
  

  

Abstract—While the protection provided by sunscreen is 
undeniable, the use of sunscreen holds many consequences for 
our bodies and the environment. The toxins in sunscreen such as 
homosalate, oxybenzone, octinoxate, octocrylene, and titanium 
dioxide disrupt the ocean’s ecosystem and the human endocrine 
system. Our study focuses on the use of an antioxidant called 
astaxanthin as an effective alternative. Astaxanthin has been 
renowned as “king of antioxidants,” recognized for its beneficial 
properties on the skin such as anti-aging effects, increased 
elasticity, increased moisturization, and, most important to our 
study, its potential to block ultraviolet radiation (UVR). We 
performed our experiment by measuring the intensity of UVR 
that passed through controlled amounts of both astaxanthin and 
sunscreen and found that astaxanthin is as effective in blocking 
UVR as sunscreen. Our results led us to further our 
experimentation by combining the astaxanthin with cocoa butter 
to form a topical application product. These results allow 
astaxanthin to be considered as both a safer and superior 
alternative to sunscreen, as astaxanthin does not contain the 
toxins present in sunscreen and is beneficial to the skin. 

I. INTRODUCTION 

Human activity is deteriorating Earth’s natural beauty at 
unprecedented rates, greatly contributing to global 
temperature rise along with several other environmental 
effects. Along with the increase in UVR exposure comes 
increased protection against the harmful rays. Sunscreen, the 
most common form of sun protection, is used by 68.1% of 
adults aged 41-64 and 79.7% of adolescents aged 12-20, 
according to a sample survey we conducted. While sunscreen 
does prove beneficial in blocking UVR, it contains toxins that 
are harmful to the body. These toxic substances include 
homosalate, oxybenzone, octinoxate, octocrylene, and 
titanium dioxide, which penetrate the skin and cause 
endocrine disruption and cell damage.1,2 The increased use of 
sunscreen also contributes to pollution through coral 
bleaching, a process which disrupts the symbiotic relationship 
between coral and algae.3 When coral rejects symbiotic 
organisms, it cannot survive and this has a direct correlation 
to the increased concentration of CO2 in the air as coral 
absorbs CO2.4 The increase in CO2 leads to global warming and 
climate change.  

Considering the widespread use combined with the 
undesirable effects on both the human population and the 
environment, sunscreen should not be regarded so highly 
when there is an alternative out there: astaxanthin. 
Astaxanthin, an antioxidant produced mainly by 
Haematococcus pluvialis, microalgae, has shown to have 
many beneficial qualities on the skin, such as anti-aging 
effects, increased skin moisture, elasticity, and through 
limited research, has been shown to be a possible protector 
from UV radiation.5,6 However, astaxanthin has only been  
 

 

used commercially as a dietary supplement, and has very 
limited testing as a topical application because of its lack of 
water solubility.7 This limits the extent to which astaxanthin 
can benefit people in protecting themselves against UV 
radiation because topical applications provide a more targeted 
and efficient supply to the skin.6 It was hypothesized that 
astaxanthin is just as effective as sunscreen in blocking UV 
radiation. We sought to then formulate a topical application 
that can be used as an alternative to sunscreen.  

II. METHODS 

Experimental Setup:  
A clamp was placed 15 cm high on one 

ring stand and a second clamp was placed 
10 cm high on a second ring stand. A third 
ring clamp was placed 5 cm above the 
second clamp on the second ring stand. 
Next, a UV lamp was attached to the clamp 
on the first ring stand and a UV sensor to 
the clamp on the second ring stand, 
pictured in Figure 1. To emulate direct 
sunlight exposure, two ring stands were 
positioned so that the UV lamp was 
directly above the UV sensor and in the 
center of the ring clamp. To ensure 
precision, tape was placed around the original setup, since the 
UV sensor is very sensitive to movement. This setup allowed 
the efficiency of both astaxanthin and sunscreen to be tested 
with as much accuracy and precision as possible. 
Preparation:  

First, the intensity of UV radiation present in the room of 
experimentation was recorded. Then, plastic wrap was cut 
into twenty twelve by twelve cm squares and ten were labeled 
1A through 10A and the other ten 1B through 10B. The 
intensity that passed through only plastic wrap was then 
recorded to be accounted for in our data. Next, the density of 
the sunscreen was calculated by taking the mass of 1 milliliter 
of sunscreen in a pipette. Knowing the density allowed equal 
amounts of astaxanthin and sunscreen to be used since 
astaxanthin was measured in volume, since it is liquid, while 
mass was used for sunscreen, since it is viscous. After taking 
preliminary measurements, squares 1A through 10A were 
assigned to represent astaxanthin, and squares 1B through 
10B to represent sunscreen.  
Application:   

Using a pipette, one milliliter of astaxanthin was dropped 
onto square 1A directly above the sensor, and then the UV 
intensity that passed through the astaxanthin was recorded 
using a Vernier LabQuest attachment to the UV sensor. We 
then repeated this procedure for squares 2A through 10A. 
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Figure 1: 
Experimental setup 
used to conduct 
experiment 



  

Next, 1.5 grams of sunscreen were evenly spread onto square 
1B directly above the sensor and the UV intensity that passed 
through the sunscreen was recorded. This procedure was 
repeated for squares 2B through 10B. 

III. RESULTS AND DISCUSSION 

Through the utilization of our experimental setup, we 
assessed the ability of both sunscreen and astaxanthin to block 
UVR. It was found that on average, astaxanthin and sunscreen 
block about the same percentage of UVR, except for one 
outlier in one of the sunscreen trials. Both astaxanthin and 
sunscreen blocked between 99.8 and 99.9 percent of the UVR. 
These results led us to proceed further and investigate 
possible options for creating a topical application. 

 
 

 

 

 

 
 
 
 
 

 
 

Through further inspection of our data, the trials were 
mostly consistent and representative of the true mean. This 
was confirmed by the low standard deviation and standard 
error. However, the standard deviation and standard error 
were higher for the sunscreen than the astaxanthin because of 
an outlier. We suspect that the outlier present was caused by 
spreading the sunscreen too thin, allowing more UVR to pass 
through the thinner layer of sunscreen. Although this outlier 
was present, its effect on the percentage blocked was 
negligible, and in turn, the difference in percentages for 
standard deviation and standard error were also negligible. 
The small standard error allowed us to confirm that the data 
we collected was representative of the population. These 
results led us to investigate a method to create an astaxanthin 
product. Since astaxanthin alone has a red pigment and leaves 
a stain on the skin, we sought to dilute this effect by mixing it 
with another product. However, astaxanthin’s nonpolar 
structure contributes to its immiscibility, limiting our options 
to hydrophobic solutions. We decided to use cocoa butter, a 
common lipid based substance often used for cosmetic 
purposes. After melting cocoa butter, mixing it with 
astaxanthin, and then allowing it to harden, we had created a 

“sun stick” which could be used topically on the skin. Our 
results indicate that this “sun stick” will be just as effective in 
blocking UVR as sunscreen, and will also provide benefits to 
the skin. 

IV. CONCLUSION 

The findings generated in this multifaceted investigation 
provided insight on the efficiency of astaxanthin in blocking 
UVR compared to commercial sunscreen, thus affirming our 
hypothesis that astaxanthin is a viable alternative to 
sunscreen. After assessing the quantitative results of our 
experimentation, we also acknowledged the qualitative 
properties of both astaxanthin and sunscreen. We concluded 
that astaxanthin is not only a viable alternative, but is 
potentially a better option due to its superior qualitative 
properties, such as its anti- aging effects and lack of toxins. 
The shift from sunscreen to astaxanthin will reduce the 
amount of sunscreen being used, thus decreasing its 
consequences on the ocean and the endocrine system.  
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Figure 2:Graph representing the difference in UV intensity that 
passed through astaxanthin and sunscreen in each trial. It 
shows that less or equal amounts of UV radiation pass through 
sunscreen than astaxanthin. 

Table 1: Data table represents raw data taken for sunscreen 
and astaxanthin in all trials. Statistical analysis was 
performed which shows the validity of the data. 



  

Abstract— In developmental neuroscience, there is a need to 
understand how state plays an active role in the developing 
brain. This paper presents a novel approach of using machine 
learning techniques to distinguish two states in early postnatal 
mice, twitch and non-twitch occurrences, using information 
from its gross brain activity and body camera recordings. 
Supervised machine learning was initially done to help gain 
insight into associations between human classifications and the 
training metrics. However, the goal of the work was to come up 
with an accurate unsupervised machine learning technique [2] 
that closely represented the results of the human classification. 
Throughout this process, data reduction and clustering 
techniques were used to develop this unsupervised machine 
learning algorithm. Results were then validated against the 
human classification resulting with an accuracy of 82.6%. 
These initial results will allow researchers to use our algorithm 
as a starting point to test machine learning algorithms on other 
behavioral states occurring in a variety of animals, furthering 
our understanding of the principal connections between the 
brain and body.  

I. INTRODUCTION 

The human brain controls, monitors, and regulates an 
individual's bodily functions. To establish proper functions, 
developmental brain waves help to link the body function to 
the complex brain structures. These processes of the brain’s 
development from neonate to adult are vaguely understood. It 
is hypothesized that sleep cycles are necessary for perinatal 
brain development, a vital stage in which the brain forms and 
develops proper connections, aiding in memory and brain 
functionality [1]. Due to the structural and functional 
similarities between a human brain and a mouse’s brain [1], 
we can begin to look at emergent developmental patterns in 
perinatal mice. To do this, we recorded from postnatal day 7 
mice brain activity, through pan-neuronal expression of a 
genetically encoded calcium indicator, while recording body 
movements (Fig. 1A). We identified periods of time when the 
mouse pup displayed signs of active-sleep. During these 
active-sleep periods, mice undergo a series of unconscious 
movements throughout the body, classified as twitching 
events. The average brain activity across the neocortex was 
taken to represent the distinct mental states. The behavioral 
data was processed using Optic Flow functions that 
approximate the amount of motion that occurs between two 
subsequent frames. When we juxtapose the average brain 
activity with the average motion, we noted the time frames of 
twitching (small motions with short inter-event time-lag) 
aligned with high amounts of brain activity (Fig. 1B, blue 
periods). This direct relationship of twitching events in the 
mouse’s body with high neurological activity is the 
relationship we sought to explore using machine learning 
applications. 

 

 

 

 

Figure 1A:  The experimental setup on the mouse in order to receive its 
body movements and brain activity through cameras that were placed next 
to the mouse’s body and above its brain. 

Figure 1B:  Average brain activity (maroon line) on top of the average 
movement data (black line) showed the two distinct states of which we call 
twitch (blue periods) and non-twitch (pink periods).

