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Abstract

Incarcerated adolescents are more likely to be diagnosed
with a psychiatric disorder than their non-offending
peers, with depression and anxiety being the two most
common. Disrupted caregiving has been a key factor
in the high psychiatric disorders observed in many ju-
venile detention settings. This study aimed to examine
family functioning and reports of internalizing features
of clinical disorders in a sample of adolescents adjudi-
cated for illegal sexual behavior (AISB). Data were col-
lected as part of a pre-treatment evaluation for youth
in the Accountability Based Sex Offense Prevention
Program (ABSOPP) located at a residential facility in
the Southeast United States (n=966). Results indicat-
ed those coming from dual-parent homes with mater-
nal involvement reported significantly higher rates of
anxious feelings and lower rates of family discord, as
reported by the Millon Adolescent Clinical Inventory
(MACI). While cross-sectional in nature and therefore
not causal, this research could provide insight into fac-
tors contributing to the development of depression and
anxiety in incarcerated youths.

Key Words: adjudicated youth, sex offenses, family, de-
pression, anxiety

Introduction

Sex offending continues to be a topic of high demand
within the criminal justice system and clinical thera-
peutic practice. Reports of rape make up over 11% of all
known violent crimes, and this may represent only 25%
of actual incidences of rape occurring annually, mak-
ing evident the need for appropriate treatment of sexu-
al offending behavior (FBI 2019; Morgan & Oudekerk,
2019). Adolescents adjudicated for illegal sexual behav-

'Corresponding author: kelli.thompson@auburn.edu

ior (AISB) form a unique subpopulation of offenders.
"These adolescents differ from non-sexual offending
delinquents in levels of social competence, psychopa-
thology, history of childhood sexual abuse, levels of
childhood attachment, and even risk for future offend-
ing (Seto & Lalumiere, 2010; Terry, 2013). AISB can
have as high as 15% and as low as 4% rearrest rate for
later sexual offenses and a significantly higher rearrest
rate for later non-sexual offenses when compared to
adolescents adjudicated for general delinquent behav-
ior (AGDB) (Caldwell, 2002; Everhart-Newman et al.
2019; Zimring, 2004). Furthermore, re-offending rates
are even higher for AISB with more antisocial behav-
ioral patterns (Waite et al., 2005). However, the goal of
the juvenile justice system is not to provide retribution
for crimes but rather to rehabilitate youth. For AISB,
in particular, mental health treatment does work spe-
cifically to decrease the number of sexual re-offenses
(Caldwell, 2007; Reitzel & Joyce, 2006).

Delinquency and Mental Illness

When developing effective treatment programs for de-
linquent youth, there are many different areas to con-
sider, such as underlying or comorbid psychopathology
(Chafhin, 2008). Compared to those not adjudicated,
youth in correctional facilities have a significantly high-
er prevalence of psychopathologies, such as depression,
anxiety, and ADHD (Fazel et al., 2008). Diving further,
AISB often presents features for multiple disorders, spe-
cifically depression, anxiety, and personality disorders,
at significantly higher rates than any adjudicated youth
subpopulation (Seto & Lalumiere, 2010). This is a crit-
ical factor to consider when developing treatment pro-
grams because untreated mental health problems are
a risk factor for later re-offending (Singer et al., 2013).
Further investigations, leading to a better understand
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ing of the psychopathological features of AISB, may
also provide insight into how to improve the effective-
ness of current treatment programs for this population.

