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EDITORIAL

T
he value of science lies largely in its abili-
ty to solve our problems. Throughout our 
history, we have seen its immense con-
tributions in society, playing a key role 
in helping us tackle imposing complica-
tions.

Today, we still face a plethora of chal-
lenges, ranging from deadly diseases to a precarious 
natural environment. In this first issue of Science Greeley, 
we explore a sample of the diverse array of ways that sci-
ence is being used to overcome these difficulties: from 
creating new renewable energy sources to combating 
illnesses, from raising awareness for environmental is-
sues to enhancing our computational power. 

At the present moment, it is difficult for us to fathom 
the future. But what we know to a certainty is that it is up 
to our generation to continue using science to confront 
the immense problems that we now face, and to fulfill 
our vision of a better world.

On behalf of everyone who contributed to this maga-
zine, I would like to present to the reader the first issue of 
Science Greeley.

- Andrew Pang
Editor-in-Chief

Cover art by:
Sophia Kong
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RENEWABLE 
ENERGY SOURCE: 

RESIDENTS IN 
YOUR STOMACH

By: Jayden Cao

H
ow cool is carrying a pow-
er and sewage treatment 
plant in your stomach 
wherever you go? Our mi-
crobe friends might just 
allow us to do that.

The microbial fuel cell 
(MFC) is a renewable energy system that 
uses microorganisms to generate electrici-
ty. According to Beth Daley, the editor of The 
Conversation U.S., MFCs work quite sim-
ilarly to batteries. Similarly, MFCs consist 
of one positive side and one negative side. 
An external conductive circuit connects the 
two sides of the MFC. The conductive circuit 
captures the electrons released by microbes 
when they break down organic matter, and 
this accounts for electricity generation. 

Typically, electricity-producing micro-
organisms are found mainly in anaerobic 
habitats for producing electricity in MFCs; 
however, Mehdi Tahernia, a scientist at the 
bioelectronics and microsystems laboratory 
of  Binghamton University, suggests that a 
group of “weak” conductive bacteria, known 
as Gram-positive bacteria, may also qualify 
for the job. 

Gram-positive bacteria were previous-
ly believed to be weak conductors because 
the layers surrounding the cells (known as 
cell walls) are thick and not capable of con-
ducting electricity. Yet the recent realization 
of how Gram-positive bacteria transfer their 
electrons brought to light the possibility of 
using them in MFCs. 

What’s fascinating is that some of these 

Art by: Michael Wang

Gram-positive bacteria are found in our guts! 
The human gut provides our bacteria friends 
with their happy place: an oxygen-poor yet 
nutrient-rich environment. Scientist Mehdi 
Tahernia claims that this anoxic environ-
ment turns out to be ideal 
for microbes to release and 
transfer electrons outside 
of the cell. Perhaps one day 
we could start charging our 
phones with the help of the 
residents that live inside of 
our stomachs. At that time, 
another function of the hu-
man stomach would pos-
sibly emerge in the field of 
physiology—producing electricity. 

Moreover, the ideal organic matter for our 
microbe friends to break down to release 
electrons exist in wastewater. A wide variety 
of substances in wastewater could be used to 
“feed” microbes, ranging from simple com-
pounds to complex mixtures. This opens up 
opportunities for MFCs and Gram-positive 
bacteria to not only produce renewable elec-
tricity but also purify water at the same time. 

Even so, why bother? 
According to Hannah Ritchie and Max 

Roser, the founder of Our World in Data, fos-
sil fuels account for two-thirds of electricity 
generation worldwide. However, we cannot 
rely on fossil fuels to charge our phones and 
light our homes in the long run because they 
are non-renewable energy, meaning that 
one day they will run out. Renewable energy 
today accounts for one-third of global elec-
tricity generation, which is not enough to 
satisfy the world’s electricity demand if fossil 
fuels are depleted one day. Consequently, we 
must discover more clean electricity sources 
like MFCs to power the world.

Polluted water also contributes to nitrogen 
pollution, which harms both marine animals 
and mammals; sewage, furthermore, threat-
ens the health of human beings. Dr. Johnson, 
a virologist from the University of Missouri, 

remarks that sewage and untreated water 
increase the risk of diseases occurring and 
spreading. MFCs might just be the perfect 
helper to ease the burden of wastewater on 
the Earth and all living things. 

So, the next time you turn 
on your light switch, think 
about our microbe friends. 
Perhaps in the future, they 
would be powering your 
home or doing something 
much, much more magnifi-
cent. 

“...some of these Gram-
positive bacteria are 

found in our guts.”
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COVID VACCINE-
INDUCED 
MYOCARDITIS

C
OVID-19, a respiratory virus, 
completely shut the world 
down. The usually bustling 
and clamorous streets of cities 
fell silent, parks and sidewalks 
were deserted, restaurants 
and bars empty. The world ap-

peared to be post apocalyptic. The first case of 
this deadly disease was reported on Decem-
ber 1, 2019 in Wuhan, China. The infection has 
caused millions of deaths across the world and 
many survivors of COVID-19 are scarred with 
health issues.

 While COVID-19 is a respiratory illness, 

a small portion of hospitalized patients with 
severe symptoms suffer from myocarditis - an 
inflammation of the heart muscle. 150 out of 
100,000 hospitalized COVID-19 patients are af-
flicted with myocarditis. According to the CDC. 
In addition, myocarditis could result in chest 
pain, shortness of breath, heart failure, arrhyth-
mias, which is the irregular beating of the heart, 
and even death.

In order to stop the spread of the virus, peo-
ple should limit social gatherings, wear masks, 
and stay 2 meters apart from others. The isola-
tion must have gotten to people’s heads , be-
cause while in lockdown there was an increase 

By: Samuel Mullen

in demand for toilet paper, of all things. 
About a year after the virus first broke out a 
vaccine was developed and on December 11, 
2020, and the FDA authorized the Pfizer-Bio-
Tech COVID-19 vaccine for all individuals 16 
years and older for emergency use. About 6 
months later on May 10, 2021, the same Pfizer 
vaccine was approved for emergency use by 
the FDA for adolescents ranging from 12 to 15 
years of age.