II. METHODS 

The initial pieces of data were the mouse’s neural signals 
and physical body movements. From these two metrics, the 
list was expanded to over 30 different features by taking 
mathematical derivations and operations (ie: derivatives, 
ranges, windowed standard deviations, etc.) of the initial two 
metrics. This expanded list of metrics was narrowed down to 
metrics that allowed for good separation of twitching and 
non-twitching events, based on human classification. We 
visualized this separation through pairplot graphs, which 
plotted each of the metrics against all other metrics. From 
these pairplots, we selected 4 metrics that best distinguished 
the two states, and these 4 chosen metrics were then reduced 
into two dimensions using dimension reduction algorithms 
such as t-SNE and isomap. Dimensionality reduction creates 
a new copy of the data and reduces the data-set from 4 to 2 
dimensions, allowing us to better visualize the numerical 
information. Further, we utilized the reduced dimension 
dataset to cluster our input data to two states. The 
dimensionality reduction technique that proved to be the best 
for clustering was KMeans (Fig. 2A). Once those instances 
were classified, a clean-up algorithm was created for the 
unsupervised classifications to eliminate the outliers and 
clearly classify complete twitching events. Due to the 
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success of the KMeans Clustering Algorithm, the four 
metrics were plotted over the brain activity and, as shown by 
Fig. 2B, were successful in classifying the number of 
twitching movements, as well as their general duration. Due 
to the similarities between our Unsupervised Machine 
Learning output to the Supervised Machine Learning result, 
where the specific time series values of the twitch events 
were inputted, the four metrics chosen were proven to be 
successful.  
 

 

Figure 2A:  The leftmost figure displays an isomap dimension reduction of 
all human classified data points, distinguishing twitching (red dots) and 
non-twitching (blue dots) occurrences. The rightmost figure shows KMeans 
clustering on the isomap with the unsupervised clustering classification of 
twitches (light blue) and non-twitches (pink).

Figure 2B: Comparison between the supervised classification and the 
unsupervised classification, with twitch periods (light blue) and non-twitch 
periods (light pink).  

III. RESULTS 

After testing the different dimensionality reduction methods 
and clustering algorithms on our unsupervised machine 
learning, isomap dimensionality reduction and KMeans 
clustering proved to be the best means of classifying the two 
states, twitch and non-twitch. Even though the unsupervised 
classifications were not perfect, a quick clean-up algorithm 
perfected the classifications and captured the distinction 
between the two states, resulting in an improved final 
accuracy of 82.6%. In comparison, the supervised learning 
resulted in an accuracy of 94.0%. While the unsupervised 
learning underperformed in accuracy, the unsupervised 
learning had only a 11.4% difference.  

IV. DISCUSSIONS 

In this study, we set the goal to develop an unsupervised 
learning algorithm that could detect two distinct states, 
twitch vs non-twitch, of a developing neonate mouse based 
on gross neocortical activity and movement data. 
Identification of the periods in which there is purported 
active sleep (twitch state) will help developmental 
neuroscientists to study the emergence of properly functional 
networks and highlight the importance of these necessary 
periods for the developing system. We have successfully 
demonstrated that an unsupervised machine learning 
approach can be used to identify these periods. Future 
researchers can build off of these concepts to better 
implement machine learning to complicated biological 
processes, using both neural activity and behavior.  
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AbVWUacW² HeaY\ metal remoYal throXgh precipitation resXlt in 
a to[ic slXdge that creates man\ enYironmental liabilities. This 
paper details a heaY\ metal filtration deYice ZithoXt sXch 
liabilities making Xsage of electrophoresis and sodiXm alginate 
to e[tract and diYide heaY\ metals in ZasteZater. Alginate, 
deriYed from broZn seaZeed, has the propert\ of forming a 
h\drogel Zith biYalent cations and trapping them in place. Each 
biYalent cation has different leYels of affinit\ Zith alginate, 
gelating at different concentrations of alginate solXtion. From 
this discoYer\, a s\stem capable of separating mXltiple different 
metal elements Zithin ZasteZater in alginate solXtions of 
different concentration Zas created. 

I. IN75OD8C7ION 
CRQYHQWLRQDO KHDY\ PHWDO UHPRYDO LQ ZDVWHZDWHU LQYROYHV 

FKHPLFDO SUHFLSLWDWLRQ LQ ZKLFK D SUHFLSLWDWLRQ UHDJHQW VXFK DV 
DFWLYDWHG FDUERQ LV XVHG WR DWWUDFW WKH PHWDO LRQV LQWR D WKLFN 
VOXGJH. 7KLV SURFHVV LQFOXGHV PDQ\ GUDZEDFNV; D ORW RI ZDWHU 
LV ORVW, WKH VOXGJH UHOHDVHV KDUPIXO GXVW ZKHQ GULHG, WKH WR[LF 
VOXGJH LV RIWHQ GLVSRVHG LQ ODQGILOOV GXH WR D ODFN RI SXUSRVH, 
DQG PRVW RI DOO, WKH PHWDO SDUWLFOHV ZLWKLQ WKH VOXGJH FDQQRW EH 
UHWULHYHG RU UHILQHG IRU UHXVDJH.>1@ AOJLQDWH, D SRO\VDFFKDULGH 
PDLQO\ IRXQG LQ EURZQ VHDZHHG, KDV D SURSHUW\ RI IRUPLQJ D 
K\GURJHO ZLWK PHWDO LRQV WKURXJK LRQLF FURVV-OLQNV. 7KH 
PHWKRG RI DOJLQDWH DSSOLFDWLRQ LQ ZDVWHZDWHU WUHDWPHQW 
FXUUHQWO\ EHLQJ WHVWHG LV VLPLODU WR WKDW RI FRQYHQWLRQDO 
SUHFLSLWDWLRQ- DOJLQDWH LV SRXUHG LQWR ZDVWHZDWHU, DIWHU ZKLFK LW 
IRUPV D JHO FRQWDLQLQJ DOO WKH YDULRXV PHWDOV ZLWKLQ WKH 
ZDVWHZDWHU OLNH KRZ VOXGJH ZRXOG IRUP. 6LPLODUO\, WKH PHWDO 
LRQV ZLWKLQ WKH JHO DUH DOO FOXPSHG WRJHWKHU DQG FDQQRW EH 
UHILQHG IRU UHXVH.>2@ HRZHYHU, HDFK PHWDO HOHPHQW ZDV IRXQG 
WR KDYH D GLIIHUHQW OHYHO RI DIILQLW\ WRZDUGV DOJLQDWH, RU 
WHQGHQF\ WR IRUP D JHO ZLWK DOJLQDWH.>3@ FURP WKLV LW ZDV 
SUHGLFWHG WKDW LW ZDV SRVVLEOH WR FUHDWH D ZDVWHZDWHU WUHDWPHQW 
V\VWHP WKDW UHPRYHG DQG VHSDUDWHG HDFK PHWDO HOHPHQW LQ 
GLIIHUHQW DOJLQDWH FRQFHQWUDWLRQV, ZKLFK ZRXOG DOORZ IRU HDVLHU 
UHF\FOLQJ RI KHDY\ PHWDOV ZLWKLQ ZDVWHZDWHU. 

II. ME7HOD6 
A VROXWLRQ FRQWDLQLQJ PHWDO LRQV ZDV SODFHG LQ WKH DQRGH 

VLGH RI DQ HOHFWURSKRUHVLV PDFKLQH. 4 GLIIHUHQW PHWDO LRQV ZHUH 
WHVWHG; CRSSHU, CREDOW, NLFNHO DQG IURQ. 7KH\ ZHUH WHVWHG ERWK 
LQGLYLGXDOO\ DQG LQ FRPELQDWLRQV RI XS WR 3 HOHPHQWV. IQ 
EHWZHHQ, DOJLQDWH VROXWLRQV RI GLIIHUHQW FRQFHQWUDWLRQV (0.25%, 
0.5%, 0.75%, 1%) ZHUH SODFHG LQ LQFUHDVLQJ RUGHU IURP WKH 
DQRGH WRZDUGV WKH FDWKRGH. OQ WKH FDWKRGH VLGH, D VROXWLRQ RI 
VRGLXP DFHWDWH ZDV SODFHG WR PDNH HOHFWURSKRUHVLV SRVVLEOH. 
7KH DOJLQDWH VROXWLRQV, WKH PHWDO VROXWLRQ, DQG WKH VRGLXP 
DFHWDWH VROXWLRQ ZHUH VHSDUDWHG WKURXJK SDSHU ILOWHUV; WKHVH 
ZRXOG PLQLPL]H WKH OLTXLGV IURP PL[LQJ, ZKLOH DOORZLQJ IRU 
PHWDO LRQ SDVVDJH WKURXJKRXW WKH V\VWHP. 7KH V\VWHP ZDV 
JLYHQ D YROWDJH RI 809 WR WUDQVSRUW WKH PHWDO LRQV WKURXJK WKH 
DOJLQDWH OLTXLG ILOWHU. 

III. 5E68L7 AND DI6C866ION 
IQ RUGHU WR WHVW WKH GLIIHUHQW OHYHOV RI DIILQLW\, 15PO RI 

10PM VROXWLRQV RI GLIIHUHQW PHWDO LRQV ZHUH GURSSHG RQ D 
SHWUL GLVK FRQWDLQLQJ 50PO RI 1% VRGLXP DOJLQDWH OLTXLG. :KHQ 
GURSSHG LQ D VROXWLRQ RI 1% DOJLQDWH OLTXLG, HDFK PHWDO LRQ 
IRUPHG D K\GURJHO RI XQLTXH TXDOLW\ GXH WR WKH GLIIHUHQFHV LQ 
WKHLU DIILQLW\ WRZDUGV DOJLQDWH. MJ2+ ZDV QRW DEOH WR IRUP D JHO 
DW DOO, FH2+ DQG MQ2+ IRUPHG D YLVFRXV OLTXLG, NL2+ DQG CR2+ 
IRUPHG D ORRVH VOLPH, CX2+ DQG CD2+ IRUPHG D WKLFN, WHQVLOH 
MHOO\. IW VHHPHG WKDW WKH VWURQJHU WKH DIILQLW\ RI WKH HOHPHQW 
WRZDUGV DOJLQDWH, WKH PRUH ILUP WKH UHVXOWLQJ JHO ZDV. 7KHVH 
UHVXOWV ZHUH VOLJKWO\ GLIIHUHQW IURP WKH DIILQLWLHV RI HDFK PHWDO 
HOHPHQW PHDVXUHG E\ IGRWD HW. DO LQ 2016 >1@. IW ZDV SUHGLFWHG 
WKDW WKLV YDULDWLRQ LQ DIILQLW\ ZDV FDXVHG E\ GLIIHUHQFHV LQ WKH 
FRPSRVLWLRQ RI WKH DOJLQDWH XVHG IRU RXU H[SHULPHQW. :KHUHDV 
IGRWD HW. DO XWLOL]HG DOJLQDWH FRQVLVWLQJ VROHO\ RI JXOXURQLF DFLG 
VHJPHQWV (G EORFNV), DOJLQDWH ZLWK ERWK PDQQXURQLF DFLG 
VHJPHQWV (M EORFNV) DQG G EORFNV, D FKDUDFWHULVWLF RI QDWXUDOO\ 
KDUYHVWHG DOJLQDWH, ZDV XVHG IRU WKH SXUSRVHV RI WKLV 
H[SHULPHQW. 