It can be challenging to disentangle the etiology of men-
tal illness and delinquency, as the two often develop
together. A recent longitudinal study sought to deter-
mine which came first in a sample of 806 people from
the time they were in fifth grade until the age of 33:
the onset of depression, substance use, or delinquent
behavior (Kim et al., 2019). Participants were followed
every 3 years since 1985. Results indicated that for the
sample followed, engaging in a criminal act typically
preceded the onset of depression or a substance use
disorder (Kim et al., 2019). This is in line with other re-
search indicating depression and anxiety as outcomes
of offending behaviors rather than precursors (Jolliffe
et al,, 2019). While there are many pathways to the de-
velopment of mental disorders such as depression and
anxiety, these studies provide valuable insight into the
effects adjudication and incarceration may have on de-
veloping youth. Regardless of etiology, understanding
the mental health portrait of adolescent offenders, par-
ticularly AISB, may contribute to defeating the myth
that problematic sexual behavior patterns in adoles-
cents are unable to be “cured” and demonstrate that
investing in psychological resources for adjudicated
youth can reduce the risk of reoffending (Chaffin, 2008;
Terry, 2013).

Family Structure, Mental Illness, and Delinquency

Adjudication in childhood can be an emotionally and
mentally taxing experience for a fledging adolescent.
They all at once have to adjust to living in a residen-
tial facility, separating from peers, and battling societal
judgments because of their sentence. When examining
influences on a child’s behavioral and psychological de-
velopment, it is important to include the role of the fam-
ily. In addition to the stress of adjudication, youth leave
their home environment upon entry and thus possibly
leave their parents or guardians for the first time. This
forced parental-child separation may cause additional
psychological stress. The term “caregiver disruption” is
used to describe insufficient attention from caregivers,
often resulting in the physical and/or emotional needs
of the child not being met (Sitney & Kaufman, 2020;
Worley et al., 2011). This term has been used to explain
increases in depressive behaviors, anxious symptoms,

11

delinquent behaviors, and other mental health-related
repercussions of parent-child separation in other life
situations such as parental divorce or parental reloca-
tion (Strohschein, 2005; Apel & Kaukinen, 2008). Upon
entering a residential facility, youth are being separat-
ed from families in a way not unlike divorce or other
forms of family separation (Burkhart & Cook, 2010).
In the context of adolescent offenders, it is important
to consider the effects disrupted caregiving can have on
mental health.

This phenomenon may only partially account for the
high prevalence of mental illness in juvenile facilities
as adjudicated youth are a very diverse population who
come from multiple different home settings outside of
the traditional family. For example, many come from
foster homes or may even be living somewhat inde-
pendently with family and friends. The present study
utilizes the term family structure to encompass all
possible forms of adult guardianship or parental fig-
ures which modern families may have. Differences and
changes in family structure in an adolescent’s life have
been linked to delinquent behaviors. For example, chil-
dren from separated families have a greater risk of de-
linquency when compared to children from non-sepa-
rated homes (Price & Kunz, 2003). However, resiliency
must always be considered, and in today’s modern so-
ciety, families come in many forms (e.g., single-parent
households, same-sex parents, adoptive parents, etc.),
with resiliency demonstrated in all types. Furthermore,
changes in the presence of parental figures have been
linked with the mental well-being of children. For ex-
ample, following a divorce, if the paternal figure relo-
cates, the child is more likely to express symptoms of
depression and anxiety and partake in more rebellious
behaviors as opposed to maternal relocation (Steven-
son et al.,, 2018). To summarize, research has clearly
shown that a child’s family structure, delinquency, and
psychopathology are all deeply intertwined.

Family Structure and AISB

When compared to a non-delinquent adolescent popu-
lation, AISB has family structures and experiences that
are vastly different. Thus, the family structure may im-
pact the psychopathology of AISB more than the aver-
age child or even the average delinquent child. This is
not surprising given the higher rates of sexual abuse,
often with intra-familial offending patterns,
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seen among this population (Grant et al., 2017). Fur-
thermore, compared to a non-delinquent adolescent
population, AISB were more likely to have parents who
exhibited externalizing behavior problems such as drug
or alcohol abuse disorders (Duanne et al., 2003). This
is critical because this type of family environment can
negatively affect developing youth. AISB tends to have
a significantly lower quality of parental relationships
and attachment than other adjudicated adolescents
including violent offenders (Sitney & Kaufman, 2020;
Seto & Lalumiere, 2010; Worley et al., 2011). Further-
more, Sitney and Kaufman (2020) found that AISB
tends to have lower quality relationships with their bio-
logical father than with their biological mother, among
the lowest scores for any group of incarcerated youth.
In terms of basic family structure, AISB are more likely
to come from single-family households and are more
likely to experience parental instability, such as being
placed in out-of-home care or even homelessness, than
AGDB (Margari et al., 2015; Felizzi, 2015). This is im-
portant when examining the etiology of sexual offens-
es because all these factors have been found to have a
negative influence on children and adolescents. This
also helps provide evidence of how family structure
and quality of attachment and relationships as a result
of that structure influence development in this popula-
tion in a myriad of ways.

