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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.

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.
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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 11, 2023. 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 2023
and will be available on the SARSEF website. 
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Friday, February 17th

Out of town participants check-in at
hotel: Hyatt Regency
Check in at Virginia Piper Auditorium,
welcome activities
Dinner at Virginia Piper Auditorium
Opening Ceremonies, Keynote, and
Instruction in Virginia Piper Auditorium 

4:00 - 4:30

4:30 - 5:00

5:00 - 6:00
6:00 - 7:30

Saturday, February 18th

7:00 - 8:00

8:30 - 9:50
9:50 - 10:00
10:00 - 11:30
11:30 - 12:30
12:30
12:40 - 4:00

5:00 - 6:00
6:00 - 6:30

Breakfast, Oral Presenters load and test
presentations 
Oral Presentations Morning Session
Break
Oral Presentations Morning Session 
Lunch in Canyon courtyard
Finalists announced in HSEB B102
Oral Presentations Semi-final Session,
HSEB B102
Judge Caucusing
Awards and Closing
 

SCHEDULE OF EVENTS
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LUIS HEREDIA

Luis Heredia is the State
Director for U.S. Senator Mark
Kelly. He’s led the Arizona
Education Association and Arizona
Democratic Party as executive
director, served as the District
Director for Congressman Ruben
Gallego, and held senior-level 

positions for Union Pacific Railroad, U.S. Rep. Raúl
Grijalva, Arizona Western College, and the City of Yuma. A
native Arizonan and first-generation American from a Mexican
immigrant family, Heredia was a Robert L. Pastor Student
Award winner as a senior at Arizona State University,
recognized for his academic achievement, outreach to
Hispanic youth and his leadership and volunteer service at
ASU and in the community. He was named a Public Policy and
International Affairs Institute fellowship at Princeton
University, earned a bachelor’s degree in history from ASU,
and master’s in Public Administration from Indiana
University. Heredia was elected to the Somerton (Arizona)
Elementary School Board at the age of 24 and appointed to
the Yuma County (Arizona) Planning and Zoning Commission and
the Arizona Governor’s Latino Advisory Council. Luis is also
a Flinn-Brown Fellow for the Arizona Center for Civic
Leadership.

SPEAKERS
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MADISON VENABLES

Madison Veneables is the STEM Operations & Evaluation
Coordinator for the Air & Space Forces K-12 STEM Office.
She has ten years of museum education experience as well
as two years' experience working as a Family and Youth
Programs Assistant at a USAF Youth Center. Her career has
focused on informal education by working with families,
schools, and early childhood groups both inside and
outside informal learning institutions through various
interactions and programs. Since she completed her Masters
of Learning and Visitor Studies in Museums and Galleries
from the University of Leicester in 2018, Madison's career
focus has expanded to exploring how informal education
experiences are serving communities and how institutions
can measure their impact. Currently, as the Operations &
Evaluation Coordinator for the Air & Space Forces K-12
STEM office, Madison is combining her passion for STEM
education and evaluation with her history of working with
military-connected students.

SPEAKERS
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RUTH WYLIE

Ruth Wylie is the assistant
director of the Center for
Science and the Imagination and
an associate research professor
in the Mary Lou Fulton Teachers
College. Ruth earned her PhD in
Human-Computer Interaction at
Carnegie Mellon University in

2011 and her bachelor’s degree at the University of
California, Berkeley in Cognitive Science with minors in
Computer Science and Education. Ruth concentrates on
interdisciplinary, translational research that leverages
knowledge and insights from theory and laboratory studies to
answer real-world problems. 

Her previous research projects have been on the design,
development, and implementation of educational technology
for students and teachers in middle schools, high schools,
and universities.

KEYNOTE SPEAKER
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8:30   Michael Lau
8:50   Ariana Rahman
9:10   Baochan Fan
9:30   Andrea Romero
9:50   Break
10:00  Sohini Mallick
10:20  Diana Navarro
10:40  Ivan-Alexander Kroumov

Saturday, February 18th | BSPB Seminar 113 | Biomedical
Sciences

Saturday, February 18th | HSEB Room B108 | Chemistry

Saturday, February 18th | BSPB Seminar 115 | Environmental
Sciences

8:30   Hannah Feinberg   
8:50   Maritza Roberts-Padilla
9:10   Jorge Covarrubias 
9:30   Josselyn Hernandez
9:50   Break
10:00  Aspyn Kaskalla
10:20  Jordyn Begay 
10:40  Jude Thomas

8:30   Julianna Serna-Ortiz
8:50   Ember Bahe   
9:10   Carmen Martinez   
9:30   Jimena Uribe Lin 
9:50   Break
10:00  Winni Morgan 
10:20  Christopher Miranda   
10:40  Hannah Tapia 

SCHEDULE OF ORAL PRESENTATIONS
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Saturday, February 18th | HSEB B202 | Life & Behavioral
Sciences

Saturday, February 18th | HSEB B102 | Math, Computer
Science, and Physics

Saturday, February 18th | HSEB C105 | Medicine and Health

8:30   Meenal Srivastava 
8:50   Mercedes Castro  
9:10   Michael Castro 
9:30   Karan Chava  
9:50   Break
10:00  Sheyla Solorzano
10:20  Andrea Hernandez 
10:40  Keona Kuo

8:30   Janvi Srivastava   
8:50   Alexis Li   
9:10   Isabella Mixton-Garcia
9:30   Steven Amanat 
9:50   Break
10:00  Marcus Nahalea 
10:20  Haylei Redhouse
10:40  Chloe Zhan

8:30   Lailla Burka 
8:50   Valeria Tocanos-Pasos   
9:10   Prisha Shroff    
9:30   Angelina Nediyathu 
9:50   Break
10:00  Ashley Valencia  
10:20  Eveleen Velarde   

SCHEDULE OF ORAL PRESENTATIONS
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MEET OUR ORAL PRESENTATIONS
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. 
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Spatio-Temporal Mixup with Self-Supervised Autoencoder for
Functional Brain Network Analysis
Alexis Li

School: Hamilton High School
Teacher: Carl Yang
Mentor: Carl Yang

Brain network analysis has been a key part in classifying
brain disorders/diseases, tracking neurodevelopment and better
understanding neuroanatomy. Graph Neural Networks(GNNs) lend
themselves easily to this type of analysis as the brain can be
structured in a non-Euclidian point cloud with neuron
connectivity displayed through edge features. Yet, current
GNNs used in the field don't fully utilize the spatial and
temporal aspects of functional brain data, are prone to
overfitting due to lack of data, and are hard to scale. This
is why I propose BrainSTAM, a model that uses a Spatio-
Temporal Autoencoder Mixup approach to understand brain
activity over multiple timepoints within the point cloud
structure. The topology is maintained throughout the model and
it is easily generalizable to nearby variations. The EdgeConv
network looks at knearest-neighborhood level aggregated edge
features in the point cloud which represents the connectivity
between different neurons in the brain for multiple fixed
sized, randomly sampled time windows. SagPool was incorporated
with EdgeConv as an encoder, with a decoder reconstructing the
data based off a masked version of the embedding, creating
another component of the loss based off of the Euclidian
distance between the original and newly constructed graphs.
The end result was a more robust model with improvements over
baseline models as high as 12 percent. The model achieved an
accuracy of 84.35% for ABIDE data which is 5% higher than
current State-of-the-art(SOTA) models, and a 93.75% accuracy
on the HCP data which is 12% higher than comparable SOTA’s.  
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Structural and Functional Analysis of CPS1: A Virulence Factor
in Valley Fever
Andrea Hernandez

School: Rio Rico High School
Teacher: Roselyn Paragamac
Mentor: Devin John Seka

Valley Fever is an infectious disease endemic to the
southwestern United States with the potential to affect much
of the western country by the end of the century due to global
warming. The causative agent of Valley Fever, Coccidioides, is
a fungus that prefers to grow in dry, arid soils and infects
mammals including rodents, canines, and humans. Currently,
there are no specific drug treatments or vaccines against the
fungus, which creates significant burdens to the quality of
life and the economy in this region. Here, we analyze a
virulence factor in Coccidioides posidasii called CPS1. This
gene is deleted in a novel living vaccine consisting of delta-
CPS1 attenuated Coccidioides, which is undergoing clinical
trials in canines. The CPS1 gene product is an enzyme of
unknown function critical for fungal spherule formation. The
protein consists of two splice variants differing only by a
disordered C-terminal domain. The full-length protein was
expressed poorly in Saccharomyces cerevisiae and had a
decreased cellular viability and total cellular protein
compared to the shorter splice variant, CPS1xi. In vitro
analysis shows the full-length protein has a higher
thermostability than CPS1xi indicating the C-terminal region
plays a role in stabilizing the protein through either an
intramolecular or intermolecular interaction. Determining the
functional differences between CPS1-FL and CPS1xi is critical
for developing a vaccine consisting of the attenuated fungus
with the deletion of its CPS1 gene.  
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Year 3 Study- Novel Applications of Extracts from Native
Sonoran Desert Plants
Andrea Romero