 The Center for Disease Control stat-
ed that Minor and temporary side effects 
are common when administered the vac-
cine such as pain and redness where they 
got the shot, tiredness, headaches, nausea, 
and swollen lymph nodes. 
However, a miniscule por-
tion of the people who 
received the mRNA (Pfiz-
er-BioTech and Moderna) 
COVID-19 vaccine were di-
agnosed with myocarditis. 
While myocarditis cases 
from COVID-19 infection 
are considerably more se-
rious than the ones that 
originated from the vaccination, the few 
“unlucky winners” still suffered chest pain, 
shortness of breath, and an inflamed heart 
muscle.

 The heart disease was typically di-
agnosed within a week after the second 
shot of the mRNA vaccine, and it was most 
commonly found in male adolescents. Mayo 
Clinic says that Myocarditis can be diag-
nosed by performing various blood tests, an 
Electrocardiogram (EKG, ECG), an MRI (Mag-
netic Resonance Imaging) and an Echocar-
diogram. 

The blood tests that are performed check 
for cardiac enzymes, which are proteins in 
the blood that can determine if there has 
been any damage done to the heart, and  
will find patients being nagged by doctors 
to eat sugary foods and drink plenty of liq-
uids. Testing for antibodies in the blood will 
find if there has been myocarditis due to an 
infection or in this case a vaccine. The Elec-

trocardiogram is done to check if there are 
any arrhythmias, by placing what feels like 
a thousand stickers attached to cables and 
leads on your chest. The hour-long MRI is 
conducted to get an accurate image of the 
heart. The Echocardiogram creates a moving 
image of the heart that allows the doctor to 
see how the blood is moving throughout the 
heart and its size.

Cases from the vaccine were usually mild 
and when patients took anti-inflammatory 
medications and rested. Patients would of-
ten feel better quickly. Despite this, Cardi-
ologists should always be consulted when 
myocarditis has been diagnosed for plan-

ning return to exercise and 
sports, even if the patient 
has no symptoms. Once 
symptoms improve patients 
can resume normal daily ac-
tivities; but they should wait 
for about 6 months to return 
to sports and exercise.

 However, before re-
turning to exercise, it is rec-
ommended that the patient 

receives an MRI of their heart, an EKG, appro-
priate blood tests, and wears a heart monitor 
for two weeks. When wearing the monitor 
they must exercise to make sure the heart 
functions properly during physical activity.

 Myocarditis from the mRNA COVID-19 
vaccine is a serious condition that must be 
treated by healthcare professionals, but it is 
extremely rare. The case is usually mild and 
can be treated easily. However, myocarditis 
from COVID-19 infection is much more se-
vere, and over a hundred times more likely 
to occur than myocarditis induced from the 
vaccine. So while there is a slight chance that 
you can get myocarditis from the vaccine, 
receiving the vaccine remains the safer op-
tion, as per the National Institute of Health. 
Afterwards, the vaccine protects you from 
COVID-19, which decreases your chances of 
falling prey to a serious side effect from the 
global epidemic.

“...the few “unlucky 
winners” still suffered 
chest pain, shortness 

of breath, and an 
inflamed heart muscle.”

Art by: Michael Wang
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2022 NOBEL 
PRIZE 

LAUREATE: 
CAROLYN 
BERTOZZI 

By: Andrew Pang“When the world 
is in trouble, 
chemistry comes 
to the rescue”
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O
n October 5th 
2022, Carolyn 
Bertozzi was 
announced as 
one of the win-
ners of the 2022 
Nobel Prize in 

Chemistry. As the founder of an 
entire sub-branch of chemistry, 
a significant researcher into in-
fectious diseases, and a one-time 
member of a heavy rock band, her 
career so far has been more than 
fruitful. These immense contri-
butions to science have secured 
her a place among the most influ-
ential scientists in history.

Despite being born into a high-
ly scientific family, Bertozzi’s ini-
tial passion was music. Yet, pres-
sured by her parents to give up 
this pursuit, she 
instead decided 
to invest into the 
field of medicine, 
and started taking 
pre-med courses 
at Harvard Uni-
versity. At first, 
biology captured 
her interest far 
more than chem-
istry, and she claimed that gener-
al chemistry “was just a box I had 
to check”. 

Yet it was all destined to change 
when Bertozzi took organic 
chemistry, a notoriously rigorous 
course that requires immense 
amounts of memorization. While 
many of her classmates struggled 
to understand the concepts, Ber-
tozzi discovered newfound inter-
est in the field – so much so that 
she changed to a chemistry ma-
jor the following year. From that 
moment on, her life took a drastic 
turn.

After getting her PhD., Bertozzi 
trained as a postdoc in an immu-
nology lab, where she studied 
the role of carbohydrates in im-
mune systems. Specifically, they 
were interested in glycans, a type 
of complex carbohydrates that 
are found on the surface of cells. 
Glycans play a key role in cellu-
lar function, as they help cells to 
communicate with each other, 
regulate the activities of many 
proteins, and, most importantly 
for the study, assist in immune 
response. But Bertozzi and her 
colleagues were confronted by a 
significant issue: scientists at the 
time did not have the technology 
to properly image glycans; thus, 
studying their function was high-
ly difficult. This was all the inspi-

ration Bertozzi 
needed to be-
gin conducting 
her own line 
of research, 
which would 
ultimately lead 
her to the 2022 
Nobel Prize.

