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Is "Natural" Really Safe? Exploring the Impact of Detergent Toxicity on Freshwater Shrimp.

'l Effects of Varfous Detergen SR
i Tendicly of he FresmklAS
Shinp S

SINCE THIS SHRIMP IS A KEY INDICATOR SPECIES FOR WATER QUALITY IN
TAIWAN, UNDERSTANDING ITS SENSITIVITY TO COMMON HOUSEHOLD
CLEANERS IS CRUCIAL FOR ENVIRONMENTAL PROTECTION.

(<4

" RESEARCH TOPIC

AN

‘ .
&\;"‘Evaluating the acute toxicity and Median

o Lethal Concentration (LCs0) of four
® commercial detergents on N. denticu

lata.

Myth vs. Reality:

0
DILUTION IS KEY. N
= . SIGNIFICANT DILUTION The Lethal Concentration;

q' 1S NECESSARY BEFORE
A DISCHARGE

DILUTION "
\ REQUIRED, /)y

Lol

Action~ Dilution js Key:
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Moving forward step by step

-Application of research on
friction in bionic animals

EFRITEANR

EARE ~ SRS

My name is £ 3 7t (Bing-Yuan Wang). | enjoy thinking about unusual ideas like
dreams or new technology, and I am interested in physics and challenging games.
When | discover something complex or cool | am always the first one to step
forward and try it without hesitation.

I K 75 SR K 2 R R

Because after this competition, whether | win a prize or not, | will always remember
the research | have done. Therefore, | came up with the idea of making my research
both special and impressive.

BEFRNRLF

| started preparing this competition after seeing an artwork by Theo Jansen named
Strandbeests, | kept thinking about its mechanism and finally decided to conduct
deeper research to understand how it works. However, | encountered some
problem when starting this project, such as finding data because things about
linkage often related to the artwork itself but not the mechanism behind it. Despite
these difficulties, | learned a lot about mechanical structures and research skills. |
also hope to improve my ability to present and explain my ideas clearly.

Bk iR B ST /

-
| made a lot of prototypes to ensure structure can work smoothly, so my
conclusion is totally reproducible to others. Also bionic robots are a topic
that still have Potential for future development.
- 545

Because 3D printers are still not a very stable creation platform in Taiwan's
weather so | wasted a lot of parts during development. The same problem
will happen in different places, also 3D-printed parts are weak for this kind
of research, so the durability is also a big problem.
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Moving forward step by step -
Application of research on friction in

bionic animals

Abstract

@ In this study, [ investigate how friction influences the movement mechanisms of bionic animals and how biological stfuctures
regulate friction to improve movement efficiency.

@ The purpose of this research is to understand the relationship between friction, surface structures, and motion performance in
bio-inspired systems. I conduct a literature review on friction and animal movement and analyze different biological
structures, such as surface textures and body shapes, that are related to friction control.

@ 1 compare how these structures function in various movement environments, including walking and climbing, and
summarize common friction-regulation principles observed in animals. Based on these findings, I examine how such
principles can be applied to bionic and engineering designs. The results show that animals can effectively adjust friction
through specialized structures to enhance movement stability, efficiency, and adaptability. This study demonstrates that
friction plays an important role in bio-inspired engineering and provides useful insights for the development of more efficient
and adaptable bionic systems.

Introduction

~ Jansen's Linkage is a planar
3 mun, - \/ " linkage mechanism invented in
i /1990 by Dutch kinetic artist
— { ST T4l | -y == 619 Theo Jansen. Its most famous
’ I application is as the leg structure
{ ! 3 for his wind-powered sculptures
=== | | called "Strandbeests".

@ Strengthen research and improve industrial technology.

@ Improve scientific research and enhance the technological
capabilities of industry and commerce in all five countries,
especially developing countries, including encouraging
innovation and increasing the number of R&D personnel by
x% per million people by 2030, and increasing R&D
spending by both the public and private sectors.

Materials and Methods Results and Discussion

Discussion

3D printersare used for material printing and output, and Corrected Mechanics and testing
the values of linkage mechanisms and friction arc ———
continuously corrected.

After a series of tests, the inter-link linkage
was found to be crucial.

In the bionic design, even a 0.1 cm differcnce.
iin joint-to-joint linkage would resultin
insufficient linkage.

However, the addition of a linked power fan
improved smoothness. This design could
potentially be used in wind and water power
linkage devices in the future.

13
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Styrofoam Substitute
BEARE - SR

I'am an empathetic and adaptable person, which
inspired me to create this project. Through my
mycelium project, | also gained scientific knowl-
edge, especially about energy dissipation, cellu- WIEIEA AR
lar solids, and hands-on research experience.

I X £ A B B 4 e 2R

“Mushroom. Mushroom.” | chose the name "Mushroom. Mushroom." because it
represents the heart of my research and my personal journey through this project. To
me, a mushroom is more than just a fungus; it is a symbol of connection, resilience,
and transformation. | see my individual experiment as one "mushroom" represent-
ing a much larger, global movement of environmental awareness.

BERAROE

1. Inspiration & Objectives: My goal was to demonstrate, through a home-based
experiment, how mycelium—the root system of mushrooms—can contribute to healthier
ecosystems and a future where wildlife can thrive.

”

2. Methodology & Process: | researched scientific concepts like energy dissipation and
cellular solids. This hands-on approach allowed me to track real-time results and observe
how this biological material interacts with its surroundings.

3. An Unexpected Discovery: The most striking moment occurred when my findings
challenged existing research. | observed the mycelial roots firmly attaching themselves to
the synthetic surface of my plastic storage container.

4. Challenges & Future Outlook: The primary N
challenge was time management—balancing FRifER

fungal growth cycles with a strict competition - BB

deadline. Moving forward, | plan to finalize ot e > S A EE

the beeswax testing to further explore BYKES o

the material’ s durability, continuing my - BB

Journey toward |nhovat|ve, nature-based RTEE S S 5 R Y (B R

environmental solutions. Eﬁ 5 Eﬂi%%%ﬁéﬁ 9 QD%E??%#E%
BMEFENED °
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Mycelium as a Sustainable Bio-Material

Isabelle Lin | School Science Fair Project

P N

| K4

Styrofoam Post-Drop
dented and crushed edges
(cnrahed mimor wear and ring comparable use)

Mycelium Post-Drop
intact, minor wear and

. ( ; N . .

( Introduction | [ Methods / Experimental Discussion
Traditional Styrofoam @) Design Mycelium demonstrated excellent
packaging creates \ 0 1. SUBSTRATES: Investigated . cushioning and shock absorption.
massive, longlasting 4 agricultural waste (coffee
environmental waste. grounds and rice husks). ; Dyied mycelium forms robyst,
This project explores g 2. CULTIVATION: Mycelium h!gh:strength, cellular solids that
mushroom mycelium (the \\;:J inoculated into substrates with dissipate kinetic energy through
root structure of fungi) as a added white flour (as a rapid slight deformation.

carbohydrate) for accelerated . . .
tully compostable,renewable, and | | growth, Maintaned low ight. | | While not natively waterproof, it
bl y f 3. HALTING & DRIYING: Growth can be effectively coated (e.g.,
comparable periormance. intentionally hailted at day 23 with beeswax).
by natural air-drying to o N
by natural air-dryiht, durable, Itis slightly heaw_neq than
and foam-like structure, durable | | Styrofoam but significantly more
(prevents mold and pests). sustainable.
LA |
N (| E_E_m
=) VN Day 0 Growth Day 23
L _ | inoculation drying
Research Question N F SUBSTRATE
Sl ||| o, )
substrates to cultivate mushroom MAT L Comparatlv; Perform:ncef:
mycelium into a viable, durable, and Opfimation Paraietess Property svl'-‘e':'tlll'l tyrofoam
¢ o igntly
‘u"ty c_om:o:tablgé) ackag:jg ; « Substrate formulation ratio (coffee WAL Heavier pTios
oo || L o || e e G
« Control of humidity (maintain > . =
Styrofoam? and temperature (22-25°C). Bio-degradability|  Full 500+ years
L ) {__* Drying time for structural rigidity. ) )
i =\t (7 —
Conclusion & Future Work
\. Drop Test The experiment successfully demonstrated that
Drop | g']%slf"j‘lr Comparison mycelium-based packaging is a viable, high-performing

alternative to Styrofoam. It offers comparable strength
and durability while being completely decomposable
and an important step toward eliminating plastic
waste.

Future work: Optimize waterproofing methods,
investigate different agricultural wastes, and scale
praduction for commercial use.

We are not just managing waste; we are growing the
future of packaging, from waste to wonder, from
nature, back to nature.
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Chromatography:
Temperature &
Solvent Effects
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Green Chromatography:

Temperature & Solvent Effects

Results

Shapes don’t affect the Rf
value; it remains. Saline lower
concentration increases Rf
value, rf value won't be 1.
Higher temperatures shorten
the color bands and change
the color to a blurrier band.
Mixtures combine traits. Using
50 degrees, 10% sugar can get
the best chromatography
result.

Introdution Experiment tool

In chromatography, different
factors will affect the result.
For example, different
temperatures, different
solvents, or mixtures. In this
experiment, | will use square
coffee filter paper to
investigate how different
temperatures, solvents, and
mixtures affect
chromatography, to find a non-
toxic way to separate colors.

This equipment is for
testing different solvents
and mixtures. | will pour
the liquid into the petri
dish and put the filter
paper inside it, but not
touching the color of the
pen, otherwise the color
will not go on the filter
paper.

SEBRABNRR

- exaz - wnmx

: \/\/C7\
: -

‘;.*»4.*4..«
L 2R 2

I

s
FELELELLE

£ # B

Hypothesis

Temperature: Higher heat causes
wider and shorter bands,
reducing separation clarity.

Alcohol: Shortens bands and
stabilizes capillary action for
smoother rising.

This equipment is for testing
different temperatures. The
large beaker inside has hot
water, which can keep the 50
degrees or 75 degrees water
in the petri dish at the same
temperature. The insulated
bag is for keeping the
temperature in the large
beaker. | made this because
the water’s temperature in
the petri dish will be lost
quickly; this can help keep the
temperature.

Salt Water: Lowers pigment
solubility and Rf values, but
improves resolution.

Conclusion

In this experiment, | use non-
toxic ways to do
chromatography, like using
saline, alcohol, and sugar
solution, which can be used
for teaching and protecting
the environment.

QUALITY 9 INDUSTRY, INNOVATION 1 RESPONSIBLE
EDUCATION ANOINFRASTRUCTURE CONSUMPTION
I!!l . ; ANDPRODUCTION

Sugar Water: Increases viscosity,
slowing the solvent's climb.

Materials
and methods

This is how the experiment starts
every time. | use purple
(#503AC1), green (#0B8C4A),
and brown (#985241) to test
because they are mixed colors. |

use a Koi coloring brush pen. | 50°c or

separate one paper into 3 parts, 75°c water

one for each color. | use 0.5cm

circles and 1x0.5cm rectangles to hot water Paper Chromatography |

test, but after many — Science Project

tests, | found out =i =

that the rectangle’s insulated — et
s B e e bag Chemistry Education in Taiwan

https://531.9e9.myftpupload.co
m/archives/610

the circle's. - o=
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Evaluating the Effects of
Glutamate on ROS
Production & Stress Response
in Arabidopsis thaliana Col-0

B HMEAR
BEARE -~ SRS
HAEEY) > SRFEENSRE  pg may

FEY > SEMEEYEE -
+i 5ﬁ |E > /—“: 5 E \\;J.—\._
;i;ggﬁf SRHD BER i <00 AP - 10m
ERE image) B REATHE » BRE
BB A SR e
e o g 3B EEREAR
FREBIREATERAOE  garmmsrey 10 ppm B—REETHE
& EREERIMBTE 5 yxEamsERE - BUSERRS

B SRS

BEIHRNENR > ATRE  ARANGY EEHES -
B e
BRFERR LT —

EVHARRIZSNMELTESENREET T > BREATX
EARBRERES - GI0E > BMEREESSHIMNELERER
LEE - B R EREME RN BERENTIHE - BRESHEME
BRIERA > AIR®RE T -

BBEOEZENE > CEREHRASALLENR - ZEHRE
BIP9TRE BB BV B B A SRAB R B2 2 MRS HR » B4 RIEAS | 24
m > EFREFTRAMIB—Z] » OFERB LR
EHLBERHFZESE > HEAAREEREEMER > F2—
PIsRE R RIORBUAREM - SEBENMEBRERMIAR LE
T BHERWABEMDZHE - ERNRRSAEEKS » 23
ARIBRRAER S ENNENEEE o

18



EVALUATING THE EFFECTS OF GLUTAMATE ON ROS PRODUCTION
AND STRESS RESPONSE IN ARABIDOPSIS THALIANA (COL-0)

Author: Hannah Yeung

ABSTRACT

As climate change threatens food security, enhancing plant resilience is vital. Using static hydroponics, we found that 10 ppm Glutamate
significantly reduces accumulation of hydrogen peroxide (a stress indicator) and maintains higher chlorophyll levels in Arabidopsis
thaliana. This demonstrates Glutamate’s potential for climate-resilient agriculture, supporting SDG 2 (Zero Hunger) and SDG 13
(Climate Action).

INTRODUCTION RESULTS

« Superoxide Anion: NBT staining revealed no significant change
in superoxide anion content (p = 0.648).

NG Staining error bar =5)

-. J‘v}??a

Control

« Climate Crisis: Global warming worsens soil salinity and
flood-induced hypoxia, slashing crop yield.

. s Role: Gl (Glu) triggers antioxidant
defenses, helping plants adapt to stress.

« Stress Indicators: ROS (hydrogen peroxide, and
superoxide anion) serve as indicators of physiological stress.

« Health Indicators: Chlorophyll and root length indicate
photosynthetic activity and plant health.

RESEARCH QUESTIONS

« Does 10 ppm Glutamate regulate hydrogen peroxide and

W S+ o a

~

Glutamate Treatment

« Chlorophyll Content: The Glutamate-treated group showed a
higher average chlorophyll content compared to the control. This
trend suggests that Glutamate may support photosynthetic

activity. Chlorophy Conent

superoxide accumulation in plants within a standard static
hydroponic system?

« How does Glutamate influence chlorophyll content under standard
conditions and root elongation under both standard and 0.2 M salt
stress?

METHODOLOGY

DAB & NBT Staining
ROS | images 00 Anaysis
10 ppr
0.2MNaCI
Static Hydroponics SALT| o
22g/L S Medium
No Glutamate
(2.2 g/L MS Medium)

« Root Length (0.2 M NaCl): No significant difference in primary
root length was observed between the control and 10 ppm Glu
groups (p = 0.025).

H

Salt treated samples (Ie control,
right: Glu treatment)

+ Root Length (standard Rootlength eror br =50)

condition): No significant H

difference observed between | I

control and Glutamate groups H

(p=0.242). e

« We define statistical significance as p<0.001.

« Hydrogen Peroxide: DAB staining showed a clear reduction
of hydrogen peroxide in Glutamate-treated plants (p <
0.001), suggesting the triggering of antioxidant systems to
enhance plant adaptation.

oas ik w o~ %
. B e
o800 Rl S b )
£ osw ;k\ N 7! {
$ o000 £ 1
S o300
2 Glu treatment
& om
ot [ | S
e & &
FRAET B 8
uControl mGlutamate G A \ i
\ | |
DAB staining optical density. (T test) i B
error bars represent SD Control

+ ROS Defense: 10 ppm Glu significantly attenuates
hydrogen peroxide, likely by triggering internal antioxidant
defenses (p < 0.001).

« Chlorophyll: As a biosynthetic
precursor, exogenous Glu
increases pigment retention
compared to stressed controls.

The hydroponic system used

« Hypoxia: A static hydroponic system was used to minimize root
damage during harvest, though such systems may induce
hypoxia.
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Motivation and Equipments

Research motivation:

During large school events, many parents could not find their way to classrooms, and there were not enough staff to guide
them. After conducting an in-depth investigation, | found that our school lacked clear signage, and there were also safety risks
such as bullying and smoking. Our school did not have an effective solution to these problems. Therefore, | decided to design
a “Smart Campus System”.

Equipment: Jupyter Notebook + VSCode ~ Tinkercad * Arduino

Methods, Results and Discussion

T
1 The Smart Campus System provides three main functions: guiding, air detection, and visual detection. i
L
Route Guiding Air Detection
| first observed our school map and marked all classrooms, teachers’ offices, To understand the normal environmental conditions, |
and restrooms. Next, | input the data into the program and constructed a graph. installed sensors on campus. We collected data

every five minutes for a total of 4 hours. After
analyzing the data, | established threshold standards.

iy
e i &
Standards:

Smoking: PM2.5 > 80, CO, > 700

Fire: Temp > 35, PM2.5 > 80, CO, > 700

P a1 >
For easier observation, | drew floor plans of each building and combined
them with the node graph. Also, | took pictures of corners and staircases, co: inder different

and pictures will be shown when users pass by.  picqres are shown - A n m n l_/ ]

| also designed different modes for visitors. DGR M

Users can select these modes in the system. 2F \{ i

m Applicable groups Weight adjusting
PM25 different

The shortest  Most guests or parents  Use distance is used as the. [ e e ias A
weight
Avoid Used when schoolisin  Classrooms have higher
disturbing  session. weight
Accessibility  For disabled usersor  All staircases are prohibited.
people carrying goods.

standard

Image Detection Questionnaire survey

Face detection . .cronud To understand where the system

1 needs improvement, | introduced my
system to my family and my
classmates, and asked them to
complete the questionnaire

Using YOLOV8 and OpenCV, the system detects faces,

crowd gatherings, and risky actions. / /

« Face detection: Visitors upload photos when entering @ )
and are removed after leaving. Unknown faces LR
trigger alerts. :

hic.

« Number of people: If more than ten people gather in
a corner, the system alerts teachers and saves
photos.

Strength: Image Detection and Air
detection received a high score.
Weakness: The user interface of the
route guiding function was not clear
Squat-down detection enough

« Squat-down detection: Squatting is a common
posture during physical conflicts, but not common in

daily life. When the system detects someone \

squatting down, it'll alert teachers and save photos.

Conclusion and Fu

The “Smart Campus System” successfully provides multi-path planning. A real-time alert system integrating image detection, air sensing, and
behavior recognition was successfully developed. However, the user interface can still be improved to provide clearer guidance.

Litera

2.YouTube. lllustrated Algorithm: Dijkstra’s Algorithm for Finding the Shortest Path. Retrieved from https://www.youtube.com/watch?v=HHvjmLKJaxM
3.Wu, C.-H,, Chen, Y.-P., Huang, C.-J., Chen, S.-C., & Huang, C.-T. (2019). Campus Navigation System. Airiti Library.
4.A Single Oversight in a Thorough Plan: Construction of a Smart Campus Evacuation System. New Taipei City Science Fair, 2023.
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Using Al Companionship
to Reduce Loneliness
Among Older Adults in an
Aging Society
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Using Al Companionship to Reduce Loneliness
Among Older Adults in an Aging Society

n2025, Taiwan became a super-aged society, with more than 20% of the population aged 65 and older.
Changes in family structure and busy lifestyles have increased loneliness among older adults. Research
shows that loneliness is linked to a 40% higher risk of hospitalization, making it a significant public health
concern.