School: Harvest Prep Academy
Teacher: Alfred Santos
Mentor: Allison Faye Michael

Antibiotic resistance is one of the most urgent public health
issues. Every year, around 2.5 million people in the United
States contract an antibiotic-resistant infection, of which
about 35,000 end up dying. To address this problem, this study
investigated the possible applications of Native Sonoran
Desert Plants (NSDP) against antibiotic resistance. This
project was conducted using the following methods: First, to
create the tablet binder, ethanoic extract of Prosopis
glandulosa leaves was obtained using a rotary evaporator.
Secondly, tablets of Ampicillin and different concentrations
of Prosopis glandulosa extract were produced using a manual
tablet molder. Thirdly, Kirby-Bauer Sensitivity Assay was
performed. Tablets with carboxymethylcellulose were used a
control. To create the antimicrobial bioplastics, 5 grams of
starch, 1 gram of plant extract and 3 grams agar-agar were
mixed and heated in 10 ml of distilled water, vinegar and
glycerin. Heated solutions were placed in a mold and let to
rest in an incubator at 60 degrees Celsius until fully dry.
Lastly, antimicrobial assays (Kirby-Bauer and Area Coverage
Analysis) were performed. Toxicity assays were also conducted.
Data was analyzed using Rstudio, Microsoft excel, and Image J.
The results showed that Prosopis glandulosa increased the
antibiotic effects of Ampicillin. This was supported by the
calculated p-values of less than 0.05. Hence, Prosopis
glandulosa can be used as a potential tablet binder. The
bioplastic infused with NSDP extract demonstrated great
antimicrobial effects against E. coli (Larrea- 94% inhibition,
Prosopis- 69% inhibition). This research presents potential
applications of NSDP on mitigating antibiotic resistance. 
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Identifying Biomarkers for the Potential Improved Treatment of
Triple-Negative Breast Cancer
Angelina Nediyathu

School: North High School
Teacher: N/A
Mentor: Derek Reichel

Triple Negative Breast Cancer (TNBC) is a subtype of breast
cancer. TNBC has a poor prognosis, as it is aggressive,
difficult to treat, and more likely to recur and spread in
comparison to other kinds of breast cancer. This is because
TNBC does not overexpress the same common biomarkers or
receptors as them which are estrogen, progesterone, and the
human epidermal growth factor (HER2). Since the three main
biomarkers for breast cancer are not present, many breast
cancer treatments are ineffective on TNBC, such as hormone
therapy or targeted HER2 drugs. Identifying biomarkers for
TNBC holds promise to improve both the detection and treatment
of TNBC.The purpose is to identify biomarkers based on a
literature search and verify their prevalence in patient
genetic data from The Cancer Genome Atlas (TCGA). A literature
search was done, using PubMed, searching for publications on
TNBC biomarker identifications published in the past four
years (2019-2023). Fourteen candidate publications were
identified, with their methodology verified, and any
biomarkers identified. Biomarkers were sorted by frequency,
and the most frequent biomarkers were investigated in the
University of Alabama at Birmingham Cancer Analysis Portal
(UALCAN). The survival and over expression analysis was
recorded and compared. About forty-four biomarkers were
identified from the literature. The most frequently identified
biomarkers were CCNB1, TOP2A, CCNA2, BUB1, PI3K, mTOR, TRPS1
and Ki67.
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AI/ML Solution to Predict Tumor Recurrence in Breast Cancer
Using Multi-Omics Data
Ariana Rahman

School: Basis Chandler High School
Teacher: Jin Park
Mentor: Jin Park

Surviving 5 years after the initial cancer diagnosis is a
benchmark to say, “Chances of having that cancer return is no
longer likely.” Almost 30% of patients with breast cancer who
are free of disease after initial local and regional
treatments present with disease recurrence during follow-up.
Risk prediction for tumor recurrence is important for making
effective treatment decisions and for the survival outcomes of
patients. Currently, the present approaches to recurrence risk
prediction use data composed of clinical characteristics or
tumor phenotypic characteristics using a variety of AI/ML
methods. One major disadvantage is that clinical
characteristics can be incomplete, inaccurate, and highly
varied depending on the socioeconomic status of the patients.
It is also demonstrated that genomic and transcriptomic
profiles of breast cancer can create a holistic view that has
been employed to understand the molecular subtyping, cancer
progression, and treatment responses. This study uses multi-
omics high throughput data to develop a deep learning model in
recurrence rate prediction. This enables the identification of
25 marker genes in a lists of gene variation and expression
for patient stratification based on their tumor regression
status. This significant gene panel can be effectively applied
as molecular biomarkers to improve patient diagnostics,
develop targeted therapies and investigate tumor progression
and recursion through a web-application and running the code
that was developed for the AI solution to breast-cancer
recurrence risk prediction. 
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Year 2 Study- Novel Oral Treatments Infused with Native Plant
Extracts to Improve Oral Health in Developing Countries
Ashley Valencia

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Alfred Santos

Oral diseases such as tooth decay are expected to affect 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. To address this problem, this
study investigated Psidium guajava and Acmella oleracea
extracts, plants native to developing countries, and their
prevention of the growth of a 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, toothpaste bits
were produced and infused with plant extracts. To create the
toothpaste bits, 142g of baking soda and 60ml of coconut oil
were combined. 0.800g of the paste was infused with 20μL of
plant extracts. Bits were then rolled in baking soda and let
sit to fully dry. Lastly, antimicrobial assays (Kirby-Bauer
and Area Coverage Analysis) were performed. Data was analyzed
using R- studio, Microsoft excel, and Image J. The results
showed that Streptococcus mutans showed susceptibility to all
the prepared toothpaste bits. This was supported by the
calculated p-values of less than 0.05. Combining Acmella
oleracea and the toothpaste diminishes the effects of Acmella
oleracea. The mouthwash made from the aqueous solution of
Acmella oleracea was able to inhibit the growth of S. Mutans.
Therefore, 50% concentration of Acmella oleracea is the
minimum concentration needed to fully inhibit the growth of
Streptococcus mutans.
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Journey of the Talking Shard: Analytical Chemistry as Applied
to a Native 
Aspyn Kaskalla

School: Navajo Preparatory
Teacher: Yolanda Flores
Mentor: Dr. Daniel Winarski 

The chemical composition of two modern pottery shards were
analyzed, and compared those results to the chemical
composition about the historical pottery shard found in
Tucson, AZ. Two modern pottery shards were analyzed, one made
with purified clay materials, and using the traditional Zuni
Pueblo style. These were sent to IBM and was analyzed using X-
ray Fluorescence and Scanning Electron Microscope to reveal
the chemical makeup of the decorative design. After examining
the results of the analyses of Zuni shard “TD” and Kaolin and
Illite shard “KL” and comparing them to the chemical analysis
of the Tucson Historical Pottery Shard, it is apparent that
the Zuni shard “TD” is identical to the Tucson shard in terms
of the clays that were found within, the only difference being
the amounts of each clay. However, the Kaolin and Illite shard
“KL” was drastically different, and consisted of Calcium
Montmorillonite rather than Kaolinite, Illite (Magnesium
based) and Illite (Iron based). I speculate that this excess
of Calcium Montmorillonite is due to the commercial clay
materials that were ordered being mixed with cheaper clays and
being marketed as whatever type of clay they were closest to.
But regardless, the shard is still drastically different, and
therefore is considered the one least similar to the Tucson
shard. 
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Hypothalamic EZH2: A Key Regulator of Leptin Sensitivity in
Obesity
Baochan Fan

School: Hamilton High School
Teacher: N/A
Mentor: Dr. Min-Hyun Kim

Obesity is becoming a severe health problem. By 2030, one in
two U.S. adults are predicted to be obese. Leptin, an
adipocyte-derived peptide hormone, serves an essential
function in mediating food intake and energy metabolism where
the levels of leptin production are directly correlated with
the body fat mass of the individual; however, in obesity,
leptin becomes ineffective in suppressing appetite to counter
body weight gain. Revealing the underlying mechanisms that
lead to leptin resistance, therefore, is essential for the
prospect of harnessing leptin as an antiobesity treatment. In
this study, we view obesity and leptin resistance through an
epigenetic approach, allowing us to take into consideration
dietary factors that influence gene expression. We found that
diet-induced obesity in mice was associated with significantly
suppressed hypothalamic gene expression levels of EZH2, a
histone methyltransferase. When administered leptin in lean
mice with EZH2-inhibitor injected into the brain, a less
pronounced decrease in food intake and body weight was
observed. Furthermore, we observed that intermittent fasting
improved leptin action in obese mice, which was coincided with
increased hypothalamic EZH2 gene expression levels to normal
levels. When obese mice were administered with EZH2-
inhibitor, the leptin sensitizing-effect of intermittent
fasting was significantly abolished. These results unravel,
for the first time, the essential role of EZH2 in maintaining
hypothalamic leptin sensitivity in the context of obesity and
the benefits of intermittent fasting in recovering EZH2
expression in the brain.
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Self-degrading Bioplastic: Improving the Biodegradation Rate
of Bioplastics using Aspergillus oryzae Fungi
Carmen Martinez

