxiety Inventory. Results for the
group as a whole showed no significant change in heart rate
variability or anxiety scores. However, when participants were
split into anxious and non-anxious subgroups, the anxiety
scores were significantly reduced relative to the placebo
group in the Interval condition for the anxious participants
only. These results, while preliminary, suggest that
ultrasound stimulation of the vagus nerve could be a treatment
for anxiety. Future studies should focus on anxious people and
study the mechanism of the reduced anxiety in more depth to
confirm these results.
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AI-based Wildfire Prevention, Detection and Suppression System
Prisha Shroff
School: Hamilton High School, Chandler, Arizona
Teacher: Debbie Nipar
Wildfires pose a serious threat to the world’s environment.
The global wildfire season length has increased by 19% and
severe wildfires have besieged nations around the world. Every
year, forests are burned by these wildfires, causing vast
amounts of carbon dioxide to be released into the atmosphere,
contributing to climate change. Therefore, there is a need for
a system which prevents, detects and suppresses wildfires.
The AI-based Wildfire Prevention, Detection and Suppression
System (WPDSS) is a novel, fully-automated, end-to-end, AIbased solution to effectively predict hotspots (areas where
wildfires can start) and detect wildfires, deploy drones to
spray fire retardant, preventing and suppressing wildfires.
WPDSS consists of four steps. 1) Pre-processing: WPDSS loads
real-time satellite data from NASA and meteorological data
from NOAA of vegetation, temperature, precipitation, wind,
soil moisture and land cover for prevention. For detection, it
loads the real-time data of Land Cover, Humidity, Temperature,
Vegetation, Burned Area Index, Ozone and CO2. It uses the
process of masking to eliminate not-hotspots and not-wildfires
such as water bodies, and rainfall. 2) Learning: The AI model
consists of a random forest classifier, a type of supervised
machine learning, which uses a series of decision trees to
make an accurate decision. It is trained using a labeled
dataset of hotspots/wildfires and not-hotspots/not-wildfires.
3) Identification of hotspots and wildfires: WPDSS runs the
real-time data through the model to automatically identify
hotspots and wildfires. 4) Drone deployment: The drone flies
to the identified hotspot/wildfire location.
WPDSS attained a 98.6% accuracy in identifying hotspots and a
98.7% accuracy in detecting wildfires.
WPDSS will reduce the impacts of climate change, protect
ecosystems and biodiversity, avert huge economic losses and
save human lives. The power of WPDSS developed can be applied
to any location globally to prevent and suppress wildfires,
reducing climate change.
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Wastewater-Based Epidemiological Tracking of SARS-CoV-2:
Determining Unreported Cases and Clinical Data Lag Time
Quinn Nemeth