® This study proposes an Al-based emotional companionship system using Large Language Models (LLMs)
to provide natural, family-like conversations for older adults. A pre-test and post-test design using the
UCLA Loneliness Scale will evaluate whether Al companionship can help reduce loneliness.

® This system aims to support health/en(glng in society.

j ntroduction

£ Talwan became a super-aged society in 2025, with over 20% of the
population aged 65 and above.Due to smaller families and busy
lifestyles, many older adults experience loneliness. Studies show
loneliness is linked to a 40% higher risk of hospitalization. This
study explores whether Al companionship can help reduce loneliness
among older adults.

2 . .
“/Results and Discussion
Al comﬁanionship may help older adults teel less lonely by providing

This study proposes an Al emotional daily conversations and emotional interaction. Unlike traditional
companionship system using Large assistive technologies, the system focuses on emotional support.
Language Models (LLMs) as a However, Al is designed to supplement human relationships rather
prototype, implemented through han replace real family members.
ChatGPT to simulate natural, family-
like conversations with older adults.

UCLA ;
A pre-test and post-test design 1 UCLA Loneliness Scale Improvement with Averages
using the UCLA Loneliness Scale T
is used to measure participants’ =l
loneliness levels before and after

interacting with the system.

After speaking with the elders, |

found that many of them feel

lonely, and this loneliness can

adversely affect their health. S 3 7

Previous studies indicate that ; ~ Conclusion

older adults experiencing 2 - T‘h 7 rts healthi

higher levels of loneliness ,'S SYoter .suppo' Uiy

face about a 40% increased asiicandeliEnsiWith SHes

risk of hospitalization. SDG 10, and SDG 11 by
improving elderly mental
health, reducing inequality in
companionship, and promoting

- age-friendly communities.

CASEO] CASEOZ GASEO3 CASEOY CASEOS GASEOS CASEOT
cases

Y « Taiwan NanonalDevelogment Council - Populahon Statistics

iaw /R f « Perlman & Peplau (1981) - Social Psychology ofLoneliness « Russell (1996) - UCLA Loneliness Scale

T e e l'e n Ces « The U.S. Surgeon General’ s Advisory on the Heallrvg Effects of Social Connection and Community- Our Epidemic of Loneliness and Isolation (2023)
* Timothy L. Barnes, C

of d social isolatit Hexth buto) adults
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APP FOR FOOTPRINT IDENTIFICATION:
A NEW TOOL FOR ANIMACEHRES

MONITORING ENT: ORCA LAI

: BENNETT CHIANG
PROBLEMS LEOPARD CATS ARE FACING

“\w\\ne wang tog,
0

« ROADKILL: BUSY HIGHWAYS FRAGMENT THEIR HABITATS,
LEADING TO FATAL COLLISIONS.
« FERAL DOGS: ATTACKS AND DISEASES FROM
STRAY DOG PACKS ARE INCREASING.
« HABITAT LOSS: EXPANSION OF FARMS AND HOVSING
DESTROYS THEIR HUNTING GROUNDS.

We employo. streamlined AT development workflow to tro.nsform mobile devices into active biological
sensors for wildlife conservation. Using Google Teachable Machine(FIGURE 1), a specialized image
recognition model was trained on a diverse dataset of feline, canine, and ursine footprints across
various surfaces like mud and sand(FIGURE 2) to ensure field robustness. The process used cats as a
proxy for the endangered Taiwan Leopard Cat, while dogs and bears indicated environmental
interference and large-scale wildlife presence. By integrating this AI classification with real-time GPS
logging, the approach effectively connects professional researchers with the public. The findings show
that while the system achieves high accuracy in distinguishing broad classes, its real value lies in
acting as a "precision filter." This allows citizens to crowdsource biodiversity data and address
'monitoring blind spots" in Taiwan's terrestrial ecosystems

a1

FIGURE 1 SHOWS THE PROCESS OF FIGURE 2
GOOGLE TEACHABLE MACHINE B

The project achieved a high success rate(FIGURE 3) in telling apart feline, canine, and
ursine tracks. This shows that AI can filter complex data to reduce confusion from
domestic species. Although the similarities between domestic and wild felines continue to
pose a scientific challenge, the results confirm the app's potential as a precise tool for
citizen science. The ultimate aim is to support SDG 15 by removing "monitoring blind spots"
and turning every hiker into a "Guardian of the Forest." By combining AI recognition with
GPS logging, the project plans to create a large, real-time data grid(FIGURE 4) that maps
wildlife corridors and gives conservationists the crucial evidence needed to protect the
Taiwan Leopard Cat and other endangered species.

=N
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Minor Pollution, Major
Impact: Duckweed Growth as
an Early Warning System for
Environmental Hormones

EAE ~ SRS

A dedicated violist and leader of the High School Orchestra, | specialize in solo and
chamber music. My journey from piano to viola reflects my persistence. A top prize
winner in national competitions, | thrive on stage, from the NSYO tours to performing at
the Chimei Museum.

I £ A B B 4 R 2

I'am the Invisible Killers, a passionate research team dedicated to exposing the hidden
hormone assassins lurking in our waters. My name highlights the subtle yet destructive
impact of discarded pharmaceuticals on duckweed ecosystems. | am here to be the
voice for a cleaner, safer aquatic future!

BERAROG

My journey into this research began with a simple question: how do invisible
pharmaceutical pollutants affect our delicate aquatic ecosystems? To explore this,
| committed to a rigorous schedule, conducting weekly experiments to track the
impact of discarded hormones, such as Estromon and Provera, on duckweed.

This path was defined by unexpected challenges, as cultivating duckweed proved
far more difficult than anticipated due to its high sensitivity. A sudden cold snap
once halted its growth entirely, forcing me to urgently install professional growth
lights, and | even battled water lily aphids that preyed on the fronds and threat-

ened my samples.
BR3P /

B
Clear logical progression, proving duckweed is a
valuable bioindicator for hormonal pollution.

Scope for further research, as the exclusive role of plant
hormone induction remains to be fully validated.
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Abstract

e
=
S Experiment 2.
S
N

. Investigate the effects of single discarded hormonal pharmaceuticals
(Estromon, Provera) on duckweed growth.

B. Examine the effects of combined discarded hormonal

pharmaceuticals (Estromon, Provera) on duckweed growth.

C. Assess the influence of discarded hormonal pharmaceuticals on

duckweed growth in the presence of an ethylene antagonist (1-MCP).

D. Evaluate duckweed cell death under the exposure to single and

combined discarded hormonal pharmaceuticals, with and without an
ethylene antagonist.

Effects of mixed hormonal pollutants on duckweed growth

To see weather how the effects of Mixed Hormonal
Pharmaceuticals on Duckweed Growth

Duckweed Growth Status after 14-Day Dual Hormone Treatment

CTL lppb _10ppb 100ppb

Povera

Estromon Povera

Estromon

Leaf area green

0.6
0.5
0.4
0.3
0.2
0.1

0

CTL 1ppb 10ppb 100ppb 1ppb 10ppb 100ppb

« Control Group: Healthy green coloration; uniform and dense frond
distribution.

* Dose-Response:
concentration.

* Pyriproxyfen Effects: 1 ppb: Viable growth maintained.10-100 ppb: Marked
decline in frond count; distinct yellowing.

+ Imidacloprid Effects:
* All Levels: Immediate growth inhibition observed.
* High Levels: Growth almost completely arrested; sparse, dull fronds.

« Conclusion: Both compounds demonstrate a dose-dependent inhibitory effect
on duckweed.

percentage (0~1)

Survival is negatively correlated with pesticide

Assessment of hormone co-culture—induced plant cell

damage by Evans blue staining

CTL 1MCP MIX
+ Dose-Response: Both
s |CTL treatmet owed clear
concentration-dependent
toxicity.

|P_0.5ppb+E_0.5ppb Severity: Esmirtone caused
more rapid and severe
degradation (fragmentation and
loss of chlorophyll) compared
to Provera at similar

concentrations.

* Health Indicators: Control
maintained optimal growth,
providing a clear baseline for
chlorosis (yellowing) and
necrosis (tissue death)
observed in treated groups.

|P_5ppb +E_5ppb
|P_50 ppb + E_50 ppb

|P_200 ppb + E_200 ppb

0pobe
opes I —

M Break [ Non-Break

ciL P.05ppb+E_ 0.5ppb  P_5ppb+E_5ppb P_50 ppb + E_50 ppb. P_200ppb +E_200 ppb.

Growth changes of duckweed under co-exposure to
environmental hormone pollutants with an ethylene
antagonist.

1-McP

oo soe @

(e d

P:Provera | P

&:estromon (E

1. Lalik, A, Sareder, J., Grymel, M., Zabczyriski S., Bajkacz, S., Pielok, M., Cieslik, M., Kicifiska, A., & Wawrzkiewicz-Jatowiecka, A. (2025).
Estrogens and progestogens in environmental waters: Analytical chemistry and biosensing perspectives on methods, challenges, and trends.
Analytical Chornistry, 97(22), 8654-8683.

Schwartz, £ T, & Holtor, K. (2008). Hormones in wellness and disease prevention: Common practices, current state of the evidence, and
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4. Hu,Z, Tang, C. He, Z, Lin, J, & Ni, Y. (2017). 1-Methylcyclopropene (MCP}-containing cellulose paper packaging for fresh fuit and
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Application of Split G-quadruplex Structures in the Development of Nucleic Acid Biosensors

Author: YING-WEIWANG  Teacher: Shih-Chao Yeh, Ja-an
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ﬁ\lucleic acid testing has become an integral part of our lives, from
routine food safety inspections and rapid pathogen screening during
illness to environmental water quality monitoring.

detect reaction transitions for signal output, we

However, traditional detection methods rely on expensive
instrumentation and time-consuming protocols,
obtain rapid results on-site. Consequently, these methods require
sophisticated equipment to regulate the reactions.

If alternative, faster, and more accurate methods could be identified to

excessive consumption of time and energy while eliminating the nee
or costly precision instruments.

N
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Experimental methods

+ [1.Colorimetric detection ]
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> =]
( [ ] L&T
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< a4 Hemin ‘//C’ 7% |catayze e
- o/
G-quadruplex é " é DNAzyme

"6

_G 1

3:9

(Three dimensional)

¥

When a specific DNA structure called a G-quadruplex binds
with hemin (a molecule containing iron), it creates a powerful
complex known as a DNAzyme. This DNAzyme mimics the
behavior of natural enzymes to catalyze chemical reactions of

QB. A full G-quadruplex can split into two isolated sequ?

+ [2. Fluorescent detection ]

G( e [
G | A / | s
et o @m ]

p >
4 ~G 2 — f/a s/(\;
)
G-quadruplex Tht ~

Fluorescence enhancement

In the field of DNA nanotechnology, ThT is highly
valued because it can specifically bind to
G-quadruplex structures. This binding restricts the

to lower the systems background

Results and Future Goals

1.5 uM of hemin and a reaction time of 20 minutes were

selected as the standardized parameters. A binding ratio of
1:5 (G4:hemin)was identified as an eco-friendly and time-
efficient catalytic proportion.

2.Under a 9:3 split mode within a calcium-containing
buffer, the system exhibited its peak peroxidase-mimetic
activity when supplemented with 5 pM hemin as a cofactor
and allowed to react for 20 minutes.

internal rotation of the ThT molecule, leading to a
\significant enhancement of its fluorescence signy
1. ThT saturation occurs at 5 pM. Increasing the concentration

further does not improve the specific fluorescence signal; instead,

it raises the background noise by increasing the amount of free
ThT present in the buffer.

2. Among the various structures and environments tested, the split
G-quadruplex configurations demonstrated superior performance in
triggering fluorescence—specifically the 6:6 balanced split G-
quadruplex in a magnesium-containing buffer.

1.

Reference

D

, 482-4827.

& "
M., Naderi Boldaji, M., Shahsaver, K. Ganjati, M. R, & Sab

4(15),7373-7384,

sis’, 519, 112156, ]
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Fault in Northern Taiwan
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Investigation of the Location and Activity Characteristics of
the Shanchiao Fault in Northern Taiwan

ABSTRACT

3. Measurement Locations of Fault Scarps, Cross-Sectional Profiles,

This study investigates the location and activity and Scarp Heights.

characteristics of the Shanchiao Fault in northern

Taiwan. As a rare normal fault with unclear surface Atotal of 24 scarps were measured: 20 in the southern segment (Nos.
traces, its exact position remains uncertain. This 1-20) and 4 in the northern segment (Nos. 21-24).

research integrates historical maps, GIS-based terrain
analysis, and field measurements to identify fault scarps
and estimate key seismic parameters. The results
indicate that the fault is approximately 35 km long, with
an average single-event vertical displacement of 0.67 m.
The estimated earthquake magnitude is Mw 6.7-6.8,
and the recurrence interval is approximately 944 years.

METHODOLOGY

1. Terrain Analysis
¢ Historical maps were used to identify fault-related lakes.
* QGIS was applied to generate topographic cross-sections.
® Fault scarps and potential fault traces were identified.

2. Field Measurements
o Coordinates recorded using TWD97 satellite positioning

R D

Figure:Map of Fault Scarp Measurement Locations
4. Cross-Sectional Profiles and Scarp Heights of Fault Scarps

Table Fault Cross-Sectional Profiles and Scarp Heights

system.
o Laser rangefinder used to measure scarp height and distance | |Jwes s Erjupiic ffrie (00 at | Mt Seion pyepsic polle 30 )
(£0.1m) A
3. Data Analysis . = || e
o Scarp heights used to estimate single-event displacement.  |:2 g Lo | 3 = i)
¢ Empirical formulas applied to calculate earthquake e (oo =
magnitude and surface rupture length. Y
* Recurrence interval estimated using slip rate. -~ a
2 (e / e
" prrhead = I hend

1. QGIS Analysis of Fault Line and Scarp Locations
N DISCUSSION

Fault Geometry
¢ Total fault length: ~35 km
¢ Southern segment aligns with official data

Fault Activity
: o Average scarp height: ~0.67 m
v o Total measured scarps: 24 (20 south, 4 north)

Seismic Parameters
* Magnitude: Mw 6.7-6.8
¢ Surface rupture length: 21-24 km
2. Statistical Analysis of Lakes Along the Fault Trace in Historical ¢ Northern limit reaches Datun Mountain

Figure:Fault Li(ne‘ofthe Shnj o Fault (north is at the top; all
maps in this study are oriented with north at the top)

Maps Recurrence Interval
Table Comparison of the Number of Lakes Along the Fault Trace o Estimated: ~944 years
chronological/appearance order) BE) wE) CONCLUSION
1895 Topographic Map ofthe Vicnity of Taipei 2 ®
1004 ! n 2 o The Shanchiao Fault is ~35 km long.
1921 Topographic Map at :20,000 (tapanese colonial period) 0 20 * Average single-event displacement is ~0.67 m.
1921 Taiwan Fort Map at 120,000 (apanese colonia period) k3 1 o Estimated magnitude is Mw 6.7-6.8.
Totun National Park Area Map 2 1 * Recurrence interval is ~944 years.
1937 Tatun National Park Area Map 6 None
1942 Map of Administative Area within Taipel Prefecture 0 0
1966 Topographic Map of Taipei Cty Suburban Area 0 0
1985 125,000 Economic Construction Edtion TopographicMap 0
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Background

« Depression is a major global health problem, affecting millions of people
and creating a substantial medical and social burden.

« Genetic studies have identified many variants associated with depression,
but polygenic risk scores (PRS) alone have limited predictive power.

« Machine learning can integrate genetic and clinical data, allowing the
development of more accurate models to predict depression risk in large
population cohorts.

Purpose or Aim

« The aim of this study is to develop and evaluate a PRS-Based prediction

model for depression in a large population-based cohort.

Materials and Methods

« Atotal of 83,000 participants (55,000 women and 28,000 men) from the
Taiwan Biobank were included as shown in Figure 1.

Depression status was defined based on self-reported history, with 4,300
individuals classified as having depression (~5% prevalence).

The study was conducted in two stages.

In the first stage, participants were randomly divided into discovery and
validation cohorts (1:1) to identify the optimal polygenic risk score (PRS).
Genome-wide association analysis was performed using PLINK 2.0, and PRS
were constructed using PRSice-2, with the best-performing PRS selected
according to validation performance.
In the second stage, the selected PRS was combined with clinical
variables(age, sex, education, marriage, activity, body mass index, smoking,
drinking, chronic diseases) to develop prediction models. Data were split
into training (60%), validation (20%), and test (20%) sets using stratified
sampling, and class imbalance in the training set was handled using
SMOTE.
Multiple machine learning models (k-nearest neighbors [KNN], random
forest [RF], elastic net logistic regression [ENET], support vector machine
[SVM], and naive Bayes [NB]) were trained, and predictive performance
was evaluated on the independent test set using AUROC.

Results
« Genome-wide association analysis identified several loci showing
i iati with ion, as il by the

—logio(p)

Machine Learning-Based Prediction of Depression Using Genetic
Variants and Clinical Phenotypes in a Population Cohort

Figure 1. Flow chart
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Figure 2. Manhattan Plot and Q-Q plot of GWAS p-value
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and QQ plots (Figure 2).

PRS constructed across multiple P-value thresholds showed that the
optimal threshold occurred at Py = 0.25, yielding the best model fit (R? =
5.7x10°%, P = 0.011) (Figure 3).

The PRS-only model demonstrated limited predictive ability, with an
AUROC of 0.521 (Figure 4).

When stratified by PRS deciles, depression prevalence increased
modestly from approximately 3.4% in the lowest decile to ~4.4% in the
highest decile, indicating population-level genetic stratification (Figure 4).

To improve predictive performance, machine learning models integrating
PRS with clinical characteristics were applied, yielding validation AUROC
values ranging from 0.706 to 0.815 and test AUROC values ranging from
0.701 to 0.817. Among the evaluated models, the ENET model
demonstrated the best performance (test AUROC = 0.817), followed by
SVM (0.809) and NB (0.807) (Figure 5).

Limitations

PRS model fit: R”

« Limited to Taiwanese participants; no external validation; depression
defined by self-reported i i relatively low depr
prevalence; and some psychological and environmental factors not
included.

Conclusion
PRS with p ive clinical using machine
learning methods substantially improves depression risk prediction.
« This study a scalable precisi dicine framework for
population-level mental health risk stratification in a Taiwanese population.

Figure 4. AUROC of the polygenic risk score model for predicting
depression status. T
ROC Curve of the PRS-Only Model for Depression
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Figure 3. Polygenic risk score
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Figure 5. Predictive performance of machine learning models integrating
PRS and clinical variables.
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A Dual-Mechanism Model for Alcohol Effects on the Belousov—Zhabotinsky Reaction:
Integrating Experimental and Simulation Approaches o
on Acidity Modulation and Intermediate Interactions

2 9 q 9 Student : Hsin-Yu CHANG
Research Motivation and ObjeCtheS Teacher : Shih-Chao Yeh, Yuan-Chung Cheng }

Most previous studies on the Belousov—Zhabotinsky (BZ) reaction have focused on varying the oxidant, reductant, or metal catalyst, while very
few reports have systematically examined the effects of adding organic alcohols on BZ reaction behavior, also I found a 2008 science fair project
showing that alcohol addition alters the BZ oscillation period, but it lacked a clear mechanistic framework.