Essentially, 
what Bertozzi 

did was create a tool to mark out 
glycans without disturbing nor-
mal biological processes. While 
it may not sound difficult, this 
project took her years to com-
plete. Ultimately, Bertozzi made 
key modifications to fluorescent 
labels, a pre-existing technology, 
and allowed scientists to clearly 
observe glycans for the first time. 
In doing this project, she invent-
ed a new field of science: bio-
orthogonal chemistry. This field 
deals with chemically modifying 
molecules within cells without 
disrupting other biological pro-

cesses. Such technologies are 
highly important, as they allow 
scientists to be able to effectively 
study specific biomolecules. 

The applications 
of these technolo-
gies are broad, but 
Bertozzi mainly di-
rected it into medi-
cine and immunol-
ogy. Along with her 
team, she utilized 
this powerful tool 
to further advances 
in our understand-
ing of diseases such as tubercu-
losis, cancer, and, more recent-
ly COVID. Using this enhanced 
knowledge, Bertozzi and her 
team developed new diagnostic 
and therapeutic approaches to 
combat these illnesses. Currently, 
many of the technologies which 
Bertozzi created, both in the field 
of bioorthogonal chemistry and 
immunology, have been put into 
commercial use, and she herself 
has co-founded and contributed 
to multiple biotechnology start-
ups. 

The improvements in science 
which Bertozzi have spurred are 
immense; her pioneering work in 

bioorthogonal chemistry has al-
lowed scientists to study a high-
ly essential biomolecule for the 
first time, and her later advanc-

es in immu-
nology have 
also been 
s i g n i f i c a n t . 
But none-
theless, the 
full potential 
of Bertozzi’s 
achievements 
has hardly yet 
been exploit-

ed, and there remain many re-
al-life problems that these tech-
nologies can be applied to.

“When the world is in trouble,” 
Bertozzi said in a Nobel Prize in-
terview, “chemistry comes to the 
rescue”.

“many of the 
technologies which 
Bertozzi created...
have been put into 
commercial use.”

Bioorthogonal:
A type of reaction that can occur in a 
biological enviornment without af-
fecting the function of biomolecules

(The term was first used by Bertozzi in 2003)

“... scientists at the 
time did not have the 

technology to properly 
image glycans...”
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HARVESTING 
ENERGY 

FROM A LIGHT  
BREEZE          

By: Ben Schifrin

I
n October, scientists 
from the Nanyang 
Technological Uni-
versity of Singapore 
made an engineering 
breakthrough with 
their new invention, 

the wind harvester. The 15 by 
20 centimeter device is one 
of the smallest of its kind, 
and is capable of running 
under winds of only 2 me-
ters per second. This makes 
it ideal for urban environ-
ments that require compact 
technology and where the 
crowded buildings slow the 
wind. The Wind Harvester 
could be the future of wind 
technology, maybe even in 
your home!

Wind Power

The body is construct-
ed of fiber epoxy, a durable 
polymer, with the main at-
tachment built of other inex-
pensive materials including 
copper, aluminum foil, and 
teflon, a chemical coating. 
When the machine interacts 
with wind, a plate moves 
back and forth from a stop-
per, creating charges on the 
film. Eventually, an electrical 
current forms as the charges 
flow from the aluminum foil 
to the copper film. During 
the testing process, the lab 

concluded that the harvester 
was capable of powering 40 
LED lights under consistent 
winds of 4 meters per sec-
ond. The wind harvester was 
also able to power a sensor, 
which wirelessly transmit-
ted room temperature data 
to a mobile phone. Even bet-
ter, the device was able to 
power a machine and store 
energy to power itself in sit-
uations with no wind.

Commercializing

As of now, the Nanyang 
team are working towards 
commercializing the har-
vesters, with plans to re-
place smaller nonrenewable 
lithium-ion batteries. The 
leader of the project, Profes-
sor Yang Yaowen, said “[o]ur 
research aims to tackle the 
lack of a small-scale energy 
harvester for more targeted 
functions, such as to power 
smaller sensors and elec-
tronic devices.” This leaves 
the prospect for wind power 
to become available to ev-
eryone, not just on private 
wind farms. In the future, 
the harvesters could power 
our cell phones, appliances, 
or even charge electric cars. 
The researchers said that 
the possibilities of The Wind 
Harvester are endless.

“In the future, the harvesters could 
power our cell phones, appliances, 

or even charge electric cars.”

“The Wind 
Harvester could 
be the future of 

wind technology, 
maybe even in 

your home!”

Art by: Sophia Kong
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A CURE TO 
RABIES

O
ne of the longest 
rivals of mankind 
itself, the deadly 
illness rabies still 
poses a threat 
in the modern 
day. Known to 

humans for over 4,000 years, lit-
tle progress has occurred over the 
centuries. Besides the remarkable 
invention of the post-exposure vac-
cination (PREP), which was created 
in the 19th century, rabies had oth-
erwise been at a stalemate with hu-
manity until recently.

 The problem with post-ex-
posure vaccination is the time con-
straint; one must receive the vaccine 
within 48 hours, or else it proves in-
effective. However, oftentimes, peo-
ple either cannot access resources 
in the given time frame or they ar-
en’t aware they’ve been infected un-
til symptoms occur. The species to 
transmit rabies most frequently in 
the United States are bats, and un-
fortunately, most 
aren’t aware they’ve 
been bitten. Bats 
tend to have bites 
that are only a few 
inches in size. In 
other countries 
(specifically third 
world countries), 
stray dogs tend to 
transmit rabies the 
most. In most of these countries, 
there aren’t adequate resources and 
most people cannot receive PREP. 
Worldwide, there’s over 60,000 
deaths from rabies but only 2-3 
happen in the United States. Once 
symptoms appear, rabies is almost 
100% fatal with only one case docu-
mented where a person was able to 
fight off rabies while within a coma. 