R

School: Cibola High School, Yuma, Arizona
Mentor: Dr. Christian Roessler, Roche Tissue Diagnostics
Wastewater-based epidemiology (WWBE) uses viral RNA in sewage
to track infectious disease incidence and distribution. Two
questions were asked to evaluate WWBE efficacy: what is the
number of unreported SARS-CoV-2 cases in the Somerton
municipality, and what is approximate lag time between
wastewater and clinical data? It was hypothesized that
clinical cases represented less than 1/4 of actual disease
prevalence and that lag time was 6-14 days based on CDC data
and current research. RT-QPCR was performed on all wastewater
samples to quantify SARS-CoV-2 RNA, and one sample per month
to quantify pepper mild mottle virus for normalization. Data
was used to calculate monthly mean viral copies and estimated
disease prevalence (EDP). EDP case numbers, as hypothesized,
were significantly greater than clinical cases. Normalized
values did not follow expected results. They were lower than
non-normalized viral copies and had more variation. Normalized
viral copy trends lagged behind clinical trends, conflicting
with considerable research. However, the lag time hypothesis
was strongly supported by more reliable data: the comparison
of monthly mean viral copies to clinical cases. Three peaks
were defined in which lag of 1-3 months was clear. To
determine unreported cases, each clinical case value was
compared to EDP. 88% of data supported the hypothesis that
clinical case numbers are less than a quarter of actual
disease presence. Limitations include the many unknowns
inevitable in field epidemiology and availability of clinical
data. Future research may address fecal shedding differences
by demographic and normalization methods.
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Hedgehog Signaling Mediates the Dysregulation of
Adrenocorticotropin Hormone Secretion and Somatostatin
Receptor Expression in Cushing’s Disease
Saptarshi Mallick
Grade: 11
School: BASIS Scottsdale, Scottsdale, Arizona
Teacher: Mrs. Ryan Yanashima
Cushing's disease (CD) is an endocrine disorder characterized
by increased levels of cortisol and caused by an
Adrenocorticotropin hormone (ACTH)-secreting pituitary
corticotroph adenoma. The cause of these tumors is largely
unknown but has been attributed to genetic mutations. Hedgehog
(Hh) signaling has been implicated in corticotroph
dysregulation. The somatostatin receptor subtypes (SSTR) 2 and
5 have been targets of medical therapies for CD. SSTRs are
expressed on corticotrophs. Somatic mutations associated with
CD including variants of USP8, USP48, and BRAF are known to
lead to constitutive activation of GLI1 signaling correlated
with a subsequent dysregulation of ACTH and SSTR expression.
In our studies, we hypothesized that Hh signaling regulates
ACTH and SSTR expression attributing to the pathophysiology of
Cushing’s disease. To identify the role of GLI1, we developed
a human pituitary adenoma organoid model derived from human
induced pluripotent stem cells (iPSCs), which were treated
with glucocorticoid receptor antagonist Mifepristone, with or
without GLI1 inhibitor GANT61, or Smoothened inhibitor
Ketoconazole. In a separate series of experiments, cultures
were treated with or without SSTR agonists Pasireotide or
Octreotide to identify the role of Hh signaling in the
regulation of SSTR expression. Mifepristone treatment
increased ACTH secretion, POMC, SSTR2 and SSTR5 expression,
which were inhibited by GANT61 and Pasireotide. Organoids
generated from individual patient pituitary adenoma tissues
expressed variability in SSTR expression and ACTH secretion
that correlated with divergent responses to Pasireotide.
Dysregulated Hh signaling led to increased ACTH secretion and
SSTR expression in pituitary adenomas associated with CD.
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Differentiating Human Induced Pluripotent Stem Cells Into
Nephron Cell Types Using Extracellular Matrix Proteins and
Soluble Growth Factors
Quinn Nemeth
Grade: 11
School: Cibola High School, Yuma, AZ
Teacher: Kimberly Adkins
There is a shortage of kidney transplants, and the few
recipients must take immunosuppressants with unpleasant side
effects for the rest of their lives. Researchers are
attempting to solve these issues by creating kidneys from
scratch using patients’ cells. To do so, they must determine
how to differentiate stem cells into different kidney cell
types by altering the cells’ microenvironment. In this
project, I researched environmental factors to evaluate which
combinations would most efficiently differentiate stem cells
into cell types of nephrons, the basic units of the kidney.
The microenvironment consists of two parts: the cell media,
made up of soluble factors; and the substrate, composed of
extracellular matrix proteins. To differentiate the stem cells