1.Investigating the effects of different of alcohol compounds on the Belousov—Zhabotinsky (BZ) oscillating reaction.

2.Elucidating their possible roles within the reaction mechanism

3.Verifying how the addition of various alcohols influences the oscillation period and duration of the BZ reaction, and comparing these effects with
a control system.

Research Design

1. Possible Mechanisms of Alcohol Participation (Literature Review)

Hypothesis Name (ID) Mechanism Summary

- - Alcohols act as weak proton acceptors, forming a hydrogen bond network that reduces the activity of
Aty Mtz iitom o e () free H', leading to a decrease in the rate of the autocatalytic step.
Complexation and Side Reaction  |Alcohols form hydrogen bonds or complexes with intermediates such as HOBr and Br,, temporarily
Hypothesis(H2) inhibiting the autocatalytic pathway and potentially diverting the reaction to side products.
2.Derivation of the program

Convert the formulation to the initial concentration after mixing (following the addition of Ferroin and water), and use this as a constant
input in the model.

HBrO, (X), Br (Y), and Fe(phen);3*(Z) are expressed as:

B e
d[X] _ _ BrO,” > BrO,” - B0 Br, — CH, (COOH),
—— = kq[BrO;~][Br~] — k,[HBrO,][Br~] + k3[BrO; ][Br~] — 2k,[HBr0,]? &
dt Ly BICH(COOH),
d[Y] — 3+ CH, (COOH),
—— = —ky[BrO; 7 ][Br~] — k,[HBrO,][Br~|[H*] + kgs[Fe(phen);”"]
ddtZ P Fe(phen),”
B _ v Br0, ] Fe(phen);™ (1] — ks[Fe(phen);™]
L o kg[HBrOg] _ ky[Br]  _ [Fe(phen);3T ko Lm;
Dimensionless variable : x= B0y ] Y T Ka[Broy 2= 2kgky[BrO; 2 “W\—/Bro; m*m_
. . _ Ky kq[Br0;7] 2k Kk, S :
Dimensionless parameter : T =kq[BrO37Jt, e = WP 9T Tk ~ Autocatalytic process
3 5 2R3
d d[Y’ d[z
Yielding the dimensionless Oregonator equations: sxd—T] =x+y—xy—qx?, % =2hz—y—xy, pXx % =x—1z

Dimensionless parameters &, p and q are automatically recalculated by the program according to the specified initial reaction conditions.

sults and AppllcaUOIlS The following are plots generated in Octave, with the x-axis representing time (s) and the y-axis

1. Simulation representing log concentration (log mol-L™).

0 50 100 150 200 250 3000 50 100 150 200 250 300 0 50 100 150 200

0 300 0 50 100 150 200 250 3000 50 100 150 200 2 300 0 50 100 150 200
(a) [BrO; ]=0.298 ™I/ | T=18 s (b) [BrO; ]=0.149 ™!/, | T=31s (c) [BrO, ]=0.0745™°!/, , T=655 (d) [H']=0.88 ™0}/ , T=21.55 (e) [H']=0.72™°Y/, , T=1255  (f) [H']=0.68 ™!/, , T=11.1s
2. Experimental condition

The experiments were conducted at 5, 15, 25, and 40 “C using ethanol, ethylene glycol, n-propanol, isopropanol, propylene glycol, 1,3-propanediol, and
glycerol at concentrations of 1.25%, 2.5%, 5.0%, and 10.0%. P .
4. Re-oscillation Experiment

3. Activation energy 1. Research Applications :

Ea o : .
Arrhenius equation : k= Ae RT | Alcohols /water C"“(c‘:;f,;‘;““" P“(rs')"d 1) Parameter back-calculation
b
and condition design
logk Miog A BE2 % Pure Water 24.80 e &n :
5.3031{ Tl 1.25% 16.08 2) Re-oscillation experimental
= 250 Ethylene glycol 1.25% 24.64 workflow
2503 RN slo ylene glyc
n-Propanol 1.25% 18.80 | 2. Educational Applications :
Isopropanol 1.25% 8.24 Visualization of “structure-
1.25% 22.61 inetics”
Propylens glycol o dependent kinetics
2.5% 9.90
1,3-Propanediol 1.25% 9.60
ater and alcohols at 2.5% at 25 'C  |Glycerol 1.25% 2235
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How Gut Bacteria Affect
.. Mating Motivation in C.elegans

L]
. L1 -ren, Wang < e

Abstract

Human's gut bacterial metabolites influence appetite, which is regulated by the hypothalamus. Sexual
motivation is also regulated by the hypothalamus. Using C. elegans fed with CeMbio, | assessed male
mating motivation via male-leaving assays. Nine of ten strains reduced "mating motivation ratio," and
two also decreased mating "activity level". These study reveals that gut microbiota can modulate sexual
motivation. Future studies will provide a model system for studying how gut microbiota affect neural
function and behavior.

o Research Methods
’ - () CeMbio . . .
g *° * mating motivation ratio
3 0.4 ’ .
§ 03 @ A P @ orso =number of worms crossing the
< / N 0sem :\,\,,
5 S A U S—— 8cm boundary / total worms(15)
e R A ; e activity level
_ Gabre O+d N \| =number of times the movement
Figure 1. Experimental CeMbio x15 opsoxis demplate  track reachesthe 8cm boundary
design Figure 2. Experimental setup
(adapted from Barrios et al., 2008). l D 1
repare ace Day-
select 30 L4 prep P Y after 24 hours
male C.elegans 150PS0 plates adult C.elegans collect data
clee 15 CeMbio plates on eavh plate
Results
HE EHE WAk AaE e b o % % 18 N8 * N8 6 P8 @ nE Gwx T8 N % na
1.04
2 .
g —
S 100
s 3 |
3 2 s
£ St :
j rﬁ
Py A g s T
2 <,"J\ \\i’ {t‘: (\ ga\ N F KRGS o2 & 8 @ S \Q o o)":\ N & Qb S
oQ"&g :Q\ & :§‘€:‘\ \g&q QOQ\:@ > &\p\%‘x Q‘a\y%\g\u %@‘;(o" :0 Q\'\ QO \\go i\«& cq &9 >
RIRCERS 5%\60 AN 3 N &% JROSR
bacteria bacteria
Figure 3. Mating motivation ratio in each bacteria Figure 4. Activity level in each bacteria
Each point represents the proportion of 15 worms Each point represents the activity level of an
leaving the 8 cm boundary; the number of points individual worm leaving the 8 cm boundary. Error

indicates the number of trials. Error bars represent the bars represent the standard error.
standard error. (*p<0.05**p<0.001, ****p<0.0001) (*p<0.05, ****p<0.0001)

Discussion & Conclution
CeMbio reduces mate-searching behavior in male C.elegans. This effect is independent of CeMbio
colonization levels and its impact on worm growth rate. Based on previous studies, CeMbio may influence
mating behavior through the gut-brain axis by modulating dopaminergic and serotonergic neurons.
Further investigation using neuronal mutants in the Male Leaving Assay is warranted.
erences
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One-Step Electrochemical Intercalation of Heteroatom-Doped
Carbon Dots into MXene for Ultra-Stable Supercapacitors

Introduction

After reading a news report about ad d energy storage logies, I
became interested in supercapacitors. As the demand for sustainable energy grows,
developing efficient and practical energy storage systems is increasingly
important.

MXene is a promising material due to its high conductivity and large surface
area, but its poor stability and restacking limit its performance. To address this, [
propose a simple one-step el hemical method to carbon dots and
intercalate them into MXene.

Unlike conventional methods that require high temperature and multiple steps,
this approach works under mild conditions, reducing energy consumption and
improving sustainability.

Result and Discussion

1.Electrochemical Synthesis of Heteroatom-Doped Carbon Dots
aurintricarboxylic acid ammonium salt(ATA)

o o

IE(E)?MM

HaNO™ S0

lmin  3min Smm Smin  10min  20min  30min somm

SHHHEELE

ATA acts as an effective carbon source for the electrochemical synthesis of
CDs, yielding stable, well-dispersed carbon dots suitable for intercalation into
MXene.

3.Spectroscopic Analysis

UV-Vis spectroscopy revealed a peak near 310 nm that gradually decreased
as the heteroatom-doped CDs were adsorbed or intercalated into MXene,
indicating immobilization of the CDs rather than their loss, which correlates
with enhanced electrochemical performance.

nclusion

oo doiog

1.A one-step electrochemical method enables simultaneous CD synthesis and
intercalation into MXene under mild conditions.

2.CD intercalation expands interlayer spacing, suppresses restacking, and
improves oxidation stability.

3.The MXene/CDs composite shows approximately 2.7 times higher capacitance
and significantly longer discharge time.

Method:
) ; )
2 'l;\\crl:;‘;lnhmnmldnmln¢ wose, M¥ene

MXene/CDs
Improved interlayer spacing
Color change observed Enhanced conductivity

©) d)

CV, GCD, Cycling stability and LED test

UV-Vis absorption of ATA-derived CDs
Confirmation of carbon dot formation

of one-step is of N,S-doped carbon
dots from ATA and their intercalation into MXene. The formation of CDs was
confirmed by UV—Vis, and performance was evaluated by CV, GCD, cycling, and LED
tests.

2.Simultaneous Intercalation of CDs into MXene

ATA+MXene

Omin  imin  3mn  Smin  8min_ 10min  20mn  30min  60min

The ATA precursor was electrochemically treated with MXene for 30 minutes. The
solution darkened from black-orange to deep black with gas evolution, while remaining
well dispersed.

The final MXene/CDs

showed no after several days,
p! d stability, and enhanced interlayer

expansion and oxidation resistance.

4.Electrochemical Performance Testing
@) (b)

© - @

(a) CV results show that the MXene/CDs electrode has a larger enclosed area than
pristine MXene, indicating better charge storage. Both curves remain nearly
rectangular, suggesting that electric double-la is still the
mechanism.

(b) At 1 A g', the discharge time increases from ~60 s to ~160 s after intercalation.
The specific capacitance rises from ~6 to ~16 F g! (=2.7-fold), with a smaller IR drop
indicating improved charge transport.

(c) After 1000 cycles, the intercalated sample retains over 90% of its capacitance,
while pristine MXene shows clear degradation. This suggests improved structural
stability and reduced oxidation.

(d) In LED tests, illumination time increases from ~5 s (pristine) to ~7 s (composite).
This confirms enhanced charge storage and is consistent with CV and GCD results.

References
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4.Enhanced performance arises from increased active surface area and imp:
charge transport.

5.The method is simple, scalable, and environmentally friendly, showing strong
potential for next-generation supercapacitors.
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! Towards Green and Sustainable Agriculture: Exploring tl:lé}

‘;?,éf;:_liffects of Agricultural Waste Reuse in Plant Protection -
/ Abstract ¢ * * *

N
This study investigates using fermented pineapple waste

with Trichoderma or Bacillus to boost plant immunity against

viruses. An eightfold dilution of Trichoderma fermentation

proved most effective, reducing virus levels and triggering

early immune responses in tobacco. The results highlight a

sustainable, eco-friendly approach to plant protection and WO 0 Tri4 T8 Bac0 Bac4 Bacs

]
2
»

[ BRR
~

. ) A ERER TR
pesticide reduction. Pic2  (*: pvalue<0.05)
Research Objectives 25 o o

1. To investigate the antiviral effects of fermentation broth
derived from pear peels, supplemented with either
Trichoderma or Bacillus, and to determine the optimal
concentration for efficacy.

2. To examine the antiviral activity triggered by the
fermentation broth via pattern-triggered immunity (PTI) and
salicylic acid (SA) signaling pathways, and to monitor
corresponding changes in plant disease symptoms.

HO  Tri Tri4 Tri8 Bac0 Bac4 Bac8
FEIEREAFER

0
Pic3  (**: p-value<0.01)

Research Results C|I1.C| DiSCUSSiOI’I [ ] Effet':ts (?f Bacterial Suspensmp or Fermenta?non Broth
Application on TMV Coat Protein Accumulation
® |nvestigating the impact of immune responses induced by

oo L . As shown in Figure 4, there is
fermented liquid application on plant disease symptoms

no significant difference in TMV 10000

. . ARk
using the Disease Index. coat protein accumulation 8000 .
Severity Level Description between Bac8 and Bac, TMV 6000
0 No symptoms \_Nhereas a significant d?fference_ g 2000
Vein clearin is observed between Tri8 and Tri.®
- - - g - Overall, the fermentation broth 2000
2 Mild mottling accompanied by leaf chlorosis treatment is more effective than i S
3 Severe mottling and noticeable leaf deformation the bacterial suspension HEiEREROTEER
4 Pronounced leaf drooping treatment. Picd  (****: pvalue<0.0001)
5 Plant death ® Assessment of Priming Induced by Fermentation Broth
Application
Spraying treatment | B,0(17) | Tri0(15) [Tri4(15)[Tri8(15) Tri(15) wy . PISEEEER
Disease index average 3.12 2.10 3.10 2.00 2.80 e o
Standard deviation 0.87 0.55 | 1.04 | 0.82 | 1.09 g oo .
picture Z Y E o
o 02 .
bap £ 0 H,0 DOV H,0 D3V H,0 DSV Trig DOV Tri6 D3V Trie DSV Day0 Day3 Days B[
MR . :
Spraying treatment Bac4(15)Bac8(15) Bac(:15) Pic5-a  (*: p-value<0.05) Pic5-b
Disease index average 2.70 o . P
Standard deviation 1.30 i
2000 H
picture r:v ¢
& 2000 :
’ b 3 2
.~ Effects of Fermentation Broth Application on TMV Coat b he i ‘ Dayo  Days  Days M
Protein Accumulation and PR1 and PTI5 Gene Expression picé-a  (*** 1 p-value<0.001) Pic6-b
300 ok dokkk RkRR okkk kR H
Conclusion

A 1:8 dilution of Trichoderma fermentation broth was identified as
the most effective concentration, resulting in a lower disease index,
reduced viral accumulation, and increased expression of the PTI5
gene.Tobacco plants treated with the Trichoderma spore suspension
exhibited higher accumulation of the TMV coat protein compared to

HO Tri0 Tri4 Tri8 Bac0 Bac4 Bac8 . s P N
: " ;mmémg;c acd Bac those treated with the fermentation broth. This indicates that the

fermentation broth is more effective than the spore suspension in
enhancing disease resistance. This research supports sustainable
agriculture and SDG 12: Responsible Consumption and
Production.
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Antioxidant Activity and Mechanistic Insights into
BSA-MXene/Au-PDTC Nanocomposites

Abstract

This study develops a BSA-MXene/Au-PDTC nanocomposite and evaluates its
Au-PDTC nanodots antioxidant activity. BSA was used to stabilize MXene nanosheets and improve
+Au-PDTC complex — dispersion, while Au-PDTC complexes were immobilized on the MXene surface.

Antioxidant performance was assessed using DPPH, ABTS, and Folin—Ciocalteu

assays, and intracellular ROS levels were measured using a DCFH-DA cell model.

W

g SEM characterization confirmed improved MXene dispersion and successful
MXene MXene/Au-PDTC . I . - L L
immobilization of Au-PDTC. The composite maintained strong antioxidant activity
Fig.1 Schematic of MXene/Au-PDTC synthesis. while reducing the cytotoxicity associated with Au-PDTC.

Materials and Methods

. . . . . . . PDTC
1. MXene, a two-dimensional nanomaterial with a high specific surface area and
abundant surface terminations.
i
2. Bovine serum albumin (BSA), used as a stabilizing agent to improve the
dispersibility and aqueous stability of MXene. =
Au-PDTC
3. Au-PDTC, a coordination complex formed between PDTC and Au** ions, has MXene N BSA
anti-inflammatory potential. N
4.PDTC, a compound with antioxidant and anti-inflammatory potential. > [] BSA-MXene/Au-PDTC
\,"
BSA-MXene

Fig.2 Synthesis procedure of the MXene/Au-PDTC composite material

Result

Antioxidant Assay(DPPH) DPPH scavenging activity

BSA-MXene/Au-PDTC 10000%
. $0.00% B AwPDTC
exhibited high radical- " .
S0.00% aPDTC
scavenging activity comparable BBSA-MXene/Au-PDTC
4000% N s
to MXene, indicating that -~ ABSAMXene (A) MXene (B) BSA-MXene (C) BSA-MXene/Au-PDTC
immobilization of Au-PDTC did | - A SEM images
0.25% 0.5x Ix
not compromise the antioxidant i i i i ,
P Fig.3 Radical scavenging activity of materials in DPPH assay SEM images showed that BSA improved MXene dispersion and prevented
capability of MXene alone. nanosheet restacking, while surface dots on MXene indicated successful
Control Les DXM + LPS immobilization of Au-PDTC on the MXene surface.
"

- " <« Intracellular ROS Generation (DCFH-DA Assay)

B

i BSA-MXene/Au-PDTC showed the lowest intracellular

Mxene + LPS Mxene/AUPDTC + LPS AUPDTC + LPS 1. ROS fluorescence, demonstrating stronger ROS

H

: .

“ suppression than MXene or Au-PDTC alone.

= D (Lower fluorescence intensity indicates lower ROS
n s e,

Fig.5 Fluorescence of the samples observed under microscope.  Fig.6 Relative ROS generation quantified from DCF fluorescence intensity.
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Human-AlI Collaborative VR Mental Health Support System
Advancing SDG 3 & 10 through Innovative Real-Time Emotional Regulation
Author : YUN HSUAN CHANG

This study presents a Human-Machine Collaborative VR Mental Health Support System integrating real-time physiological sensing,
immersive VR, and a hybrid Al engine. Built on a local edge computing architecture, the system achieves low latency (<0.8s), high
synchronization (>97%), and minimal data loss (<0.02%), ensuring robust real-time performance. Physiological signals (heart rate, HRV) are
processed locally for privacy-preserving emotion inference. A Retrieval-Augmented Generation (RAG) engine, grounded in a 378k-entry
professional knowledge base, delivers context-aware psychological support. A dual-alert mechanism with human-in-the-loop VR switching
prioritizes user safety and autonomy. Under peak workloads, CPU usage remains at 29% on standard laptops, demonstrating high efficiency.
Experimental validation confirms 100% crisis recognition accuracy. This system offers a secure, scalable engineering solution for digital

mental health interventions.

1.Low-latency HR/HRV monitoring

2.Hybrid AI (RAG) for psychological support
3.VR-AI multimodal interaction
4.Privacy-first edge computing

5.System performance & safety validation

1. Physiological Sensing & Processing

(1) Web Bluetooth API connects to Polar H10 for real-time heart rate
and HRV (RMSSD)

(2) Local browser-based processing ensures low latency and privacy
2. Hybrid AI Engine

(1) Dify.ai platform + 378,450-entry structured psychological
knowledge base

(2) RAG ensures context-aware, safe, and ethical responses

3. VR Environment

(1) Unity + Meta Quest 2

(2) Four immersive scenes: CitySkyline (anxiety), CanyonBridge
(fear), OceanAbyss (isolation), SunnyMeadow (relaxation with
alpha music)

4. Human-in-the-Loop Safety Design

(1) RedAlert triggered when heart rate >120 BPM

(2) VR scene switching manually confirmed by user or caregiver
5. Data Management

Local edge storage + user isolation + one-click data export

Human- Al Collaborative VR Mental Health Support System
Technical Architecture.