The purpose of the current study was to examine the
relationship between family structure, mental illness,
and delinquency in a sample of AISB. Specifically, the
present study investigates whether differences in family
structure pre-adjudication are associated with different
levels of mental health difficulties post-adjudication.
Understanding the relationship between these variables
may help clinicians better predict treatment adjustment
and effectiveness. Internalizing features of psychopa-
thology, such as depression and anxiety, were chosen
as outcome variables given the prevalence among chil-
dren from separated households (Strohschein, 2005).

Methods

Participants

The sample consisted of 966 male AISB at a residential
correctional facility in the Southeastern regions of the
United States. The average age was 15.82 years, with a
9th grade modal level for the overall sample. More than
half the sample identified as Caucasian (56%), with an-

other 41% identifying as African American, and 3%
identifying as bi-racial, other, or mixed race. Regarding
the family environment, 37% of the sample indicated
having a history of Department of Human Resourc-
es-involvement, with 52% reporting witnessing domes-
tic violence. Of those who had experienced domestic
violence, 20% involved physical violence (n=165), and
4% of incidents involved using a weapon (n=34). Addi-
tionally, 21% reported a history of sexual abuse, 32% a
history of physical abuse, and 16% a history of neglect.
The majority of committing offenses were hands-on sex
offenses such as Sexual Abuse (28.8%), Sodomy (19%),
Sexual Assault (3.2%), and 1st Degree Rape/Attempted
Rape (10.4%), and 2nd Degree Rape (7.2%). Another
18.1% had non-contact committing offenses such as
Sexual Misconduct, Indecent Exposure, and/or some
type of Probation Violation. Participants were enrolled
in a court-mandated sex offender specific treatment
program called the Accountability Based Sex Offense
Prevention Program (ABSOPP). The current sample
size was derived from archival data collected from
youth residing at the facility between 2000 and 2016.

Procedure

AISB entering the facility were given an expansive
pre-treatment assessment which serves as a basis for
developing an individualized service plan. AISB are
also assessed after completing the treatment program
to track treatment progress. However, those data were
not a focus of the current analysis. Assessments were
conducted by doctoral-level graduate students on
practicum rotation at the facility. Data and research
conducted with this program have been approved by
an official university institutional review board. At the
start of each intake, AISB were read aloud the informed
consent process and asked if they would like to allow
their records to be used for the review.

Measures

Family structure was assessed through a series of clin-
ical interviews upon entry to the facility. Participants
were asked a series of questions regarding guardianship
in the home before adjudication and incarceration by
a graduate-level clinician who then coded the family
environment accordingly after consulting file informa-
tion for corroborating details. Of the 966 participants
surveyed in the current sample, the response to this
variable broke down in the following way: biological
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mother only (n=307), biological father only (n=63),
both biological parents (n=103), biological mother
and stepfather (n=175), biological father and step-
mother (n=78), adoptive parents (n=44), grandpar-
ents (n=109), other biological relatives (n=49), other
non-relatives (n=13), or other non-listed (n=25). The
subtle difference in coding between the last two cate-
gories typically dealt with whether or not the custodial
caregiver was known to the adolescent. For example,
the “other non-relatives” categories were coded as cus-
todial situations involving close family friends or other
arrangements made by the courts to reflect some de-
gree of familiarity or prior attachment for the adoles-
cent. The non-listed category typically reflected tempo-
rary custodial situations such as foster care or group
home living situations.