into nephron cells, I needed to mimic the environment the
cells would encounter in the body. After hypothesizing which
factors and proteins would be most effective, I collected data
using databases. The data on soluble factors concerned what
they regulate in the body. To collect data on ECM proteins, I
investigated the presence of the integrins (cell receptors)
that bind them. I found that my hypothesis was partially
correct. I made mistakes in reasoning that may have accounted
for this. I also had one notable surprise result, which I hope
to investigate further in future projects. I used both my
research and my results to infer what combinations of ECM
proteins and soluble factors would most effectively
differentiate stem cells into different nephron cell types. I
hope to further explore cell microenvironments in the future.
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Hedgehog Signaling Mediates the Dysregulation of
Adrenocorticotropin Hormone Secretion and Somatostatin
Receptor Expression in Cushing’s Disease
Saptarshi Mallick
School: University High School, Tucson, Arizona
Mentor: Yana Zavros, University of Arizona
Cushing's disease (CD) is an endocrine disorder characterized
by increased levels of cortisol and caused by an
Adrenocorticotropin hormone (ACTH)-secreting pituitary
corticotroph adenoma. The cause of these tumors is largely
unknown but has been attributed to genetic mutations. Hedgehog
(Hh) signaling has been implicated in corticotroph
dysregulation. The somatostatin receptor subtypes (SSTR) 2
and 5 have been targets of medical therapies for CD. SSTRs
are expressed on corticotrophs. Somatic mutations associated
with CD including variants of USP8, USP48, and BRAF are known
to lead to constitutive activation of GLI1 signaling
correlated with a subsequent dysregulation of ACTH and SSTR
expression. In our studies, we hypothesized that Hh signaling
regulates ACTH and SSTR expression attributing to the
pathophysiology of Cushing’s disease. To identify the role of
GLI1, we developed a human pituitary adenoma organoid model
derived from human induced pluripotent stem cells (iPSCs),
which were treated with glucocorticoid receptor antagonist
Mifepristone, with or without GLI1 inhibitor GANT61, or
Smoothened inhibitor Ketoconazole. In a separate series of
experiments, cultures were treated with or without SSTR
agonists Pasireotide or Octreotide to identify the role of Hh
signaling in the regulation of SSTR expression. Mifepristone
treatment increased ACTH secretion, POMC, SSTR2 and SSTR5
expression, which were inhibited by GANT61 and Pasireotide.
Organoids generated from individual patient pituitary adenoma
tissues expressed variability in SSTR expression and ACTH
secretion that correlated with divergent responses to
Pasireotide. Dysregulated Hh signaling led to increased ACTH
secretion and SSTR expression in pituitary adenomas associated
with CD.
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Comparison of Struvite and Chlorella vulgaris Solution to
Phosphorus Water Pollution
Savannah Botello
School: Cibola High School, Yuma, Arizona
Teacher: Patricia Garcia
Agricultural fertilizer runoff water contains high
phosphorus concentrations, which directly correlates with
eutrophication and, ultimately, the depletion of marine life
and ecosystems. Often overlooked, agricultural phosphorus
pollution has minimal availability of practical solutions.
Therefore, the objective of this study was to evaluate the
effectiveness of Struvite (MAP) Removal (Method 1) and
Chlorella vulgaris Algae Growth (Method 2) as phosphorus (P)
filtration methods for runoff water. Fertilizer water was
collected from a local celery field and then treated with
Magnesium Chloride and Ammonium Nitrate to form Struvite or
with 10-day growth of Chlorella vulgaris. Results indicate
Method 2 as the most effective P filtration method when
comparing initial P (P1) and treated P (P2) concentrations per
trial. While Method 1 removed 71.43% of the P1 amount, Method
2 removed 100% of the P1 amount for four out of five trials.
Both methods have similar nominal value as they both removed
up to 1.0 ppm of P1. The methods also show effectiveness in
high and low P concentrations. Method 1 decreased P
concentrations for trials within a range of [0.6, 1.4] ppm of
P1. Method 2 decreased P concentrations for trials within a
range of [0.4, 1.0] ppm of P1. In a broader scope, while the
Chlorella vulgaris Algae Growth method is more effective than
Struvite Removal, both filtration methods show promise in
preventing fertilizer pollution while also benefiting
agricultural systems as a fertilizer (Struvite) and the health
supplement industry (Chlorella).
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Mycoremediation of Ocean Oil Spills and Microplastic Pollution
Using Pestalotiopsis Microspora Fungi
Sheyla Solorzano