(o ) I (e ]

Figure 1. System Architecture
(Diagram generated by Al based on author’s instructions)

Low-Latency Physiological Monitoring
HRV (RMSSD) computed locally every second
1. End-to-end latency: <0.8 seconds
2. Data loss rate: <0.02% (120-min test)
3. Real-time display success: 100%

Figure 2. Logging 7,199/7,200
points in 2 hours (<0.02% loss)
proves highly reliable edge

computing and  Bluetooth
- :> transmission.
Hybrid AT (RAG) for psychological support
* Knowledge base: 378,450 structured psychological entries

« Crisis recognition accuracy: 100% (12 high-risk scenarios)
* Overall dialogue pass rate: 100% (59 test scenarios)

* No hallucinations or unsafe responses detected

VR-AI multimodal interaction
* 4 immersive VR scenes (anxiety, fear, isolation, relaxation)
* RedAlert triggered in <0.5s when HR >120 BPM
* Human-in-the-loop VR switching ensures safety and user control
Privacy-first edge computing
*All raw physiological data processed locally
*Only anonymized parameters transmitted
*User isolation + one-click data export for data sovereignty
System performance & safety validation

Full load (sensing + VR + Al): 29% CPU, 51% memory, <1%
disk I/0. Dedicated GPU idle — lightweight & scalable.

Figure 3.System Test
Screenshot : The dedicated
GPU remains idle,
confirming the architecture's
lightweight design and
scalability.

This study successfully developed and validated a Human-Machine Collaborative VR Mental Health Support System with the following key

contributions :

1. Safety-first architecture: Dual-alert + human-in-the-loop for ethical intervention
2. High performance: <0.8s latency - >99.98% reliability - 29% CPU usage

3. Privacy by design: Local processing - Anonymized transmission only

4. Professional Al support: 378k RAG knowledge base - 100% crisis recognition

5. Scalable & accessible: Runs on standard laptops - Ready for schools, homes, communities

This system provides a robust engineering foundation for real-world digital mental health applications.
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Hands-on
Moon Phases

Introduction

In ninth-grade science class, we learned and
observed that the Moon® s shape changes day by
day. However, the models presented in textbooks
are static and disconnected from reality. This
discrepancy led us to question whether traditional
teaching models truly help students understand

the mechanisms behind moon phases. Textbook Model vs. Manual Model
Project Highlights Feature Textbook Model Manual Model

. . Method Holding by hand Hands-on
* The Innovation: Developed a synchronized gear

system that automatically aligns the Moon’ s i ] Earth-based perspecf:ive
lit side toward the Sun, fixing the manual errors Perspective | Earth-based perspective | Top-down perspective

of paper models.
* The Goal: To design better tools for understanding lunar cycles and celestial Materials are easily
mechanics. accessible
* The Research: Conducted a comparative analysis of learning outcomes between
textbook models and manual models.

automatically adjusts the
Moon’ silluminated side

manual adjustment of the| Requires prior assembly

Experiments and result Moon’ silluminated side of the block modg

' Gen 1: Daiso Paper Model
L] “ ) « Pros: Top-down "God's eye view"; affordable for individual practice.
 Cons: Manual light adjustment required; fragile paper structure.

Gen 2~N: Gigo Block Model
¢ Improvement: Used Gigo blocks to create a sturdier and more user-friendly

mechanism, enablingthe Moon’ s illuminated side to rotate synchronously for

X observing moon phase changes. 2 —
Gen 1: Paper Model (Daiso) Gen N: Gigo Blocks*

Classroom Testing & Feedback Moon Observation & Phases: Test Questions

1.0bserving the Moon daily for a month, what  4.Relative positions during a Full Moon:
occurs? (A) Sun-Earth-Moon (Linear).

(A) Appearance remains constant. (B) Sun-Moon-Earth (Linear).

(B) Illuminated shape changes daily. (C) Sun-Earth-Moon (90° angle).

(C) Brightness increases continuously. (D) No fixed positions.

(D) Movement is entirely random.

=] : N ’ 5.Relative positions during a First Quarter
Method: Conducted a controlled experiment with 9th-grade science  ;he Moon’ s sunlit side always faces: Moon:

students (Control Group: textbook model vs. Experimental Group: (A) Toward Earth. (A) Sun-Earth-Moon (Linear).
manual model). (B) Toward the Sun. (B) Sun-Moon-Earth (Linear).
Results: The experimental group showed significant improvementin  (C) In random directions. (C) Sun-Earth-Moon (90° angle).

v N o (D) Toward the West. (D) No fixed positions.
understanding model mechanics and lunar principles.
Conclusion: The model effectively helps students master the spatial 3 can stars be drawniin the Moon's shadowed  6.0bserving the Moon at its highest daily point
relationships between the Sun, Earth, and Moon. area? for a month:

(A) Yes; it is empty space. (A) Phases change regularly.

(B) Noj; stars are too dim. (B) Phase changes are random.

(C) Nojitis the Moon® s physical body. () Only Full Moons reach the top.

(D) Noj; stars only show on New Moons. (D) The phase never changes.

Our Contribution to SDGs
awm

450 Providing low-cost, high-precision interactive tools to enable
ml scientific inquiry.
@ @ s

Developing a moon phase observation model with
gear-synchronized rotation.

@
"ec

Conclusion
* Successful Tool Improvement: The Gigo Moon Phase Observer integrates synchronized illumination and angular
viewing, enabling a more realistic representation of moon phase changes. . (

* Significant Learning Impact: Using the tool alongside observation logs significantly enhances learners’
understanding of astronomical patterns.




Bl EEE4 | 1G00S

" Tiny Ant Big Impact "
i - 58900 - Hh8lE
TGRS » HACIRE —
¥IH GIS &R
Tl E oS4

MZAZA : HO%K - HEgm
Bl ~ EE5EEA - BREREAD

BAFE ~ ERMNEE
A VWS ]
BEEFFHREE > ERBSBSBCARREE - TRBEFBHRZHY
MHETETTRENE > SEEENITERI RN > MEGERREEIE
2. 5B
BIEREREEME > SMASEREREHRER  HBERNEREES
Bt RECERTEAER A ©
3. 4tnelE
REERAEE > BAHERERRNREESTER - RETHERA > BR
HERBHREE > TEBEERTNEEE » BREFTMRERAIL

B BX 5 /v BB 4 2R
B2 —BHBERENB TR TNEE » BB
REENNEMERAKRNRBRE o ISR
AIZEEE » IEANFE Tiny Ant Big Impact » /) v\
BEEETRAREATE RIRMMAAIRE - S FER £
IEFRIRERE RIS o

52



BEFENRLFE

HAHFIZ EERFEIEAR - AIEHT BT MR ZEL - £t
BUBRED » WARZIEEE BRAEEAEBREE > BEEAH
ARIETY ) - EHREEREERIE - FEABEHSZ KA
o HMEG TNRTLFHNIREPSKIBE - BIETPERESET
b - BREBRBANBEZK T « REZMRS/NEMT - UK
FAER R BREKIVRRR < LB B BB - B T HRME
BEHAPRIBUNRE  BEMITHEER » MEFIR T RIIBVRE
BAi - ERRHMIAE - REEAZRARAZE - IEREREM 78k
2O BIBkEL - BRASHE  FEBR T HEBEARS » pliARPIHEMN
RNESED ©

Bkih 3T
¥
AR AR IE - A RE R RIRE » 455 GIS ERD T EEYE R A
7 R AEREYE D o MRS H B T A B R A SR8 Z B o
ZUBREERSEMBSE - BIBEEIRETE NN » MERRMSHRAES
th[olfE SDGs MRSREEER) BR » BIREMEEREHOKEE R H
RS o
43
ARAHRERUREETHR > BATRBEORRGEEES LNHAE
S 28T RFIFERSRETETGRMUEEESNES »BRME
Wah FESYEBER - RIKER - BBFHERE BAREHR > BT
iR SEEERIERET] » BEAERFBMMTED ZHMAVAERE -

4

53




4 o Tiny Ant Big Impact-

Exploring Ant Diversity in Lieyu: A GIS-Based Spatial Analysis
@ Motivation

Lieyu (Little Kinmen) has a unique island y Ants are "ecological d ives" that are highly sensitive to environmental
H We iced a lack of sy ic ant records in Lieyu, and ii ing d may bring i ive species that
threaten local wildlife. Therefore, we conducted a whole-island survey using GIS technology to create a monitoring model. Our goal

is to protect our homeland’s biodiversity and support UN SDG 15: Life on Land.

@ objectives

« Map Ant Distribution: Identify ant species and populations in school and across Lieyu using digital maps.
« Compare Bait Efficiency: Evaluate whether liquid or solid baits are more effective at attracting ants.
« Analyze Environmental Impact: Use GIS to see how different land uses or village locations affect ant distribution.

€ Methods

1. Research Flow:
Pilot Study at School
=) Bait Testing & Identification
=) Standardizing Methods
=) 73-Zone Island Survey
=) Species Identification
=) GIS Analysis (Land Use & Villages)
=) Correlation Analysis

Residentisl

@ Results

« 10 Species Identified: We recorded 10 ant species. Notably, we provided the first official  Natioal Pk

2. What We Did:

« The Bait Battle: We placed "Liquid Sugar" and
"Solid Protein” baits at each site to compare
their performance.

o Island-Wide Survey: We divided Lieyu into 73

precise zones, covering residential areas, farms,

forests, and the National Park.
« Rigorous Identification: We identified species using field
guides and expert verification.
« Digital Mapping: We entered GPS coordinates into GIS

software to transform data into clear, colorful heat maps.
Agricultural  S——

record of the Red Imported Fire Ant (RIFA) in Lieyu, along with Polyrhachis and Putiasd
Protected  ———
Erromyrma species. Educational

Liquid Bait Wins: Experiments showed that Liquid Sugar Bait is significantly better than ot
solid bait for attracting both a higher number and a wider variety of ants.

0 20 40 60 800 1000 1200 1400
Total Number of Ants

Ants Love "City Life": GIS analysis reveals that ant density is higher in populated villages =~

and roadsides. Invasive species (like RIFA) mostly hide near main roads, while native SPotyrhachis sp.
Figure 2. GIS analysis shows human disturbance

species remain stable in protected areas. increasesinvasive ant abundance.

tus sp. W Pheidole 5p. = Manomarium 5.

ceem Nylanderiasp. 1 owoce =Red Fire Ant

Distribution of Ant Subfamilies in the Lieyu Survey

Figure 1. Ant subfamily distribution in Lieyu using solid bait and
sugar solution, with Myrmicinae as the dominant group.

© piscussion & Conclusion

« How Did They Get Here? We suspect RIFA arrived via
imported potted plants or construction materials, as 6 lnl‘louation & Future Reseal’ch

they appear near high-traffic areas. Another invader,

Figure 3. GIS map showing ant distribution and higher Figure 4. GIS map of red fire ant density, showing
invasivespecies in disturbed areas. higher concentrations in disturbed areas.

the Polyrhachis ant, was first recorded near the Kinmen  Innovation: We combined "Ecological Fieldwork" with

Bridge—a major warning sign! "GIS Technology" to fill the gap in Lieyu’s ant records.
» The Power of Digital Maps: With GIS, we can pinpoint Our digital maps reveal the movement of invasive species,
"Fire Ant Hotspots." This helps the government target creating an intuitive scientific monitoring model.

pest control precisely instead of searching blindly. « Future Research: We plan to start "Four-Season

Tracking" and use aut d By

Action for SDG 15.5: We are more than just ant * G

~ T combining environmental data, we hope to build an "Early
ool .o

[

counters; we are "Eco-Detectives." By detecting

invasive species early, we prevent them from destroying Warning System" to protect our island's environment

biodiversity and help maintain Lieyu’s natural balance.

forever.
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TRASH WITH NO PASSPORT

YUNJIE LIN, XIAOCHEN YANG, AND YUXUN FANG
ADVISORS: XINYAO FU, CHOLING WU ¢ s e

i RESEARCH BACKGROUNDS& PURPOSE e e i

Marine debris is a big problem for the ocean (SDG 14). Wind and climate change move this trash around the
world (SDG 13).

In Lieyu, we see a lot of marine debris on the beach during the winter. We want to know: Does the northeast
monsoon bring this trash to our island? Also, we want to find out: What kinds of marine debris are on our coast? P

To answer these questions, we read reports and visit beaches to observe the trash. o

o o MET DOLOGY e o o o e« o o o

Our study had two parts:
1.Field Survey (Beach Check): We visited two beaches in Lieyu in winter. We recorded the types of marine debris. We focused on plastic
o o and Styrofoam.
2.Simulation Experiment (Water Tank): We used a water tank to simulate the ocean. We used Styrofoam balls as trash. We used fans to
simulate the monsoon wind. We watched how the wind moved the trash.

Mrﬂ!l‘l

u“) )g) m)
£ ‘m ﬂlm

Figure 1. The Research Process Figure 2. The Water Tank to Conduct Simulation  Figure 3. The Results of the Simulation

RESULTS& DISCUSSION

1. Beach Survey: Reality vs. Prediction

« Discovery: Donggang Beach had more trash than Huangcuo.
* Reason: Donggang has high sand dunes. They trapped the marine debris.
* Observation: At Huangcuo, strong winds blew trash into the grass, making it hard to see.

2. where is 'he 'rush from? Figure 4. Types and Distribution of Figure 5. Types and Distribution of
« We checked 24 branded items on the beaches Marine Debris in Huangouo Beach  Marine Debris in Donggang beach
¢ China / Hong Kong: 22 items (92%). [

o Taiwan: 2 items (8%). =
 Fact: Most trash came from China. »
"
3. How the Wind Moves Trash (Simulation) °
* We used fans to simulate the northeast monsoon. :
* Movement: The wind pushed the Styrofoam balls to the Southwest. T e S S &
o # o
* Accumulation: The balls collected on the North and West coasts of Lieyu. & M M LA,
* Match: Our experiment matches the real trash we found on the beaches! I
Figure 6. Sources of Marine Debris

CONCLUSION R

1. The Monsoon is the Key Factor (SDG 13: Climate Action) . .
Our simulation proved that the northeast monsoon is the main reason for trash accumulation. The wind pushed trash to the
southwest, so it collected on the North and West coasts. Understanding this climate factor (SDG 13) helps us know where to clean
the beach more effectively.

2. Marine Debris is a Global Problem (SDG 14: Life Below Water) o o
Most trash we found came from China and Hong Kong brands. This shows that marine debris moves between different countries.

o .
To protect Life Below Water (SDG 14), we cannot work alone. We need to work together with our neighbors to stop trash at the
source. ¢
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marine-debris-zh

57



E R EREAE | JG010

" The Pandora Squad "
HEKE - RRE

Oasis Under Fire: Design
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Supply System for
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Box Of Dawn

Oasis Under Fire : Design of a Hydroponic Food Supply

B aecommodsics aotal of 350 occupants.
Residents are divided into two equal groups of 175 people per floor (BI & B2).

Al calculations below are therefore based on one floor serving 175 people, 16 planing slots per vertical rack,
and 150 g of vegetables per yield slot, 300 g of vegetables per person in daily requirement (recomended by the

‘Why is this problem important? Health Promo on Administration)

» Limited Fresh Food Supply — Underground shelters lack a stable source of fresh vegetables. Daily vegetable demand = 175 persons*300 g=52,500 giday

* Dependence on Stored Food - Shelters rely mainly on canned foods and dry rations. Yield per cultivation unit = 16 plantsx150 g=2,400 g unit

« Health Risks — Long-term vitamin deficiency may affect human health. Units to harvest per day = 52,500 2,400 = 21.875 units.
A deployable vertical hydroponic rack — designed like an emergency kit — delivers fresh vegetables reliably  Since harvesting a fraction of a unit (0.875 of a rack) is physically impossible, the result must always be rounded
in underground shelters. up: [21.875]=22 units / day (P)

Objectives Production Buffer

What does this study aim to achieve? Real Risk Factors in Underground Hydroponic System

+ Develop a modular hydroponic cultivation system that can beeasily installed and dismantled in under- Table 2 — Risk factor breakdown

ground shelters. "
+ Construct a mathematical model to estimate the vegetabledemand for shelter populations. izl ) )
+ Determine the optimal number of cultivation racks required toensure a stable fresh vegemble supply. oot s S

Nutient soluton 7 nstabilty

vield reduction

System Design ; ol =

LED failre o power nterruption  +3-5%

Operator ertor (1o speciaist

The arrival of light from the 'Box of Dawn' brings a glimmer of hope to the residents of the shelter.
+Bamboo hydroponic racks (8 holes of plant rack*3, each one 38cm heigh)
« A storage box with lid (38cm*55.4em*22.5¢m)
« LED grow lights with removable stand 23.5cm*13.7em, 100W)
+ Submersiblepump (Power: 8W, Max Li : 1.5m)

personnel)

Combined recommended safetyfactor ¥ 115-125

‘Table 3 — Safety buffer days and equivalent conversion factor

« Removable PVC water pipes (40cm*2, 30em *1, Connector*2) SoferyBufr Days ol ow [——

« Hydroponic fer lizer » Mul - parameter Water Quality Tester T = e

+ Concrete Base or Water-filled Base
A ) -0
Fe “ wao-vim
saan » w0 Lier
™ B se/0=120

Therefore, A safety factor of 1.2 is mathematically equivalent to extending each batch's residence time in the
system by 6 days beyond the standard 30-day growth cycle.

N = P x D

daiyharestday nsystem

N~ Total number of cultivation nis required
P~ Number of plants to be harvested per day.

D= Growth cycle (days)
Recommended Hydroponic Crops in Shelters ‘Table 4 — Safety buffer days and equivalent conversion factor

Table 1. Recommended Crops for the Vertical Hydroponic Rolling-Harvest Model iScsnaria ValuaotD | FoelUntesRequirsd
Without safety factor 30 days. 22 %30 = 660 units
Crop Lettuce Bok Choy Amaranth
With safety factor 1.2 36 days 22 % 36 = 792 units
25-35 days 2030 days 25-35 days

Growth Cycle 7-’"\
Imagine a conveyor belt.

Each day, you place 22 trays at one end. It takes 36 steps (or slots) for each tray o move from one end to the
G R G,

The hydroponic system works on exactly the same principle — 792 cultivation units are always "on the belt"
Case Study with 22 entering and 22 leaving every day in a continuous, uninterrupted cycle as Figure 1.

Figure 1. Rolling Harvest

Using Taichung Residential Complex < 10 years as a Representative Model Building
Building Profile: -
* Structure: 23 floors above ground /4 floors below =
* Site Area: 1,091 pings (approx. 3,606 m2)
+ Experimental Space: B1 & B2 parking levels (Total: 1,653 m2)
opulation & Capacity
+ Estimated Residents: 350 people.
« Calculation Formula: Total_Population = (Units3BR x P3BR) + (Units4BR x P4BR) :
+ Regulatory Capacity: Registered for 614 people (per MOI standards) e
 Shelter Quality: 4.7 m* per person to ensure habitability and comfort—significantly exceeds all applica-
ble minimum humanitarian and civil-defense benchmarks (Taiwan Building Technical Regulations, Art. 141)

o

This study's proposed hydroponic system offers the following key advantages:
1.Modular Design — Easy to Build and Deploy
+ Space-efficient
* Modular by design
+ Rapid deployment
2.Continuous Supply of Fresh Vegetables in an Underground Environment
3.Improved Nutritional Quality During the Shelter Period

Since we couldn't test a real underground shelter, we
combined rescarch with real-life experiments. We — ~se——,
used a‘Dry Lab' (math and si and a'Wet
Lab' (small-scale planting). Our Wet Lab showed
that our design can grow plants successfully, and
our Dry Lab helped us predict the needs of a
full-size shelter. The 'Box of Dawn’ is more than
just a concept; it is a realistic plan for emergency
survival. Our next step s to scale up these modules
for real-life use.

ns o Choy S ot il S
P

Lo a2
ompounds.

e oy G5 e U e, Tt P
SR S VR 7 AL 8 B M L 2N A R
PR 3m2 £ 3.5 m2/ AGY 1D
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My name is £ &8 . | enjoy thinking and asking questions, and my

specialty is solving math problems. In my free time, | like playing
Chinese chess, where | also think about strategies and layouts,
helping me develop logical thinking and judgment skills.