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Alfred Santos

Plastic is a major problem all over the world. Every day,
people discard plastics like bottles and bags. These items
eventually end up in places like the ocean. Some may argue
that biodegradable plastics are the answer. They use fewer
fossil fuels, have a lower carbon footprint, and generate less
landfill waste. However, certain bioplastics require hot
temperatures or take a long time to decompose. To address this
issue, Aspergillus oryzae fungi was added to bioplastics to
accelerate biodegradation. To complete the project, the
following methods were used. First, potatoes were cut and
soaked overnight to collect starch. Then, the juice was
extracted with a cheese cloth. The solution was centrifuged at
3000 rpm to collect the starch. Second, the potato starch,
vinegar, glycerin, and distilled water were used to create
bioplastics. In each formulation, varying amount of fungi
(0.1g, 0.2g, 0.5g, and 1g) was added. The combinations were
heated and put into molds. Next, the compost pits were then
created using containers and soil. Finally, the rate of
biodegradation of the plastic was determined. The final weight
of each bioplastic was weighed and recorded. Microsoft Excel
was used to organize and analyze the data. The results showed
that Aspergillus oryzae accelerated the biodegradation of
plastics by 80-83% higher than regular bioplastics.
Furthermore, it was found out that the higher the amount of
fungi the faster the biodegradation rate. As a result,
Aspergillus oryzae has the potential to speed up the plastic
decomposition.
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Forecasting County-Level Crop Yield in Top Agricultural-
Producing States Using Satellite Data
Chloe Zhan

School: Hamilton High School
Teacher: Debbie Nipar
Mentor: Debbie Nipar

Yield forecasting is critical for ensuring food security,
especially given the rise of extreme weather events. Despite
its importance, only the USDA NASS provides public state-level
forecasts by conducting costly Objective Yield Surveys. This
project proposed a simple yet effective method for forecasting
the county level yields of major crops in each state by
utilizing remotely-sensed vegetation indices data. The
vegetation indices were retrieved from the MODIS satellite on
the Google Earth Engine platform. Correlations were calculated
between the final county-level crop yields and the monthly
vegetation indices, with the highest correlation of 0.9177
occurring between the maximum NDVI of each growing season and
county level yields. Afterwards, a weighted regression was
formulated to forecast the county-level crop yield by
determining the coefficients between county-level vegetation
indices and yield along with the polynomial technological
trend of yield. The model is continuously retrained with new
data from the past years, and uses the updated coefficients to
forecast the crop yield of the current year. The model was
used to predict the corn yield in every county of Illinois
between the years of 2013 - 2021, achieving a median absolute
percent error of 6.2% throughout the 8 years. The weighted
regression also achieved a highly accurate state level yield
prediction between 2013-2021, with an overall mean absolute
error (MAE) of 4.01%, compared to the USDA NASS forecasts MAE
of 4.31%. This model accurately predicts both county and state
level yields at no cost, allowing for more accessible yield
forecasts.
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Investigating the Effects of Different Growth Media on the
Survival of Microalgae Chlorella vulgaris under an Engineered
Martian Environment: Year 2 Study
Christopher Miranda

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: 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 increase the stress
tolerance and light absorbance capacity of Chlorella vulgaris
within an engineered Martian environment. The following
methods were utilized: First, 80 ml of Chlorella vulgaris
starter cultures were transferred to 150 mL of distilled water
and allowed to grow for a month. Air pumps were used to reach
optimum growth. Algae were then supplied with 5g of Niacin and
3g of Zeaxanthin. The cultures were grown in different growth
media. Treatment 1 were grown in microencapsulation (0.75g of
Sodium alginate, 20g of Calcium chloride, 150 mL of Chlorella
vulgaris). Treatment 2 were grown in liquid medium. The
engineered Martian environment had the following parameters:
20oC temperature, 0.095psi, 50,000 ppm of CO2, 80-84%
humidity, and 8lx UV light intensity. Lastly, the growth of
the algae was observed using a UV-vis spectrophotometer. The
results showed that the encapsulated enhanced algae had the
highest oxygen production of 25.16%. In terms of the growth,
algae that are microencapsulated showed significant difference
from the control (p>0.05). The results of this year’s study
also support the last’s year’s findings. The enhanced
Chlorella vulgaris produced higher oxygen than the control. At
the same time, microencapsulation also enhanced the growth of
the microalgae.
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The Modern World Dilemmas: Does Increased Carbon dioxide
Exposure Influence the Antibiotic Resistance of E. coli?
Diana Navarro

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Alfred Santos

The growing rate of antibiotic resistance is among the biggest
public health threats worldwide. It is also a concern that the
annual rate of carbon dioxide has risen faster than previous
centuries. This project focused on how carbon dioxide affects
antibiotic resistance of E. coli. The methods are as follows,
creating generations of antibiotic resistant E. coli by
following the 0.5 McFarland Standard. Amoxicillin discs were
placed in the center of the plates. Plates were placed inside
a digital incubator under 37oC for 24 hours. The 2nd, 3rd, and
4th generations were created by getting the bacteria from the
edge of the zones of inhibition from the previous generation.
Then, 12 replicates from each generation were exposed to
constant CO2 for 10 minutes inside a chamber and allowed to
grow in a digital incubator for 24 hours. Finally, 20µL of E.
coli was added in a microtube with 2 mL of distilled water.
Samples were transferred to a cuvette and exposed to CO2 in
varying times (2, 5, 7, and 10 minutes). Based on the results,
generation 1 and 2 showed significant increase in antibiotic
resistance while generation 3 and 4 showed regained
susceptibility to amoxicillin. It was also found out that
there is a high correlation between the antibiotic resistance
and carbon dioxide exposure in Generation 1 and 2 as supported
by the calculated R2= (0.8578 and 0.7353). In conclusion,
carbon dioxide exposure affects the antibiotic resistance of
E. coli at early generations. 
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DINÉ (Digitally Integrated Environmental) Arduino Platform for
Environmental Quality, Safety, and Health
Ember Bahe

School: Navajo Preparatory
Teacher: Yolanda Flores
Mentor: Dr. Daniel Winarski

The Four-Corners region of the southwest desert, where the
Diné (Navajo) population lives in hogans. These hogans
occasionally do not have running water and/or electricity, and
they are dependent upon wood fires for heating and sometimes
cooking. This research consisted of four major components. The
first portion involved hardware integration of an Arduino UNO,
and three sensors: particulate matter (PM), temperature, and
carbon monoxide. The second portion was programming the
Arduino UNO to gather PM data: 0.3, 0.5, 1.0, 2.5, 5, and 10
micrometers, as well as temperature in Fahrenheit and Celsius
and carbon monoxide (PPM). The third portion was gathering
data at 12 different locations at Navajo Preparatory School
and displaying that data on a laptop. This display included
current values, averages, maximums, minimums, and sample
numbers. The final portion was using Excel to least-squares
fit an analytical model of the particulate matter as a
function of count and particle size and to calculate the
correlation between the actual data and the model. Measuring
ambient air and cross correlating the analytical model of
particulate matter with actual data was done at 12 locations.
The results showed that a negative-exponential theoretical
model A*exp(particle_size/tau) correlated with actual
particulate matter counts at 99.74%-99.98% (where 100%
represents a perfect correlation). 
This theoretical model and the data showed that fine
particulates, 0.3 micrometers, are the most prolific. The 0.3-
micrometer particles can cause cancer, heart attacks, strokes,
congestive heart failure, COPD, and nervous system problems. 
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“GREEN IS THE NEW IN” A Novel Bio-Sunscreen from Microalgae
Chlorella vulgaris and Chitosan Against Harmful UVA and UVB
Radiation
Eveleen Velarde

School: Harvest Preparatory Academy
Teacher: Harvest Preparatory Academy
Mentor: Harvest Preparatory Academy

Recent studies have shown the number of chemical ingredients
that a lot of commercial sunscreens contain, and how they not
only affect the skin but also our environment. Globally over
14,000 tons of toxic sunscreen enter the ocean each year. This
project focused on the formulation of a novel sunscreen made
with eco-friendly ingredients to protect the skin from UVB and
UVA rays. This project was conducted by preparing the
Chlorella vulgaris cultures using an air pump to supply air
for 4 weeks. Then, using a centrifugal machine to obtain the
algae concentrate and let it dry in an incubator. After the
algae were finally prepared; algae, Tacuma butter, coconut
oil, and chitosan were mixed to make the sunscreen. The novel
sunscreen was then spread on a plastic sheet to be exposed to
UV lights and measured its efficacy against UVA and UVB rays
using a Neulog UVA sensor and Vernier UVB Sensor. The novel
sunscreen was also tested against Staphylococcus epidermidis
and compared it with commercial sunscreen. The results showed
that the novel sunscreen had a higher efficacy in blocking UVA
by 10% as compared to commercial sunscreen, and as for UVB,
the novel and commercial sunscreen had a slight difference in
blocking UVB (0.48%). It also showed that the novel sunscreen
was more effective in preventing the growth of Staphylococcus
epidermidis. In conclusion, the Novel Sunscreen that I
engineered can protect not only the human skin but also the
corals in our ocean 
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Molecular Modeling Guided Design of Glycopeptide Drugs
Hannah Feinberg