 
FLJXUH 1. A PL[WXUH RI CX2+, CR2+ DQG FH2+ LRQV ZHUH VHSDUDWHG LQ GLIIHUHQW 
DOJLQDWH FRQFHQWUDWLRQV RYHU 90 PLQ. (8SSHU)  ;36 GDWD VKRZHG WKDW HDFK 
JHO SRVVHVVHG KLJK FRQFHQWUDWLRQV RI RQO\ LWV UHVSHFWLYH HOHPHQW. (LRZHU) 
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7KH HIIHFW RI WKH SRUH VL]H RI WKH SDSHU ILOWHUV XVHG WR VHSDUDWH 
WKH OLTXLGV ZDV DOVR WHVWHG. 3 GLIIHUHQW SRUH VL]H FRQGLWLRQV 
(12a15XP, 6a10XP, DQG 2a3XP) ZHUH WHVWHG. 5HVXOWV VKRZHG 
WKDW ZKLOH SRUH VL]HV GLG DIIHFW WKH UDWH DW ZKLFK PHWDO LRQV 
ZHUH WUDQVSRUWHG, WKH\ KDG OLWWOH HIIHFW RQ WKH DFWXDO VHSDUDWLRQ 
RI PHWDO HOHPHQWV. 7KH VPDOOHU WKH SRUH VL]HV, WKH VORZHU WKH 
VHSDUDWLRQ SURFHVV ZDV. IW ZDV SUHGLFWHG WKDW D VPDOOHU SRUH 
VL]H UHVXOWHG LQ OHVV LRQV EHLQJ DEOH WR SDVV WKH SDSHU DW D JLYHQ 
WLPH, WKXV VORZLQJ WKH SURFHVV. IQ VKRUW, LW ZDV FOHDU WKDW 
DIILQLW\ OHYHOV WRZDUG DOJLQDWH KDG D ODUJHU HIIHFW RQ HOHPHQW-
EDVHG VHSDUDWLRQ FRPSDUHG WR WKH SRUH VL]H RI WKH SDSHU ILOWHUV. 

A YDULDWLRQ LQ DOJLQDWH FRQFHQWUDWLRQV UHVXOWHG LQ D 
VLJQLILFDQW OHYHO RI PHWDO LRQ GLYLVLRQ. IQLWLDOO\, HDFK PHWDO ZDV 
LQGLYLGXDOO\ WHVWHG WKURXJK WKH V\VWHP WR YHULI\ ZKHUH WKH\ 
ZRXOG QRUPDOO\ JHODWHG. CX2+ LRQV PDLQO\ JHODWHG ZLWKLQ WKH 
0.25% DOJLQDWH VROXWLRQ, CR2+ LRQV JHODWHG ZLWKLQ WKH 0.5% 
DOJLQDWH VROXWLRQ, DQG FH LRQV JHODWHG ZLWKLQ WKH 0.75% 
DOJLQDWH VROXWLRQ. 7KHQ, D VROXWLRQ LQFOXGLQJ D FRPELQDWLRQ RI 
CX2+, CR2+, DQG FH2+ ZDV FOHDUO\ GLYLGHG DIWHU 90 PLQXWHV 
ZLWKLQ WKH V\VWHP. 5HVXOWV VKRZHG D FOHDU VHSDUDWLRQ DPRQJVW 
WKH GLIIHUHQW PHWDO HOHPHQWV, ZLWK HDFK DOJLQDWH FRQFHQWUDWLRQ 
GLVSOD\LQJ KLJK OHYHOV RI WKHLU UHVSHFWLYH HOHPHQWV. 7R FRQILUP 
WKLV VHSDUDWLRQ, DQ ;36 DQDO\VLV RI HDFK RI WKH K\GURJHOV 
IRUPHG E\ WKH H[SHULPHQW ZDV FRQGXFWHG. 7KH DQDO\VLV 
VKRZHG WKDW WKH HOHPHQWV KDG LQGHHG EHHQ VHSDUDWHG, ZLWK HDFK 
FRQFHQWUDWLRQ VKRZLQJ D KLJK DPRXQW RI WKHLU FRUUHVSRQGLQJ 
HOHPHQW. (FLJ. 1) 

EOHPHQWV ZLWK ZHDNHU DIILQLW\ WRZDUGV DOJLQDWH FRXOG RQO\ 
JHODWH LQ KLJKHU DOJLQDWH FRQFHQWUDWLRQV. 7KHVH UHVXOWV VKRZHG 
WKH YLDELOLW\ RI D KHDY\ PHWDO ILOWUDWLRQ GHYLFH FDSDEOH RI 
HOHPHQW-EDVHG VHSDUDWLRQ XVLQJ YDULDWLRQV LQ DOJLQDWH 
FRQFHQWUDWLRQ. DXH WR EHLQJ OLPLWHG WR 4 GLIIHUHQW 
FRQFHQWUDWLRQV ZLWK EURDG GLIIHUHQFHV (0.25%, 0.5%, 0.75% 
1%), LW ZDV GLIILFXOW WR GLVWLQJXLVK PHWDO HOHPHQWV ZLWK 
FRPSDUDWLYHO\ PLOG GLIIHUHQFHV LQ DIILQLW\. FRU H[DPSOH, WKH 
VHSDUDWLRQ RI CREDOW DQG 1LFNHO ZDV GLIILFXOW DV WKH\ ERWK 
JHODWHG DW 0.5% DOJLQDWH VROXWLRQ, DW ZKLFK WKH GLIIHUHQFH LQ WKH 
ORFDWLRQ RI WKHLU K\GURJHOV ZDV DPELJXRXV. IW ZDV EHOLHYHG WKDW 
LI D PHWDO ILOWUDWLRQ V\VWHP WKDW VHSDUDWHV D ODUJH YDULHW\ RI 
GLIIHUHQW PHWDO HOHPHQWV WKRURXJKO\ ZLWK OLWWOH HUURU ZDV WR EH 
FUHDWHG, WKH DIILQLWLHV RI HDFK HOHPHQW WRZDUGV DOJLQDWH DQG WKH 
H[DFW FRQFHQWUDWLRQ LQ ZKLFK WKH\ ZRXOG EHJLQ JHODWLRQ PXVW 
EH TXDQWLILHG EHIRUHKDQG. 3URSHU TXDQWLILFDWLRQ RI DIILQLWLHV 
ZRXOG DOORZ IRU WKH GHVLJQLQJ RI D PRGHO WKDW FRXOG EH DSSOLHG 
WR PRUH ODUJH-VFDOH WUHDWPHQW IDFLOLWLHV DQG RWKHU SUDFWLFDO 
SXUSRVHV. 

MHWDO LRQV ZLWKLQ WKH K\GURJHOV FRXOG EH UHWULHYHG WKURXJK 
WKH DGGLWLRQ RI VRGLXP FLWUDWH, ZKLFK OLTXHILHG WKH JHO DQG 
IUHHG WKH HQFDSVXODWHG PHWDO LRQV. A VSHFWURSKRWRPHWHU ZDV 
XVHG WR PHDVXUH WKH DPRXQW RI CX2+ ZLWKLQ D OLTXHILHG CX2+ 
K\GURJHO, WKHQ FRPSDUHG ZLWK WKH RULJLQDO DPRXQW RI CX DGGHG 
WR WKH DOJLQDWH VROXWLRQ. 5HVXOWV VKRZHG D UHWULHYDO RI URXJKO\ 
80% RI WKH RULJLQDO CX2+ ZLWKLQ WKH K\GURJHO. 

IV. C21CL86I21 
A ZDVWHZDWHU PHWDO ILOWUDWLRQ V\VWHP XWLOL]LQJ DOJLQDWH 

FDSDEOH RI FRPSOHWH HOHPHQW-EDVHG VHSDUDWLRQ ZRXOG EH D 
JUHDW ERRQ LQ ERWK HQYLURQPHQWDO DQG HFRQRPLF SHUVSHFWLYHV. 
IW ZRXOG EH HDV\ WR UHWULHYH WKH ZDWHU IURP WKH K\GURJHOV DV 
DOJLQDWH K\GURJHOV FDQ EH GULHG YHU\ HDVLO\ DQG WKRURXJKO\. 1R 

KDUPIXO GXVW ZRXOG EH SURGXFHG, DQG HYHQ LI WKH JHOV ZHUH WR 
EH GLVSRVHG WKH\ ZRXOG EH ELRGHJUDGDEOH, GRLQJ 
FRPSDUDWLYHO\ OHVV KDUP WR WKH HQYLURQPHQW WKDQ VOXGJH.>4@ 
HRZHYHU LQVWHDG RI EHLQJ GLVSRVHG WKH JHOV FDQ EH OLTXHILHG 
XVLQJ VRGLXP FLWUDWH DQG WKH PHWDO LRQV FDQ EH UHWULHYHG DQG 
UHXVHG IRU LQGXVWULDO SXUSRVHV DV WKH\ DUH QRW PL[HG. 7KLV 
DELOLW\ ZRXOG UHGXFH WKH DPRXQW RI KHDY\ PHWDOV EHLQJ 
GLVSRVHG LQWR WKH HQYLURQPHQW, DQG PDNH WKH XVDJH RI VXFK 
PDWHULDOV PRUH HFRQRPLFDOO\ VXVWDLQDEOH IRU FRPSDQLHV. 7KH 
UHPDLQLQJ UHVLGXH, IRUPHG IURP DOJLQDWH DQG VRGLXP FLWUDWH, 
ZRXOG GR OLWWOH KDUP HYHQ LI GLVSRVHG. 