2. 5EE

Hi every one. My name is &8% , | like learning mathematics. In this
experiment, | learned more about biology, Al and | can practice with

my partners in this propjet.

BERRALE

Our team decided to participate in this competition
because we wanted to explore environmental issues
and apply scientific methods to solve real-world
problems. After discussing different ideas, we formed
a team and chose to study marine fiber pollution
caused by household laundry. Each member took
responsibility for different tasks, such as researching
background information, designing experiments,
collecting data, and preparing the presentation.
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To prepare for the competition, we conducted several
experiments using a washing machine while changing factors
such as rotational speed, detergent concentration, and water
temperature. We carefully recorded the amount of fiber
released under different conditions and analyzed the results.
During the preparation process, we also spent a lot of time
discussing our findings and improving our experimental
design.

There were also some interesting moments during the
experiment. For example, during one test, we accidentally
meddled with the temperature, which produced less fiber
than usual. Although it was a mistake, it helped us realize how
sensitive fiber release can be to washing conditions.

The biggest challenge we faced was ensuring the accuracy
and consistency of our experimental data. Sometimes the
results varied, so we had to repeat the experiments multiple
times. Through this experience, we learned the importance of
teamwork, patience, and careful scientific investigation. This
competition not only improved our research skills but also
increased our awareness of environmental protection.

Bk th B 5¥
B

The research methodology is logically rigorous, enabling a systematic
analysis of problems and yielding valuable conclusions. Furthermore,
the team demonstrates excellent synergy with clearly defined roles;
members leverage their complementary expertise to ensure the
research proceeds smoothly.

The research leaves room for further development as some potential
aspects were not discussed in depth, and a portion of the hypotheses

remains partially unverified."
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How do marine fibers originate?
The effect of laundry flow rate on the dissolution of
different fibers.

SDGs

1 PARTNERSHIP
FOR THE GOALS

SUSTAINABLE icH
DEVELOPMENT

06: Clean Water and Sanitation
14: Life Below Water
15:Life on Land

Materials and Methods

Rotational speed  Clothing composition Laundry detergent

. Al A
=® Lye
’;Q Simulation test
e

Surfactants
Enzymes
Fragrances/Perfumes
Preservatives

Laundry detergent

1000-1400 RPM 1. Surfactants(10PPM-100PPM)

Simulation test(5*5CM)-10hrs

1. 1000RPM 1. Wool(Natural fibers) §
2. 1200RPM 2. Polyester(Man-Made Fibers) § Er":yg:z‘:s?:xu;?;m:wrmww
3. 1400RPM 3. Nylon / Polyamide(Man-Made Fibers) €

Abstract

Domestic laundry is @ major source of microplastic fiber (MPF)
pollution. Experiments show that washing machine spin speed,
detergent concentration, and water temperature significantly
affect fiber release. Higher spin speeds and stronger detergents
increase emissions, while lower temperatures reduce them.
Simple lifestyle adjustments, such as using cooler water and
gentler cycles, can effectively decrease MPF pollution, helping
protect aquatic ecosystems, water quality, and the environment.

STOP Y .

ocean plastic pollution

0
A
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Microplastic Fibers

ScienceDirect

Journal of Hazardous Materials

Supports open access « Open archive

Global microplastic fiber pollution from domestic laundry - ScienceDirect

According to the journal *Global Microplastic Fiber
Pollution from Domestic Laundry* the median global
emissions of microplastic fibers (MPFs) from
household laundry are estimated at 5.69 million tons
annually.

Machine washing accounts for 93.7% of total
emissions, while hand washing accounts for only
6.3%.

Asia is the largest source of emissions (approximately
3.71 million tons), primarily due to low retention
rates in wastewater treatment facilities.

Therefore, this article mainly explores the main
relationships and influences between different
washing speeds, clothing composition, and detergents.

Discussion

Nylon / Polyamide
100PPM

Experimental results showed that washing machine spin
speed is one of the main sources of marine fiber, and that
different detergents at concentrations up to 100 PPM
produced cotton-like fibers in clothing.

The results showed that the control group (low-temperature
water) resulted in less fiber leaching in the washing machine.

Wool 100PPM

Py ster 100PPM

Polyester 100PPM

Nylon / Polyamide 100PPM
Wool 100PPM
low-temperature water

Microplastic Fibers

$
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Design of a Carbon-
Absorbing loT Podium
with CO2 Monitoring

Using an Algae-Based | yrz4 : svmzm-
Battery MBS ~ HED ~ AR

BAFE ~ SRMNEE

1. MR

BR—RHAEBRER ST SEMNBL  ERPVEXSE - R28EHA
INRE o SFEREER] > REARMNITEDK « SRR > SRHTFMER
BAFATRIME ©

2. HBR

BE—%RE  BEEHNEL > ERE - 5%  (EXEBRR 2
% SRR > RN B Bl - SAHEIR > SEPBERE o

B B £ B BX 4 2R

BB —HAESRENEL ) THRERFHFHE
B MEAOEEFRNIRIEREE - EREEIEEYE
Bk~ SR ENRLERIE SEER > RETH B UK
EHETINRFRER » FEARKEREZS
BOKAE o % THEY) Th X, B2%F KK
Bl (https://recreation.forest.gov.tw/Education/
Course?id=LD-T1211) &8k » KR GEFEE
B— > —FFRR_ACHIERE » M AEYE
BB IERS > Fomd B T8N 7] o
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Design of a Carbon-Absorbing IoT Podium STUDENT: CHARLOTTE LIN, JOYA CHUANG
with CO2 Monitoring Using an Algae-Based Battery TEACHERS: STAR HUANG, CHRISTINA TIEN

Research Backgrounds & Purpose

The air in your classroom may be affecting how well you learn!

In poorly ventilated classrooms, CO, levels can rise from 400 ppm to over 1000 ppm, reducing students’ cognitive
performance and focus. This project presents a smart and sustainable solution by combining carbon sequestration and
bioenergy generation in a multifunctional classroom podium. We aim to develop a system that can absorb CO,, decorate
with plants and flowers, and generate enough power to support sensors that monitor CO, levels. We use plants and
microalgae to carry out photosynthesis, which helps reduce CO, levels and increase oxygen in the air. Microalgae, so
callled “Blue Carbon” are especially effective because they have high photosynthetic efficiency and can absorb CO, faster
than most plants “Green Carbon”.The podium includes a bioelectrochemical system, in which algae can generate a small
amount of electricity during their biological processes.This creates a simple bioenergy system that reduces the need for
external power. We conduct experiments to identify the most effective plant species and the optimal conditions for algae
to absorb CO,. We first build a small algae battery, then scale up to a larger single-unit system, and finally develop
multiple-unit systems.To monitor multiple classrooms, the system uses Internet of Things (IoT) technology to measure
CO; levels, temperature, and humidity in real time. This project shows how combining biology, engineering, and smart
technology can improve air quality and create a healthier, more sustainable learning environment.

Smallscaleatiac powered  PPOCESS - Literature review Experimental Methods

Find out which factor il et e E\pl()l'llg how algae generate Algae battery generate
widthand thicks cave power for IOT to monito:
Small battery- Big single battery: CO2 level in multi-
serial batteries classrooms

.
Design algae battery

We compare green carbon, hlue carbon,
and yellow
the Phalacnopsis orchid s the most

Weobserved the eff
bsorb CO,..

¢ sorct successful 1. Flowering vs. non-flowering plants
suitable plant for our system. In 2-Differentaf colors ithin hesae
addition, since Chlorella isa unicellular plant spe
onganism, it can effectively provide = =]

3.Presence ()l ﬁlﬂ nce of light
positiveand negative fons. Therefore, 5 L 2
weaim toutilize Chiorella o gencrate: ————
electricity to powera CO,sensor, \ |l B 1 “..
allowing the system to achieve both A ‘ Sl 3 LX)
carbon absorption and self-powered i _—
functionality.

Rasberry Pi 10T sensor <]

Ourgoalistoplaceaca
absorbing plant boxin every I P
| Yellow Carbon
ELALE 7T )T |7 Wefirstused the plant-based
carbon absorption box to measure
|~ [, howdifferent typesof soil affect
2 b lels COzabsorption.

allowingthesy ual
function: both reduci Yellow carbon Trees  Shrubs Grassland
and monioring crbon test failed
concentration. - B

RLL](_S|gn Yellow Found that the soil .
Carbon experiment could not “breathe,” 4@

o s0 it could not be
used in the plant
carbon absorption
b box experiment.
N4

1. CO2 Absorption Comparison: Different Plants over Time

«In the first hour, the Snake Plant had the fastest drop rate, due to its large leaf and it’s
a CAM plants, makes it the best as absorbing CO2. However, its absorption rate per unit
hour was not the highest.
*We found that plants change CO2 level the most in the first two hours. After two
hours, the levels don’t change much. We guess that the plants respiration starts to — — =
cancel out the CO2 create by photosynthesis.

Results

a o . . © The Phalaenopsis orchard with flowers
2. CO2 Absorption Comparison: 3. CO2 Absorption AbeorbedimoraCO ooy

Different Leaf Color TP R Comparison: Flower and No o After 3.5 hours, the CO2 level stayed
Radlthe fastostit Flower about the same. This is because the
absorption rate in the plant is doing photosynthesis and

first 1.5 hours. We think respiration at the same speed.

At 3.5 hours, the numbers dropped a
lot. This might be a mistake in our
speed was: Dark Green qxpcriment Maybe the plant l?ox had a

T > Light Green > Mixed e tiny leak, or the CO2 sensor didn’t read

dark and light green. it corectly.

The final order of

3.Thatoi, H., Mishra, & Mohapatra,
Advances and prospects of algal I)I()( nel

production in microbial fuel c
Environmental Management,



Bl EREA | 1G014

" The Corn Whisperer "
BFEE - FRE - Mkl
Acoustic Priming in Zea
mays: Growth Responses
to Recurrent Frequency
Stimulation
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THE CORN WHISPERER--

& Student: Sheena Lin, Jessica Li, Lala Chan
L% Teacher: Star Huang, Christina Tien

Background&Purpose

Every day, we hear that many cultivators find that playing music can enhance the growth of plants. In recent years, some scientific research shows
plants react to the sound; they can even learn and respond to some extent(“Matz et al. 17). According to the research, it shows that as the abiotic
stress was added to plants, the primed group showed significantly higher output in stress treatments(Liu et al. 187). This inspired us to test whether
a group of Zea mays exposed to a specific sound frequency, then allowed to rest for a few days before re-exposure, would show priming in the re-
exposure phase through the growth rate (cm/day). We aimed to apply acoustic technology to farm operators. We predict that, as Group A Zea
mays are re-exposed to a 432Hz sound frequency, their growth rate will increase, due to the sound vibrations influencing plant growth through
mechanoreceptors. When the plant cells are stimulated by sound, the nutrients are encouraged to move throughout the whole plant, fostering new

cells and growth(Oxford, 2020).
Methodology

To test this concept, we designed a 12-day experiment to collect data demonstrating acoustic priming in plants.
Group A is the experimental group. We played a 432Hz sound frequency song to the Zea mays for 7 days, silence for 3 days, and then finally re-

exposed for 2 days.

Group B is the control group. We maintained silence gl the twelve days.

Group C is the experimental group 2. We maintained silence from day 1-12, and played the 432Hz sound frequency music for the Zea mays.
A O 2 - < Figure 3 shows how the
experiment worked in
day 1 to day 7

/\ Figure 1 shows that /\ Figure 2 shows the

group A was under the control variable for this /\ Figure 4 shows how the
exposure(432Hz music) experiment(watering \ experiment worked in
mL) day 11 and day 12

Results and Future Outiook

By comparing the growth slope/rate of Group A and Group C on days 11-12 in trial 4(the representative group), we can determine that during
the recall phase, Group A had a growth rate of 0.3, while Group C showed a growth rate of 0.05. This indicates that Group A had a
significantly higher growth rate slope compared to Group C, d ing a ined physiological adaptation from Day 1 to 7. In our
experiment, we observed individual variance; however, the representative growth pattern of Group A showed 2.7x acceleration, suggesting a
potential genetic factor in the plants' acoustic sensitivity. The results of our experiment support our hypothesis that plants possess acoustic
priming. Although plants do not have an auditory system like animals, they retain the physiological footprint of past mechanical stimuli. This
technology can be applied in Acoustic Agriculture, enhancing the crop yield without chemicals.

Representalive Growth Patiem(Trial 4) Representative Growth Patter(Trial 4) Representative Growth Rate Pattern in Day 11-12(Trial 4) <« Figure 7 shows the
5 L —— 5 Wted Teatulotwahe =t . W Growth Rate in Day 11-12 Trendine for Growth Rate in Day 112 R = 1 N gmwth rate for
. . 7= = group A and group
" . — A
% P | <7 - C(Trial 4). The data
i pg . o
& o o ’// é shows the difference
W o —o—e o § o in the growth rate
T O O3 Ty DS O G7 s O o Do By e T H
oo k 3 between the two
- o roups
/\Figure 5 shows the most representative 2 Figure 6 shows the most representative oon oone group
. _ . Group
data for group A(Trial 4) data for group C(Trial 4) ne'erences
1.“Good Growing Tunes: How Plants Respond to Music | GCM.” Garden Culture Magazine, 17 Feb. 2025, il /good-growing-tunes-how-plants-respond-t
music/.
2.0xford, Brittany. “Should You Sing to Your Plants? Here’s What the Science Says.” Pistils Nursery, 19 Feb. 2020, pistil 'y i ic-and-plant-growth-h

what-the-science-says.
3.Charng, Yee-yung, et al. "Maintenance of Abiotic Stress Memory in Plants: Lessons Learned from Heat Acclimation." [Journal Name], vol. [Vol], no. [Issue], [Year], p. [Page/Article
Nol. PubMed Central, www.ncbi.nlm.nih.gov/pmc/articles/PMC9806581/. Accessed 14 Mar. 2026.
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An Exploration and
Analysis of the Genetic
Factors of the Tail of the
Jasminoides in the Wild
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1. BRishER
Hello everyone, my name is Chen Hung-Yi. | like to watch and think of the way

all the things around me work. In my free time, | love to discuss things I' m
now learning and chatting about school life with my classmates and friends.

2. ME5E

Hello everyone! I'm Lin Yu-Ying. My specialty is playing the piano, and my
hobby is playing basketball. Playing sports makes me feel more relaxed. I' m
eager to learn math and English. | can't wait to see you all!

3.EERE

Hello everyone, my name is Yeh Chin-Chi. My specialty is playing basketball.

In my free time, I like to pursue the knowledge and essence of things around
us. I hope I can be a better person in the future. Glad to meet you guys.

I K 75 4 SR B 4 R 2R

Our team name stems from our research subject: the Molly
fish. Despite their small size, Mollies possess incredible
resilience, thriving in the harshest environments with
vibrant vitality. Inspired by their strength, we strive to
emulate their perseverance throughout our study. Just
as the Molly fish adapts to adversity, we aim to overcome
every challenge, ultimately transforming our efforts into a
strong and brilliant future.
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BERAROE

As students of 10th grade, we want to do something
beneficial and meaningful to us during our three-year senior
lives o After think carefully, we attend the challenging
scientific research contest. At first, we have many difficulties
doing our research. For instance, we have to arrange our time
to do many field research and read numerous references.
The most difficult thing is that we have to come up with the
thought, inference and conclusion from every experment
process. Due to the difference of everyone's thought, we even
have many quarrals over our individual inference. As the
experiment progressed, our team's cohesion grew. Through
constant discussion and our teacher's dedicated support,
we overcame numerous technical hurdles. While winning an
award is thrilling, the bonds we forged and the experiences
we gained are the true, intangible treasures of this journey.

=k /

- B

Our research is rigorous and profound,
featuring an original and unprecedented
theme.

We acknowledge that some unanswered
questions and technical difficulties persist.

These areas call for more profound
exploration and future solutions.
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Lin Yu-Yin,
Ye Chih-Chi, Chen Hung-Yi

Abstract

‘This study focuses on wild populations of Sailfin Molly (Poccilia latipinna) to examine the genetic and phenotypic
variation in caudal fin morphology between wild populations and hybrid generations. Wild individuals and
successive generations from F1 to F4 were systematically investigated. In each generation, 300 individuals from each
category (males, females, and undifferentiated individuals) were sampled, and tail morphology was classified into
traditional types and natural hybrid forms.
The results show that wild populations exhibit high morphological diversity. Seven distinct tail types were
identified among males, with the Round tail being the most common, while Lyretail, Spear, Needle, and Sword-tail
variants were also observed. This pattern suggests that sexual selection and natural selection may jointly maintain
phenotypic diversity in natural populations.
Following controlled breeding, the proportion of Round tails increased sharply to 97% in the F1 generation, while
ecialized tail types declined markedly. By the F2 generation, only a very smail proportion of Lyretail and Round-
tail individuals remained, indicating that these mutant alleles are unstable without directional selection. By the F4
generation, all individuals (100%) reverted to the Round-tail phenotype, demonstrating a clear trend toward
phenotypic homogenization.

Motivation

‘The Puzzle of Phenotypic Reversion

1. Invasion Trigger: Floods cause orate, lab-bred fish to spill into the wild and interbreed with local populations.

2. The Paradox: Despite having few predators in Taiwan, the "fancy” traits of Sailfin Mollies (2. latipinna) vanish
n wild drainage systems.

3. Field Observation: Wild populations consistently revert to modest, ancestral appearances rather than maint

aquarium-bred traits

4. Research Focus: Does this "reversion"

stem from Female Choice (scxual selection) or Survival Pri
(natural selection)?

Experiments / Methods

1. Classification and Definition of Caudal Traits
According to experimental records, these traits can be categorized into three major groups
(1) Standard Types

A. Rounded: Characterized by smooth, semi-circular edges. This is the most stable wild-type trait (final expression
in the F4 generation).

B. Truncated: The edges are relatively straight and flat; commonly observed in commercial Black Mollies.

C. Double Sword-like: Symmetrical protrusions of both the upper and lower fin rays.

A. Lyretail: Features filamentous extensions on the upper and lower margins with elegant curves (residual traits
from FI-F3 generations).

B. Roundtail: Slightly more pointed than the "Rounded" type; a transitional state approaching the "Spade-tail."
C. Swordtail: Unilateral extension of either the lower or upper margin only.