 Rabies itself is a rather sim-

ple illness to understand. In order 
to contract rabies, the virus RABV 
has to be transmitted through di-
rect contact (broken skin, eyes), and 
it’s oftentimes transmitted through 
saliva. After infection, the virus will 
move slowly, creeping up towards 
the central nervous system dam-
aging nerves along the way. There 
are four stages of rabies: incuba-
tion, prodromal phase, acute neu-
rological phase and finally, coma. 
Incubation is the time period before 
the virus makes it to the central ner-
vous system. There are no symp-
toms present during this phase, 
and if caught early enough, can be 
prevented by the pre-exposure vac-
cination. The prodromal phase hap-
pens next, and at this point, RABV 
has traveled through nerve cells and 
is entering the brain and spinal cord. 
The immune system will begin to 
react, and flu-like symptoms (fever, 
etc) will begin to occur. This phase 
lasts about 2-10 days, and by this 

point, it’s too late 
for pre-exposure 
vaccination to be 
effective. Then, the 
acute neurologi-
cal phase occurs. 
This is when ex-
tensive damage to 
the brain and spi-
nal cord happens. 
There are 2 types 

of acute neurological phases for ra-
bies: paralysis and furious. People 
will have ‘furious’ rabies, where they 
are aggressive, oftentimes have sei-
zures and are delirious. It lasts only a 
few days to a week. The others have 
paralysis, where they are unusual-
ly weak and will end up paralyzed, 
however this can last up to a month. 
The final stage is coma, when the 
body eventually collapses from 

“Once symptoms 
appear, rabies is almost 

100% fatal with only 
one case documented 

where a person was 
able to fight off 

rabies...”

By: Amy Feng
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weakness. This is the final stage of 
the infection, and death is the end 
result.

 However, recently scientists 
have begun looking into cures and 
have identified a possible success-
ful treatment: utilizing monoclonal 
human antibodies (mAbs). Anti-
bodies recognize and counteract 
specific antigens (or proteins) that 
are on an illness. The clinical trials 
have currently been focused on rats, 
and other rodents. The monoclonal 
human antibodies are an antibody 
created in the lab, mixing a human 
antibody with a rat antibody, and 
creating a special mixture. In this 
case, the mAbs 
used were RVC20/
RVC50. In the trials, 
the rats are inject-
ed with a strain of 
RABV. Usually, rats 
die around 10-13 
days after exposure 
to the rabies virus, 
however scientists 
found that when 
utilizing mAbs, the rats have been 
able to be cleared of rabies even 
after the symptomatic stage. When 
given to rats at 6 days after expo-
sure (when symptoms have already 
begun), the rats have been found 
to be completely eradicated of ra-
bies with a 100% success rate. The 
later it’s injected, the lower the suc-
cess rate becomes. However for the 
most part, even at 8 days after expo-
sure, most cases are successful with 
mAbs. Many rats have been able to 
live over 100 days after exposure!

 Scientists have found that 
the ways to inject the cure should be 
mixed, and should not just be one 
method. Intracerebroventricular 
infusion is a method that bypasses 
the blood brain barrier (a barrier that 

blood forms that keeps ‘bad’ things 
out of the brain) and allows for high 
drug concentrations to enter central 
brain compartments. Intramuscular 
administration is a technique used 
to deliver medication deep into the 
muscles. When both of these meth-
ods of injection were used, scien-
tists found that it was much more 
effective than just using one meth-
od of injecting alone. The scientists 
would do one intramuscular ad-
ministration, and continuous intra-
cerebroventricular infusion, which 
proved extremely effective. Higher 
doses are not necessarily more ef-
fective, as long as enough is used, 

the results will be 
the same. 

 The rats were 
found to have nor-
mal weight, nor-
mal motor func-
tion and normal 
cognitive function 
through many dif-
ferent tests. Some 
of them includ-

ed the open field test, where mice 
would be placed in a field and their 
behavior would be observed, or the 
rotarod test, which measures motor 
function. Although there still may be 
quite a bit of time for the treatment 
to be perfected and widespread, the 
discovery of the cure is already quite 
an achievement. In fact, the cure is 
already being put into use in places 
such as India right now. As scientists 
work to make the cure more cost ef-
ficient so that it’s able to be offered 
to all, humanity should be ecstatic 
and thankful to these scientists for 
their contribution to the betterment 
of humanity. 

“scientists found that 
when utilizing mAbs, 

the rats have been 
able to be cleared of 
rabies even after the 
symptomatic stage”

QUANTUM 
COMPUTING: 
HOW IT WORKS
By: Sophia Kong

18 19

Science  Greeley Science Greeley



ing even if you only see Bob that day. 
When particles are entangled, they can 
be seen as a single entity despite their 
distance. Entanglement is important in 
developing new technology because 
it significantly improves the speed at 
which quantum computers process in-
formation by its ability to transport in-
formation instantaneously. 

Problems That Quantum 
Computers Can Solve

Because of the massive computa-
tional power of a quantum computer 
(thanks to the theories of entanglement 
and superposition), quantum comput-
ers are able to solve complex problems 
that even a supercomputer is unable 
to solve. Quantum computers have the 
unique ability to solve problems with 
many many variables. Classical com-
puters solve problems in a different 
way than we humans 
do. The way comput-
ers find solutions is by 
going through billions 
of operations per sec-
ond and testing out 
every single possibil-
ity of a solution indi-
vidually until the right 
answer appears. And 
this works a lot of the 
time until the number of possibilities of 
solutions becomes so great that even 
the best supercomputers are unable to 
solve it in a realistic amount of time. This 
is where quantum computers come in. 
Because quantum computers are able 
to store much more information and 
are faster, they are able to solve com-
plex problems a lot faster. For example, 
finding the structure of proteins is a 
complex problem due to the numerous 
ways that amino acids can be connect-
ed and manners it can fold; however 
with quantum computing, finding the 

structure can be a lot faster which can 
revolutionize the medical field. 