7R PD[LPL]H WKH SRWHQWLDO RI VXFK D V\VWHP, LW LV QHFHVVDU\ 
WR GHVLJQ D GHYLFH WKDW SURYLGHV D ZLGH DQG VXEWOH YDULDWLRQ RI 
DOJLQDWH FRQFHQWUDWLRQ WR VHSDUDWH PL[WXUHV ZLWK HOHPHQWV 
VKDULQJ VLPLODU DIILQLWLHV WRZDUGV DOJLQDWH. IQ DGGLWLRQ, D 
PHWKRG WR DFFXUDWHO\ TXDQWLI\ HDFK PHWDO HOHPHQW'V DIILQLW\ 
WRZDUGV DOJLQDWH QHHGV WR EH IRUPXODWHG LQ RUGHU WR HIIHFWLYHO\ 
VHSDUDWH VSHFLILF HOHPHQWV. LDVW EXW QRW OHDVW, WKH V\VWHP QHHGV 
WR EH WHVWHG IRU DSSOLFDWLRQ LQ UHDO FRQGLWLRQV. :DVWHZDWHU IURP 
LQGXVWULDO SODQWV PXVW EH WHVWHG ZLWKLQ WKH GHYLFH WR YHULI\ LWV 
SUDFWLFDOLW\ LQ VHSDUDWLQJ DQG UHF\FOLQJ KHDY\ PHWDO ZDVWHV. 
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Abstract² Genome-wide association studies (GWAS) are a 
hypothesis-free means to identify associations between genetic 
regions (loci) and characteristics (including diseases). These 
haYe been SeUfRUmed Rn WhRXVandV Rf SaWienWV ZiWh Al]heimeU¶V 
disease (AD) in order to find mutations that alter disease risk. In 
this work, we collect loci identified from GWAS and fine map 
each locus with the aim of identifying the likely causal variant 
and therefore understand the mechanisms of AD.  

I. INTRODUCTION 

From a metanalysis of genome-wide association studies 
(GWAS) conducted on AO]heiPeU¶V diVeaVe (AD) patients [1], 
41 disease-associated loci have been identified [2]; the APOE 
locus is the strongest signal [3] of these 41. Apart from APOE, 
scientists do not currently believe that the leading variant (i.e. 
it has the lowest P-value) identified in each locus is the causal 
mutation, this is only the case 30-60% of the time. Since 
variants, also known as single nucleotide polymorphisms 
(SNPs), are inherited together (producing a phenomenon 
known as linkage disequilibrium, or LD), a nearby variant can 
serve as a marker for the actual mutation that alters AD risk. 
In order to identify the likely causal variants for AD, we fine 
mapped each locus. By doing so, we hope to elucidate the 
underlying mechanism of disease risk and pave the way to new 
treatments for AD. 

II. METHODS 
As shown in our pipeline in Figure 1, we began by 

gathering the leading SNPs from various papers that analyzed 
GWAS producing 41 leading AD SNPs. We then found the 
SNPs in LD with these 41 leading SNPs by using two web 
tools, LDproxy [4] and Ensembl [5]. After combining the lists 
and removing any overlaps, we identified a list of 
approximately 1000 possible SNPs. Next, we annotated the 
genes that these SNPs associate with using the tool 
ANNOVAR. This produces an output of annotations, 
including gene details such as distance and function of the 
genes. We then used EnrichR [6], a tool that utilized different 
databases, including Gene Ontology, to understand what 
functions and pathways the genes are enriched in and how that 
may have influenced an altered risk for AD, as shown in Figure 
2. We also utilized the RegulomeDB score [7] to categorize 
the SNPs by molecular data; we compared the highest ranked 
variants (best P-values) to the lowest ranked variants (poor P-
values) through a comparison of statistical annotations to 
observe any differences in function amongst these SNPs, as 
shown in Figure 3. 

 
 
 

 
 

 
 

Figure 1: Method pipeline using leading SNPs to see if SNPs in LD with 
the leading SNPs were causal variants for AD. 

 

III. RESULTS AND DISCUSSION 

After utilizing the EnrichR tool, we found that two 
pathways amongst the gene list had a significant P-value: 
negative regulation of amyloid precursor protein and the 
negative regulation of amyloid-beta formation. These 
pathways are critical in identifying a brain that is affected by 
AD. However, the P-value was more significant for the list 
consisting of only leading SNPs than of SNPs in LD with the 
leading SNPs; this means that leading SNPs are more likely to 
be the causal SNP which is in-line with previous work. 
Furthermore, from the RegulomeDB scoring, we found that 
the top ranked SNPs were more commonly eQTLs, which 
suggests that they change gene expression, showing that the 
top ranked SNPs were more commonly functional than the 
bottom ranked SNPs. Nevertheless, some of the top ranked 
SNPs that we identified had not previously been correlated to 
AD. We are currently working on identifying the specific 
SNPs from this list of top ranked SNPs that are likely to alter 
AD risk by using these annotations to predict causality. 

 
 

Figure 2: The top two pathways, negative regulation of amyloid precursor 
protein catabolic process and regulation of amyloid-beta formation, are 
significantly enriched in the genes associated with the leading loci (including 
those in LD). However, these pathways are more significant for the leading 
SNPs than for all SNPs, showing that leading SNPs are more likely to be the 
causal SNPs. 

DeciSheUing genRme-Zide aVVRciaWiRn VWXdieV in Al]heimeU¶V diVeaVe  
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Figure 3: Highly ranked SNPs are more likely to be eQTLs and 

transcription factor binding sites. This means that they are more commonly 
functional than the lowest ranked SNPs. 
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Abstract— In developmental neuroscience, there is a need to 
understand how state plays an active role in the developing 
brain. This paper presents a novel approach of using machine 
learning techniques to distinguish two states in early postnatal 
mice, twitch and non-twitch occurrences, using information 
from its gross brain activity and body camera recordings. 
Supervised machine learning was initially done to help gain 
insight into associations between human classifications and the 
training metrics. However, the goal of the work was to come up 
with an accurate unsupervised machine learning technique [2] 
that closely represented the results of the human classification. 
Throughout this process, data reduction and clustering 
techniques were used to develop this unsupervised machine 
learning algorithm. Results were then validated against the 
human classification resulting with an accuracy of 82.6%. 
These initial results will allow researchers to use our algorithm 
as a starting point to test machine learning algorithms on other 
behavioral states occurring in a variety of animals, furthering 
our understanding of the principal connections between the 
brain and body.  

I. INTRODUCTION 

The human brain controls, monitors, and regulates an 
individual's bodily functions. To establish proper functions, 
developmental brain waves help to link the body function to 
the complex brain structures. These processes of the brain’s 
development from neonate to adult are vaguely understood. It 
is hypothesized that sleep cycles are necessary for perinatal 
brain development, a vital stage in which the brain forms and 
develops proper connections, aiding in memory and brain 
functionality [1]. Due to the structural and functional 
similarities between a human brain and a mouse’s brain [1], 
we can begin to look at emergent developmental patterns in 
perinatal mice. To do this, we recorded from postnatal day 7 
mice brain activity, through pan-neuronal expression of a 
genetically encoded calcium indicator, while recording body 
movements (Fig. 1A). We identified periods of time when the 
mouse pup displayed signs of active-sleep. During these 
active-sleep periods, mice undergo a series of unconscious 
movements throughout the body, classified as twitching 
events. The average brain activity across the neocortex was 
taken to represent the distinct mental states. The behavioral 
data was processed using Optic Flow functions that 
approximate the amount of motion that occurs between two 
subsequent frames. When we juxtapose the average brain 
activity with the average motion, we noted the time frames of 
twitching (small motions with short inter-event time-lag) 
aligned with high amounts of brain activity (Fig. 1B, blue 
periods). This direct relationship of twitching events in the 
mouse’s body with high neurological activity is the 
relationship we sought to explore using machine learning 
applications. 

 

 

 

 

Figure 1A:  The experimental setup on the mouse in order to receive its 
body movements and brain activity through cameras that were placed next 
to the mouse’s body and above its brain. 

Figure 1B:  Average brain activity (maroon line) on top of the average 
movement data (black line) showed the two distinct states of which we call 
twitch (blue periods) and non-twitch (pink periods).

II. METHODS 

The initial pieces of data were the mouse’s neural signals 
and physical body movements. From these two metrics, the 
list was expanded to over 30 different features by taking 
mathematical derivations and operations (ie: derivatives, 
ranges, windowed standard deviations, etc.) of the initial two 
metrics. This expanded list of metrics was narrowed down to 
metrics that allowed for good separation of twitching and 
non-twitching events, based on human classification. We 
visualized this separation through pairplot graphs, which 
plotted each of the metrics against all other metrics. From 
these pairplots, we selected 4 metrics that best distinguished 
the two states, and these 4 chosen metrics were then reduced 
into two dimensions using dimension reduction algorithms 
such as t-SNE and isomap. Dimensionality reduction creates 
a new copy of the data and reduces the data-set from 4 to 2 
dimensions, allowing us to better visualize the numerical 
information. Further, we utilized the reduced dimension 
dataset to cluster our input data to two states. The 
dimensionality reduction technique that proved to be the best 
for clustering was KMeans (Fig. 2A). Once those instances 
were classified, a clean-up algorithm was created for the 
unsupervised classifications to eliminate the outliers and 
clearly classify complete twitching events. Due to the 
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success of the KMeans Clustering Algorithm, the four 
metrics were plotted over the brain activity and, as shown by 
Fig. 2B, were successful in classifying the number of 
twitching movements, as well as their general duration. Due 
to the similarities between our Unsupervised Machine 
Learning output to the Supervised Machine Learning result, 
where the specific time series values of the twitch events 
were inputted, the four metrics chosen were proven to be 
successful.  
 

 

Figure 2A:  The leftmost figure displays an isomap dimension reduction of 
all human classified data points, distinguishing twitching (red dots) and 
non-twitching (blue dots) occurrences. The rightmost figure shows KMeans 
clustering on the isomap with the unsupervised clustering classification of 
twitches (light blue) and non-twitches (pink).

Figure 2B: Comparison between the supervised classification and the 
unsupervised classification, with twitch periods (light blue) and non-twitch 
periods (light pink).  

III. RESULTS 

After testing the different dimensionality reduction methods 
and clustering algorithms on our unsupervised machine 
learning, isomap dimensionality reduction and KMeans 
clustering proved to be the best means of classifying the two 
states, twitch and non-twitch. Even though the unsupervised 
classifications were not perfect, a quick clean-up algorithm 
perfected the classifications and captured the distinction 
between the two states, resulting in an improved final 
accuracy of 82.6%. In comparison, the supervised learning 
resulted in an accuracy of 94.0%. While the unsupervised 
learning underperformed in accuracy, the unsupervised 
learning had only a 11.4% difference.  

IV. DISCUSSIONS 

In this study, we set the goal to develop an unsupervised 
learning algorithm that could detect two distinct states, 
twitch vs non-twitch, of a developing neonate mouse based 
on gross neocortical activity and movement data. 
Identification of the periods in which there is purported 
active sleep (twitch state) will help developmental 
neuroscientists to study the emergence of properly functional 
networks and highlight the importance of these necessary 
periods for the developing system. We have successfully 
demonstrated that an unsupervised machine learning 
approach can be used to identify these periods. Future 
researchers can build off of these concepts to better 
implement machine learning to complicated biological 
processes, using both neural activity and behavior.  
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Abstract — Coal is used as a major energy source throughout 
the world. The production and burning of coal not only harms 
the environment but also causes serious health problems in those 
that depend on it. While much research has been done on its 
respiratory effects, research on other organs is lacking. This 
study investigates the viability of utilizing healthy blood flow 
conditions (shear stress), such as an exercise state, to induce cell 
healing in endothelial cells and inhibit apoptosis in kidney cells. 
The experiments confirmed that kidney cell damage from coal 
particles was recovered by exposing cells to shear stress or by 
treating the damaged cells with secreted substances of 
endothelial cells exposed to shear stress. Changes in apoptosis-
related genes (Bax, FAS, Bcl2l) were also observed in kidney 
cells after media transplantation. These results illustrate that 
activities such as exercise to create a healthy blood flow have the 
potential to treat cell damage caused by coal particles and inhibit 
renal apoptosis.  
 