(3) Rare Variants:

A. Pintail: The central fin rays protrude like a needle.

B. Spade-tail: The overall shape resembles a spade or a spearhead.

2. Swimming performance and locomotion survey of the sailfin molly (Poecilia latipinna)

The following are the experimental investigations and results regarding
the relationship between fish caudal fin morphology and flow res

Table 1. of the

Between Caudal Fin

and Flow Resistance in Fish
ased on the table dat:

TABLE 1. SWIMMING PERFORMANCE AND TAIL-BEAT FREQUENCY OF SAILFIN  Limscy Lo (A-1) shows I,Lm,
MOLLY (i

Y (POECILIA LATIPINNA) BY TAIL MORPHOLOGY

resistance 10 water flow than
COMPARATIVE LOCOMOTION DATA the lyre tail (A-2;

The experiment indicates that

Flow Vloc
e wn (L Ay A-I (round tail) remained in a
e e e e T
10 Stablo ) Stablo o Y e s
2 e e Soble g ¥ demonstrating excellent
1 St oM g, £ 0 tolerance to strong currents. In
“ Stablo “© Lyrotal @ynamic) ° contrast, A-2 (lyre tail)
£ Stable £ Lyrtal ) [ entered a “fatigue” state when
® Stable © Lyrtal(Fatigue) ® the flow velocity reached 40
n Stablo ™ B /s. indicating a_weaker
Rounded Tall (WT) Lyretal (ybrie) FATIGUE ZONE (A2 ONLY) ability to adapt to_high-flow

environments.
Tail-beat frequency increased with flow velocity. In both types, tail-beat frequency was positively correlated with
the increase in flow velocity. However, A-1 already had a relatively high baseline tail-beat frequency (66 beats/s)
during the adaptation phase and was able to respond steadily as the flow increased. By comparison, A-2 showed a
sharp increase in tail-beat frequency after entering the fatigue stage (above 50 emys), rising dramatically from 56 to
over 90 beats/s, indicating that it had to expend much more energy to maintas

balance under strong currents.

Field research

Literature Review and Preliminary Field Survey
= Collection of Wild Sailfin Molly Populations

+ Collection of Commercial Sai
« Tail and Character

« Analysis of Tail Tr on Across Breeding Generations
* Swimming Performance Tests and Velocity Analysis

+ Discussion and Conclusions

Forked Centrally Concave,

High-Speed Cruising
Distally Pointed ‘(Tuna-fike)

Ulra-High Speed,
g crescentshoped. Long-Distanc
(Tuna, Macl

Slender/Elongated Tips kerel)

Lunate Lindsey 1978;

Fish & Lauder 2006

poumtes B i Manguverabiy. -
) T [ wenvons

PBO  rcuete/ Semiciroutar Low Spesd

Mid-Specd, Balanced
runcate 9 e ’ e
Truncate = Flat-edged / Straight Meaesbifya @)D ke z0c
e e

Pointed Disally Acuminate / %

}4( tally Acur sortmamcesime B | BnaISS

In the family Pocciliidae, female mate preferences exhibit significant variation depending on the species’ mating
strategies. While the mosquitofish (Gambusia affinis) primarily employs foreed copulation (facilitated by a
longer gonopodium, a specialized male anal fin), females of guppies and swordtails possess higher mating

Consequently, they have developed highly diverse visual and behavioral preferences:1.Guppies
2.0range Spots 3.Behavioral Boldness 4.Rare Male Effect 5.Mate Choice Copying

Mind map
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Conclusion

Collection and Strain Identification of Wild Sailfin Molly (Poecilia latipinna) and Tail Morphology
Analysi
Our team conducted a survey on the tail morphology of wild Sailfin Molly (Poccilia latpinna) populations
across the wild-caught (W), and subsequent F1, F2, F3, and F4 generations (V=300 per group, consisting of 100
males, 100 females, and 100 unsexed individuals per trial). We categorized these into traditional types-
Rounded, Truncate, Half-moon, and Double-sword—as well as natural hybrid types, including Delta/Triangle,
Fan, Veil, Flag, Lyretail, Round, Spear, Needle, and Swordtail.

In the wild populations, morphological observations were as follows: among males, there were 212 Rounded, 1
Double-sword, 51 Round-tail, 33 Lyretail, | Spear, 1 Needle, and 1 Swordtail; among females, 225 Rounded, 4

sword, 53 Round-tail, and 18 Lyretail were recorded; for unsexed individuals, we found 259 Rounded,

1 Double-sword, 14 Round-tail, 25 Lyretail, and |1 Needle. After three generations of hybridization experiments,

the population fully entered the F4 generation, by which point all individuals had reverted to the traditional
arily dominated by the Rounded tail.

References

Generation Total Sample Size (n) Normal (Round Tail) | Lyretail | Lyretail Ratio (%)
P 100 80 20 20
F1 hybrid
generation 127 120 7 5.83 morphology, pri
(wildxLyre-tail)
F2 hybrid
generation(wildxLyr 331 304 27 8.157
il
Uieratures:
backeross(FIxP) 100 76 24 2%

The fish collected from the drainage ditch were bred and raised
until the fourth filial generation (F4). This figure shows the results.
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Chiral Light—Matter Interaction
in an Anticancer Drug

_[ Introduction ]_

* Chirality in pharmaceuticals
Chirality is essential in biological systems.
Many drugs possess chiral centers that influence their activity.

* Optical interaction
Chiral molecules interact differently with circularly polarized
light.
However, these signals are usually very weak in single molecules.

Presenter:Yen-Ni Wu » Yi-Ting Chang

_I Method l_

‘Different experimental groups ‘

( Add water as antisolvent Spin/Drop coating

l

¢ Thermal annealing

_[ SDGs relevance ]—

This research supports:
* SDG 9 (Industry, Innovation and Infrastructure)
Developing new functional optical materials.

* SDG 12 (Responsible Consumption and Production)
Using physical control strategies instead of complex
chemical synthesis, reducing environmental impact.

|
CD/CPL measurement

|

il Optical anisotropy analysis

® Supplementary Notes
CD (Circular Dichroism) : Measures optical absorption chirality
CPL (Circularly Polarized Luminescence) : Measures optical
emission chirality

Initial system

Water-induced self-assembly

CPT in HFIP

week signals Film formation

l‘ Result l,

| |Key terminology used in this study

* LCP = Left-Circularly Polarized light

* RCP = Right-Circularly Polarized light

* g - Quantifies the difference in absorption between LCP and RCP

* g - Quantifies the difference in emission intensity between LCP and RCP

1
'
'
'
'
'
'
'
'
'
\

‘Mcthodl : Water-induced self-assembly ‘

[CPT) increases —— 8

RCP

_ g

RCP

us = 0.042
Gum=0.023

.0 = 0.039
gum=0.023

The water
content increases

T @) Definition of front-side

“ 1y e measurement(Condition 1) &
| R “7 backside measurement

5 /_’» (Condition 2)

A

; g . .
| A gregated structuresi Front-side measurement (Condition 1)

; »

h . ]
{Monomeric state |

I Water content

Emission

Method 2 : Film formation — Thermal annealing (Molecular packing rearrangemem)‘

Film  Substrate

Maxgvalue /|

=== e . 7 . | Qi B

Drop-coaling _iFrOntSldC i % Zaps = -0.045 iBaCkS'de i SLT:IZ’;‘?L m?i?)lr:u?he;cr od Backside measurement (Condition 2)

| 1measurement ST TN GEEE
|measurement | = 0054 [ "
Film ey —
contng [ Fonide | £3 =002 fiBackside | Simlr i magnie
Spin-coating — }Lmeasuremem i Gum=-0.077 er‘,ef‘,s}lﬁe,@?]lﬁ but sign inversion observed ot Fim
777777777777 LCP N e e
Conclusion

Camptothecin self-assembles in water, producing hi
Solid-state thin films fabricated via spin-coating or
and enhanced anisotropic CPL.

Flipping the camptothecin thin films may induce no;
macroscopic anisotropy in optical behavior.

ghly anisotropic CPL
drop-casting combined with thermal annealing show optimized optical properties

nreciprocal inversion of CD and CPL handedness, highlighting the critical role of
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LOW DAMAGE AND
IMPROVED OXIDATION

By Bio Clean Water Group

STUDENTS :
Sharon Chen, Livia Wu, Diana Hsieh

PURPOSE :

Try low-pollution ways to control algae growth.

METHOD :

We added 0 ml, 4 ml, and 8 ml of combination of cellulase and pectinase to
the algae respectively, and observed the changes in the algae from Day 0 to
Day 4. On the fourth day, activated carbon was added to absorb the organic
matter produced after enzymatic decomposition.

TEACHERS:
Chang An Liu, Chun Chen Yang

PROCESS

RESULTS :

The cellulase-pectinase
combination effectively degraded
algae even at low doses, but showed
little improvement beyond a
threshold, indicating saturation.
Although turbidity increased
initially, adding activated carbon
later improved clarity by adsorbing
decomposition products.

CONCLUSION :

The integration of enzymatic
hydrolysis with activated carbon
filtration offers a low-impact
strategy for algae management.
This method proves effective
against eukaryotic algae and holds
significant potential for the
sustainable maintenance of campus
ponds and other small-scale aquatic
ecosystems.
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Application of
Fluorescent Carbon
Dots for the Detection
of Sodium Copper
Chlorophyllin Content

BARG ~ ERMNEE
1.FEBE
BNRHERAEBEANER » BEHRE , EREMAE
MZEAR ; BBk RrakeEmEs o
2. EE5e
BIESNE > SEIBIRIES) - GBS B —EIbRARE
b UM EBTE - BREKE ©

I K £ £ B B 4 P 2R
HfItB—Fta—EMEE - Bk - RPIERRER
HEZIBIFRIT © ZBENRESENEE - 2208RET
BBES T HAK SEEGVEREERHMAEEBES
& > MERRE G S BERERER S IRME - B
FHHEREN T HEBERES - AAEEtER 17 3l
REMEER - AIERPARBREREEERREE &
2RI N EABRITRIUSERS ©

80



BEIFNRLF
HfIE—RrE B AR EBNEES R 0 BFEEMELE)
EIER AT —B > 2MERIEBENRRAZRKMEZKE —TE
C > BXHREFIRRBAIR—EEZHORE > RFIEEES
BRI S U IF EE R IR FIBIZRSC > MR IR MBI ORI B EERE
71 MAZBERAR D ZHFANFEMREMR - FIUFLFIRE
WPEELE -
HAPBGRIRAINEIEEARARMEET  ARTE
FTEEFEARFETHIRNFAR > AIURMTE—E—EL
MERETWCER > BRYBEZREER T E -+ BE
HA&EONBEF RIENERHEES , RS TNOBHERE
NERARFBEE/NENRNGFR -

Bx{h A=Y /

BB
SRR IR BT
R B AE RARES
HIE -

58

BRI SRNEER » HEEAZ
Y o BOCAE IR E ©

81




/

Q1100000000000 000°0000°000707

Application of Fluorescent Carbon Dots

for the Detection of Sodium Copper Chlorophyllin Content
A Temperature-Triggered Strategy for Fast and Green Food Safety Screening

V1077707007770 00777

{ Motivation

} [ Innovation + Meck

SCC (sodium copper 3
widely used green food colorant in beverages
Under
ooy conditions, especially above 50°C, it may
~— partially dissociate and release Cu®, raising

potential food safety concerns. Therefore, this
study explores a fluorescent carbon dot
platform as a simple and effective strategy for
the indirect detection of SCC in beverage

Copper ons released after dissciaton

=] athightemperaturs (wer ) AN processed

samples.

foods.

electron transfer(PET)

is a
Normat Porscence (o o)

heating

AN\ @ NN\

A o

" ==
o

Green-synthesized CDs from L-cysteine and D-galactose were used to detect heat-
released Cu* from SCC. Under 370 nm excitation, the CDs emit fluorescence;
however, Cu® triggers photoinduced electron transfer (PET), causing excited
electrons to transfer and the fluorescence to be quenched. Therefore, SCC can be

indirectly through Cu*"

changes.

{ Methodology

Precursor : L-cysteine + D-galactose
One-step reflux method 85°C,24 hr)

Purification
(Dialysis & Freeze-drying)

Reflux Reaction (24 h)

Apply the optimized method to green milk tea.

Vv

Purification via dialysis (2 days) and
freeze-drying (3 days).

e

‘\‘1'\
= G -

Final Carbon Dots (CDs)

o =

Synthesize CDs using 0.1, 0.2, and 0.4 M NaOH and compare their Cu?* sensing performance.
Optimize SCC detection by testing different temperatures (RT, 40, 50, 60, and 70°C).
Evaluate the effect of heating time at 60°C (15, 30, and 60 min).

{ Result

Key Result 1
0.2 M NaOH-derived CDs showed the highest sensitivity for
Cu** detection. (R* = 0.9206, [Cu?*]=0-100 pM.)

©02MNaOH + 0.4 MNaOH 0.1 MNaOH

12
.
z
Sos
g
306
2 y=-0.0057x + 0.8966  ©
go4 R 09324
H
202
E
=0
0 10 20 30 40 50 60 70 S0 9% 100
copper ions concentration(uM)
Higher Cu**  concentrations (0-100 uM) caused —stronger

fluorescence quenching. CDs synthesized with 0.2 M NaOH showed
the best response, whereas those synthesized with 0.1 M NaOH
showed poorer lincarity. Therefore, 0.2 M NaOH was the optimal
synthesis condition.

Key Result 2 Key Result 3
60°C gave the strongest quenching effect and best
linearity for SCC detection. significant effect.

le ¥ =-0.0075x + 0.8702 25¢ Lo
I R*=0.9344 40°C 0.9 .
2 os we | Z o8 .
5 o7 Z o7 H

s .

E o6 206 H
g os s 05
5 04 g 04
3 03 2 03
]
i

. 2 o1

0 0
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Atall tested temperatures, higher sodium copper chlorophyllin

Sodium Copper Chlorophyllin concentration(iM)

Heating time from 15-60 min showed no

Sodium Copper Chlorophyllin concentration(uM)

The calibration curves showed similar absolute slope values,

« 15 min
* 30 min
* 60 min

50 60 70 80 90 100

concentrations (0-100 uM) caused stronger fluorescence
quenching of the carbon dots. Among these conditions, 60 C
showed greater quenching and better lincarity, and was
therefore selected as the optimal experimental temperature.

ting that heating time from 15 to 60 min had no
fcant effect on the fluorescence quenching of the carbon

{ Real sample application

[ Conclusions

Real Sample Application
Green milk tea contained approximately 142 pM SCC.

Calibration Curve of Fluorescence Intensity for SCC
| - Detection Using 0.2 M CDs

09 . y=—0.0062x+0.8648
R=0.876

flourescence intensity
-
%

0 10 20 30 40 S0 60 70 80 90 100

Sodium Copper Chlorophyllin concentration(uM)

1. Copper ions cause fluorescence quenching of carbon dots, and higher Cu?* .
concentrations result in stronger quenching effects. Py Hesth ik Monitaring

2. Carbon dots synthesized with 0.2 M sodium hydroxide showed the best VY e
performance for Cu® detection.

3. For SCC detection, carbon dot solutions heated at 60 °C showed the optimal [T g0

. I tive Tech

sensing performance. rmessivbiog

4. Heating time had little effect on the fluorescence quenching of carbon dots. Soptcation)

5. The sodium copper chlorophyllin content in green milk tea was

ima v 1”7 SDG 12:

approximately 141.89 pM. =N oz,

6. Supporting SDG 3, SDG 9, and SDG 12 through safer food monitoring and

sustainable sensing innovation.

QO EEEE
(Responsible additve
use)

b4 220202 020202020200000000000002

01000000000 00002007
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" Signal Detectors
FEWY - ES
Cellular Warning sign :
Exploring Lipid Toxicity
Through Saccharomyces
Cerevisiae Cells

HAZRA : BTRER ~
AW~ MEE ~ BB

BAGEE -~ SRS
1L5FE1
I'm Yvonne, and I've always been curious about fascinating scientific
investigations. Along with conducting experiments and studying science,
| enjoy participating in speech and presentation competitions. Being on
stage gives me confidence and energy, and it allows me to express my
passion for learning and discovery.

2LHES

I'm super passionate about Biology and applying my lab skills to solve real-
world challenges! Aside from science, | spend my time watching Netflix and
diving into the world of fantasy!!

I B 85 £ B K 4 2R

Our team is called Signal Detectors because science is all about
discovering the hidden signals behind complex biological
processes, and we are both pleased throughout the process. In
our experiment, we investigate how cells respond to different
glucose concentrations under lipid toxicity by measuring
changes in light intensity. These changes act like signals that
reveal how yeast cells grow, struggle, or adapt in stressful

conditions that mimic aspects of diabetes.
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BEFAROE

During the process of preparing for this competition, our
team encountered several obstacles. One challenge was
ensuring that our experimental setup remained consistent,
especially when preparing different glucose concentrations
and maintaining constant exposure to palmitic acid. We
repeated the experiment multiple times to increase reliability
and carefully reviewed scientific literature to strengthen
our understanding of lipid toxicity and glucose metabolism.
As the competition approached, we also practiced our
presentation many times, helping each other improve clarity,
confidence, and timing. Through these preparations, we
not only strengthened our experiment but also developed
teamwork, communication, and problem-solving skills
making us more confident and ready for the competition.

FRin=E

. 5 /
TR RS BN » WIS A EENGR ©

One of the main strengths of our team is our confidence

in both our experiment and our presentation skills.
Throughout the preparation process, we worked hard
to understand the scientific concepts behind our
research, which allows us to explain our experiment
clearly and confidently. In addition, our team members

are comfortable speaking in front of an audience, which
helps us present our ideas with enthusiasm and clarity.

- 58

MiEE EL R ERNEMRE AN » BRTERE » 2
BRIEMREFENELD °

However, our research also has some limitations. Due to

time and resource constraints, we were only able to test
a limited number of glucose concentrations and repeats.
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Metabolic Stress in a
) Sugar-Rich World

and glucose concentration on cell growth and gain a greater
understanding of the biological effects within a diabetic patient.

PROBLEM + PURPOSE

Research has shown that the number of diabetic patients is estimated to reach 853 million by 2050 ( International Diabetes Federation,
2025). To treat diabetes, scientists uses insulin, a hormone that reduces hyperglycemia by facilitating the uptake of glucose from the
blood into tissues and adipocytes, reducing glucose's accumulation in the bloodstream (Vargas et al., 2022). Yet, since insulin plays a vital
role in diabetes treatment, this brings us to a major problem: what is the effect of cell when insulin is absent or inefficient?

The absence of insulin will lead to an increase in hormone-sensitive lipase (HSL), an enzyme that breaks triglycerides into glycerol and
free fatty acids. The fatty acids would pile up in the bloodstream and flow into the organs, such as the pancreas and liver, disrupt cell
functioning, or even trigger cell death (Semrad et al., 2011). Inspired by the devastating impact of saturated fatty acids on cell growth, we
aimed to dive deeper into different phenomena that appear in cells of a diabetic patient, the differentiation in glucose concentration.

RESEARCH QUESTION HYPOTHESIS
We hypothesized that the light intensity
increases along with glucose concentration,
with 5% of glucose concentration having the
biggest rate of decrease, and the 0% glucose
concentration having the least rate of
decrease.