Conclusion

In many ways, Quantum Computing 
is a groundbreaking field of science, 
redefining the boundaries of computa-
tional power. Taking advantage of our 
present understanding of matter and 
energy at atomic and subatomic levels, 
quantum technologies and concepts 
that were previously unimaginable 
have been now developed. However, 
these emerging technologies are still 
confronted by many difficult limita-
tions – for instance, the environment. 
Due to the immense fragility of qubits, 
the presence of any external distur-
bances can alter the data considerably, 
leading to a loss of information. Conse-
quently, many current quantum com-
puters must be kept at temperatures 

nearing absolute zero 
(-273.15 C). Yet despite 
the challenges pres-
ent, the potential of 
Quantum Computing 
is undeniable. Utiliz-
ing the theories of su-
perpositions and en-
tanglement, quantum 
computers may soon 
be able to take on a 

multitude of functions, ranging from 
Artificial Intelligence to Medicine. And 
wherever it is applied, fields and disci-
plines will experience immense break-
throughs, as humanity harnesses one 
of its most powerful tools yet.

“When particles are 
entangled, they can be 
seen as a single entity 
despite their distance.”

T
he advancement of tech-
nology and understand-
ing of particle physics 
opens a new window of 
opportunities that pres-
ents itself in the form of 
quantum computing. 

You have probably noticed a rising 
trend of tech companies trying to build 
the first working quantum computer. 
However, what exactly is a quantum 
computer, and why is it so much bet-
ter than the laptop you use for school? 
Quantum computing is an area of com-
puter science that utilizes theories on 
the behavior of energy and matter at a 
very small scale (atomic and subatom-
ic). The two main quantum theories 
that are important to know for now are 
superpositions and entanglement. Us-
ing the concepts of these two theories 
(and a few others), quantum computers 
can perform a myriad of functions that 
classical computers cannot. 

Superposition

Superposition is a phenomenon in 
which a particle can be in a combina-
tion of two states until a measurement 
is made. To understand superposition 
(and why it’s relevant), you must know 
how normal computing works. The 
smallest unit of information in classical 
computing is called a bit. A bit can store 
information as either a 0 or a 1. Quan-
tum computing works in a similar way, 
instead with particles (ions, electrons, 
photons, etc) that represent a bit, oth-

erwise known as a qubit. However, the 
difference between a qubit and a bit is 
that a qubit has the ability to be both 0 
AND 1, while a bit can only be 0 OR 1. 
Imagine a qubit as a coin being flipped. 
When the coin is in the air, it is both 
heads and tails, not one or the other, 
but both at the same time. The qubit’s 
ability to be in a state of superposition 
allows it to store much, much more in-
formation than a bit, meaning as more 
qubits are used, the amount of infor-
mation that can be stored increases 
exponentially which when compared 
to classical computers is a huge differ-
ence. 

Entanglement

Entanglement is a quantum effect 
where the state of two different qubits 
in a superposition directly affects each 
other when measured. When a qubit 
in superposition is measured, the state 
of superposition collapses so that the 
qubit is no longer in a state of 1 AND 0 
but 1 OR 0 (whether the qubit collaps-
es into a 1 state rather than a 0 state is 
probabilistic). If two qubits in superpo-
sition are entangled, when those qubits 
collapse into a 1 or 0, you only need to 
know the state of one qubit for the state 
of the second qubit to be immediately 
known. You can see this as two peo-
ple (Alice and Bob) wearing hats. If you 
know that Alice wears a red hat when 
Bob wears a blue hat and Alice wears 
a blue hat when Bob wears a red hat, 
you know what color hat Alice is wear-

“Superposition is a 
phenomenon in which 
a particle can be in a 
combination of two 
states.”
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MINDFULNESS: 
A NEW 

APPROACH TO 
ENHANCING 

ATHLETIC 
PERFORMANCE

By: Phoebe Hawthorne

T
he numbers are 
a s t o n i s h i n g . 
Mental health 
has drastical-
ly declined from 
COVID-19, but 
even before the 

pandemic, the commonality of 
anxiety and depression in peo-
ple were still on a rise. There 
was a 27% increase of anxiety 
and 24% increase of depres-
sion (between 2016 and 2019) 
for adolescents. Despite these 
numbers calling for the need of 
mental health care, the number 
for those who receive it have 
decreased. In 2016, 82% of kids 
received mental health care ser-
vices while in 2020 it was only 
80%. 

Historically, mental illnesses 
were always looked down on. 
People with mental illness were 
categorized as unfit for society; 
many ended up without treat-
ment in jail or in a hospital that 
often were cruel and isolating 
environments. Fast forward to 
today, the acceptance of men-
tal illnesses have come a long 
way; yet for sports this old view 
is still holding strong. There’s al-
ways been that perspective of 
athletes being strong and pow-
erful. They are expected to be 
in tip-top health mentally and 
physically because they’re com-
peting to be the best in their 
field. If they were to admit their 
mental illness, it would be per-
ceived as weak and fragile. 

Perfect examples of athletes 
facing backlash from society 
was when Biles, a gymnast, 
withdrew from several Olym-
pics events and when Naomi 
Osaka, a tennis player, withdrew 

from the 2021 French Open, 
both taking time for their men-
tal health. In Osaka’s case, her 
refusal to participate in press 
conferences due to anxiety and 
depression caused a heavy fine 
from the French Open officials. 
The directors of all four grand 
slams even issued statements 
that Osaka was risking banish-
ment from an important and 
highly profitable tournament if 
she refused to face the media in 
the future. 

Osaka and Biles are both 
breaking the norm and chal-
lenging a stigma that has been 
here for generations; normaliz-
ing mental health on an interna-
tional scale. Even Nathan Chen, 
a figure skater, applauded them 
saying that he had no idea that 
withdrawing was even an op-
tion for athletes.