School: BASIS Tucson North
Teacher: N/A
Mentor: N/A

Opioids are leading contributors to drug overdose deaths. The
Polt Lab has been interested in peptide drugs because they can
be synthesized to be more receptor-selective, and they break
down into amino acids, which are considered to be non-toxic,
in part because they are naturally occurring in the body.
Their strategy of glycosylation, resulting in glycopeptides,
has shown to improve penetration of the blood brain barrier
(BBB), which is one of the most significant problems for drug
design. Due to the lack of pain treatments without the side
effects of opioids, the Polt Lab synthesized glycopeptide
drugs inspired by oxytocin because of its pain-killing
properties and evolutionary significance. Our goal in this
experiment is to find a more selective version of SSOxy-6 for
the OTR, making the drug more energetically favorable. In this
experiment, if an analogue with lower energy than the original
SSOxy-6 molecule is found, this could save time for my lab
while they research more successful versions of the SSOxy-6
glycopeptide drugs. In vivo testing has been ongoing with Polt
Lab collaborators in which mice are given different doses of
SSOxy-6. Their tails are then put into 52 °C water and the
time the mice leave their tails in the water are recorded. The
drug is administered intravenously, so it must pass the BBB1.
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Engineering of Luminescent Solar Concentrator Panels from
Agrowaste to Improve the Performance of Solar Panels: Year 2
Study
Hannah Tapia

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: 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, areas that are far from
the equator often receive less solar radiation, which means
that tapping on solar energy to provide power in these areas
can be challenging. This research provides an innovative
solution to this problem by utilizing agrowaste on creating
Luminescent Solar Concentrators (LSC) to improve solar panels
performance. This project was conducted using the following
methods. First, I extracted the luminescent pigments using
ethyl acetate. Luminescent extracts where mixed to resins and
molded using silicone molds. A colorimeter was used to test
whether the extracts are distributed evenly. The engineered
LSC was placed above a Neulog solar cell kit and connected it
to Neulog voltage sensor using alligator clips to test its
performance. Based on the results, the LSC infused with the
turmeric extract had the highest average voltage output of
4.22, followed by carrots with 3.85V. It shows that both LSC’s
infused with turmeric and carrot extracts passed the color
consistency test with all 20 samples having less than 2.0
Delta E values meaning that the luminescent extracts were
evenly distributed throughout the panels. This research proves
that Solar panels can be engineered from natural sources like
agrowaste. When switching to renewable sources of energy we
should also consider if it is safe for our health and the
environment.
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The Physics And Aerodynamics of Archery Arrows on a 20-pound 
Recurve Bow with a 27 inch Draw Length
Haylei Redhouse

School: Navajo Preparatory School
Teacher: Yolanda Flores
Mentor: Yolanda Flores

The purpose of this investigation is to find the effects of
different spine measurement arrows have on a 20-pound recurve
bow with a draw length of 27 inches. Spine is the measurement
of an arrow’s bending flexibility. Barebow is the type of
archery used which only consists of the recurve bow, the
string, and the arrows. The process of finding which arrows
optimize the best grouping is called tuning. To fine tune an
archer’s shooting, the bow, arrow, and archer must match one
another. Six types of arrows will be used to fine tune which
best flies, and all are made of Fiberglass.  Three of the
arrows have different brands so their spine measurement will
be different from that of PSE (Precision Shooting Equipment)
Archery. They are: 600 spine PSE Razorback, 800 spine PSE
Razorback, 1200 spine PSE Razorback, 180 spine Pro Select, 600
spine Fleetwood Legion, and a Generic Walmart Brand of an
unknown spine. The hypothesis was, “If the spine of the arrow
increases then the arrow will have less power hitting the
target because as the spine increases, the more flexible (or
more bendable) the arrow becomes.” I have concluded that it is
not accurate. When changing the spine of the arrow, the amount
of force it travels does not have a significant change. When
the spine of the arrow increases, the arrow will land further
to the right of the target. 
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Predicting the Severity of Apnea through Machine Learning
Isabella Mixton-Garcia

School: University High School
Teacher: N/A
Mentor: Dr. Xiaoxiao Sun

Prediction modeling has limitless potential in insurance,
retail, and healthcare. Predictive models allow corporations
and health officials to make decisions based on statistical
data. Obstructive sleep apnea (OSA) is a severe disease that
affects 5% to 14% of adults. This disease has caused adverse
effects to its constituents, and most people suffering from
severe OSA die. This project presents a prediction model using
random forest (RF) to accurately predict patients with none
and severe OSA to make it easier to diagnose. Previous works
have addressed models for prediction of OSA severity, but no
significant study has been conducted using random forest
model. This process was done by collecting demographic and
polysomnography data from 781 participants. Data analysis was
conducted by only considering none and severe OSA and removing
those with not applicable variables leading to only 339
participants being considered for the model. The data was
initiated in the RF model through the program RStudio. The
results equated to 74.34% accuracy based on the confusion
matrix for testing data.Making RF prediction model a valid
model to predict OSA, this can shorten the diagnosis timeframe
from a week to just one day, as the model can make its
predictions through a questionnaire and overnight PSG test.
This quick analysis allows sleep specialists to diagnose and
treat the patient quicker.

A r i z o n a  J S H S P a g e  2 6

P

R

E

S

E

N

T

E

R

S

https://d.docs.live.net/8176773b7a033dfe/Desktop/School/Year%2022-23/SARSEF%202023/JSHS%202023/MixtonGarcia_Isabella_Paper.docx#_msocom_2


O

U

R

Live Electroencephalography and Neurostimulation to Increase
Cognitive Attention
Ivan-Alexander Kroumov

School: Arizona College Prep High School
Teacher: N/A
Mentor: Jacob Schuler

Attention is crucial for optimal cognitive performance. Given
the growing issue of decreased attention span resulting in
over 650,000 casualties per year, finding ways to improve
attention is important. Currently, medications and
transcranial stimulation (tES) are the main methods used to
regulate attention. However, medications may be unreliable or
have undesired side-effects, and tES centers are very sparse,
making it difficult to sustain attention. The proposed system
aims to enhance attention by stimulating norepinephrine
production and suppressing 8Hz to 12Hz frequencies in the
brain. Research has shown that inattention is indicated by
dominant alpha band activity between 8Hz and 12Hz. Using EEG
to capture brain waves, filters extract frequencies between
5Hz and 70Hz. An arduino then performs a Fast Fourier
Transform to determine the frequency with the greatest
magnitude. If the dominant frequency falls within this range,
an LED light will flash, signaling inattention. Upon simulated
brainwave input, the system accurately identified dominant
frequencies in the alpha band range from 10Hz to 12Hz and
successfully prompted the LED stimulus 100% of the time. In
the future, the LED stimulus will be amended with transcranial
electrical stimulation applied behind the ears to directly
stimulate norepinephrine release. This technology would be
especially useful for military personnel, workers with long
duration shifts, and vehicle operators. Overall, the proposed
system has been successful in detecting alpha band dominance
and triggering the LED and tES stimulus, indicating its
potential to effectively regulate attention.
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DermaTech: A Novel, Non-Invasive Technology to Detect Skin
Cancer
Janvi Srivastava

School: BASIS Scottsdale
Teacher: N/A
Mentor: N/A

Skin cancer is the most common cancer worldwide, with 2 people
dying of skin cancer every hour 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-year survival rate being about
99%. Many rural or low-income communities lack healthcare
facilities, increasing the risk of skin cancer going
undetected. By developing an online application that can
accurately detect the main types of skin cancer, people
without access to the proper healthcare resources will be able
to easily identify potential tumors with their own device,
such as a phone with a camera. DermaTech is the first non-
invasive, online tool to be able to detect all 7 of the main
types of skin lesions (Melanocytic Nevus, Melanoma, Benign
Keratosis, Basal Cell Carcinoma, Actinic Keratosis,
Dermatofibroma, and Vascular lesions) that uses the MobileNet
AI model, a new type of streamlined, highly accurate computer-
vision model. To make an accurate image-recognition model that
would be able to distinguish between the specific types of
cancerous, precancerous, and benign lesions, 3 different
artificial intelligence models were built and tested for the
highest ROC AUC score: K-Nearest Neighbors (KNN),
Convolutional Neural Network (CNN), and MobileNet. The model
with the highest predictive accuracy was the MobileNet model,
with a ROC AUC score of 0.9228, as opposed to the average
0.866 to 0.889 score for expert dermatologists (ScienceDaily,
2018).
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Novel Approach on Mitigating Ocean Acidification by Enhancing
the Photosynthesis Rate of Macroalgae Ulva Lactuca- Phase II
Jimena Uribe Lin

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Allison Faye Michael

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. In order to
address this issue, this project aimed at mitigating ocean
acidification by enhancing the photosynthesis rate of
Macroalgae Ulva lactuca. The methods of this research include
the following: First, Ulva lactuca were supplied with 0.3g
carotene, 1g phycobilin, and 0.1 coumarin. Secondly,
phytotoxicity effects of the enhanced Ulva lactuca was
assessed by exposing it to mangrove seedlings and by measuring
the Chlorophyl levels. A pH monitoring system was engineered
using DFrobot and Aduino uno. Next, the dissolved oxygen level
were measured and recorded using Neulog Dissolved Oxygen
sensor. Lastly, the pH level and oxygen level were measured
weekly for a span of one month. The results showed that the
treatments with enhanced Ulva lactuca had a higher average
photosynthesis rate as compared to the control. The pH level
of the water with the enhanced Ulva lactuca increased by an
average of 2.7 (p value is less than 0.05 ANOVA Test). The
pearson correlation value of 0.84 was calculated which
indicated that there is a high correlation between the
photosynthesis rate and pH level of the water. Lastly, the
treatments with enhanced Ulva lactuca did not have any
phytotoxic effects on the mangrove seedlings. A prototype was
engineered using a 3D printer and was equipped with a GPS. 
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Identification of the Artificial Synthesis of Aromatic Amino
Acid Tyrosine, Based on Absorbance Peaks
Jordyn Begay