I. INTRODUCTION 

 While the production of coal in some countries is now 
declining, many major countries still use coal as a major 
energy source, and coal still has a major impact on the lives 
of millions of people around the world. While multiple studies 
have alluded to a relationship between coal dust inhalation 
and other non-lung-related diseases, such as kidney disease, 
research on the topic has been minimal. This study aims to 
identify potential alternate methods for treating coal-induced 
kidney and endothelium damage. As recent studies have 
demonstrated the healing effects of shear stress, or healthy 
blood flow, in cells (for example, orbital shear stress has been 
shown to influence expression of the iNOS protein and 
phosphorylation of Protein kinase B in rats), the viability of 
using shear stress as a treatment option for damaged cells was 
tested. Additionally, endothelial cells interact with various 
organs, including the kidney, through secreted factors in the 
bloodstream. As these factors have been proven to have 
significant effects on other organs, the study also tests the 
viability of using the endothelial cell secretion resulting from 
coal particles to heal kidney cells. 

II. METHODS 

Coal samples 1 and 2 were prepared by mixing unburned 
and burned coal powder samples, respectively, with 
phosphate-buffered saline (PBS) and filtered using a 0.22 um 
filter. Samples 3 and 4 were prepared by autoclaving the 
unburned and burned coal powder samples, respectively, and 
dissolving each sample to a 10 mg/mL ratio in PBS. Calf 
pulmonary artery endothelial cells (CPAE) and Madin-Darby 
Bovine Kidney cells (MDBK) were used in the experiments. 
After treating cells with the coal samples, the optical density 

 
 

value for each well was read by a UV spectrophotometer to 
determine the cell viability. Shear stress was applied by using 
magnetic bar and stirrer machine to simulate healthy blood 
flow. In order to examine the effects of secreted substances 
from endothelial cells on kidney cells, coal samples 1 and 2 
(samples 3 and 4 were excluded due to their excessive toxicity) 
were applied to CPAE cells, and the cells were exposed to 
shear stress (SS) or left static (ST) for 48 hours. The remaining 
media was then transplanted onto MDBK cells, and cell 
viability was analyzed. The expression of apoptosis-related 
genes (Bax, Bcl2L, and FAS) after media transplantation was 
also analyzed through Reverse Transcription PCR. The data 
are presented as the mean ± standard error (SE) of at least 3 
independent experiments. After intergroup differences were 
analyzed using a Microsoft Excel statistical function, an F-
homogeneity of variance test was conducted, and the t-value 
of samples were obtained. A p value of < 0.05 was considered 
statistically significant. 

III. RESULTS AND DISCUSSION 

 

 

 

 

 

Figure 1.  The anti-apoptotic effect of shear stress on endothelial cells 
treated with coal 

 

 

 

 

Figure 2.   The anti-apoptotic effect of media from shear stress exposed 
CPAE cells on MDBK cells 
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Figure 3.   Changes in apoptotic and anti-apoptotic gene expression 
following CPAE media transplantation 

After applying coal samples to endothelial cells, cell 
viability was noticeably greater in cells that received shear 
stress compared to cells that were left static in all cases, 
including the control groups (Fig. 1). This suggests that 
healthy blood flow can directly reduce the damage that coal 
particles have on endothelial cells and can potentially aid in 
the healing process. 

When the CPAE cell culture media was transplanted onto 
MDBK cells, the media from shear stress exposed CPAE cells 
resulted in a higher cell survival rate in MDBK cells than the 
static samples (Fig. 2). As shear stress did not change the 
chemical composition of the coal particles that were in the 
media, we can conclude that the secreted substances resulting 
from shear stress application were responsible for the 
increased viability in the MDBK cells.   
 Additionally, the media from shear stress exposed CPAE 
cells caused significant differences in apoptosis-related gene 
expression in MDBK cells when compared to static samples 
(Fig. 3). The shear stress sample caused smaller expression 
levels of the FAS and Bax genes (which induce apoptosis) and 
greater expression of the Bcl2l gene (which inhibits apoptosis) 
when compared with static samples. This signifies that the 
CPAE cell secretion resulting from shear stress has clear anti-
apoptotic effects on MDBK cells at the mRNA level.  

All experiments demonstrated that the damage caused by 
coal particles on kidney or endothelial cells can be reduced 
and repaired by healthy blood flow (shear stress). Future 
testing of such shear stress application by using in vivo 
studies is required in order to confirm that the observed results 
can also be replicated within an entire organism. The 
confirmation of such results would suggest that generating 
healthy blood flow through exercise or other means can serve 
as a simple and cost-effective treatment option to coal-
induced damage in the studied organs.  
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Abstract— Hydrogen is an energy source of the future that 
can be obtained in an environmentally friendly manner from 
water splitting. To ensure that hydrogen is generated efficiently 
using this process, the oxygen evolution reaction (OER) needs to 
be accelerated to achieve a redox balance. This study intends to 
develop nickel-based OER catalysts (Ni(OH)2) with large 
surface areas by employing a surfactant known as P123 in the 
electrodeposition of catalytic electrodes, and exploits the ability 
of this surfactant to assemble into micelles and ultimately 
transform into nanopores. Variation of the P123 concentration 
indicated that a P123 concentration of 1.6% resulted in the most 
efficient OER catalytic activity owing to the formation of 
nanoparticles that embed regular pores. This study conveys an 
important message, namely that appropriate incorporation of a 
surfactant in the electrodeposition of a catalytic electrode is a 
useful strategy to enhance the OER efficiency in the 
water-splitting process. 
 

I. INTRODUCTION 

 Environmental devastation represented by global 
warming has become a huge concern worldwide. This global 
issue mainly originates from the use of fossil fuels, and 
countless trials and attempts to find green energy sources have 
long been undertaken until it was noticed that the most 
effective source of energy has always been nearby within plain 
sight: hydrogen separated from water [1]. 

Toward this end, electrochemical systems were developed 
to produce oxygen and hydrogen from water via the oxygen 
evolution reaction (OER) and hydrogen evolution reaction 
(HER), respectively. Of these two reactions, driving the OER 
is more energetically challenging compared to the HER [2]. 
Therefore, developing efficient OER catalysts takes a high 
priority in the overall progress toward splitting water. A 
possible shortcut to achieve this goal would be to increase the 
surface areas of OER catalytic electrodes, which could be 
achieved by employing repeated nanometer-scale patterns, 
such as nanopores. In this respect, it is well known that 
micelles composed of surfactants can be transformed into 
regular pores or particles. Thus, in this study, a surfactant was 
utilized to create regular pores embedded within nanoparticles. 
By using the highly efficient OER performance of previous 
nickel-based catalysts as a benchmark [3], nickel hydroxide 
(Ni(OH)2) was prepared by electrodeposition in the presence 
of a surfactant named P123 and studied as an OER catalyst. 
The optimal amount of surfactant that exhibited the highest 
OER performance was identified, implying a significant step 
in obtaining hydrogen from an environmentally friendly 
source: water. 

 
 

II. METHODS 

The electrodeposition of Ni(OH)2 was accomplished by 
assembling a three-electrode cell containing a precursor 
solution in which stainless steel foil, Ag/AgCl, and platinum 
(Pt) wire were used as the working, reference, and counter 
electrodes, respectively. A constant voltage of �0.5 V or 
�0.7 V with respect to Ag/AgCl was applied for 20 minutes. 
Twelve different precursor solutions with different amounts of 
P123 (0~3.2 wt%) were used for this electrodeposition 
experiment [4]. Scanning electron microscopy (SEM), 
transmission electron microscopy (TEM), and small angle 
X-ray scattering (SAXS) were employed to characterize the 
morphology of the electrodeposited electrodes. Linear sweep 
voltammetry (LSV) was used to assess the catalytic activity.  

III. RESULTS AND DISCUSSION 

Through SEM analysis (Figure 1), it was observed that the 
nanoparticle formation was more prominent as the P123 
concentration increased until 1.6%. However, P123 
concentration above 1.6% led to a decrease in the number of 
particles, which indicates that there exists an optimal P123 
concentration (in our case, 1.6%) in Ni(OH)2 nanoparticle 
formation.  

 
Figure 1.  SEM images of Ni(OH)2 electrodes with different amounts of 

P123 surfactant. 

To see if there is the formation of regular pores, SAXS 
analysis was performed. As shown in Figure 2, as the P123 
concentration increased, the intensity of the peak at 1.92° 
increased until reaching a maximum at 1.6%. Above this 
concentration, the peak at 1.92° weakened, implying the 
existence of an optimal concentration of P123 for forming a 
regXlar pore pattern. B\ Xtili]ing Bragg¶s laZ, the 
pore-to-pore distance corresponding to 1.92° was evaluated 
to be 4.6 nm.  
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Figure 2.  SAXS patterns of Ni(OH)2 electrodes with different amounts of 

P123 surfactant. SS represents the stainless steel substrate.  

In order to confirm that the unknown peak at 1.92° of 
sample 9 (P123=1.6%) originates from a regular pore pattern, 
the sample was analyzed by transmission electron microscopy 
(TEM). Sample 3 (P123=0.4%) was also examined by TEM. 
As displayed in Figure 3, sample 3 exhibited a lamellar 
structure consistent with the images in the literature [4]. In 
contrast, sample 9 was revealed to have a microstructure with 
repeated contrasts of which the interval is approximately 5 nm. 
These contrastive dimensions correspond well with the d 
value of 4.6 nm in the aforementioned SAXS analysis, 
implying that sample 9 would have a large surface area due to 
the formation of both nanoparticles and nanopores.  

 

Figure 3.  TEM images of samples 3 (left, P123 = 0.4 wt %) and 9 (right, 
P123 = 1.6%). 

The OER profiles of the Ni(OH)2 electrodes were recorded 
with different concentrations of P123, as shown in Figure 4. 
All samples displayed the formation of oxygen bubbles once a 
sufficiently large voltage was applied (photo on the right in 
Figure 4). Among all the samples that were tested, a P123 
concentration of 1.6% exhibited the steepest OER profile, 
indicating the most efficient catalytic activity, which is 
consistent with the SEM, TEM, and SAXS results. 