The Millon Adolescent Clinical Inventory (MACI; Mil-
lon, 1993) was used to assess various dimensions of de-
pression and anxiety using scales focusing on internal-
izing behaviors. The MACI is a self-report, 160-items
questionnaire with items featuring a true-false re-
sponse format useful in analyzing psychopathology in
youth (Murrie et al., 2000). It is designed to assess a
broad range of psychological problems experienced by
adolescents ages 13 to 19. It includes a reliability scale,
three validity scales, and three content domain scales
(i.e., Personality Patterns, Clinical Syndromes, and
Expressed Concerns). Null reports that resulted from
spikes in reliability or validity scores were not used in
the present study. Those scales pertinent to measuring
internalizing features were used in the current analysis.
This included two personality pattern scales measuring
avoidant personality features of anxiety and dolefulness
features associated with depression (Inhibited/Avoid-
ant and Doleful/Depressive); two clinical syndromes
scales measuring Anxious Feelings and Depressive
Affect; and two expressed concerns scales regarding
Self-Devaluation and Sexual Discomfort. The MACI
demonstrates moderate to strong internal consistency
(.73 - .91) and test-retest reliability (.57 - .92; Davis,
Woodward, Goncalves, Meagher, & Millon, 1999; Mil-
lon & Davis, 1993), and modest structural validity (see
Newman et al., 2015).

Results
A series of one-way ANOVAs were used to test for
group differences in the 10 categories defining family

structure and the six internalizing scales of the MACI.
In regards to the MACI personality patterns, there
were no significant mean differences between family
structure categories for either the Inhibited/Avoidant
scale (F (9, 965) = 1.54, p=.13) or the Doleful/Depres-
sive scale (F (9, 965 =1.01, p=.43). Regarding the ex-
pressed concerns scales, there were no significant mean
differences between family structure categories for the
Self-Devaluation scale (F (9, 965) = 1.11, p=.35). How-
ever, there were significant mean differences for the
Family Discord scale (F (9, 965) = 6.47, p=.00) with
both of the other non-relative and other non-listed
categories displaying the highest mean scores and dual
parent homes with a biological mother present scoring
the lowest. Regarding clinical syndrome scales, there
were no significant mean differences for the Depres-
sive Affect scale (F (9, 965) = 1.16, p=.32). There were,
however, significant mean differences on the Anxious
Feelings scale (F (9, 964) = 2.69, p=.00). Interestingly,
those coming from dual parent homes with maternal
involvement scored the highest. In contrast, those from
the “other” custodial categories scored the lowest on
anxiety. See Table 1 for means and standard deviations,
and post-hoc comparisons.

Discussion

The results from this study provided multiple insights
regarding the clinical presentation of this population.
Scores from various scales of internalizing features
of psychopathology were examined based on family
structure type. The only scales found to have signifi-
cant differences between group differences were the
Anxious Feelings scale and the Family Discord scale.
When analyzed together, these two scales provide very
valuable insight into what may be an explanation for
this population’s overall high psychopathology rates.
Those coming from dual-parent homes with mater-
nal involvement had the lowest family discord but the
highest reported anxiety levels. Youth in our sample
coming from homes involving a stepparent displayed
higher anxiety levels when the biological mother re-
mained, and a stepfather was involved. Whereas those
from stepparent homes where the biological father
remained and stepmother was introduced displayed
higher family discord. This could be particularly rele-
vant for a male sample such as this.

When examining household differences, if some house
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holds had significantly higher rates of anxiety or de-
pression, one could expect those households to contain
a distressing environment to explain the differences.
We found those individuals coming from multiparent
homes with only one biological parent (i.e., step-par-
enting) to have some of the highest anxiety scores along
with those in multiparent homes involving both bio-
logical parents. This was interesting given the assump-
tion that parent separation or absence is a major source
of family conflict for children. It may be the case that
those individuals from homes where both biological
parents are present, but remain in high conflict rather
than separating, are feeling the effects of this sustained
conflict. For these individuals, the conflict that remains
in the marriage is the source of the anxiety rather than
the possible separation.