School: Navajo Preparatory School
Teacher: Yolanda Flores
Mentor: Dr. Daniel Winarski

The aromatic amino acid Tyrosine was synthesized using three
types of clays, water, heat, and a few common compounds.
However, initial efforts to identify Tyrosine were stymied by
the sole use of the Pearson Correlation Coefficient to
statistically compare synthesized compounds with laboratory
grade amino acids, without any understanding of the underlying
chemistry. This synthesis was successfully revisited with the
aid of quantitative chemistry, to understand the actual
chemical bonding and thus the amino acid synthesized. The
Beer-Lambert equation, Plank’s equation, and two dominant
spectroscopic absorbance peaks at λ1 = 287nm and λ2 = 294nm
were critical to this study.The dominant spectroscopic peaks
represented electron transitions, as these peaks were
significantly higher than all other absorbance data in the
absorbance versus wavelength graph. These two dominant peaks
became an UV/Vis “signature” which led to identifying the
aromatic amino acid Tyrosine as having been created by all
three types of clays. The Beer-Lambert equation was applied to
show that Moroccan Clay produced a higher concentration of
Tyrosine than Talc, and Talc produced a higher concentration
than Kaolinite.
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Anthocyanin-Based Polymeric Matrices That Can Detect Shrimp’s
Freshness
Jorge Covarrubias

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Alfred Santos

In 2021, 400 million megatons of shrimp were produced. The
average American consumes 4 lbs. of shrimp annually. However,
despite the large consumption, there are no available methods
to test the freshness of the shrimp available to consumers.
This research aimed to engineer a polymeric matrix that can
detect shrimps’ freshness using anthocyanin collected from
waste red cabbage and black rice soaked in water. The
polymeric matrices were created using 10mL of deionized water,
1g of agar, and 16 mL of anthocyanin. To test the color change
and sensitivity, researchers prepared a pH calibration of 4.0,
6.86, 9.18 and 12.0. Matrices were submerged in the prepared
solution and coloration changes were measured using a
colorimeter. Delta E values were recorded for reference. The
matrices were then tested on fresh and contaminated shrimp.
Delta E values were measured using a colorimeter. Data were
analyzed using Microsoft Excel. The results showed that RCE
showed 100% accuracy on detecting the freshness of the shrimp
while BRE had an 80% accuracy. However, visually, RCE showed
more consistent coloration as compared to BRE matrices. This
is supported by the measure delta E values. In conclusion, the
engineered polymeric matrices from red cabbage showed higher
potential as a biomaterial on detecting shrimp’s freshness.
The polymeric matrices made from RCE is effective,
ecofriendly, and economically cheap.

A r i z o n a  J S H S P a g e  3 1

P

R

E

S

E

N

T

E

R

S



O

U

R

Physicochemical and Antimicrobial Analysis of an Engineered
Lipstick Using Dyes from Natural Sources - A Novel Year 2
Study
Josselyn Hernandez

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Allison Faye Michael

On an average, women in U.S.A spend more than $3500 dollars on
lipstick in their lifetime. However, studies have discovered
that current cosmetic lipsticks contain harmful chemicals. All
these damaging chemicals not only affect the skin but also the
environment. This project aimed to engineer lipstick using
dyes from natural sources. First, lipsticks were engineered
using tacuma butter, coconut oil, candelilla wax, essential
oils, annatto seeds extract and beet root powder. To test
their antimicrobial properties, Kirby-Bauer Sensitivity Assay
were performed. 4 replicates per treatment were made with
commercial lipsticks as the control. The results showed that
all the engineered lipsticks were able to prevent the growth
of fungi Candida albicans. Color analysis was done using a
colorimeter following the L*a*b* system and Hex# were obtained
to identify the specific color. UV protection tests were done
using UVA and UVB sensors. Lastly, melting point tests were
done to the engineered lipsticks. Annato exhibited the highest
average zones of inhibition measuring 24.50mm. On the other
hand, beetroot had the highest average zones of inhibition of
18.23mm against S. epidermidis. In terms of color consistency,
Annato had 90%, while beet root lipstick had 100%. Annato
lipstick color was identified to be buff while the beet root
lipstick was identified to be silver pink. Both engineered
lipsticks showed significant protection against UVA and UVB.
The lipstick melting point, however, is 10oC lower than the
average commercial lipsticks. The results proved that common
cosmetic products such lipsticks can be made using
environmentally safe sources.
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Electrochemistry Using Different Metals
Jude Thomas

School: Navajo Preparatory School
Teacher: Yolanda Flores
Mentor: Dr. Daniel Winarski 

The purpose of this research is to construct a table listing
the reduction potentials of a series of metal ions, in order
of ease in reduction. The series of microscale half-cells is
constructed by placing a piece of metal into a 1.0 M solution
of its ions for each metal in the series. The metals chosen
are copper, iron, lead, magnesium, silver, and zinc. The half-
cells are connected by a salt bridge constructed of a strip of
filter paper soaked in a solution of potassium nitrate. The
zinc half-cell is chosen as the reference standard, and all
the potentials are measured with respect to the zinc
electrode. The predicted potential and measured electron
potential of each metal and the values differ a bit to the
measured electron potential. However, when I ranked the
reduction potential, the ranking equations agreed exactly with
the ranking in a published chart of E0 values.  My theoretical
voltages and empirical voltages correlated to 99.25%, meaning
that I could accept my hypothesis.
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Applications of the Engineered Novel Solid and Liquid
Bioplastics from Invasive Algae and Waste Corncobs- Year 2
Study
Julianna Serna-Ortiz

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Alfred Santos

Are biodegradable plastics in the market truly biodegradable?
Current biodegradable plastics such as PLA and oxo-
biodegradables 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. The next step was to prepare the solutions for
the bioplastic and liquid bio-polymer. The antibacterial and
antifungal tests were performed. Finally, strength and melting
point tests were performed. The results showed that the
engineered bioplastic was the most efficient. The novel
bioplastic had a melting point of 116.65 °C, while the oxo-
biodegradable plastic exceeded the maximum temperature of the
melt station which is 260 °C. The antibacterial test showed
that the higher the amount of the liquid bioplastic, the lower
the bacterial coverage growth. In this case, 80 microliters
almost killed all the E. coli. For the leaf preservation test,
the liquid bioplastic slowed down the deterioration of
chlorophyll in leaves by 19% (p<0.05) as compared to the
control. 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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Minimizing Agricultural Wastes using Nature-derived Coatings:
A Novel Application of Chitosan and Carboxymethyl cellulose
(CMC)
Karan Chava

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Alfred Santos

Many of agricultural products go bad or rotten just for a few
days or even hours. In United States alone 30% of all food
worth approximately $48.3 billion is thrown away each year.
This project aimed to develop a method to minimize
agricultural wastes using nature derived coatings. This
project was conducted using the following methods: First,
different formulation of Carboxymethlycellulose and chitosan
were prepared. The formulations were then subjected to
phytotoxicity test using mung beans (Vigna radiata). Leaves
were coated with the formulations to test if they can preserve
the chlorophyll of the leaves. To test the fruit hardness, a
penetrometer was used. Lastly, the coats were tested against
mold. Formulation 2 (0.5g CMC + 0.5g chitosan) exhibited the
highest efficacy of chlorophyll preservation (p<0.05).
Formulation 2 also showed the highest preservation effects on
tomatoes and apples. Lastly, the created formulations
prevented the growth of the mold.
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Filamentation of Drosophila melanogaster Phosphofructokinase-1
Keona Kuo

School: University High School
Teacher: Kevin Nieves Pichardo
Mentor: Dr. Nancy C. Horton and Noura Darwish

The rate-limiting step of glycolysis, the process by which
glucose is broken down to produce energy, is catalyzed by the
enzyme phosphofructokinase-1 (PFK). The liver isoform of human
PFK (hPFKL) has recently been found to organize into chains of
tetramers, forming filament structures. Drosophila
melanogaster, the fruit fly, is commonly used as a model
system to study human development and disease. This study
aimed to determine if Drosophila melanogaster PFK (DmPFK)
forms filaments, and if so, under what conditions. We
predicted that filamentation occurs in the presence of factors
that inhibit PFK. To determine the conditions under which PFK
forms filaments, the protein was purified from Escherichia
coli cells by capturing it with nickel resin and additionally
using ion exchange fast protein liquid chromatography (FPLC).
Successful purification was detected via western blot and
Coomassie stained SDS-PAGE gel with bands at 89 kDa. Out of
the five buffers tested, DmPFK was concentrated to 0.1 mg/ml
and had the highest enzymatic activity rate in: 100 mM sodium
phosphate, 50 mM NaCl, 1 mM EDTA, 1 mM BME, 5% glycerol,
adjusted to pH 7.5 at room temperature. The presence of
various substrates and salts, including ATP, Mg2+, F6P and
(NH₄)₂SO₄ induce the filamentation of DmPFK. Our future
research will investigate the role filaments might play in the
regulation of DmPFK, a critical metabolic enzyme which helps
provide energy for cells, affecting cancers, auto immune, and
neurodegenerative diseases.
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At Home Diagnostic-Tool for Alzheimer’s Disease
Lailla Burka

School: Desert Mountain High School
Teacher: N/A
Mentor: Jessica N. Lancaster, PH.D.