R

School: Harvest Preparatory Academy, Yuma, Arizona
Teacher: Alfred Santos
As of 2021,51 trillion microplastic litter and 2.6 million
liters of waste oil has been polluting our oceans. These
oceanic pollutants caused devastating effects to marine
ecosystems. Current solutions to solve this problem are
inefficientand expensive.For these reasons, this
projectfocusedona natural way to decompose both microplastics
and oil spills.The methods used to carry out this project were
the following: first, was the simulation of ocean water,
microplastic pollution, and oil spill. Secondly,preparation of
six 100mL P. microsporasamplesthat was later added onto each
treatment. Finally, treatmentswere observed for a fiveweekperiod.Dissolved oxygen levels were measured using a
Neulog oxygen sensor. Final weight and volume loss were
measured after the 5-weekperiod.Theexperiment
findingsshowedthat all treatments with P. microsporafungi were
able to maintain favorable water condition for its survival
with dissolved oxygen levelsbetween 100%-103%(p<0.05, ANOVA
test). Thisshowed significant oxygen consumption as compared
to the initial dissolved oxygen level. Asixty percent weight
lossin the Styrofoamanda fifty-nine percent volume losswas
observed at the end of the experimentations. In conclusion, P.
microsporafungi showed significant biodegradation rate against
microplastic and oil spill pollution.This research shows that
there are natural ways to help improve the quality of our
oceans.Oceans are important as all organisms in our planet
depend on it, so preserving the quality of our ocean is
important.
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Evaluation of Gender’s Effect in Predicting Parkinson’s
Disease from Voice Recordings: A Random Forest Approach
Shreya Sreekantham
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School: BASIS Chandler, Chandler, Arizona
Mentor: Dr. Avani Wildani, Emory University
Parkinson’s Disease (PD) is the second most prevalent
neurological disease in the world, affecting morethan 10
million people. It is characterized by a progressive loss of
motor control, causing symptoms liketremors and impaired
balance and eventually rendering the patient paralyzed and
completely bedridden.PD has no cure, but an early diagnosis
can help slow down the progression and improve the
patient’squality of life. However, the diagnosis of PD is
often subjective and inaccurate because its presentationvaries
widely between individuals of different demographics. One
problem presented by this variation isthat PD voice-based
detection tools are often trained primarily with male voices,
resulting in a lack ofaccuracy in diagnoses for women. This
study focuses on predicting the progression of PD from
voicerecordings and evaluates the variation by gender using a
novel Random Forest Algorithm (RFA). Thealgorithm utilized a
multivariate dataset extracted from the UCI Machine Learning
data repository thatconsisted of 5,875 voice recordings from
42 subjects. The RFA introduced in this study both improves
theaccuracy for PD detection and establishes that diagnostic
algorithms can consistently perform well acrossgender (99%
accuracy for females and 97% for males). In comparison,
previous machine learningapproaches when accounting for
differences across gender achieved a highest accuracy of
82.14%.Additionally, this study identifies age and genderbased differences in the expression profiles of
voiceparameters that can be useful in future clinical
applications.
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Quantifying Antimicrobial Properties of Copper
Tamarron Austin
School: Navajo Preparatory School, Farmington, New Mexico
Teacher: Yolanda Flores
Mentor: Dr. Daniel J. Winarski, U.S. Army Corps of Engineers
Copper is one of the most essential and widely used metals in
the world. The uses of the metal are noticeable as early as
the time of Ancient Egypt. At the time it was used to make
weapons, kitchenware, jewelry, tools, and they had also
discovered other benefits. Including the metal’s ability to
kill bacteria. This affect was incomprehensible for the people
of Ancient Egypt, but to-day we can understand the reason
behind it.
The purpose of this research was to find out if copper has
antimicrobial properties. The hypothesis was that Copper can
interfere with the biological processes of bacteria, which
gives copper antimicrobial processes.
Escherichia coli was used as the bacterial agent. All copper
materials were placed in petri dishes with agar nutrient. The
bacteria were streaked closed to the copper materials. They
were incubated at 370C for 20 hours. After that, zones of
inhibition were measured in mm.
The result shows that copper pennies had the largest (best)
Zone of Inhibition, followed by Copper 110 Alloy. Since these
were both better than the Zone of Inhibition of the ampicillin
antibiotic, my hypothesis was accepted.