When measuring family discord, results of the current
analysis found those with the lowest scores came from
homes with maternal involvement. This included sin-
gle-parent homes headed by the biological mother as
well as homes involving the new marriage of the moth-
er. Despite the stress and potential conflict family struc-
ture change may bring, the presence of the maternal
figure seems to have a stabilizing force in the expressed
internalizing features of these young men. Naturally,
the highest reported family discord was among those
AISB coming from living situations with little to no fa-
milial attachment, such as those from the foster care
system. Interestingly though, this group also reported
the lowest anxious feelings indicating the possible pres-
ence of some sort of emotional numbing to deal with
the stressors of these kinds of home environments.

The current best explanation for these differences in
outcomes may be the concept of “disrupted caregiving.”
Recall that disrupted caregiving is used to describe when
a child’s needs are not being met by a parent (Worley
et al., 2011). For this sample, this analysis comes from
when the adolescents have already entered the correc-
tional facility; those who have come from households
with parental figures known for closer attachments are
now living without their biological parents for the first
time (Sitney et al., 2020). Whereas those who come
from households without one or both biological par-
ents are not experiencing additional distress because
they did not have the same attachment experience, to
begin with. Aligning these findings with previous re-

search that has examined the entangled relationship of
mental illness and delinquency, results from this study
indicate that family structure pre-adjudication may
predict post-adjudication mental health struggles of
anxiety in AISBs. This falls in line with findings from
the previously conducted longitudinal study by Kim et
al. that criminal behavior presets depressive and anxi-
ety disorders and adds in the role of family structure to
the understanding of adolescent development (2019).

Limitations and Future Directions

The largest limitation of this study is that it is an associ-
ation test, it is not able to provide details for any causal
mechanisms. There are, likewise, additional variables
that were not included in this study that could help rule
out alternative explanations for the results. First, we
did not have access to many family history variables.
Hence, we were unable to rule out if a family history
of similar psychological disorders could have played a
role. Additionally, the only family variables included
in this study pertained to the family structure, which
leaves various familial characteristics, such as actual
living arrangements, trauma, conflict level, and divorce
history, among others, unspecified in this study. Anal-
yses of family structure differences using other family
environment measures could provide a more in-depth
insight into the overall familial influences on these ad-
olescents adjudicated for sexual offenses. Finally, the
family grouping variable included an “other” category
that may be accounted for a decent amount of variabil-
ity in living environments. Creating additional catego-
ries to fit the needs of this sample could provide further
information.

One area that ought to be investigated is the addition
of variables that could provide or eliminate alternative
explanations for these high prevalence rates. Addition-
ally, we did not expect to have family groupings with
a stepfather to score so similarly to families with both
biological parents, and thus, examining the role of the
step-father in the life of these adjudicated youth could
be very illuminating. Another possible route could
entail investigating the role that family structure may
have in the offense itself. Specifically exploring if there
is a pattern between family structure, offense types, and
internalizing disorders. Lastly, comparing these results
to a replication of this study for the general adolescent
population could also highlight key population differ
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ences and explanations.

Conclusions

This study provides a wide range of evidence for how
influential the family can be in the lives of those ad-
judicated for sexual offenses. Due to the results of this
study, treatment providers may want to explore pos-
sible family causes of distress if an adolescent begins
to portray anxious or depressed behaviors. Addition-
ally, this study is evidence to support the notion that
because family is so influential on developing adoles-
cents, their families ought to be included in the treat-
ment process, if and when possible. Results also add
to the growing understanding of disrupted caregiving,
especially among those who have entered a correction-
al facility away from their families. The practical signif-
icance of this study is that it provides insight into this
population and a possible explanation for their rates of
psychopathology compared to their peers.
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Introduction