Alzheimer's disease (AD) is a devastating neurodegenerative
disorder that affects memory, thinking, and behavior, and is a
leading cause of death among adults over 60. The number of
individuals living with AD is projected to triple by 2050,
making early detection and intervention essential to enhancing
the quality of life for those who are afflicted. To address
this pressing need, this study aimed to investigate the
potential of using nasal secretion as a non-invasive, at-home
diagnostic tool for AD. The experiment tested the presence of
the protein interleukin-6 (IL-6) in the nasal secretions of
mice with AD pathology, as IL-6 is a type of cytokine that is
elevated in the blood of individuals with AD. The study was
conducted at the Mayo Clinic under the supervision of Jessica
Lancaster. The first experiment involved testing for protein
levels in nasal secretion of healthy older mice using a
Bicinchoninic Acid assay. The second test was an ELISA assay
designed to measure IL-6 levels in the nasal secretion of mice
of different ages and genders, including mice with AD
pathology. The results showed the presence of elevated levels
of IL-6 in the nasal secretions of mice with AD pathology,
suggesting that IL-6 may be a potential biomarker for AD and
that nasal secretions could be a useful source for biomarker
discovery in this disease. These findings provide new insights
into the potential use of nasal secretion as a diagnostic tool
for AD and highlight the importance of further research in
this area.
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Analysis of the Aguas Zarcas Carbonaceous Chondrite Meteorite 
and Comparison with Asteroids
Marcus Nahalea

School: Navajo Preparatory School
Teacher: Yolanda Flores
Mentor: Dr. Daniel Winarski

The Aguas Zarcas CM2 carbonaceous Chondrite meteorite fell in
Costa Rica the evening of April 23, 2019. This science project
took a sample of a portion of this “CM2” meteorite, and
compared its chemical makeup to asteroids. Identification of
chemical elements in the meteorite was made via a Hitachi
Field-Emission Scanning Electron Microscope (FE-SEM). The
identified chemical elements and their atom percentages became
input to an Excel spreadsheet to identify minerals, as well as
free iron and carbon. The initial identification used a
Hitachi S-4700 Field-Emission Scanning-Electron-Microscope,
which found the atom percent of constituents of 18 phases in
Area-1 and 21 material phases in Area-2. Free iron Fe and
carbon C were identified, along with several minerals,
including Enstatite MgSiO3 (a pyroxene), Enstatite–Ferrosilite
MgFeSi2O6 (a pyroxene), Diopside-Hedenbergite CaMgSi2O6-
CaFeSi2O6, Fayalite (Fa) Fe2SiO4 and Fosterite (Fo) Mg2SiO4
(components of Olivine), Hematite Fe2O3, Cohenite (Fe,Ni)3C,
and Potassium bitartrate KC4H5O6.The Excel spreadsheet was
programmed to sort through seventeen variables (possible
minerals) for each of 18 phases in Area 1 and 21 phases in
Area 2, representing 17*(18+21) = 663 calculations in all.
Using the MAX function, Excel picked the mineral (or free iron
or carbon) which explained the maximum atomic percent of each
phase. The identified minerals as well as free carbon and
iron, when compared to asteroids visited by space probes,
supported the hypothesis that this carbonaceous chondrite
meteorite was indeed extraterrestrial and its predecessors
could have helped life to evolve on our Earth.
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Batch Adsorption of Methylene Blue using Fresh Prickly Pear
Cactus Cladodes as a Model for Textile Wastewater Remediation
Maritza Roberts-Padilla

School: BASIS Tucson North
Teacher: N/A
Mentor: Dr. Derek Reichel

The textile waste industry is responsible for producing 20% of
all global wastewater pollution. Specifically, Methylene Blue
(MB) is the most commonly used dye in the textile industry.
The usage of this dye results problematic. MB acts as a toxic
effluent and causes eutrophication in wastewater streams.
Although previous studies have focused on MB adsorption onto
chemically-activated carbon due to the large surface area,
using fresh, untreated biomass has often been overlooked;
Fresh cactus is easily recoverable unlike Activated Carbon,
and thus, a useful remediation tool in wastewater streams.
This study aimed to understand the effectiveness of Opuntia
ficus-indica as a potential adsorbent for MB by understanding
how the parameters, such as contact time, adsorbate dosage and
temperature may affect adsorption. Results indicate
that decreasing temperature (4C), increasing contact time and
increasing initial dosage all increased the average adsorption
of MB and the average concentration of MB adsorbed. Therefore,
we can conclude that 1) the fresh prickly-pear cactus adsorbs
the MB and 2) MB adsorption onto OFI is dependent on dosage
(g/mL), contact time (H) and temperature ©.
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Trust in the Use of Artificial Intelligence Technology in
Healthcare
Meenal Srivastava

School: BASIS Scottsdale
Teacher: N/A
Mentor: N/A

Results from previous research examining trust and the use of
artificial intelligence (AI) have been mixed. A cross-cultural
examination of trust in AI found that approximately 37% of
respondents were unwilling to rely on information provided by
AI and approximately 30% were unwilling to rely on AI for
health care. Results have demonstrated that several factors
appear to influence trust in AI including; age, education
level, employment history, prior hospitalization, severity of
medical condition, confidence in physicians, as well as
enculturation in a Western culture. Younger populations (e.g.,
Millennials and Gen Z) are more trusting of AI and digital
technology in healthcare compared to other generational
cohorts. Moreover, those with a college education were more
likely to trust and approve of AI in general. Research has
also demonstrated that characteristics of the AI system,
including ease of explanation and invasiveness of procedure
also impact trust in AI. Our hypothesis stated that
participants, all college students, would rate their trust
lower for the treatment plan developed by the artificial
intelligence system than a treatment plan developed by a
physician. Our results were consistent t(79) = 5.09, p < .001,
d = 1.15, a very large practical effect. Results also
indicated that there was no significant difference between the
scenarios and ratings of overall healthcare trust t(79) =
-.06, p = .95. Our results contradicted previous research
related to gender, ethnicity, prior hospitalizations and trust
in AI.
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Impact of Different Sound Frequencies on The Growth Of E. coli
on Romaine Lettuce
Mercedes Castro

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Alfred Santos

In 2018, an E. coli outbreak took place across the US and the
reason behind it was the contaminated Romaine lettuce traced
back to Yuma, Arizona. This project investigated a unique way
of preventing E. coli contamination in Romaine lettuce using
different noises. This project followed these methods. First,
E. coli dilution were prepared by following the 0.5 McFarland
Standard. Next prepared dilution was diluted once again in 100
mL of distilled water. 2 mL of the prepared dilution were
placed in microtubes. Romaine lettuce were cut into squares
and were treated with bacterial dilution. Treatments were
exposed to different noises (white, brown, and pink), while
the control did not receive any sound exposure. Bacterial
colonies and area coverage were analyzed using Image J
program. The results showed that white noise lowered down the
number of E. coli colonies as compared to other noises.
However, brown noise increased the number of E. coli colonies
that is even higher than the control. In terms of the area
coverage, white noise had the smallest area coverage as
compared to the control and other noises. In conclusion, white
noise was found to be the most effective on preventing the
growth of E. coli in Romaine lettuce. This project shows a
unique and cost effective way of preventing E. coli
contamination in Romaine lettuce.
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Pest Buster! Agro-industrial Residue against Pests Infestation
Michael Castro

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Alfred Santos

Pest infestation is a major challenge that affects more than
600,000 American households every year. To solve this problem,
this research led to the development of a simple pesticide
using grape skin residue that can reduce the number of pests
harming numerous homes and establishments. This experiment was
conducted using the following methods: First, a permit was
obtained in order to work with the test subjects. Moreover,
grape skins were collected and placed inside a mason jar for 8
weeks. The agro-residue from grape skin were transferred to a
spray bottle for testing. Furthermore, the collected residue
was tested on the following pests: Snails, Termite, and Pill
bugs. Fourthly, the test subjects were counted and placed
separately inside a container. Each container received 10
sprays of the grape skin residue. After10-minute interval, the
test subjects received another 10 sprays of the solution and
the lid are closed. The number of dead pests were counted and
recorded in every 10 minute interval. The findings showed that
the agro-residue instantly killed all the snails within the
first 10 minute. On the other hand, it took 50 minutes to
eliminate all the termites and pillbugs. However, the
observations shows that after the first few sprays, the pill
bugs and termites exhibited immobility. This research shows
that pesticides can be made from Agroindustrial residue.
Current pesticides contain harmful chemicals that doesn’t only
affect our health but as well as the environment.
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Binding Characteristics of SARS CoV-2 and Antibody
Michael Lau