 

Figure 4.  OER profiles of Ni-based catalytic electrodes based on different 
amounts of P123 surfactant when scanned at 5 mV/s (left). Digital 

photograph of oxygen bubbles generated from the Ni-based catalytic 
electrode (right). 

IV. CONCLUSION 

This study revealed the importance of surface morphology 
control when designing OER catalytic electrodes. In 
particular, incorporation of a suitable amount of surfactant 
can considerably increase the surface area and consequently 
enhance the OER performance dramatically. Taking 
advantage of this approach, we foresee the future 
energy-environment platform illustrated in Figure 5. Drained 
water from our everyday lives can be collected in an 
electrolyzer that splits water into hydrogen and oxygen. This 
hydrogen gas can be used to charge fuel cell vehicles so that 
our environment can benefit while use of fossil fuel energy is 
minimized. 

 
Figure 5.  Suggested scheme for reusing drained water for powering fuel 
cell cars, which are supplied with hydrogen by an electrolyte with efficient 

HER and OER catalysts. 
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Abstract— Classically trained musicians devote the majority 
of their early lives toward cultivating their expertise and skill. 
However, it is common to forego a career as a performing artist 
despite years devoted to musical study. This quantitative study 
surveyed classically trained musicians to assess how the 
parenting style in which they were raised and how their 
personality traits affected their satisfaction with their overall 
career choice. Besides performance, occupations of surveyed 
participants included teaching music and careers outside of 
music performance and teaching. Musicians who were 
performing musicians, as well as those who were in careers 
related to music, were most satisfied whereas those who ended 
up pursuing careers not related to music were less satisfied. 
The majority had parents who were high in both 
Demandingness and Responsiveness; however, parenting style 
did not show a statistically significant trend relative to whether 
or not musicians ended up in performance careers nor did it 
influence whether or not they were satisfied with their career 
choice. Of note were the high levels of Neuroticism seen in 
many participants, suggesting the choice to pursue an 
occupation as a performing musician may be a difficult path 
for many people. A deeper look at the outcomes related to the 
intense study of classical music is warranted to assess if it is 
indeed the right choice for the student. 

I. INTRODUCTION 

Parental support and influence play an important role in 
the development of classically trained musicians given they 
commence playing at such a young age and devote years to 
study music. However, no research to date has examined how 
parenting style affects their long term career satisfaction. 

II. METHOD 

In the present study, personality traits of classically 
trained musicians (measured by the Big 5 FFM) and the 
parenting styles (assessed by the PSI-II) with which they 
grew up were captured via a survey. The relationship 
between these characteristics and musicians’ career 
satisfaction was analyzed. Participation in the current study 
was voluntary, and the participants understood the nature of 
the study and consented to participate. 

III. PARTICIPANTS 

Participants were 41 adults who received their training and 
degree from prestigious conservatories. Participants ranged in 
age from 30 to 45 with an average age of 37.4. The 
breakdown in sex was 53.7% female and 46.3% male. A 
majority was Caucasian (63.4%). The others were Asian 
(29.3%), Hispanic (2.4%) and other ethnicities (4.9%). The 
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highest level of education attained by participants included 
Doctoral degree (43.9%), Master’s degree (39%), 
Professional studies degree (7.3%), Artistic diploma (7.3%), 
and Bachelor’s degree (2.4%). Most participants majored in 
piano (24.4%), voice (22%), or composition (29.3%). 
Participants started music lessons at a young age with 39% 
starting between 3 to 5 years old, 29.3% starting between 6 to 
8 years old, 9.8% starting between 9 to 10 years old, and 
12.2% starting between 11 to 13 years old. More attended 
pre-college (51.2%) than not (48.8%). Participants had 
careers in teaching (43.9%) and performance (36.6%) with 
19.5% responding they had careers outside of these two 
areas. 

IV. EXPERIMENTAL DESIGN 

In order to assess the musicians’ personality traits, the 
NEO Five-Factor Inventory-3 report was used to assess 
respondents’ Big 5 FFM. It is a 60-item questionnaire that 
provides a quick, reliable, and accurate measure of the five 
domains of personality (Neuroticism, Extraversion, 
Openness, Agreeableness, and Conscientiousness) and has 
been used to determine personality traits in previous studies 
(Vedel 2016). Capturing musicians’ personalities was 
deemed useful to assess if children with varied personality 
traits may react differently to certain parenting styles. 

A literature search was conducted to look at past studies 
that assess personality and childhood upbringing based on the 
children’s perspectives. The Parenting Style Inventory-II 
(PSI-II) is a 15-item self-report measure of parenting style 
based on children’s attitudes and general experiences with 
their parents (Chen 2015). The 15 items are divided equally 
into three subscales, which represent three dimensions of 
parenting: Responsiveness, Autonomy Granting, and 
Demandingness. Surveys were emailed to participants in two 
parts: 1) the Survey (Qualtrics) which included the PSI-II 
questions and 2) the NEO-FFI-3 online assessment.  

On average, participants spent approximately 10 minutes 
completing the survey (5 minutes for Qualtrics and 5 
minutes for PSI-II) and approximately 10 minutes on the 
NEO-FFI-3 assessment.  

V. MEASUREMENTS & CALCULATIONS 

The results of personality types and parenting styles 
among participants are shown in Table 1 and Table 2. 

TABLE 1 

Classical Musicians’ Personality Traits Ranges 

Level Neuro- 
ticism 

Extra- 
version 

Open
-ness 

Agree- 
ableness 

Conscien-
tiousness 

Very High 9 0 15 1 2 
High 14 6 15 9 15 
Average 14 22 5 16 13 
Low 3 11 6 12 11 
Very Low 1 2 0 3 0 

Numbers represent participants who fall within each range. 
Very High (>66), High (56 to 65), Average (45-55), Low (35-44), Very low (<34) 
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TABLE 2 

Parenting Style (PSI-II Results) 

Level Responsiveness Autonomy 
Granting 

Demandingness 

1 to 10 2 3 0 

11 to 19 17 25 24 

20 to 25 22 13 17 
Numbers represent participants who fall within each range. 

V. DATA ANALYSIS 

The highest satisfaction career groups (highest score being 
5) were performing musicians, namely, orchestra and choir 
members and those musicians whose work related to music 
production (mean satisfaction score for both = 4) 

A bivariate correlation analysis was conducted to 
determine if there were correlations between various 
metrics. Those in Table 3 below were found to be 
statistically significant. 

TABLE 3 

 
p < 0.05, Correlations on other variables did not yield statistically significant results. 

TABLE 4 

Parenting Styles and Resulting Careers 

Style Performance Teaching Other 

High Demandingness/  
High Responsiveness 

9 12 7 

High Demandingness/  
Low Responsiveness 

3 1 0 

Numbers represent participants who fall within each range. 

VI. DISCUSSION 

The results of this study did not show a statistically 
significant trend between parenting style and musicians’ 
resulting career. One issue encountered in the study was the 
small sample size. Of the 41 musicians who participated in 
the study, only 4 had parents who were both high in 
Demandingness and low in Responsiveness. Although three 
of these musicians work in performance, there were no 
consistencies among their personalities compared to the one 
participant who did not. Twenty-eight participants had 
parents who were both high in Demandingness and 
Responsiveness, but their personalities and resulting careers 
had no statistically significant correlations. 

There were, however, statistically significant relationships 
to note among personality traits and parenting 
characteristics. In particular, Demandingness in parents 
strongly correlated with Openness and Agreeable personality 
traits in musicians. This suggests that parents with high 

levels of Demandingness strongly encourage their children 
to achieve what the parents deem important; children who 
are agreeable and open are likely to comply with their 
parents’ wishes. As such, children may be pushed to start 
music lessons young, start precollege young, achieve higher 
degrees in music, etc. Although in many situations, having 
parents high in both Demandingness and Responsiveness is 
more likely to lead to successful outcomes (Chen 2015), this 
was not the case for people who want to become classically 
trained performing musicians since the results of being 
satisfied with career choice were mixed in this group of 
participants. 

In addition, parents with high Demandingness levels also 
strongly correlated with high levels of musician 
Neuroticism. High levels of Neuroticism in individuals have 
been shown to cause moodiness and negative feelings such 
as anxiety and depression. The findings of high levels of 
Neuroticism in the participants of this survey echo a recent 
finding that suggested musicians could be up to three times 
more likely to suffer from depression compared to the 
general public (Gross 2016). Therefore, although demanding 
parents may be successful at pushing their children toward 
high levels of musical accomplishment, this goal may come 
with downsides. 

There were trends in the study that suggested responsive 
parents were more likely to have children who choose their 
own path upon finishing conservancy. Many quit music and 
pursued other careers. Despite working in careers other than 
music performance, these children still showed high levels 
of career satisfaction, similar to that of performing 
musicians. This suggests parents with high Responsiveness 
supported their children’s decisions regardless of career 
choice and these musicians were satisfied regardless of the 
level of achievement they attained in music performance. 

The right parenting styles for children who wish to pursue 
classical music is debatable based on these study results. It 
appears there are some advantages to having parents with 
high Demandingness, as it relates to musicians achieving 
high levels of music accomplishment; however, it may 
negatively affect the child’s overall wellbeing. Further 
research is warranted to look at the effects of parenting style 
on classically trained musicians to determine the effects on 
their overall satisfaction with their career choice. 
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Abstract²The purpose of this study is to quantitatively model 
the uptake of uranium (U) in porous biomaterials, such as a fossil 
tooth and bone. An understanding of the systematics of U uptake 
in phosphates has the potential to optimize the materials used in 
the field of nuclear waste remediation. Laser Ablation 
Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) 
was utilized to determine the uranium/lead isotopic ratios for 
biomaterials in the fossils, which then informed the creation of a 
MATLAB model based upon the exponential falloff rate 
equation, designed to match the experimental data. Conjugate 
gradient technique solved for the best-fit e-folding time for the 
rate of uptake, with the e-folding time for the bone sample being 
1.3 Ma, and the tooth 0.9 Ma, respectively.  Porous phosphates 
are worthy materials for the remediation of high concentrations 
of U waste and are able to hold U for millions of years.  

I. INTRODUCTION 

  Nuclear meltdowns and waste mishandling have left 
some of the groundwater supply contaminated with uranium 
(U), and efforts to combat this have resulted in studies about 
nuclear waste remediation which are relatively short in terms 
of the geologic time scale [1]. The process by which U is 
taken up and stored in a porous material is integral to the study 
of nuclear waste remediation. In the form of the uranyl ion, 
(UO2)2+, U can be immobilized by the phosphates present in 
mammal teeth and bones. The potential for phosphates to be 
used as effective remediators remains a promising and cost-
effective alternative to the nuclear waste containers being 
evaluated by the Yucca Mountain Site Characterization 
Project [2].  