P
R
E
S
E
N
T
E
R
S
Arizona JSHS

Page 60

O
U
R

Purifying Oil-Contaminated Water
Tymerah Chischilly
School: Tucson High Magnet School, Tucson, Arizona
Teacher: Yolanda Flores
Mentor: Dr. Daniel J. Winarski, U.S. Army Corps of Engineers
Regretfully, the world continues to pump underground oil for
heating, transportation, and petrochemicals without regard to
the extensive environmental damage being caused.
This damage
includes our drinking water. Still ongoing is the U.S. Navy
spill of jet fuel into the drinking water in Hawai’i [ref.1].
Nigeria has extensive oil-contamination in their drinking
water, [ref.2], which has resulted in many serious health
problems.
This study identifies a simple way to purify water from oil
contaminants. Bentonite clay is used to purify water
contaminated with actual samples of crude oil. First, samples
of distilled water are contaminated with the crude oil and the
initial “time-zero” concentration of oil contamination of each
is documented. Then laboratory-grade powdered Bentonite clay
is added to each sample and the samples are stirred
frequently. At the times of 1 hour, 2 hours, 3 hours, etc.,
one sample is filtered to remove the Bentonite clay and the
oil it has adsorbed on its surface, before documenting the
concentration of the remaining oil in the water. This
purification process is documented hourly, and graphed, to
show the reduction of oil concentration versus time.
This study proved that Bentonite clay is effective as a
decontaminant of oil-contaminated water.
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Could a spectrometer be used as a novel tool to assess the
efficacy of sunscreen?
Vedant Tuli
School: Mountain Ridge High school, Glendale, Arizona
Mentors: Professor Nathan Newman, Arizona State University,
and Dr. Ashwini Ammunje M.D I CARE Internal Medicine and
Geriatrics
Melanin is a pigment found in the human skin which protects
skin from solar radiation damage by absorbing harmful
wavelengths which cause cancer in humans. Non-invasive devices
such as spectrometers have been used by many authors to assess
melanin absorption and reflectance. In this study we used a
Sci-Hub spectrometer to analyze the photo-damage in 14
different subjects. After explaining the procedure, a verbal
consent was obtained and a 0.75in x 0.75inch square mark was
made at the dorsal aspect of the forearm. In the month of
February at 2:30 pm each subject was exposed to sun for 20
minutes and skin reflectance was measured before and after
exposure. Reflectance data was analyzed and each subject was
interviewed about their lifestyle and outdoor activities. In 9
subjects, reflectance decreased after 20 minutes of sun
exposure, particularly at 450 nanometers whereas in 5
subjects, reflectance increased at 450 nanometers. Further
interpretation of the findings showed that reflectance
increased in subjects who spent time outdoors and decreased in
the subjects who remained indoor and was independent of age
and race. We used 450 nm as reference point because melanin
has a maximum absorption at 335nm and then linearly decreases
up-to 700nm but 450nm holds similar properties as 335nm
but falls out the UV spectrum. We can conclude that
individuals with skin photo damage will show an increase in
reflectance at 450 nm and vice versa, proving spectrometers
can be used objective tools to detect skin damage.
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Effects of Stimulated Drug Addiction on the Neural Spike
Activity of Gromphadorhina Portentosa and their Applications
in the Identification and Treatment of Addictions
Victor Vigbedorh
School: Sunnyside High School, Tucson, Arizona
Teacher: Cynthia Bujanda
An addiction is a compelling desire to indulge in rewarding
stimuli, regardless of the adverseeffects. The presence of an
addiction is often identified through behavioral observations,
andalthough such observations can be accurate, they can also
be slow and sometimes inefficient.These faults could result in
an individual’s addiction being identified only after the
stimuli hascritically hijacked their drug-reward system, they
can also affect the ability to confirm theeffectiveness of
treatment, resulting in that individual indulging in their
addictive tendenciesonce again. The intention of this study
was to identify any correlation between neural spikeactivity
and the state certain substances place Gromphadorhina
portentosa in; addictive orotherwise. This study examined the
behavioral and electrophysiological effects of a
stimulatedaddiction in Madagascar hissing cockroaches. The
study also examined any changes in saideffects upon attempts
at relieving the addictions. In doing so, a correlation was
observed,suggesting that the addictive substances, sugar, and
sweetener, might have caused a change in theneural spike
activity and sensory adaptation within that group of
cockroaches. Later parts of thestudy showed a change in neural
spike activity upon attempts at treating the
cockroaches’addictions. This change in spike activity was
believed to be a sign of the cockroaches'withdrawal phase.
With further studies over more prolonged periods of time, the
latter parts ofthis research could be reinforced, and the data
could prove beneficial; providing a better meansof recognizing
addictions and determining the effectiveness of treatments
towards them.
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Exploration of Chaotic Orbits Using the Lyapunov Exponent in
the Restricted Three-Body Problem
Yaritza Durazo
School: Sunnyside High School, Tucson, Arizona
Teacher: Cynthia Bujanda
Mentor: Jose Daniel Castro Cisneros, Univeristy of Arizona

Dynamical systems are mathematical models that are used to
describe the laws of a natural system. One example of such is
the Duncan’s Map which models the Three-Body Problem that
entails three particles. The primary and the secondary
particle have mutual gravity acting on eachanother while the
“test” particle has a small mass where its gravitational pull
does not affect the primary or secondary particle. In my
project, I varied the parameters of this model which are the
Jacobi constant and the mass of the secondary particle to see
if chaotic orbits appear. I implemented the Lyapunov exponent
to quantitatively identify chaotic orbits. Chaotic orbits
appeared when the Jacobi constant was decreased, and when the
mass of the secondary particle increased. Some of the unstable
and stable regions coincided with the presence of mean-motion
resonances. Duncan’s criteria of chaos resulted in a 2/7power
law that predicts the onset of chaos, which was further probed
using the Lyapunov exponent. This is remarkable because a
unified definition of chaos is not yet found. Overall, this
research is important because it could lead to effective space
mission design and give one a glimpse to the complex past and
future of the solar system. Further work could include
changing the model to allow for dissipation, large
eccentricity of the secondary particle and testing the 2/7
power law with other chaos indicators such as the correlation
function or theKolmogorov-Sinai entropy.
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MEET OUR POSTER SESSION
RESEARCHERS

The AZ JSHS Competition had a record number of
applicants this year. The following abstracts are
from researchers who will not be presenting
orally, but will instead be competing in AZ JSHS
Poster Session hosted by SARSEF's School Fairs.