School: Arizona College Prep High
Teacher: N/A
Mentor: N/A

Since the Severe Acute Respiratory Syndrome Coronavirus 2
(SARS CoV-2 or COVID-19) outbreak, antibody effectiveness has
been the center of study for research and development of
countermeasures. Focus reduction neutralization test (FRNT)
data collected by Takashita et al., (2022) shows that
antibodies can have varied effects on different COVID-19
strains. FRNT can be used as a reference for the effectiveness
of antibodies to COVID-19 strains. FRNT is the concentration
of antibody required to neutralize COVID-19 in ng/mL where
lower values indicate more effective antibodies. Computational
tools such as Visual Molecular Dynamics (VMD) and PyMOL allow
for studying the binding mechanisms between antibodies and
COVID-19 receptor binding domains (RBD). In this research,
electrostatic distributions, protein orientations, and contact
areas of complexes were evaluated to examine whether these
effects exist. After examining combinations of 2 antibodies
and 5 RBD strains, commonalities were found in the results
consisting of 3 electrostatics patterns (Y/Y, Y/N or N/Y, N/N)
and 2 orientations of complexes (0-degree, 90-degree). For the
complexes with effective antibodies, it shows that the
electrostatics pattern is Y/Y and 90-degree orientations.
Meanwhile, less effective antibodies showed N/N electrostatics
patterns and 0-degree orientations. This supports the
hypothesis that orientation and electrostatics properties of
antibodies may contribute to their effectiveness against
certain strains. Further exploration in this topic may benefit
discovering viral mechanisms such as COVID-19 glycan gates and
creating more effective antibodies for COVID-19. 
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HyperGlycemiaAssist: Personalized Blood Glucose Level and
Postprandial Hyperglycemia Prediction using Neural Networks
Prisha Shroff

School: Hamilton High School
Teacher: N/A
Mentor: Hassan Ghasemzadeh

About 422 million people worldwide have diabetes, the majority
living in low-and middle-income countries, and 1.5 million
deaths are directly attributed to diabetes each year. In the
US, over 37.3 million people have diabetes (11.3% of the US
population) and over 96 million people 18+ have prediabetes
(38.0% of the adult US population). One of the biggest
problems faced today, by these patients as well as healthy
individuals, is lack of blood glucose level management between
meals, which leads to postprandial hyperglycemia. Postprandial
hyperglycemia is described as unnatural spikes in blood
glucose levels after the consumption of a meal. The effects of
postprandial hyperglycemia include diabetic retinopathy,
vascular dementia, nerve damage, cardiovascular diseases,
kidney disease, diabetic ketoacidosis, and diabetic
neuropathy. If an individual experiences postprandial
hyperglycemia often, they can be diagnosed with a multitude of
health disorders such as prediabetes, diabetes,
atherosclerosis and obesity. Therefore, there is a need for a
solution that can manage blood glucose levels and predict
hyperglycemic events to help individuals avoid postprandial
hyperglycemia. The current solutions in the market have begun
tackling this problem; however, they do not achieve an optimal
accuracy, do not take a variety of input parameters, and
utilize small data sets. HyperGlycemia Assist is a novel
algorithm that predicts blood glucose response and
postprandial hyperglycemic events after a meal is consumed,
utilizing behavioral, psychological and health data as input.
The algorithm uses a Convolutional Neural Network for time
series blood glucose level forecasting and a Random Forest
Classifier for hyperglycemic prediction. This algorithm
accurately predicts the glucose response to data with minimal
mean absolute error of 0.809 and a 97% hyperglycemic event
classification accuracy The algorithm developed was a simple,
yet accurate way to help individuals manage their glucose
levels and be forewarned of future hyperglycemic events. The
results demonstrate the potential of a convolutional neural
network algorithm when applied to the management of blood
glucose levels. The potential of the HyperGlycemia Assist can
positively impact over 623 million people’s lives who are at
risk from the aforementioned disorders.
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A Novel Method of Soilization of Martian and Lunar Regolith as
Indicated by Photosynthesis Rate, Water Retention Rate, and
Plant Overall Health
Sheyla Solorzano

School: Harvest Preparatory Academy
Teacher: Alfred Santos
Mentor: Allison Faye Michael

NASA has set in place the program Artemis, which plans to land
on the moon in 2023- 2024, and by 2033, send the first human
to Mars. Yet to explore deep space, steady food resources is
needed. Current solutions have limited shelf life, costly, and
inefficient. This study investigated a novel method of
improving the Martian and Lunar regolith. This project was
conducted using the following methods: First, prepare the
soil, Lunar Simulant and Martian Simulant were mixed with
Miracle-Gro Potting Mix and Pectin in varying ratios.
Secondly, testing for the soil retention, soil moistures were
measured and recorded after 24 hours using a Neulog Soil
Moisture Sensor. Phaseolus vulgaris seeds were soaked in 250
mL of water and 2.5g of auxin for 24 hours, then the seeds
were placed inside a vacuum chamber for 48 hours, simulating
Mars surface pressure (0.97 psi) and Moon (0.15 psi).
Germinated seeds were planted in the prepared soil combination
for 1 month. The results showed that Mixture 2 for both the
lunar and Martian regolith showed the closest results to the
control (plants grown in Earth soil) in terms of moisture and
chlorophyll content, root length, stem length and biomass.
This is supported by the calculated p-value of less than 0.05,
and a linear regression analysis with R 2 values of
0.8973(Martian soil) and 0.905(Lunar Soil) which indicate high
correlation values. This research presents an innovative
method of tapping available regolith for future space
agriculture as food source for future deep space exploration.
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Association Between Common Lifestyle Factors and Specific
Genetic Mutations in Pancreatic Adenocarcinoma (PDAC)
Sohini Mallick

School: University High School
Teacher: Dhruva Bhattacharya
Mentor: Dr. Ritu Pandey

Pancreatic cancer is the third leading cause of cancer death,
particularly pancreatic ductal adenocarcinoma (PDAC). Previous
studies have linked several lifestyle risks factors such as
red meat consumption, physical activity, and especially
alcohol and smoking overuse to PDAC but needed further
research. Furthermore, from the limited studies that
identified highly significant risk factors, few found the role
of lesser-known genetic mutations that contributed to PDAC.
Most studies examined the involvement of four major driver
genes, KRAS, TP53, CDKN2A, and SMAD4 genes, however, PDAC
patients often need multiple mutations for cells to become
cancerous. Our study attempts to find the most significant
lifestyle factors that can lead to the development of PDAC
through statistical analyses of the most significant mutated
genes. According to a John Hopkins study, 80% of PDAC patients
are diagnosed at a late stage, emphasizing the importance of
thoroughly investigate these risk factors in order to find new
biomarkers and targeted therapy. In our study, PDAC subject
were identified from the CPTAC dataset and statistical tests
were performed using R-software. Alcohol consumption and
smoking were found to be the most significant risk factors,
among various factors tested. The most significant genes
identified in the data set were TAF1L and MUC4 for alcohol
consumers and RNF43, AFP, KCNJ8, KL, MEGF10, and PXDN for
smokers. Analyses were performed to identify their roles in
the development of PDAC and possible therapeutic targets.
These results potentially aid in the earlier diagnosis of
PDAC.
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Characterization of Magnetic Tunnel Junctions for Applications
in Magnetic Field Sensing
Steven Amanat

School: BASIS Tucson North
Teacher: N/A
Mentor: Weigang Wang

Magnetic tunnel junctions have recently become a prominent
topic of research for their applications in magnetic field
sensing and digital memories. A magnetic tunnel junction
consists of an insulating layer sandwiched between two
ferromagnetic layers: one with a fixed magnetization, and one
with a variable magnetization. As a magnetic field sweep is
applied, the junction switches between two states: the
parallel state, where the magnetizations of the two
ferromagnetic layers are parallel to each other, and the
antiparallel state, where the magnetizations of the two layers
are antiparallel to each other. The antiparallel state
corresponds to high resistance, while the parallel state
corresponds to low resistance. The resistance for a given
junction can be expressed as a percent change in resistance
between the parallel and antiparallel states, known as the
tunneling magnetoresistance (TMR) percentage. In this project,
we run a biasing current through a set of junctions as we
apply a magnetic field sweep and observe the switching between
the antiparallel and parallel states. Then, we identify
junctions viable for magnetic field sensing based on three
parameters: stability of switching, TMR percentage, and order
of magnitude of resistance. We identify a set of junctions
that fit these parameters, and then we investigate the noise
involved in magnetic field sensing using these junctions.
Together, this project lays a foundation for the application
of these junctions toward magnetocardiography: the measurement
of the magnetic fields of the heart.
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Examining hindbrain activation at multiple time points
following a small intestinal lipid infusion in mice
Valeria Tocanos-Pasos

School: Flowing Wells High School
Teacher: Jessica Dietrich
Mentor: Jessica Dietrich

Obesity and diabetes are life-debilitating health conditions
that may lead to life-long health complications. Energy
homeostasis is tightly regulated, helping maintain food
satiation and satiety that contributes to overall energy
intake, and requires significant input from the
gastrointestinal tract. Impaired energy homeostasis involves
impaired brain signaling due to improper gut sensing and
signaling of nutrients, leading to the increased food intake
associated with obesity. In this study, we examine the gut-to-
brain signaling pathway associated with maintenance of energy
homeostasis and nutrient-induced satiation by examining the
activation of the nucleus tractus solitarius (NTS) via the
neuronal marker, cFos, at 30, 60 and 90 minutes after an
intralipid or saline infusion in the small intestine of mice.
Intralipid and saline were infused into the small intestine of
mice through a surgically-implanted catheter and fixed brain
slices were collected for immunofluorescent imaging and
analysis. We found that intralipid increases cFos activation
in the NTS at all three timepoints, with the greatest increase
compared to saline at the 30-minute time point. The results
lay the groundwork for future studies looking to target the
small intestinal gut-brain signaling pathway and demonstrate
the optimal time point for examining neuronal activation
following a small intestinal nutrient stimulus.
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Statistical Correlation of SO2, NO2, O3, and PM10: Farmington,
NM Area of the Navajo Nation
Winni Morgan