In recent research of mental 
health in sports, there’s been two 
promising technological tools 
that could potentially reduce 
mental illnesses in athletes: 
mindfulness and ACT (accep-
tance and commitment ther-
apy). Studies prove that these 
two methods have improved 
athletic performances and more 
importantly help them to lead a 
healthier and happier life out-
side of their sport.

Mindfulness

A former coach, Minkler part-
nered with psychologist Tim 
Pineau in a study on a women’s 
lacrosse team at Marymount 
University in Arlington, VA. This 
experiment was to test if mind-
fulness training was effective to 
improve players’ performance 

“If they were to 
admit their mental 
illness, it would be 
perceived as weak 
and fragile.”

22 23

Science  Greeley Science Greeley



and their mental health. The training 
ranged from stationary meditations 
to physical exercises such as yoga, 
walking, throwing, and catching. 
Notably, they also conducted group 
discussions of letting go of mistakes. 
After 6 weeks of mindfulness training 
and follow ups, post-training surveys 
showed that players felt they were 
able to focus more on the game and 
were less anxious while playing. The 
mindfulness training helped not just 
their mental health, but improved 
their overall performance: before the 
mindfulness training the team had 15 
losses and 4 wins, but afterwards they 
had more wins than losses. In 2019, 
researchers in the Journal of Sports 
Psychology in Action reported that, 
“The next season, the team won the 
regional conference championship.”

Another study with the University 
of Miami football team supports this 
finding. Amishi Jha, 
a neuroscientist, and 
Al Golden, the coach, 
partnered up to track 
how well the football 
team was able to pay 
attention during pre-
season training. The 
team was split into two 
groups: one was given 
a mindfulness mediation training and 
the other conducted a relaxation ex-
ercise training. After preseason, they 
were given the attention test again, 
and Jha confirms that while the re-
sults were worse overall, the condi-
tions of those who regularly practiced 
mindfulness exercises dropped less 
drastically.

Finally, Graham Mertz, a quarter-
back for the University of Wisconsin–
Madison, shares his personal experi-
ence with mindfulness training that 
supports Minker’s and Jha’s findings. 
After a disappointing season in 2020, 

Mertz began to work with Chad Mc-
Gehee, director of meditation train-
ing. The mindfulness training aided 
Mertz in finding out how to reset him-
self mentally between the 40 second 
offensive plays. He spent much of 
his time learning how to identify an-
chors to bring his attention back to 
the present and ignore the past play. 
As a result, his team played better, fin-
ishing the 2021 season with 8 wins, 4 
losses, and a win in December’s Las 
Vegas Bowl.

Ultimately, by shifting more time 
towards meditation and focus activ-
ities, athletes have been able to en-
hance their performance.

ACT

ACT is another technique that coun-
selors use to help athletes improve 
their performance and mental health. 

ACT tries to teach 
athletes to sepa-
rate their compet-
itive and personal 
identities. It tries to 
prevent a spiral of 
negative thoughts. 
It doesn’t prevent 
them, but sepa-
rates the thought to 

make it not personal. 
A psychiatrist at the University of 

Putra Malaysia in Seri Kembangan, 
Eugene Koh Boon Yau, worked with 
three self-doubting triathletes that 
competed at international compres-
sions, representing Malaysia. The 6 
weeks Yau worked with the athlete 
consisted of labeling their thoughts 
and emotions to be able to accept 
the negative ones and then hav-
ing them identify their values, what 
they wanted to be remembered for, 
and the importance of their career. 
This helps teach athletes to focus on 

“ACT tries to teach 
athletes to separate 

their competitive and 
personal identities”

their performance without getting 
too stressed out about what the other 
people are doing around them. A tri-
athlete that worked with Yau, Edwin 
Thiang, agrees that the training, “does 
help me with reducing anxiety and 
overthinking.” The other athletes that 
worked with Yau agreed: One found 
it easier to accept thoughts of self-
doubt when a competitor overtook 
him. Before the mental training this 
athlete would lose hope after a com-
petitor passed him and would slow 
down, but after the mental training it 
didn’t matter as much to him and he 
set a personal pace for himself during 
the race. Yau reported in the May 2021 
Journal of Sport Psychology in Action 
that one of his oth-
er triathletes that he 
worked with said that 
the training helped 
him stay committed 
to physical training.

Mindfulness and 
ACT methods com-
bined improves play-
ers movement and 
focus during the 
game, especially pushing past mental 
barriers of negative thoughts. Play-
ers trained by these methods are less 
likely to be angry or sad about mis-
takes they made, and are better able 
to work through issues during the 
game to return their focus back to the 
present. Mertz also shares that during 
his mindfulness training he realized 
that he was so focused on football 
that he was neglecting the other parts 
in his life. He learned to pay attention 
not only on the field, but also to his 
mental health. Studies using these 
techniques have proved that the ben-

efits of the training have consisted 
of improved focus on readings and 
better communication with friends 
and family. Concerning all of this in-
formation, Jha would like to test how 
mindfulness and ACT training might 
affect Olympic athletes.

Summary

Researchers using these tech-
niques say they’ve seen similar off-
the-field benefits for their student 
 athletes, including improved focus on 
readings for class and better commu-
nication with friends and family. With 
those results in mind, Jha says she’d 
like to test how mindfulness and ACT 

training might work 
for Olympic teams. 
Jha in fact had sev-
eral briefings with 
the US and Austra-
lian Olympic team 
r e p r e s e n t a t i v e s 
about her training. 
Although this is 
not definite, what 
she would plan is 

to train the Olympic coaches to work 
with their athletes and track their ri-
val’s performance and their men-
tal health. Perhaps Biles and Osaka 
withdrawing to focus on their mental 
health was a blessing in disguise. By 
taking a break, it helps show how sig-
nificant mental health is and should 
be taken care of. Especially being ath-
letes, it shows that physical health is 
not the only thing that matters, but 
also peoples’ emotions, and mental 
well-being.