CLICK HERE TO
VIEW POSTERS

Arizona JSHS
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Clean Electricity Generation from Sun and Water
Akari Lwamoto
School: Hamilton High School, Chandler, Arizona
Mentor: Narifumi Iwamoto, Intel Corporation
Building solar hydrogen fuel cell system for carbon neutral
energy generation. Electricity can be generated from just
water and sun, and exhaust is just water only. It includes
designing dual layered fuel cell stack as well as portable
hydrogen tank design to make the electricity available
regardless of time and weather.
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Are Community Wells Safe on the Navajo Nation?
Autumn Russell
School: Harvest Preparatory Academy, Yuma, Arizona
Mentor: Nyles Banner, University of Arizona
In small towns on the Navajo Nation people have to drive
several miles to obtain safe water for consumption. Thousands
of people in the Navajo nation do not have access to running
water that is regulated by any company. `The purpose of this
experiment is to identify any harmful bacteria, or pesticides
within the water wells. The Navajo Tribal Utility Authority
(NTUA) has tried making water more accessible for those who
live out in small towns, however, these wells cost money.
People don't have money to pay for these wells, so they resort
to using natural water wells. The samples were collected from
a water pumping windmill. The three samples I had collected
were tested for bacteria, lead, pesticides, hardness,
chlorine, nitrite/nitrate, and pH levels. The pH levels were
high with the three samples ranging between 8.5-10. The
bacteria, lead, pesticides, hardness, chlorine, and
nitrite/nitrate had results within safe conditions that did
not cause any harm. High pH levels do not cause any major
health problems and only cause minor inconveniences such as
dry and itchy skin.
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Ethylene Production in Apples
Gwyneth Perea
School: Cibola High School, Yuma, Arizona
Teacher: Patricia Garcia
The purpose of this experiment was to identify if different
types of apples, that havevarious amountsof sugar, ripened
faster than otherswithin the same environment. Five
varietiesof apples were selected and separated into paper bags
based on apple type. Apples groupedtogether and sealed in
brown paper bags are known to efficiently ripen because of
increasedethylene production. The level of ripeness was
measured by how firm the apples werethroughout testing days 514. Apple firmness was only measured on testing days 5, 8, 11,
and 14during each trial to reduce the amount of ethylene
released from each bag. When checking theripeness, the apple
was lightly squeezed and observed for firmness and skin
bruising or rupture.The temperature in the greenhouse was
monitored daily and recorded. Further studies comparingthese
results to experimental trials conducted during other seasons
such as spring and summer,may be beneficial to determine any
consistent trends of the speed of ethylene production in
applevarieties.
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Investigation of Retinal Energetics with Novel OPLS Force
Fields Applied to a Full-Retinylidene System
Jade Kuan and Nathan Kuo