How do varying glucose concentrations (0%,
2.5%, 5%, and 7.5%) affect the growth of
Saccharomyces cerevisiae with constant palmitic
acid exposure, quantified by the optical turbidity
measured through light intensity (lux)
transmission over 24 hours?

METHODS & EXPERIMENTAL PROCEDURE

Liquid Cultural Medium: Allows a suitable environment for yeast cells to grow evenly in constant conditions
Palmatic Acid & Soybean Lecithin: Stimulation of lipid toxicity. Palmatic acid presents as a saturated fatty acid; soybean lecithin
keeps fatty acids mixed and distributed evenly in water.
Saccharomyces cerevisiae: A single-celled eukaryote, used as a model organism that is similar to the majority of fundamental
functions of human cells, including metabolic processes, DNA replication, cell cycle, and more.

We repeat the experiment 3 times to enhance the precision of the data. (n=3)

Soybean Flashlight

0%(control) - Lecithin
o The effects of

. 2.5%
+  different glucose —>
concel -ations o 1
concentrations on e—

i cell growth . R
100ml Sterilized water " £V 10g g (light sensing software)
0.10 ¢ Saccharomyces

+0.261¢ Yeast Nitrogen Base in100ml water. heat & dissolve . ovisiae + sml water Amount of light passing through '
the culture medium every 4 hours

RESULTS

(1) All glucose concentrations have a decrease in light intensity over 24 hours.
(2) 5% glucose concentration has the highest rate of decrease in light intensity over
24 hours

According to research, higher sugar levels accelerate cell growth and proliferation,
disrupting normal functioning(Cleveland Clinic, 2023). The final product and
resolution underscore the global significance of understanding and managing
metabolic disorders within the context of sustainable, healthy societies
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ABSTRACT

This study investigates how an electric mixer's speed affects the density of egg white foam. After initial tests using a fixed mixing time
proved unstable, the experiment was redesigned to keep the total number of rotations constant across different speeds. This change
ensures a more reliable measurement of how speed alone impacts the foam's final density.

METHODOLOGY (a)

Steps 1~4 were then

repeated for speed 2~5.

Stepl. Step2. Step3. Step4. All experiments to each
50 g of sugar and egg whites Both sugar and whites were || The created foam was transferred || Foam mass was measured e eSS
were measured added to a bowl and blended for || to a cup (121.35 mL). Air bubbles || to calculate density

5 minutes at speed 1 with an|| were then removed and the top (D=M/V).
electric mixer, all whilst keeping || was flattened, thus making the
hand and bowl position still foam volume fixed

METHODOLOGY (b)

To isolate the effect of speed, the total rotation count was fixed at 5,000 turns by

RPM x Time (sec)

adjusting mixing times for each speed setting. Measurements were conducted Total Rotations = 0 = 5,000
using the same procedures as Experiment (a).Using the equation on the right, we

calculated each mixing durations.

DATA ANALYSIS (a) T Efeckof Offrent Speeds f an Flete M (e

@ Average = Average Tend ne R =075

As Figure (a) shows, the average density of each foam lowers as rotational speed (RPM)

increases. Although average foam density and rotational speed share a negative linear

correlation, variables of Experiment (a) weren’t controlled properly. As RPM increased,

. ; . w0 o0 0o 1200
rotation count simultaneously increased. )
Figure (a) Rotatons SpecdREN)
m T
DATA ANALYSIS (b) The Effect of Diferent Miing Speeds (with the Same
pumbev of Rotations) on the density of Egg White
. S - ] ; oam
Figure (b) exhibits, similar experimental results as Experiment (a), where average density 0% Y rp—

lowers with the rise of rotational speed. This phenomenon indicates that rotational
speed is the primary factor of differences in foam density since Experiment (b) was
designed only to have rotational speed as the fixed variable, leaving the total rotation

0 1000 00 1200

Figure (b) Rotational Speed(RPM)

DISCUSSION  ..,,,.| CONCLUSION SDG:t

‘ i In summary, while the number of rotations plays a | spgG 12

role in the whipping process, rotation speed is the | (Responsible Consumption and Production)
air incorporation,resulting in a N primary driver of the lower density of the egg white = This research promotes
light,aerated structure. ' foam. Although the initial experimental design was ' Responsible Consumption and
flawed, the subsequent refinement allowed for a | Production by optimizing baking
definitive conclusion: higher speeds yield lower | parameters to reduce food waste
density foams. This experience has reinforced our ' caused by unstable mixtures and
commitment to precise experimental design, and ' failed batches.
we will apply these insights to ensure greater rigor
in all future scientific inquiries.

amount having little to no impact.

1. Lower density in foam reflects

2.The fluffiness creates a robust protein
film that prevents bubble merging and
liquid drainage,delaying foam collapse.
Low-density foams thus exhibit superior
structural stability when whipped.

1. 60th National Primary and High School Science Fair. https://twsf.nt twlactivity/race-1/60/pdi/NPHSE 7.pdf278
= - Ny 2- Product Description of an Electric Mixer for the Amazon Shopping Website https: d-Electric-beat 80
REFERENCES 3 S0y o the bhuie caitsmechann ana i inflancing fcters on s bty snier S5 on sofoce RIS e AW TZER
= = = =S 4. Variations in foam collapse and thin film stability with constant interfacial and bulk properties hltp dm o /10 Jnls m 2023.102845
SO0 C B o Kot A6 BB 1 08 A 1 FRaT e i 10.1080/10942911003687264
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In 2025, an enormous barrier lake
burst in Hualien, causing severe
damage with an estimated discharge
volume of 6o million cubic meters.
Grieving over this incident, we came
up with a potential solution with the
assistance of “self-priming siphons,”
which operate without the prerequisite
of pre-filling. Thus, our team will
examine whether it is feasible to drain
the water in the barrier lake and save
it from collapsing, hoping to create a
viable and

sustainable drainage

solution that barely require energy.

Method

Siphons are prepared in different tube
diameters, ranging from four, five, to
six millimeters. The methodology of
our research was divided into 2 stages.

Stage (1): The correlation between
concentration of salt and discharge
speed is examined. Test liquids are
prepared by mixing water and salt in
varying ratios to simulate an ideal
condition where dissolved substances
will not precipitate.

Stage (2): The correlation between
concentration of corn starch and
discharge speed is examined. Test
liquids are prepared by mixing water
and corn starch in varying ratios to
simulate the viscous and precipitating
fluids typically found in barrier lakes.

These experiments aim to determine
the critical concentration threshold at
which  the self-priming siphon

maintains operational functionality.

SIMPLE SIPHONS, FEWER SIRENS

Author: Becca Li*, Cheng-Hong Lin, Mu-Chun Hong, Yen-Chun Hu

Results

(A.) Self-Priming Siphons (Salt Solution) (B.) Self-Priming Siphons (Corn Starch Solution)

w6mm msmm # 4mm acom w3

s
6
4
o

0000 00905 01304 01667 02000
wish

(C.) Self-Priming Siphons (Salt Solution) (D.) Self-Priming Siphons (Corn Starch Solution)

a velocity (g/s)

|

0000 00509 01304 01667 02000 02308

wis

—embmm e Smm amm ——tm —e—sm

e The siphon with a diameter of 6 mm drains the largest
amount of water in the salt solution and the corn starch
solution, whereas the 4 mm siphon performs the worst.

e The siphon with a diameter of 6 mm could drain the corn
starch solution with the highest viscosity.

¢ The siphon with a diameter of 5 mm performs most steadily
in both the salt and corn starch solutions.

Gonclusion

Conclusion: The most effective tube diameter—achieving both
the highest drainage speed and the highest bearable
concentration—is 6 millimeters, which can operate in a 23.08%
salt solution and a 25% corn starch solution. However, the 5-
millimeter tube demonstrates greater stability in terms of
siphoning and drainage speed. Furthermore, comparing Chart
(C.) and Chart (D.), we discovered that self-priming siphon
works more steadily in corn starch solution, which indicates
that it is more suitable for realistic situations such as barrier
lakes where precipitation and viscous fluid exists.

Discussion: We compared the experimental results with the
actual conditions of liquid in the barrier lake. To drain a
volume of 60 million cubic meters from the Hualien barrier
lake, it is feasible to utilize approximately 950,000 siphons
made of discarded plastic straws, requiring only 3 months.
These findings provide a reference for future applications.

References

Self-Siphon Simulation:

Sbes

e

Self-Priming Siphons: https://reurl.cc/R2bé6qg

12 Soenon

https://arxiv.org/abs/1104.1847 ANDPRODUCTION

Mataian River Barrier Lake: https://reurl.cc/O6gniR
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“Does Spending More Mean Living onger? ”/

— Exploring the Relationship Between Per Capita Healthcare Expenditure

l and Life Expectancy Across Countries

C\J Author: Henry Chu, Carlos Chang, Jasper Hsu \/)

Backgroud & Motivation

The COVID-19 pandemic showed massive health investments in many countries didn’t always yield better health outcomes.
Meanwhile, past research indicates that health spending has diminishing marginal returns. Ultimately, public health infrastructure
and social factors matter more for longevity than medical spending. This brings us to our question: Is there a direct correlation
between healthcare expenditure per capita and life expectancy?

Methods & Processes

1. Data Collection:

Sooge Cob S p— Sourced core datasets on life expectancy, per capita healthcare
‘ , S i spending, and country classifications from the World Bank.
- 2. Data Cleaning:
Python

Filtered out missing values, retaining only the complete 2000

2022 dataset to ensure accuracy.

3. Data Merging:

Combined the cleaned data into a single master table using the

Big Data Modeling

Country Code as the primary key.

g I I . 4 Data Visualization:

u\,/l 1 Created charts grouped by region and income level to illustrate
the relationship between spending and longevity over time.

Results

Upon analysis, we observed that the distribution of countries trends We identified specific countries in the same region to share
from bottom-left to top-right, indicating that life expectancy tends to  similar life expectancies with significant disparities in health
rise with increased health spending; however, the gains in life expenditure, such as Spain and Switzerland. After reviewing
expectancy diminish as expenditure increases. Regionally, North relevant literature, we discovered that Switzerland’s high price
American and European nations are mainly clustered in the upper- levels and labor costs, combined with a strong currency,
right area, characterized by high expenditure and high life expectancy, significantly inflate the figures converted to USD, while
while regions such as Sub-Saharan Africa are situated in the lower-left.  distinct resource allocation models further worsen these

P ——————— statistical discrepancies, suggesting that the expenditure gap
E3
spain K swizeriand [y g primarily reflects differences
832years }VS 835years in price levels, exchange rates,
20008 USD 8000 USD. and  resource utilization,

+ the varying economic environments rather than actual medical

« healthcare funding models of the two nations.

outcomes.

Contribution to Our Society ~ Conclusion & Prospect

=+ Analyzing database to figure out the key This study confirms that health and longevity depend not only on financial
s factors which affect health expenditure investment but on policy and resource management. Regrettably, Taiwan was
Finding increase of life expectancy not included in the dataset fo_r this study, _leavirTg aw opportun%(y for- further
among low-income nations research. We' hope that poll'cymakers wvnl! Prmrltlle systemic design and
resource efficiency when enacting future policies.
References

Preston, S. H. (1975). The changing relation between mortality and level of economic development. Population Studies, 29(2), 231-248.

Cutler, D., & Miller, G. (2005). The role of public health improvements in health advances: The twentieth-century United States. Demography, 42(1), 1-22.

Wilkinson, R. G., & Pickett, K. (2006). Income inequality and population health: A review and explanation of the evidence. Social Science & Medicine, 62(7), 1768-1784.
‘World Health Organization. (n.d.). Domestic general government health expenditure (GCHE-D) as percentage of current health expenditure.
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CAN SMARTPHONES TRACK
MICROALGAE GROWTH? =

Turn Your Phone into a Low-Cost Scientifie Tool |!ﬂ|
Problem Method
« Traditional measurement 1Microalgae cultivation 5.B-value extraction (via Color Picker App)

2.Light control (15 / 40 / 90 cm)

6.Growth trend analysis
3.Dark box imaging

requires expensive equipment

¢ Limited accessibility in school 4Image capture
laboratories (Manual mode: ISO: 200, Shutter Speed: 1/60s, WB: 5000K) Figure | Experimental Procedure
Microalgae Growth Image Analysis Workflow
Objective =

¢ Develop a low-cost and
reproducible method .
¢ Evaluate whether B-value can

represent microalgae growth

Microalgae Cultivation Light Condition Control Darkbox Imaging

KEY INSIGHT -4 Ei e
B-value serves as areliable “
proxy for microalgae growth

Get Full SOP

Growth Trend Comparison  giye channel (B-value) Analysis Image Sampling

Figure 2. B-value Decreases as Microalgae Density Increases

Results

Average B-value Decrease under Different Light Intensities

Key Findings:

« Strong inverse relationship between B-value
and microalgae density

* Medium light condition shows the most
stable growth pattern

Average Bvalue decrease (48)

—e— Highlight ()  —e— Medium light (M) —e— Low light (L)

Day 0 Day 1 Day 2 Day 3
Time (Day)

. Tablo 1. Growth Patterns Under Different Light ntensities
Innovation N -
High Light Medium Ligh Low Light

* Transforms smartphones into scientific

measurement tools 1 Strong drop 4 Moderate drop @ 4 Small drop
 Enables low-cost and accessible experiments Dav2lonsst (Qey2icuss) (Bev2lonss)
* Standardized workflow ensures reproducibility

/J 1 Large rise 1 Stable rise 1 Weak rise
mpact (Recovery) (Consistent) (Limited)

* Enables quantitative experiments in schools

 Supports inquiry-based learning (SDG 4) ! Light stress 4 optimal 1 Energy low

¢ Scalable for environmental monitoring Growth Pattern Summary

Conclusion References

 Destino, C. A, & Cunningham, K. (2020). Colorimetry and Absorbance-
 B-value is a reliable proxy Based Analyses Using a Smartphone Camera. Journal of Chemical
Education, 97(10), 3810-3816.
¢ Method is low-cost and reproducible ° BFE. HFE. R2E (2018), FASBRFRRETRERBIEN

. . FE, MIERERT), 19(1), 45-56.
e Suitable for education and research
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Introduction

« What is UHI:Urban infrastructure replaces nature,
shifting solar energy from evaporation to direct air
heating.

» Health: Elevated nocturnal temperatures impair
thermoregulation and sleep quality, increasing heat-
related morbidity.

» Thermal comfort: Built-up areas lacking green structure
may exhibit temperatures up to 7°C above adjacent

green spaces.

\_ /

aasa toe Bl |

a Combine program N

« Empirical Correlation: Linked thermal inertia with
equilibrium temperatures via regression
trajectories.

« Optimal Viability: Identified high-albedo materials
as the premier urban solution.

» Thermal Interruption: Effectively disrupts the
positive feedback loop of heat accumulation.

« Strategic Mitigation: A scalable approach to
curbing heat islands and optimizing energy

\ efficiency. /

/ Experimental results and applications \

« Multidimensional Synthesis: Correlates
regression trajectories with thermal inertia
across diverse urban substrates,which could
help us to find out the best material.
« SDG 11 Resilience: Provides a scalable
framework to bolster climatological resilience
in metropolitan habitats.
« Strategic Habitability: Offers a data-driven
foundation for UHI mitigation under
& increasing thermal stress. /

| s’ D00 s

.n,.,..m,m...nm e 0 i sl \

\ 9. Exposed Aggregate - j

Olm CITY can g

/ method N

1.Solar Simulation: Using xenon lamps to provide a
constant 1000W/m?irradiance across various urban
materials.

2.Thermal Monitoring: Deploying thermocouples and
infrared sensors to capture real-time surface
temperature and heat flux.

3.Data Acquisition: Channeling all sensor inputs into a
microcontroller-based logger for high-fidelity
analysis.

Urban Cooling Prediction Model

Temperature (C)
.

Actual (Cool Roof)
Al Prediction
84 ® ® Actual (Asphalt)

0 10 20 30 40 50 60

k Time (min) /

Matorial Catogory  Material Type Predicted T.,

Mitigation Rark
1(Best)

6

6. Light-Colored G
7. Glass Curtain Wall

8. Red Sandstone

conclusion

asphalt, with low albedo and high thermal inertia, acts as a primary UHI

II by "al

ted temperatures.

Conversely, High-Albedo Materials (HAMs), such as Cool Roofs, are the most thermodynamically viable alternatives. By

reflecting incident solar energy, these surfaces disrupt the h

3 lation feedb

k loop, offering a superior, scalable

solution for enhancing urban resilience.

100



= hEEREA | SG057

" Pore-fect Carbon
Choreographers "

FEE - hifsE

MOFs: A Nanoscale
Solution to Global
Warming

BEAE - SRNEE
1L.F=ER
MHTEBRXNNVERRE > AREREAZETELEES - ENBEERK
8 RABEANEY - EREBEELEREUE B BT > LESR
Why Not ?
2. &
REELREMG  BIFEE  TwFs ~ E1RBANEBNA - HEE
B~ BREE ~ IR S R ~ EENAIIRES ©

B 5 1 B X 4 Hh 2R

Mix) 2R > WEBHERE | FFIZ Pore-fect Carbon
Choreographers o FMZBkEE > thIEFEHFZE MOF BIFLE
(Pore) » AE—EIMZEERCHEET o RIFAERMHE
BANOS  SEHEAEN N RNFE L BRI ERE
a1 > Why Not ? FFE T 3R T HIRRA% » IR EEHE 4B
FLIF o BEAPIZRER > MBREE—K » HMEEAETER T
HEHBME Pore-fect BIBRR] o

101



BERRRLEG
BPIVE BRI — D ARIEAIEREL o —A)AY > Pore-fect
Carbon Choreographers) FLLLANEE o 73 7 BB REHER » 3
PRBECASRENERFEE - RBETHEBRRTHE
WISRREBE N TEEF  CEEMEEIZIERES
R EREERAER - EHER T H BRES M
8 BRI —REER > RRAEBERANE - B
TERBRAVKH T > RMBE TR E ~ BIRE - HK
fIms ' EFRB—HLE  EERFI OB ABEEIN

#BF2 o Why Not ?
wer

B

HRS2RE - aRERRE -

- 5%

RrBIEE ~ 2 E R B
58~ BRI RIERI BN

102




* The Global Challenge: Escalating extreme weather and natural disasters
driven by global warming.

* Our Alignment: Addressing these critical environmental issues through

the UN Sustainable Development Goals (SDGs 7, 12, & 13).

What are MOFs?
* Core Characteristic: Porous solids acting as molecular-scale mazes to
adsorb, store, and separate gas or liquid molecules.
« Broad Applications: Widely utilized in catalysis, drug delivery, air
purification, and energy conversion.
« Classification: Categorized by pore size into microporous, mesoporous,
and macroporous materials.

Molecular Lego Formation

==
5 o

Metal Centers

Organic Ligands 3D Nanoscale Structure
(MOF)

Experiment 1: Determine the adsorption behavior of MOFs toward specific
gas molecules by simulating the pores of customized MOFs.

Experiment 2: Analyze the relationship between the adsorption capacity of
MOFs for carbon dioxide and the surface area of their pores through
simulation.

* DIY Simulation of MOF Capture

Van der Waals
Forces in MOF
Pores

Gray sphere acts
as carbon dioxide
molecule

Steel Ball acts as
Other Molecules

Experiment 1
By simulating the pore structures of customized

MOFs, we determine the adsorption behavior of
MOFs toward specific gas molecules.