“...physical health is 
not the only thing 

that matters, but also 
peoples’ emotions, and 

mental well-being.”
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AI DETECTING 
MENTAL 
HEALTH ISSUES 
THROUGH 
TEXTING

L
et’s say that you are struggling with 
mental health issues due to de-
pression, the loss of a loved one, 
or a bad grade on a really import-
ant test. You’re constantly texting 
your friends and trying to cope 
with the tough times that you are 

experiencing. Wouldn’t  some assistance come 

in handy to resolve your depression? Well, say 
thank you to artificial intelligence.

AI has recently been linked to curing mental 
health decline in individuals through a very in-
triguing and shocking method - observing your 
text messages. Strange, right?

First, let’s talk about AI, also known as artifi-
cial intelligence. Artificial intelligence refers to 

By: Mukul Battu

computer systems that have the capability 
to mimic human tasks and often with supe-
rior efficiency. Some very common house-
hold artificial intelligence systems include 
speech recognition devices, language 
translation systems, and facial recognition 
systems. AI has been changing our life for 
about a decade and will continue chang-
ing our life as time progresses. One very 
important type of artificial intelligence is 
machine learning where the computer re-
ceives a model of data to base its results off 
of when it receives the actual information. 

Now, let’s discuss this astounding and 
shocking study. According to the Universi-
ty of Washington School of Medicine in Se-
attle, Washington, an artificial intelligence 
machine capable of identifying “red-flag” 
language in text mes-
sages has been invent-
ed. “Red-flag” language is 
considered harmful and 
could signal mental health 
decline. According to the 
website Healthitanalytics, 
a study published in the 
journal Psychiatric Ser-
vices states that a specific 
artificial intelligence algorithm known as 
cognitive distortion is capable of detecting  
‘red-flag’ language.

Due to the pandemic, mental health cri-
ses especially among teens have increased 
dramatically. Since  social interactions were 
lacking during the pandemic, we weren’t 
enjoying school enough, and we couldn’t 
even step out of our homes. In fact, life is 
still not normal due to the COVID restric-
tions still in place. 

In this study conducted by University of 
Washington researchers, text messages 
were exchanged between 39 patients and 
their respective doctors through a period 
of 12 weeks. After these data were collect-
ed (7,354 unique messages), the process 
known as “natural language processing” 
(NLP) was implemented. Human evaluators 
also graded the data to see if there were any 

signs of cognitive distortion. Natural lan-
guage processing is a useful process due 
to the fact that long strands of text can be 
shortened into meaningful summaries that 
are easier to comprehend. These could in-
clude long clinical notes or journal articles. 
NLP is mainly used in the medical field be-
cause of its ability to summarize lengthy 
articles to make it easier for physicians and 
even patients to comprehend. Moreover, 
NLP has been in many mental health stud-
ies. Hence, it is proven that the artificial in-
telligence system was able to detect mental 
health decline as well as human evaluators! 

This study also shows that there are nu-
merous benefits to this technology. First 
of all, this AI system could detect mental 
health issues in patients that humans would 

not be able to pick up. This 
is also trusted because this 
AI was able to detect men-
tal health decline as well 
as their human evaluator 
counterparts. AI could also 
help other doctors as well 
trying to figure out pro-
cesses to help save a pa-
tient’s life. 

More importantly, this study is significant 
because mental health is a very serious is-
sue in many people’s lives today and more 
recently, we have seen more issues in the 
news about people suffering from mental 
health problems and this tool could possi-
bly help. Mental health is a very important 
issue because look at this statistic, “1 in 25 
Americans lives with a serious mental ill-
ness, such as schizophrenia, bipolar dis-
order, or major depression.” That’s approx-
imately 13.5 million Americans! 

Do you see the significance of this issue 
and how this technology could advance the 
healthcare field? You may not even be real-
izing it but mental health is a very import-
ant issue and our computer friends could 
be a huge part in solving it. 

“...a specific artificial 
intelligence algorithm 

known as cognitive 
distortion is capable 

of detecting  ‘red-flag’ 
language.”
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MICROPLASTICS 
ARE 

DETRIMENTAL TO 
ANIMALS: HOW 

ABOUT HUMANS?
By: Sean Patrick-Sasaki

Art by: Sophia Kong

W
ith the talk of 
microplastics 
and their po-
tential danger 
for humans 
c i r c u l a t i n g 
around social 

media and the public health world, many 
may wonder whether they should be wor-
ried. Plastic waste  has been accumulat-
ing rapidly in the environment since they 
were first observed in the Earth’s oceans 
in the 1960s. Hence, they have made their 
way into the bodies of millions of marine 
organisms and even land organisms in-
cluding humans. The question is wheth-
er microplastics pose a threat to human 
health. Do they really disrupt the endo-
crine system? Do they damage the liv-
er? Can they even inhibit reproductive 
health? 

What are Microplastics?

Before answering those questions, it is 
important to define what microplastics 
really are. Microplastics refer to micro-
scopic plastic particles ranging from a 
few micrometers to 5 millimeters in size. 
Generally, the concern comes with sam-
ples that are under a millimeter in size, 
as this is when they become difficult to 
catch. Due to many plastics either being 
non-biodegradable or requiring decades 
to decompose, microplastics have begun 
to accumulate almost everywhere, in-
cluding the air, ocean, andwithin organ-
isms. Additionally, most commercial food 
products are now packaged in single-use 
plastic, further contributing to the build-
up of plastic waste in the environment 
and exposing humans to microplastics.

How do they affect animals?