School: Navajo Preparatory School
Teacher: Yolanda Flores
Mentor: Dr. Daniel Winarski

This purpose of this research is to find out if there is a
correlation between SO2, NO2, O3, and PM10 in Farmington NM in
the area of the Navajo Nation and if sulfur dioxide levels in
during winter temperature inversions present a health hazard
to members of the Navajo Nation. Iphone and the San Juan air
quality monitoring system was used to process the data, and
Google Maps to diagram and observe stations. At a temperature
of -1°C, the level of SO2 is 498 and at dangerous levels the
last 4 years. The highest levels recorded are January 13, 2020
of 129 and December 3, 2019 of 124. In conclusion, there’s a
correlation between the air pollutants in Farmington NM in the
area of the Navajo Nation, and sulfur dioxide levels during
winter temperatures do present health hazards to members of
the Navajo Nation. This and other high concentrations of
sulfur dioxide typically, but not always, diminished after
sunrise, when the arrival of sunlight would break up the
temperature inversion and allow the escape of sulfur dioxide.
Sometimes, the sulfur dioxide problem lasted all day long,
such as December 21, 2019. The goal of this study is to show
that regions of the United States, including the Navajo
Nation, should not expose sensitive tribal members to these
high levels of toxic emissions when temperature inversions
exist. 
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M E E T  O U R  P O S T E R  S E S S I O N
R E S E A R C H E R S

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. 
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Comparison of Difference in Growth and Development Between
Alfalfa Plants Watered via Drip Irrigation vs. Traditional
Sprinkler Irrigation
Hayden Barbosa

School: Perry High School
Mentor: Mrs. Hutchinson

  
The Colorado River drought is a dangerous issue that is
rapidly beginning to increase in size in correlation with
global warming, and ½ of the water diverted from the river is
used to produce cattle feed. The aim of this project was to
test an irrigation method to decrease the amount of water used
to raise cattle. In this project, four different methods of
watering were used to see which type of irrigation would cause
the greatest growth. It was found that the plants watered with
drip irrigation both grew to a greater extent than the
traditionally irrigated plants. The results of this project
exemplify how drip irrigation could be used to reduce the
impact of beef production on the environment.

A r i z o n a  J S H S P a g e  5 1



O

U

R

P

R

E

S

E

N

T

E

R

S

Life at the Bottom of Europa’s Subsurface Ocean
Colin Boecker-Grieme

School: Paradise Valley High School
Mentor: Galen Bergsten

  
Europa is one of the many moons orbiting Jupiter but one of
the few moons in the solar system that have the potential to
host life of any form. Europa has been theorized to have a
water ocean, though exact constraints on the structure and
composition of this ocean are difficult to resolve from
spacecraft observations. We used a Markov chain Monte Carlo
(MCMC) likelihood estimation code to calculate Europa's
composition in a simple two-layer model, with an ice/water
ocean layer and a rocky core for the second layer. From
several trials of varying ocean density, core density, and
ocean thickness, we find that the thickness of the combined
ice and ocean layer on top of the rocky core of Europa is
around 20 to 25 km and that the density of the core 3080 kg/m3
to 3110 kg/m3 . All results point towards the ocean of Europa
being too cold to sustain known bacterial life.
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The Grey Water Recycler- Fixing the Arizona Water Crisis with
Water Recycling
Samantha Chulamorkodt

School: Cibola High School
Mentor: N/A

  

In January 2017, the Arizona Department of Water Resources
published “Arizona’s Water Future: Colorado River Shortage”.
The ADWR gave comprehensive suggestions to improve water
conservation, including recommendation three: Increase Water
Reuse and Recycling. My project is to build a device that will
recycle water. My device will be affordable, retrofittable to
a conventional bathroom, and easy to operate. My engineering
project is to build a “Smart Drain”. The Smart Drain is a
device v that recycles lightly used water from a bathroom
sink. The device discards the dirty water. The device
transports lightly used water to the toilet tank. The recycled
water will be used to flush the toilet. My device is built on
the Arduino Uno microprocessor system. Arduino is an open-
source, accessible programming system. My device uses the
commercially available raindrop sensor and turbidity sensors
to analyze the water. The Arduino Uno uses a 12V peristaltic
pump to transport water from the bathroom sink drain to the
toilet tank.
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AWSOM: Designing an Active Wrist Model Utilizing Spherical-
gears and One-drive Mechanism 
Alexander Huang

School: Hamilton High
Mentor: N/A

  
The wrist is a compact multi-dimensional mechanical actuation
structure in humanoid robot design. The mechanical structure
of the human-shaped wrist should meet the requirements of the
multi-directional mobility of the hand, the accuracy of
movement, and the single drive of the wrist. These
requirements have made it a great challenge to construct an
active wrist mechanism with the shape of a human forearm. The
challenge focused on three issues of wrist mechanics and drive
design: How to provide multi-DegreeOf-Freedom (DOF) rotational
motion for the wrist mechanism? How to provide a 3-DOF motion
drive at the wrist joint? How to create a wrist mechanism with
human forearm shape and proportions? Most existing actively
actuated wrist solutions typically focus on multi-DOF
functionality. They are mainly used in industrial application
scenarios and are unsuitable for humanoid robots due to their
complex multi-joint and parallel mechanical structures. This
project proposes a spherical gear-based joint mechanism to
construct an actively actuated wrist mechanism. The proposed
solution designs a compact linear actuation module with only
one gear-based actuator to provide a linear structure that
mimics the human forearm shape and wrist mechanism. The
presented 2-cross spherical gears and re-meshing design allow
the spherical gears to move with 3 degrees of freedom to mimic
the mobility of the human wrist. In addition, the gear-based
approach can provide more accurate wrist positioning than
existing solutions and simplify wrist design without
orientation sensors.
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Burnt Potato Peel (BPP)Powder: A Novel Biosorbent to Combat
Pharmaceutical Pollution
Roberto Serna

School: Harvest Preparatory Academy
Mentor: Alfred Santos

  
Pharmaceutical pollution is a form of water pollution wherein
drugs from wastewater affect freshwater like rivers, lakes,
and groundwater. People directly or indirectly receive some of
these compounds as well as their side effects. To solve this
problem, this project tried to find ways to produce a
biosorbent to combat pharmaceutical pollution using burnt
potato peels. This project was conducted using the following
methods. First, collected potato peels (B.P.P) were dehydrated
inside an incubator at 60oC. Second, peels were powdered using
a coffee grinder. Next peels were rinsed using 1 M of
Hydrochloric acid and, Sodium hydroxide and distilled water.
Peels were burnt in an oven at 232oC. Afterwards, a simulated
contaminated water was made using 1000 mL of distilled water
and 600 mg aspirin. The BPP is added to the prepared solution
and stirred for 5, 15, 20 minutes, and absorbances were
measured using a UV-vis spectrophotometer. The results showed
that the higher the BP.P dosage the higher the percent aspirin
removal (p>0.05). At the same time, the longer the contact
time, the higher the percent aspirin removal. The kinetic
model also showed that the data had a better fitting to
Psuedo-second order which means that the adsorption is
chemosorption. However, the removal power of the B.P.P went
22% down during the regeneration test. I was able to utilize
potato peels which are considered a zero-value product as a
biosorbent against pharmaceutical pollution, this project
could be a solution to combat the unpopular threat of
pharmaceutical pollution. 
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Investigating the Effects of Phenylalanine and Lysine on
Phaseolus vulgaris Grown in Acidic Soil
Leoncio Villareal

School: Harvest Preparatory Academy
Mentor: Alfred Santos

  
Soil acidification is one of the biggest agricultural threats
our modern world is facing. Most plants cannot adapt to this
acidic environment. If this issue continues, it will cause a
lot of food sources and environmental problems. This project
sought a way of combating soil acidification by enhancing the
growth and development of Phaseolus vulgaris when grown in an
acidic soil. This research has the following methods. First,
seedling pots with the same amount of soil received phosphoric
acid until the measured pH goes down to 4.0. Next, different
concentrations of phenylalanine and lysine were created by
mixing the amino acids and distilled water. Lastly, plants
were allowed to grow for 4 weeks. Plants received 2 mL of
water twice a day at the same time. When 4 weeks passed,
plants were harvested and subjected to analysis. Data
collected were analyzed using Microsoft excel. Based the
results of the experiment, lysine had the highest germination
rate. After one month, seeds receiving lysine and
phenylalanine had the greatest survival rate. The control had
the least survival rate, this means that the plant cannot
tolerate the acidic soil. Phaseolus vulgaris seedlings that
received phenylalanine shown the greatest average growth
(54.5mm) and root length (26.84mm), followed by lysine with an
average growth of (39.28mm) and root length (25.33mm). The
results showed significant value as supported by the calculate
p-values of less than 0.05. The R program statistics results
showed that when combined, phenylalanine and lysine have
diminished effects.
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