  The Barstow Formation of Southern California contains 
an abundance of preserved fossils. Two fossils, a tooth and a 
foot bone of the ancient horse species Scaphohippus 
intermontanus, were included in this study. They were found 
at Robbins Quarry, in Whe BaUVWRZ FRUPaWiRQ¶V Hell GaWe 
Basin, which is radiometrically dated at 13.86 ± 0.65 Ma [3]. 
Each sample underwent diagenesis shortly after burial, taking 
up high concentrations of U in the process. 

II. METHODS 

  Samples were first placed into an epoxy to preserve their 
fragile structures, then cut into 5-millimeter-thick cross-
sections and polished. In order to find the concentrations of U 
and its daughter product lead (Pb) in the samples, 160-micron 
diameter spots were ablated in selected areas of the tooth and 
bone samples using an Agilent 7700 Series Laser Ablation 
Inductively Coupled Plasma Mass Spectrometer (LA-ICP-
MS). Two standards, NIST-612 glass and Walnut Canyon 
carbonate, were ablated alongside the samples to ensure 
accuracy in the laser measurements [4-5]. The LA-ICP-MS 
data were imported into the Iolite software of the Igor Pro 
 

 

program, where the Geochron-4 Data Reduction Scheme was 
employed to convert the measurements into U and Pb 
concentrations for each ablated spot. Several hypothetical 
patterns of U uptake, including a decreasing linear rate of 
uptake, exponential falloff rate of uptake, and multiple 
periods U uptake, were then explored for their confirmation 
to the U and Pb concentration data.  

III. DATA ANALYSIS 

  A MATLAB code was designed to read in data collected 
from individual LA-ICP-MS ablations, and then model the 
uptake of U in the materials accordingly. The model assumes 
an exponential falloff rate because it provided the best match 
to the LA-ICP-MS data, with high concentrations of U being 
continually taken up over the period of burial. The initial 
concentration of U in the samples must have been negligible 
aW Whe WiPe Rf Whe aQiPalV¶ deaWhV, aQd WheQ ZRXld haYe beeQ 
rapidly taken up during burial to have led to the state of 
diagenesis in the samples. Following the initial diagenesis, the 
rate of U uptake must have slowed due to the decrease in pore 
space accompanying any precipitation of uranium where there 
was formerly organic matter.  

 The code calculates the W value, a time constant 
representing the e-folding time for U uptake rate, indicating 
the timescale in which the majority of the U was taken up in 
each sample. The best-fitting  W will serve as a match between 
the experimental data and exponential falloff model. 

 

Figure 1.  Rate of uranium uptake over a timescale of 14 million years, or 
the age of the Barstow samples. When the W is set at 3 Ma, the rate of uptake 

is given by the initial concentration of uranium over e. D is defined as the 
number of daughter atoms (Pb)  and N the number of parent atoms (U). 

tau = 3 Ma
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IV. RESULTS AND DISCUSSION 

  The W value indicates the manner of U uptake in a 
sample, with a large W symbolizing a prolonged period of 
uptake and a small W specifying rapid initial uptake with a 
quick falloff. Isotopic information from seventy-one spots in 
the spongy bone region of the fossilized horse bone was used 
to produce a best fitting W value, which occurred at 1.3 Ma 
afWeU Whe bRQe¶V bXUial. ThiV W value was then used to predict 
the age of burial of the sample, producing an age of about 14 
Ma, which is consistent with the radiometric age of Robbins 
Quarry from which the samples were sourced, seen in Fig. 2 
below. 

Figure 2.  Best-fitting W value for the bone sample and its relation to the 
predicted age of the sample. 

  This indicates that the bone sample underwent rapid 
diagenesis resulting in its preservation and the inclusion of 
thousands of parts-per-million of U atoms into its phosphate 
structure. 1.3 Ma after the burial of the animal, the rate of 
uptake had decreased by a factor of e. In addition, the W value 
provides insight into the systematics of U uptake with respect 
to burial age, with a tradeoff taking place between the W value 
and the burial age. This confirms that the model is effective 
for predicting the systematics of U uptake in a preserved fossil 
bRQe aQd dePRQVWUaWeV WhiV biRPaWeUial¶V abiliW\ WR VeTXeVWeU 
U over a timescale of 14 Ma. If a material similar to this 
porous phosphate were used to remediate nuclear waste, it 
would remain effective over a timescale of millions of years. 

  The model was again used to predict the W value for the 
ablated localities in the fossilized tooth. After 0.9 Ma, the rate 
of U uptake in the fossilized tooth slowed by a factor of e. 
Furthermore, the model again predicts the correct age of 
burial of the sample, 14 Ma. This confirms that the model is 
effective for predicting the systematics of U uptake in a 
preserved fossil tooth and demonstrates the tooth¶V abiliW\ WR 
sequester U over a timescale of 14 Ma.  

 In comparison with the bone sample, the tooth sample took 
up its U at a slightly more rapid rate, with the e-folding time 

beiQg 0.9 Ma, aQd Whe bRQe¶V e-folding time being 1.3 Ma. 
The WRRWh¶V leVV Uigid VWUXcWXUe haV cRQWUibXWed WR iWV abiliW\ WR 
continually take up U. The dentine and spongy bone 
biomaterials have the ability to absorb large quantities of U in 
a short period of time and would effectively sequester U waste 
for millions of years.  

Figure 3.  Best-fitting W value for the tooth sample and its relation to the 
predicted age of the sample. 

V.   CONCLUSIONS 

  By taking advantage of preserved geologic samples, a 
history of U uptake was determined for a 14-million-year-old 
Scaphohippus intermontanus horse tooth and foot bone, 
predicting the timeline of radioactive waste immobilization. 
Both uptake histories describe the ability of porous 
phosphates to retain high concentrations of U for long periods 
of time. Impressively, the experimental samples have 
undergone the highly active tectonic history of Southern 
California over the last 14 Ma and serve as great examples of 
the phosphate retention of U matter during fluid flow events. 
In contrast to the high costs of operating an external waste 
treatment site, a material which is similar to the porous 
phosphates could be used as an effective and cheap 
remediator if injected into an in-situ waste immobilization 
system, such as a Permeable Reactive Barrier.  
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Abstract² Benzene, toluene, ethylbenzene, and xylene 
(BTEX) are harmful chemicals that are found in 
post-fracturing water which could eventually contaminate 
ground and surface water. Hydraulic fracturing is a process 
that is necessary to extract natural gas and oil for industrial 
purposes as they account for about 80% of energy 
consumption in the United States. A novel metal inorganic 
framework (mFMIF), an isomorph of the previously known 
FMIF-1(fluorous metal-inorganic framework) , has shown to 
be effective in detecting the previously mentioned 
carcinogens. mFMIF is a hydrophobic luminescent powder 
that maintains a blue-green emission when excited by 356 nm 
light even when completely submerged in water for an 
extended period of time. When mFMIF is exposed to certain 
hydrocarbons dissolved in water, such as benzene, toluene, 
xylenes, and dichloromethane, it results in a bathochromic 
shift in the emission of mFMIF. Currently, these 
contaminants are largely identified through either gas 
chromatography with mass spectroscopy (GC-MS) or gas 
chromatography with electrolytic conductivity detection 
(GC-ELCD). Since changes in emission were observed to 
determine the presence of organic contaminants, the material         
other benign substances being in water such as slight pH 
shifts and salinity. mFMIF can be used as an in situ 
qualitative sensor for organic pollutants in aqueous media as 
it does not require a trained technician at remote laboratory to 
test for the contaminants. These contaminants can be tested 
for by using an inexpensive UV light to test a sample in a vial. 

I. INTRODUCTION 
 Hydrogen and natural gas utilization as an alternative to 
more-carbon-rich fuels is of immense importance toward 
energ\ WechnologieV. While Whe U.S.¶V recenW riVe aV Whe 
Zorld¶V largeVW prodXcer of natural gas, which can enable a 
50% reduction in carbon emissions vs gasoline, instill greater 
confidence in our energy future, significant challenges remain 
that stem from the economic and environmental impacts 
resulting from the millions of gallons of water that are 
necessary and becoming dangerously contaminated daily due 
Wo indXced h\draXlic fracWXring (i.e., ³fracking´) proceVVeV. 
US Environmental Protection Agency (EPA) studies have 
shown that the water harms water supplies and can lead to 
diseases among workers and residents living near these 
fracking sites. Current detection processes are too time 
consuming and expensive and lax regulations do not 
incentivize companies to undergo detection tests. mFMIF 
provides a method for companies to detect potential 
contaminants rapidly without having to send samples to a 
remote laboratory for testing. mFMIF is a powder that can be 
 
 

used on site to test for contaminants with the presence of a 
luminescence change that can be seen with an ultraviolet 
light. 

II. METHODS 
mFMIF was used to test how effective it was at detecting the 
presence of prominent toxic chemicals found in produced 
water from hydraulic fracturing processes. Synthesis of 
mFMIF involves synthesizing FMIF-1 using a triazole salt, 
methanol, and silver nitrate [1]. I prepared 6 vials of mFMIF 
by dissolving 20 milligrams of previously prepared FMIF-1 
in 10 mL of methanol and then rotary evaporated them at 30°
 C at a speed setting of 7. The mFMIF was then activated at 
190° C for 60 minutes as results showed that it was the 
optimal time and temperature for creating mFMIF with 
optimal luminescence.6 solutions of water were prepared, 
contaminated either by benzene, DCM, toluene, xylenes, or 
pyridine (all solutions were saturated by mixing 10 mL of 
water with 0.1 mL of the organic compound and stirred at 
room temperature overnight). Photoluminescence studies on 
the mFMIF was collected before exposure to the organic 
compounds and after to observe a difference in the 
luminescence. I used a syringe to extract 5 mL of only water 
and transferred it into the mFMIF vial. The solution was 
placed in a dark environment for 18 hours as 18 hours was an 
optimal time for FMIF-1 to significantly purify contaminants 
from water. The solutions were then decanted and allowed to 
air dry for three days with open top in a safety hood. The 
samples were then allowed to sit with a closed top for two 
more days while being protected from light. Six samples were 
created in which mFMIF (same concentrations as above) was 
either exposed to a plain water solution, air, aqueous benzene 
solution, aqueous ethyl benzene solution, aqueous toluene 
solution, or aqueous xylenes solution. UV-visual 
spectroscopy was used to observe the fluorescence quenching 
over a period of 270 minutes.  

III. RESULTS AND DISCUSSION 

 
Figure 1: Comparison of the luminescence of mFMIF when exposed to 
different contaminants during a UV-vis study. Significant decrease in 

luminescence is depicted when exposed to BTEX. 
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Figure 2: Time based graph of the study showing the decrease of 
luminescence of mFMIF when exposed to different contaminants. 