By simulating the pore surface area of MOFs, we
analyzed the relationship between MOFs and
. their carbon dioxide adsoviu/un capacity.

‘ The Velcro sticks only The Velcro is densely
ion in the surface
| surface area of Molifores) area of MOF pores)

x10

Place 8 gray balls (carbon dioxide molecules) and 3 steel balls (other
molecules) at the starting point.

Lift the partition so that the ball falls under the force of gravity.
v

Record the total number of gray balls and steel balls that stick to the

Velcro and fall off
t

Calculate the percentage of gray balls that stick to the Velcro and the
percentage of steel balls that fall.

Box acts as =
ook W‘% * The velcro:
Super Glue wass d Y : Density vs.
actsas i Sparseness

Experiment 1: By simulating the pore structures of customized MOFs,
determine the adsorption behavior of MOFs toward specific gas molecules.
On average, 99% of the gray balls (CO.) are stuck to (adsorbed by) the velcro
in the box, while 100% of the steel balls (other molecules) are not stuck
(adsorbed).

Percentage of CO: and Other Particles Adsorbed

mcoz

m omers panicie

here are other particles?
* The adsorption rate of
steel balls (other
molecules) is Z€IO.

o

Experiment 2: Analyze the relationship between the surface area of
MOFs pores and the adsorption capacity of MOFs for carbon dioxide.
A The
\
\.

=
pturey

rate of steel |
/

Percentage of CO, and Other Particles Adsorbed /= The capture™ Percentage of CO, and Other Partces Adsorbed
rate of steel |

. b

When the velcro on the box is
densely packed (increasing the
pore surface area of the MOFs):
99% of the gray balls (CO.) are
adsorbed, while 100% of the
steel balls (other molecules) are
not.

When the velcro on the box is
sparsely attached (the pore surface
area of the MOFs decreases): 93% of
the gray balls (CO.) are adsorbed,
while 100% of the steel balls (other
molecules) are not.

\
\

SCUSSION

Experiment 1: Determine the adsorption behavior of MOFs toward
specific gas molecules by simulating the pores of customized MOFs.
* Van der Waals Forces: Weak attractive forces trap molecules. CO.
experiences significantly stronger attraction than other particles.
* Precision Sieve Effect: Pore sizes are customized to perfectly match
target molecules, effectively trapping CO: inside.

Experiment 2: Analyze the relationship between the surface area of MOF
pores and their carbon dioxide adsorption capacity through simulation.
 Direct Correlation: More pores generate a larger surface area.
* Result: Increased surface area provides stronger van der Waals forces
and greater spatial capacity for CO. adsorption.

Application: Industrial Carbon Reduction
* Factory Chimneys: MOF-based gas separation systems selectively
capture CO;, allowing nitrogen to pass through.
* Storage Sites: Microscopic MOF pores serve as highly efficient and
scalable CO. storage chambers.

NCLUSION

* Highly Selective Adsorption: Customized MOF pores effectively trap
specific gas molecules (CO;) while ignoring others, proving their potential
as precision molecular sieves.

* Surface Area Drives Capacity: CO. adsorption capacity directly correlates
with pore surface area. Maximizing the internal surface area significantly
increases the CO; capture rate.
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" Chord Assistant "
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Smart Chord
Suggestions for
Your Melodies
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Smart Chord Suggestions e
Yu-Chen Lin,

For your Melodies Chien En Vu

This study uses Google Colab to ly lodies and ically g itable chords based on note proportions and
strong-beat positions in MusicXML files. The program can prod possible chord options for a melody, although it cannot alway

@ Musiec Theory Used

Program Logic
@ Music Theory Used 1.Chord extraction: All chords are stored in an XML file.
Using the ElementTree package, chord features
(notestring and note) are extracted and converted into
binary chord samples and semitone codes.
2.Data representation: A list representing the 12

determine the single most optimal chord.

Transform
chord data
into Lists

Transform
melody file
into Lists

Analyze if this bar
needs to be split for
different chord,

Chord Determination Criteria
1.Note proportion in a measure: Notes with higher
frequency and greater similarity to a chord indicate

a more suitable chord. For example, in Twinkle, semitones within one octave records whether each

Twinkle, Little Star, the main notes in the first semitone appears in a chord. These samples form a Calculate the
measure correspond better to C major than D two-dimensional array (cns).Finally, all chord data are scoreof the
major. chords

organized into a dictionary (chords), where the key is
the chord name and the value is the semitone code.
(Figure 2)

N

Strong beats (st and 3rd beats): If the notes on
these beats belong fo the same chord, a single
chord can be used for the whole measure.
Otherwise, the measure should be divided and
assigned different chords.

MusicXML

MusicXML converts musical scores into structured text

Output the result

data. lts tags allow the program to locate and extract
musical information such as notes and timing.

(Figure 11, 1-2) : = | = % — ." "I

C Major
[1,0001001,0000] )

{158

Results

<type>quarter</type>
<stem>up</stem>
</note>

Figure 2

The program was tested with 25 songs and
successfully generated chord outputs for all
of them. Result example 1
Twinkle, Twinkle, Little Star Result example 2
Key findings:

1.The program can determine possible chords 2 o e e Amazing Grace

from common chords in different major keys. Y [ — ”

2.When a measure contains fewer note types, fois < £ =
multiple chord options may appear. 5 ey s o fm g g dmitons

3.The program performs less accurately in $ i 1 o .
situations outside the preset conditions, such ¥

as: i i i i i oo B ATl

4.very short notes (e.g., thirty-second notes), Z T T = ] & =: - S
5.strong beats not on the Ist or 3rd beat,
o e il il b g T T

6.special measures at the beginning or end of
a piece.

Reference .
1 3REBHA(2018) » FERER 58 B/ EHPRIEE (FRAPE-LUINBLBEE AT RFEENE - 2ERRE & =:
o

2. BEB(2016) - FY

BIERRARMZEE Z SR - BUSEHEAS  GREESA -
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" KKEREFEAR "
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Eco-Friendly
Optimization of an
Aquaponics System
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Closing the Loop:
Eco-Friendly Optimization of an Aquaponics System
Author: Audrey Wu, Claire Wu, Jean Chou Instructor: Eva Chen, Howard Chang
Abstract
Aquaponics systems are prone to water quality instability, which can impair fish physiology and plant growth. In this study, we
applied Terminalia catappa leaf water, enhanced filtration and aeration, and regulated of stocking density and feeding to stabilize

the nitrogen cycle, reduced pH value from 7.6 to 7.2, maintained ammonia at ~0 mg/L, and improved overall system stability.
Purpose Research Backgroud

1.To lower the pH value to a suitable range. In many small-scale school and household aquaponics systems,
2.To keep ammonia and nitrite concentrations close to 0~ water quality fluctuates greatly, harming fish and limiting plant

mg/L and 0 ppm, respectively. growth. Our team therefore aims to explore simple, eco-friendly
3.To maintain nitrate within a range indicating an active ~ strategies for stabilizing water quality in small educational

yet non-toxic nitrogen cycle. aquaponics systems, thereby promoting sustainability.

Laboratory Equipment and Procedure

e

T Our a

quaponics experiment, incorporated four main components:

¢ The fish tank: where the fish live and produce waste that serves as a

N % - = nutrient source for the system.
B IO

¢ The settling tank: Slows down the water flow, enabling heavier dirt

Fish Tank Settling Tank *Ki Biofiler Tank
Filter Tank

and particles to sink to the bottom and be removed more easily.

¢ The brush physical filter tank: Uses brushes to catch and remove
small solid particles that did not settle out before.

e The K1 biofilter tank: Contains floating K1 plastic media that
provide a large surface area for nitrifying bacteria to grow, allowing

Main
Water Tank

them to convert toxic ammonia into relatively safe nitrate and keep

Gutfer Trough

F‘EU s Colecion Tk Fom—— the water cleaner for fish and plants.
on
ust ry cquippment
Data Analysis Results and Conclusion
@ Niric (PmINOY - Ammonia (mgl)NH'NHS @ Nivie Gpm)NOZ @ pl val Item Ideal Condition  Before & After Method REmtaEy
0
15 Reduced from 7.6 ~ Terminalia catappa More suitable for
pH value 6872 072 leaf water fish
w0
Ammonia (NHs / 0 Maintained close to _Filter media, Supports nitrifying
) NHy?) me/L 0mg/L enhanced acration  bacteria
2 3 4 S (Times)
R EES) 0 Maintained close to_Filter media, Supports nitrifying
. 1trite D, m . .
« A decrease in pH values was observed — ? PP 0ppm enhanced acration  bacteria
Terminalia catappa leaf water, which contributes to i (00 a0 T —— e
. . .. itrate m ) i )
biological activity, was added. . PP ppmto20ppm  density, feeding rate nitrogen cycle
¢ Maintai of ia and nitrite concentration—
. . . References
The use of filter media and strong aeration enhances
biological nitrification. 1.) Heise, J., Miiller, H., Probst, A. J., & Meckenstock, R. U. (2021). Ammonium | e
removal in aquaponics indicates participation of comammox Nitrospira. Current
¢ An increase in low nitrate concentrations was Microbiology, 78(3). §94-903. E
2.) Sallenave, R. (2016). Important water quality parameters in aquaponics systems. Las
0bserved Cruces, NM, USA: College of Agricultural, Consumer and Environmental Sciences. "2 RESPONIBLE 13 w
Increase fish density and feeding rate elevates the 3.) Rachana, V. V., & Jinu, A. (2025). IoT-Enabled Automated Aquaponics System for RN |
. ) = Optimized Water Quality Monitoring and Control. International Journal of m 9
production of metabolic waste and uneaten feed. Environment and Climate Change, 15(10), 200-222.
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" Three Little Mermaids "
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Scales That Tip the Oil
Balance: Exploring the
Adsorption Ability of
Fish Scales on Diesel
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Scales That Tip the Oil Balance

Exploring the Adsorption Ability of Fish Scales om Diesel
Jessily Liang | Lori Lin | Joanne Lo | Wei-Chen Li* | Kimberly Chang*

m Research Objectives and Hypothesis

The primary objective of this study is to evaluate the diesel oil

According to th.e research, 4000 tonnes _°f oil spil!ed in adsorption capacity of fish scales from three prevalent species in
2025. These SPIL[S, often caus.ed .by equipment fculure. o) Taiwan—Milkfish, Giant Grouper, and Sea Bass. By comparing
Soacindiecent b SIQI:IIﬁCOHt threat to marine their performance across three physical forms (slice, flocculent,
ecosystems. To address this environmental challenge, there and powder), we aim to identify the most effective configuration
Isan u.rg?nt need for eco-friendly and sustainable \ for marine oil spill remediation. We hypothesize that the physical
remediation methods. Our study explores the potential of structure and surface area provided by these various forms will
upeyeling fish scdles-d commion fisnery Woste I Tdiwdns significantly influence adsorption efficiency, with the potential for
as a natural adsorbent to mitigate diesel oil pollution. specific species’ scales to serve as a superior, eco-friendly

alternative to synthetic materials.

Methods and Experimental Procedure

Investigating the ability of fish
scales to adsorb diesel oil:

Each type of
fish scale was
processed into
three forms:

Since the Milkfish flocculent
form performed the best,
this sample was further

Subjects selected for analysis across
* slice a broad pH range of 2-13 to
+ flocculent determine its chemical
* powder  GZZX stability and efficiency.

Exploring the acid- base modification of milkfih scales

m The Milkfish scales in 2

4 g ; B flocculent form showed ;
« Species Comparison [1]: Milkfish scales showed the best oil the best performance in . g i § §
adsorption, followed by sea bass and giant grouper scales. initial tests. . é 5 § 5
« Acid-Base Modification [2]: Unmodified fish performed the
best, as no consistent pattern was observed for acid-base
modification. J B
« Form and Mechanism [3]: The flocculent form performed

the best; besides having a larger surface areq, the tangled . ! ! W sk W Pocosttom 5 Powdetrm
flocs create gaps that trap oil through physical adsorption. I !

W 0 e S o6 BT e pe 0 ol anz oD

« Weight Correlation [3]: Experimental evidence shows that
the adsorption amount increases as the weight of the | | | 0|
milkfish scales increase. T e

Contribution to Our Society 3
s SDGS 6 (Clean Water & Sanitation) : m

By developing a low-cost and natural filtration method,

this study provides a sustainable solution to purify water By using the scales’ oil adsorption to treat spills, we transform waste

with fish scales without using harmful chemical additives.  into a tool for water remediation. More importantly, this approach

reduces pollution while preventing a more serious ecological

SDGS 14 (Life Below Water) : degradation by using biodegradable materials from the fish

This research repurposes fishery waste into a powerful tool themselves. In conclusion, our research is a scientific explanation and a

for oil spill remediation, which effectively protects marine  commitment toward global environmental sustainability.

biodiversity and restores damaged ocean ecosystems. Citation:
1

7 27 httpsi//na.
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" Micro Matters "

PRI - EMEER - BElE

How Microplastics Retard
the Photodegradation of
Organic Pollutants

TEAEERA - BRITE ~ BREH ~ AR -
RERFEED

BEA6 - FRNEE
1. BREH

| believe every time | step onto the stage is a chance to grow. | enjoy challenges
and I am not afraid of difficulties. | like to test my ideas through experiments and
hands-on projects. Being willing to try new things is my unique trait.

2. BEE

I'm a detail-oriented problem solver with an inquisitive attitude towards life. |
specialize in environmental chemistry, data analysis, and bridging theoretical
concepts with real-world issues. Outside the lab, | enjoy exploring nature, which
continuously fuels my passion for protecting water resources through rigorous
scientific research.

3. Bl

| would describe myself as a hardworking, imaginative, and ambitious person
with a strong interest in fashion design. While pursuing academic excellence, |

actively participate in various fields such as science, sports and arts, as | value well-
rounded personal development.

I K 7 SR K 2 R R

Our three team members each possess distinct characteristics. One is
optimistic and proactive; another has strong English skills and a solid
theoretical foundation; and the third is creative and adept at problem-
solving. We believe these complementary qualities will allow us to learn from
each other and achieve success.

Our team name, " Micro Matters," comes from the topic of our experiment.
Besides representing the potentially significant impact of microplastics, it
also reflects our spirit of not overlooking anyone's efforts and striving for
excellence.

13



BEFAROE

As freshmen in high school, we were eager to try out all sorts of
competitions, but didn't know where to start. That's when we learned
about the competition and were deeply attracted to it not only because
our teacher had mentioned three-minute presentations were popular
in universities, but also because it gave us ample space to unleash our
imagination and scientific abilities, allowing us to explore diverse topics.

Initially, we brainstormed various themes, ultimately deciding on ocean
pollution. Since it's a common topic, we chose to focus on a less familiar
aspect: how microplastics affect existing pollutants in the water.

With the help of the lab administrator and chemistry teacher, we
gradually discussed, conducted experiments, and produced videos and
presentations. Although the whole process took a considerable amount of
time, it was enjoyable. Of course, we also encountered many difficulties,
including moldy experimental materials and not knowing how to use the
App, which were overcome by adding plastic wrap to the containers and
by consulting the teacher.

Besides the obstacles in the experiment, there were unexpected problems
while filming. While filming in the school's public area during lunch break,
we accidentally bumped into a patrolling teacher! When he asked us to
return to the classroom, we were all so relieved that we had just finished
recording the last segment of the video.

So far, we've all gained something during this time and learned how to
cooperate. We also look forward to improving our oral expression skills
and pushing our limits in the next stage of the competition.

Bifh BT /

B2

1. We have a sound scientific theoretical foundation.

2. We have extensive experience in experiment design and
data analysis.

3. Our individual strengths and personalities are different,
which complement each other.

=t
1. Some of us lack confidence when giving a presentation.

2. In impromptu English conversations, some of us lack
the ability to respond fluently.

14
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The Invisible Shield: Student : Cubie Chen

How Microplastics Retard the Nl
Photodegradation of Organic Poliutants Teacher : Tracy Hsu

Abstract&Motivation

Microplastics pollute oceans, enter food chains, and threaten global health. To investigate if they also inhibit
pollutant degradation, we added PET microplastics to three liquid pollutants and measured lux daily in a custom
dark box. Our results demonstrate that microplastics slow decomposition rates, revealing a compounding
environmental hazard. This research directly supports SDG 6 and SDG 14.

Questions s | 1 :l{l[nWWATER

1. What are the characteristics of microplastics affecting pollutants ?
2. Do microplastics reduce the decomposition rate of pollutants?
3. How do we reduce the impact of microplastics on pollutants in water?

Experimental Methods * Results

1. Cut and abrade PET plastic bottles with 600-grit
sandpaper, then suspend them in water to form a
homogeneous microplastic suspension.

. Prepare two solutions with the same concentration " /
for each of the three pollutants. o ~ ot~ i

« Experimental group: add microplastics = // \
« Control group: no microplastics £ // e

13007 jiuminance

N

70 s The methylene blue data were consistent
b initially, but later showed a decrease in lux in
both groups, indicating a potential external
50 influence on the results.

o3y

501 jiuminance Sample
Category

00, , +Coflee£6

" ot |

o
3. Place all solutions by the window to receive natural « NG/
light, simulating natural conditions. =
4. Construct a homemade dark box using a biscuit . 5
container. A smartphone with a full white screenis - ' The coffee samples initially followed the
placed inside, with a small opening for the camera = expected trend, but later results may have been

A " 0. affected by mold growth, which interfered with
to measure the lux transmitted through the solution. the measurements.

Day
" s 20 75 30 a5 40 45 50 S5 6o 65 70 75 80

* Conclusion

The results suggest that microplastics may inhibit -
pollutant degradation by adsorbing pollutants,
Colored Organic Natural Organic & blocking light, and creating micro-environments that

Pollutants Matter S interfere with photodegradation processes.
= In response to this outcome, we believe despite
Simulation  Left: Middle : Right : f A q :
material Methylene blue Diluted coffee Dishwasher reducmg mlcroplastlc productlon ER i sogrce,
improving wastewater treatment technologies could
— be something worth developing.
Textile Humic aundry H :
Real-world - : ; effluents, 1. Removal of microplastics
e —— printing effluents, natural organic dishwashing c lati ] \ati
industrial dyes residues p— &b LTI EMEI
E b. Dissolved air flotation (DAF)
5. Measure the lux and take the average after three 2.Degradation of pollutants
measurements at a fixed time each day using the a. Advanced oxidation processes (AOPs)
dark box setup, and convert it to absorbance b. Engineered microbial systems to break down
using the Beer-Lambert law(A=glc). polymers.

6. Due to the dishwasher being transparent, we used

J [ * References
a separate approach by dyeing the sample with

. 1.Jia, X., Speck, A., Feng, X., & Lee, C. W. (2025). Impact of water pH
methylene blue and mAeasurlng the_ absorbance of and cultivar on lettuce growth... Water, 17(17), 2637.

the red color channel in the organic layer after 2.Author(s). (2023). Article title. AIMS Environmental Science.
using dichloromethane to complete phase 9 doi:10.3934/environsci.2023040

separation ,.\A\ 3.Skoog, D. A., West, D. M., Holler, F. J., & Crouch, S. R. (2013).

Fundamentals of Analytical Chemistry (9th ed.). Cengage Learning.
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