In recent years, scientists have be-
gun researching the buildup of ocean 
microplastics and its impact on marine 

life. Experts have observed that the deep 
ocean and Arctic glaciers serve as “huge 
sinks for these particles” (Parker, 2022). 
Studies on fish and other marine life 
have concluded that microplastics pose 
giant threats to the ocean’s food webs 
and biodiversity. These small particles 
block the digestive system, contribut-
ing to malnutrition. They also leach into 
the bloodstream and potentially cause 
neurological damage, changing behav-
ioral patterns. Lastly, they stunt growth 
and can cause the loss of critical senses. 
While these studies pose many concerns 
regarding the widespread use of plastic, 
it is important to note that the field of 
study is relatively new and not thorough-
ly documented. 

How about humans?

A number of small-scale studies have 
concluded that microplastics are pres-
ent in many regions of the human body, 
including feces and even the placenta 
of unborn babies. Further, a study at the 
Dutch National Organization for Health 
Research and Development found that 
microplastics can be transported via the 
bloodstream. Researchers at the Uni-
versity of Hull in the U.K. were surprised 
to find microplastics in the lower lung 
lobe. This may sound alarming, espe-
cially coupled with research conduct-
ed at California State University which 
found over 10,000 chemicals to be used 
in plastics, with over 2,400 of them being 
potentially harmful to humans in large 
quantities. However, scientists are not 
certain whether these smaller particles 
accumulating in the environment quali-
fy as enough exposure to indicate harm, 
and will not be confirmed for many years 
to come according to Albert Rizzo, the 
American Lung Association’s chief med-
ical officer. In the meantime, the question 
turns to this: How can we go about mak-
ing plastics safer? 
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Art by: Sophia Kong

LITHIUM 
MINING: 
A NEW 
THREAT TO 
FLAMINGOS 

S
cientists and politicians world-
wide regard electric vehicles 
as a crucial tool in the fight 
against climate change. How-
ever, a main component of 
this sustainable technology is 
rechargeable batteries. Their 

production requires lithium, a finite materi-
al mined in Chile, Bolivia, and Peru. Nathan 
Senner, a population ecologist from the 
University of South Carolina, explains that 
as lithium demand rises, these countries’ 
unique species and ecosystems face pro-

found danger.
In a recent study, expert Nathan Senner 

examined the impact of lithium mining and 
rising global temperatures on salt flat lakes 
or “salares” found in Chile. These lakes are 
located in the Atacama Desert plateau, the 
driest place on Earth. Their waters support 
the growth of cyanobacteria and diatom 
algae, food sources for the native Andean 
and James’ flamingo species. Senner’s team 
of ecologists gathered 30 years’ worth of 
flamingo surveys, satellite imagery of the 
Chilean flats’ water surface level, and data 

By: Roshan Dhand

regarding the lakes’ cyanobacteria content. 
 The researchers learned that the 5 

“salares” have shrunk at least 30 percent in 
surface areas since 1984. Senner believes 
the culprit is increased evaporation from 
recent climatic changes in wind, tempera-
ture, and humidity. Global warming has 
created more variability in surface tem-
peratures and weather patterns, meaning 
certain places such as Chile experience 
intensified heatwaves. Even worse, long-
term drying of the salt lakes has lowered 
food sources for the native flamingos. 

However, Senner explains that lithium 
mining activity is strongly correlated with 
the declining flamingo population. Mod-
ern mining techniques begin with pump-
ing water into the lake’s crust. Then, lithium 
salts and other compounds gather in  “re-
finement ponds” on the surface. In recent 
years, mining companies 
have utilized an estimated 
400,000 liters of water per 
ton of lithium mined. This 
water is directly sourced 
from the Atacama Desert’s 
groundwater reserves. The 
researchers determined 
that between 1986 and 2018, 
groundwater pumping in-
creased from zero to 1.8 cubic meters per 
second. With more “refinement ponds” in 
the salt flats, the availability of cyanobac-
teria and diatom algae has decreased sig-
nificantly. Over eleven years, populations 
of Andean and James’ flamingos have de-
clined by 12 and 10 percent, respectively.

 The consequences of lithium min-
ing and global warming extend beyond 
ecological destruction. Nathan Senner sug-
gests that flamingo-based ecotourism in 
Chile, Bolivia, and Peru will also suffer. For 
one, Chile’s Salar de Atacama is visited by 
thousands every year. However, as flamin-
go populations decline and salt lakes dry, 
its local economies may fail. The experts 
also believe wide-scale damage to South 
American flamingo populations may be 

permanent. Senner explains that the Ande-
an and James’ flamingos reside exclusively 
in these “salares”.  Governments and orga-
nizations must preserve these hypersaline 
regions to prevent future damage to the 
economy, geographical beauty, and native 
species. 

In a final discussion, Nathan Senner ex-
amines the two-faced nature of supporting 
certain “green” technology. The global de-
mand for lithium is expected to quadruple 
in the next decade, meaning that mining 
in South America will only increase. More 
mining will accelerate the production of re-
chargeable batteries and the development 
of electric vehicles. Countries can then pro-
vide greater public access to electric vehi-
cles and limit carbon emissions from motor 
vehicles. Despite these benefits, there re-
main many ecological consequences. This 

includes harm to the 
Chilean salt lakes, their 
flamingo populations, 
and local tourism-based 
economies. 

While producing new 
technology is paramount 
to defeating climate 
change, it can also cause 
ecological damage or in-

tensify pre-existing environmental issues. 
Companies and governments must weigh 
the costs and benefits of sustainable tech-
nology, including solar panels and turbines. 
These sustainable technologies require the 
mining of precious metals under the Earth 
as well. However, modern advancements 
provide hopeful solutions to many of these 
issues including water supply. Research-
ers remark new water-efficient lithium ex-
traction methods and lithium battery recy-
cling may limit future ecological damage in 
South America, aiding in the preservation 
of native species including the beloved fla-
mingoes.

“In recent years, 
mining companies 

utilize an estimated 
400,000 liters of water 

per ton of lithium 
mined.”
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