 

 
Figure 3: Samples of unexposed mFMIF 

 

 
Figure 4: Pictures of samples after exposure to chemicals for 18 hours. From 
left to right: benzene, dichloromethane, pyridine, toluene, water (control), 

xylenes. 
 

The need for simple, same day water quality tests is an 
important requirement that mFMIF may one day fill. It shows 
comparatively mild quenching for pyridine, toluene, 
ethylbenzene, and xylenes, along with near complete 
quenching for benzene. The hypsochromic shift observed 
with pyridine also provides great promise that mFMIF could 
be used to identify a variety of contaminants, especially other 
nitrogen containing aromatics. 
A fluorometer was used to conduct photoluminescence 
studies and different variables were used to determine the 
conditions for mFMIFs optimal luminescence. I determined 
that that ideal conditions were using 20 milligrams of FMIF-1 
and recrystallizing it in 10 mL of methanol. The optimal heat 
treatment was determined to be 190° C at 60 minutes.  
After exposing six samples of prepared mFMIF to benzene, 
toluene, ethylbenzene, xylenes, pyridine, and 
dichloromethane, it was determined that the mFMIF was able 

to exhibit a significant change in luminescence when exposed 
to most of the chemicals, with the exception of 
dichloromethane. Although the control sample also showed a 
decrease in luminescence, the amount of quenching was 
minimal when compared to other chemicals that were tested. 
The intensity of the graphs shows a clear decrease in the 
luminescence after each sample was exposed to the respective 
chemicals in comparison to the photoluminescence data 
before it was exposed to any toxic chemicals. The benzene 
sample showed the greatest decrease as it lost about 70% of 
its luminescence after exposure for 270 minutes.  The 
ethylbenzene sample lost approximately 60%, the xylenes 
sample lost about 55%, and the toluene sample lost about 
50%. The air and water sample each lost about 30% of their 
luminescence, but the difference were negligible and the loss 
was likely due to photobleaching. The mFMIF sensor that we 
have been working with has the potential to be 
commercialized for large scale testing. Further studies can 
involve acquiring the Stern-Volmer equation that is specific 
to the mFMIF The formula related variables such as the 
intensity of the fluorescence when exposed to a quencher (If), 
intensity when not exposed to a quencher (I0f), the rate of 
quenching (kq), lifetime of the emissive excited state of the 
material without a quencher present, and concentration of the 
quencher ([Q]). This equation will also help us use mFMIF 
for detection in mixed solutions of contaminants. 
 

 
Figure 5: Stern-Volmer Equation 
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The effects of different aquatic environments on the rate of  
HDPE and LDPE degradation by Bacillus subtilis 

Aditya Tadimeti 

Abstract - The proliferation of plastics in consumer 
products is resulting in the release of millions of tons of 
plastic waste into oceans and harming marine ecosystems 
[1]. Due to their chemical composition, plastics take 
hundreds of years to decompose [2]. Current methods of 
handling plastic waste ± recycling, landfills and 
incineration ± are proving to be inadequate, harmful, or 
ineffective. Scientists have discovered that some bacteria 
can degrade and assimilate polyethylene [3]. Bacillus 
subtilis, ± a rod shaped, gram-positive bacterium found in 
the upper layers of soil ± has been shown to degrade 
polyethylene in above ground locations [4]. This 
experiment studied the ability of B. subtilis to degrade 
High-Density Polyethylene (HDPE) and Low-Density 
Polyethylene (LDPE) in aquatic environments of varying 
salinity to test its viability in tackling plastic pollution in 
oceans and other water bodies. Degradation was found in 
all samples and was the highest in freshwater and lowest 
in ocean water. The results support the hypothesis that B. 
subtilis can potentially be used to help degrade plastic in 
aquatic environments. 

INTRODUCTION 

Bacteria, fungi, and viruses produce microbial 
compounds called lipopeptides which have surfactant 
properties due to their amphipathic molecular structure. 
Surfactants lower the surface tension/energy in a medium 
and oxidize polymer molecules, break down carbonyl 
groups, and convert them into unsaturated hydrocarbons. 
Through this µdepolymerization¶ SURcHVV, the enzymes 
break large polymer chains into smaller, water soluble 
fragments that can pass through cellular membranes, where 
they get biodegraded within the microbial cells to be used as 
energy sources [5]. Surfactin, produced by B. subtilis, is a 
very powerful surfactant. B. subtilis has been found in 
oceans and can thrive in a range of conditions. It has a high 
capacity to secrete proteins which makes it an excellent 
candidate to study for this application [6]. However, several 
studies show that salinity reduces microbial activity which 
could impede biodegradation [7]. If there is reasonable 
degradation in spite of salinity, deploying this method at 
scale can be explored as a viable environmentally friendly 
method for tackling plastic waste in oceans.  

METHODS 

Step 1: Culturing the bacteria 
B. subtilis was obtained in a sterile, 20 x 150 mm 

test tube, approximately one-third filled with agar. The test 
tube was left in the lab at room temperature for a day for the 
bacteria to culture, and it was later placed in a refrigerator to 
preserve the contents and inhibit growth. 
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Step 2: Test Tube Setup 
36 strips of HDPE of the same size, shape and mass 

(roughly 17 mg) were each placed in a separate test tube. 
Bacteria were added to 24 of these test tubes and the 
remaining 12 without the bacteria were labeled as controls. 
Both sets of test tubes were then split into 3 equal groups 
labeled freshwater, ocean water, and brackish water. This 
process was repeated with LDPE sheets.  

Step 3: Water Setup/Incu-shaker 
Sterilized water was first added to each test tube. 

A premade powder called ³Instant Ocean´ was added to the 
µocean water¶ test tubes to achieve a salt concentration of 
roughly 35 parts per thousand to mimic the average salinity 
of oceans and to the µbrackish water¶ test tubes to achieve a 
lower salt concentration of roughly 15 parts per thousand. A 
salt medium (NaNO3 (2g), MgSO4 (0.5g), KCl (0.5g), Fe2 
(SO4)3 (0.01g), KH2PO4 (0.14g), K2HPO4 (1.2g), Yeast 
extract (0.02g), water 1L) of very low concentration was 
added to all test tubes to support the bacteria¶V JURZWK, a 
process adapted from the work of Vimala et. al [4]. After 
each tube contained all the necessary elements, they were 
placed in a rack inside a shaking incubator set at 35°C, the 
bacWHULa¶V LQcXbaWLQJ WHPSHUaWXUH. 

Step 4: Massing 
After 30 days, each polyethylene piece was 

removed with tweezers and cleaned of bacteria and salt 
using a 0.1M HCl wash and water. To test whether the 0.1M 
HCL wash and water caused any degradation of the plastic, 
additional LDPE and HDPE pieces of shape, size, and mass 
similar to the test tube samples were weighed before and 
after a HCl wash; no significant amount of mass degradation 
was observed. Each piece was laid on a paper towel and 
heated to around 40-50ႏ to remove water droplets. No 
significant polyethylene degradation occurred during the 
heating (verified by a separate, dry, control). Then, each 
piece was laid on top of a balance, and its mass was recorded 
in a data table. The data was analyzed utilizing the statistical 
and graphing functions of Excel. 

MEASUREMENTS/CALCULATIONS 
Freshwater 

% 
Degradation 

N Mean Standard 
Deviation 

SE 
Mean 

95% CI 

HDPE 8 5.79% 3.84% 1.36% (2.59%, 9.00%) 

LDPE 8 5.78% 2.20% 0.78% (3.95%, 7.62%) 

Brackish Water 

% 
Degradation 

N Mean Standard 
Deviation 

SE 
Mean 

95% CI 

HDPE 8 5.08% 2.97% 1.05% (2.59%, 7.56%) 

LDPE 8 5.30% 2.04% 0.72% (3.60%, 7.01%) 



 

Ocean Water 

% 
Degradation 

N Mean Standard 
Deviation 

SE 
Mean 

95% CI 

HDPE 8 3.61% 2.02% 0.71% (1.92%, 5.30%) 

LDPE 8 2.48% 1.26% 0.44% (1.43%, 3.53%) 

DISCUSSION 

The degradation as measured by the reduction in mass of 
the HDPE and LDPE strips was found to be the highest in 
freshwater and the lowest in ocean water. This supported 
the hypothesis that B. subtilis can degrade polyethylene in 
saltwater and that degradation is inversely proportional to 
salinity. Repeating the experiment and comparing results 
can help establish their validity. Testing some of the test 
tubes at intermediate points in time can reveal changes in 
rates of degradation over time.  

Research shows that salinity reduces microbial 
biomass because osmotic stress results in drying and lysis 
of cells [7]. It is unclear from these results whether the 
reduced degradation is due entirely to the slower growth of 
bacteria ± resulting in lower Surfactin production ± or if 
SXUIacWLQ¶V HIIHcWLYHQHVV LV aOVR UHdXcHd LQ VaOLQH water.  

Further research is required to establish B. subtilis 
as a practical option for tackling plastic pollution in oceans. 
The optimal conditions for high Surfactin production by B. 
subtilis in the laboratory are a slightly acidic initial pH 
(6.5±6.8) and an incubation temperature of 30°C [8]. 
Ocean temperatures vary from 2oC to 35oC, which is within 
the range for B. subtilis to thrive. However, oceans are 
typically less acidic with an average pH of 8.1 [9]. This 
points to the need to find ways to create optimal conditions 
in the ocean to enhance the production and/or effectiveness 
of Surfactin.  

The superior degradation in freshwater supports 
the possibility that microbial biodegradation can tackle 
plastic pollution in freshwater bodies, potentially inhibiting 
the downstream spread of plastic into oceans. The 
degradation in brackish water suggests that this method can 
be used in estuaries and at the mouths of rivers.  

Research has shown that pretreatment of polymer 
films with UV radiation aids its accessibility as food for the 
microorganisms, enabling a faster rate of biodegradation. 
This suggests that UV radiation from the sun can aid 
biodegradation by B. subtilis in the ocean. However, 
studying effectiveness of surfactants to fight hydrocarbon 
pollution in the open sea remains a challenge, and research 
is still ongoing in this area [10]. Much of the laboratory 
research points to the use of microbes in situ to produce 
surfactants. An alternative method to harness B. subtilis 
could be to produce Surfactin under optimal industrial 
conditions, transport it to the site of plastic pollution, and 
spray it to stimulate biodegradation.  

Studying formulations that are inherently more 
vulnerable to biodegradation and promoting the use of such 
plastics can help with the natural degradation process. 
Research shows that additives such as pro-oxidants and 

starch make plastics biodegradable [11]. For B. subtilis to 
be a practical option to tackle the enormous amount of 
plastic waste, it should be deployable at scale. Further 
experimentation is required to study the optimal methods 
to incubate, transport, and deploy large amounts of this 
bacterium, while also evaluating any potential adverse 
impact on the aquatic ecosystems when doing so.  
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