R

School: University High School, Tucson, Arizona
Mentor: Andrew M. Erly, University of Arizona
Rhodopsin is a member of the large family of transmembrane
proteins known as G protein-coupled receptors (GPCRs) and is
frequently used in drug design to model GPCR activation and
behavior. GCPRs are used in signaling, regulation, and sensing
in many organisms, including humans, making them attractive
pharmaceutical targets. Retinal is the light-sensitive
cofactor of rhodopsin responsible for its activation during
phototransduction; it is covalently bound at Lysine 296 via a
Schiff base linkage. Because of the complexity of the retinal
energy landscape and its importance in rhodopsin activation,
the development of an accurate computational model for
retinylidene is of great interest. Both quantum mechanical
(QM) and molecular dynamical (MD) methods have been used to
study rhodopsin and retinal, but previous research has been
limited by its use of small model systems and generic force
fields. This research improves upon previous studies by using
novel, retinal-specific force fields applied to the entire
retinylidene system. These force fields were derived using
artificial intelligence algorithms which took Born-Oppenheimer
Molecular Dynamics (BOMD) trajectories as inputs. MD
simulations used the Optimized Potentials for Liquid
Simulations (OPLS) functional form for its four dihedral
torsional energy terms instead of the single-term description
used by CHARMM and previous studies. These changes allow us to
reproduce experimentally-determined C5, C9, and C13 rotation
energies much more closely than previous studies. Our work
highlights the need for molecule-specific force field
parameterizations in order to correctly model GPCR
activations.
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DermaTech: A Novel, Non-Invasive Technology to Detect and
Diagnose Skin Cancer
Janvi Srivastave
School: BASIS Scottsdale, Scottsdale, Arizona
Skin cancer is the most common cancer worldwide, with 2 people
dying of skin cancer everyhour in the United States alone
(Skin Cancer Foundation, 2022). However, if detected
early(before the cancer reaches the lymph nodes), the death
rate drops dramatically, with the 5-yearsurvival rate being
about 99%. Many rural or low-income communities lack
healthcare facilities,increasing the risk of skin cancer going
undiagnosed. By developing an online application thatcan
accurately diagnose the main types of skin cancer, people
without access to the properhealthcare resources will be able
to easily diagnose themselves with their own device, such as
aphone with a camera. DermaTech is the first non-invasive,
online tool to be able to detect all 7 ofthe main types of
skin lesions (Melanocytic Nevus, Melanoma, Benign Keratosis,
Basal CellCarcinoma, Actinic Keratosis, Dermatofibroma, and
Vascular lesions) that uses the MobileNetAI model, a new type
of streamlined, highly accurate computer-vision model. To make
anaccurate image-recognition model that would be able to
distinguish between the specific types ofcancerous,
precancerous, and benign lesions, 3 different artificial
intelligence models were builtand tested for the highest ROC
AUC score: K-Nearest Neighbors (KNN), Convolutional
NeuralNetwork (CNN), and MobileNet. The model with the highest
predictive accuracy was theMobileNet model, with a ROC AUC
score of 0.9228, as opposed to the average 0.866 to 0.889score
for expert dermatologists (ScienceDaily, 2018)
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Is the water in Flagstaff, AZ Suitable for Living Organisms?
Kaitlyn Davis
School: Flagstaff High School, Flagstaff, Arizona
The project tests and compares types of water from sources in
Flagstaff, AZ and results were used to determine if living
organisms are able to survive in those water sources. A Water
Test Kit was used to sample each type of water, and tested for
bacteria, Pesticides, Lead, and Chlorine, etc. The water
samples were tested to show if there is a difference between
the water from Lake Mary, a treated water source for the City
of Flagstaff and the Francis Short Pond, an untreated water
source commonly used to go fish. The results support that both
water sources are suitable for living organisms and there was
little difference of the results taken from the Water Test
Kit.
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How isolation from COVID-19 has impaired the cognitive
development of children and adolescents.
Riana Chatterjee
School: Mountain Ridge High School, Glendale, Arizona
COVID-19 has greatly impacted the lives of infants, children
and preadolescents in respect to social, economic, and health
behaviors. In the primal ages of 4-13, children and
adolescents develop their abilities to reason abstractly,
socialize, and adapt to the world around them. In this study,
I created a study and focus group to analyze the impact of
isolation from COVID-19 on the brain development of children
in the orbital prefrontal cortex. To configure impairment
within brain development, I created an equation to measure
Total Brain Development (TBD) and a survey analysis of
Technology Based Rational Degradation (TBRD) and developmental
parental-child care. I concluded that children and
preadolescents experienced the greatest impaired cognitive
development in the fields of conceptual perspective, abstract
rationalization, and emotional intelligence. The findings of
this study help provide more knowledge on the effects of
isolation due to COVID-19 on children and preadolescents in a
modern day context.
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Antibiotic resistance in meat
Skylene Silva
School: Sunnyside High School, Tucson, Arizona

R
My project is finding antiresticance bacteria inside meat.
Antibiotic resistance happens when germs(bacteria, fungi)
develop the ability to defeat the drugs destined to kill them.
When the animal is slaughtered and processed for food,
resistant bacteria can contaminate the meat, and animal feces
can contain the antibiotic resistant bacteria surrounding the
environment. . Antibiotic resistant bacteria on foods causes
food poisoning when consumed;symptoms are similar. One example
of a foodborne bacteria is Salmonella. In the experiment we
used antibiotics penicillin and ampicillin. My hypothesis is
that ground beef will come out gram negative . In the hopes of
having the meat coming from a well known local store (Food
City) I shop at, there is no bacteria inside the meat. When
conducting the experiment the agar on the petri dishes
contained the antibiotic prior. Transferring the meat into a
stomacher bag along with PBS (a balanced salt solution used
for a variety of cell culture applications, such as washing
cells before dissociation, transporting cells or tissue,
diluting cells for counting, and preparing reage).
Transforming the liquid to dilutions. The next step was to
spread the sample onto the antibiotic plates. Recording the
growth there was gram positive in the penicillin and
ampicillin, (3 plate amp, 1 plate pen). In conclusion our
hypothesis was not correct. We were not able to look into our
project further to find out what kind of bacteria it was. If
we were able to have more time after finding the specific kind
of bacteria, we can then analyze more information about the
bacteria. After that step it would be really fascinating to
see how much of that bacteria stays on the meat after cooking.
Antibiotic resistance in meat
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Protein Labelling Effects on the Optical Properties of
Fluorescent Dyes
Sushani Patel
School: Paradise Valley High School, Paradise Valley, Arizona
Bioconjugation is an application that includes live cell
surface labeling, enhancedfluorescence, and photochemical
switching behavior in proteins. One of the main focuses of
thefield is theconjugation of dyes or other small moleculesto
proteins.There are many differentways to measure the optical
properties of bioconjugated molecules including
absorbance,luminescence, phosphorescence, and fluorescence,
but fluorescence-based methods havesignificant advantage
because thesensitivity of fluorescencedetection is
approximately 1,000times greater than similar absorbance-based
methods. Fluorescent dyes, also known asreactive dyes or
fluorophores, have been used by biologists for decades.
Although fluorescentdyes offer higher photostability and
brightness compared to fluorescent protein, little
quantitativeinformation is available for how the conjugation
of a dye to a protein affects its optical propertiescompared
to free dyes. The objective of this study was to devise a set
of analytical proceduresthat could provide an accurate
quantification of FITC dye, and determine whether
theconjugation of fluorophores to proteins has a measurable
effect on fluorescence signals. Twoinstruments, a UV-vis
spectrophotometer and a plate reader, were used to devise the
FITCquantification. Both methods were found to be precise and
specific, however, the UV-vis methodwas found to be more
sensitive since it has lower values of Limit of
Quantification/ detection(LoQ and LoD) and a higher slope. The
plate reader method required less samples, which canbe
important in a real-world application.
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Is Water from the Navajo Nation different from Water in
Gallup, NM
Taylor Dineyazhe
School: Middle College High School
The project tests and compares types of water from areas on
the Navajo Nation and in the city of Gallup, NM. A Water Test
Kit was used to sample each type of water, and tested for
bacteria, Pesticides, Lead, and Chlorine, etc. The water
samples were tested to show if there is a difference between
the water from the Navajo Nation reservation, a rural
community and from an urban community in Gallup, NM. The
results support that there is a difference in Pesticide, pH,
and Hardness levels as the pH and Hardness were high in the
more urban communities while the Pesticide levels varied.
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Bacterial Plastic Breakdown Research Project
Trinity Galvin
School: Cienega High School, Tucson, Arizona
The research conducted is studying the bacterial degradation
of plastics in Winogradsky columns. Four different types of
plastic with two different seasons were being tested, in
addition to a control season. The four types of plastics
include polystyrene, polypropylene, polyethylene
terephthalate, and high density polyethylene and the two
seasons are Tucson, Arizona summer and spring. To conduct this
study, the researcher collected materials to assemble
Winogradsky columns to simulate a smaller scale environment of
Tucson. The researcher collected materials such as sediment,
sand, and water from around the Tucson area. In addition, they
collected other supplies to add into the columns for better
enrichment such as plaster of paris for sulfur, and
multivitamins. After the Winogradsky columns were constructed,
there were three pieces of plastic placed into the column and
then pseudomona aeruginosa was as well. There were four
plastics, three season variables, and three replicates,
leading to 60 columns in total with triplicates to ensure
reliability. The columns were placed into their assigned
season and monitored weekly at the same time for optimal
observation. After they were observed, the researcher
concluded that summer, with a longer amount of light, yielded
the highest results of degradation in the plastics.
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Yanabe Schroeder

U
R

School: Ridgeview High School
The project tests and compares different soil sample from two
states: Illinois and Arizona. A soil test was used to test and
quantify the pH levels of each soil, the Sodium percentage
saturation, and Zinc levels that were used to determine if
soil quality affects the environment and community public
health. The soil samples were tested to show if there is a
difference between the soil from the Navajo Nation
specifically in San Juan County, AZ, a rural community and
from an urban community in Mclean County, IL. The results
showed that the soil samples were similar, but environmental
conditions and public health of the community the samples were
taken from were vastly different.
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