Randomness and non-periodicity are common phe-
nomena in the areas of science [1]. Whether it is in
thermodynamics or just flipping a coin, statistical me-
chanics, or information theory is a method used to
quantitatively measure randomness and regularity as
information. Information can be measured with a con-
cept known as entropy. The essence of information en-
tropy is that all events/signals have information based
on the probability of an event/signal [2]. Describing a
signal by its information content was first proposed by
Claude Shannon in 1948 which is known as Shannon
Entropy [1-3]. Similarly, as measuring the mass of an
object with fundamental units like the pound, Shannon
Entropy would measure randomness and variability in
units of bits [2]. A high probability event would mean
that there is less randomness in the event/signal; thus,
there would be less information or bits needed to repre-
sent that signal [2]. A low probability would mean that
the event is random, and thus would need more bits to
represent a signal [2]. Though Shannon entropy is easy
to apply, the theory does not consider the dynamics of a
system [1]. Shannon entropy is best used for analyzing
the randomness of binary events like a coin flip and not
signals [1]. Introduced by Pincus, approximate entropy,
works well for many signals [1,2,4]. Approximate en-
tropy measures the tendency for segments of a signal to
repeat themselves throughout the signal within a giv-
en tolerance [1,4,5]. However, approximate entropy is
a biased measurement that always underestimates the
entropy of a system [1]. This is because a portion of the
signal is matched with itself during approximate entro-
py analysis [1]. This match does not represent a real re-
peat within the structure because that certain template
may never appear again in the signal [1]. Developed by
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Richman and Moorman (2000), the sample entropy is
'an improvement of approximate entropy by alleviat-
ing self-matching and thus bias [6]. Just like Shannon
entropy, a more random signal would yield a higher
entropy value. Sample entropy can be applied to any
wave system whether it being periodic or non-periodic
in nature [6]. As a result, sample entropy is applied ex-
tensively to many chaotic mechanical systems like bio-
logical systems [1]. For example, Al-Angari et al., used
sample entropy to quantify signal of heart rate variabil-
ity in obstructive sleep apnea syndrome (OBSA) [7].
They found that patients with OBSA have higher sam-
ple entropy during times of unobstructed sleep. From
previous research, it seems that healthier cardiovascu-
lar systems tend to have a higher entropy value. Raffalt
et al. used sample entropy to study the dynamics of the
hearts of healthy, active subjects and subjects with a
sedentary lifestyle [8]. They discovered that individuals
who exercise daily, experience an increase in entropy
values compared with the subjects who have adopted an
inactive lifestyle. However, in gait analysis, an increase
in entropy would mean that the gait would be less pe-
riodic. Conversely, this would mean the biomechanical
system is less healthy. Ahmadi et al. have studied the
effect of human aging on walking gait and discovered
that the sample entropy values are greater with increas-
ing age or if the subject is distracted while walking [9].
This is beause younger individuals can maintain control
of their bodily movements better than older individuals
or distracted individuals making it easier for them to
restore gait stability under unusual biomechanical sit-
uations [9]. Therefore, sample entropy values are lower
in younger subjects because the gait is less complex due
to their better ability to stabilize their biomechanics.
This shows that sample entropy is
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a viable technique for determining the health of gait
because it is consistent with observation. Horse lame-
ness is a serious economic and prolong the analgesic
effect on the horses [11].Spoormakers et al. assessed
side effects, potency, and duration of anesthetic effect
between lidocaine and lidocaine with epinephrine for
peripheral nerve blocks. They discovered that the anal-
gesic effect from lidocaine with epinephrine lasted for 9
hours whereas the effect of the pure lidocaine solution
lasted roughly an hour [15]. Velloso et al. was able to
confirm Spoormaker’s study by looking into the effect
of anesthetics on the gait of lame horses using vector
sums of maximum and minimum head height and the
sum of hip drop and hip height. From vector sums, Vel-
loso et al. was able to deduce that adding epinephrine
to a lidocaine solution does prolong and intensify the
analgesic effect [11]. Though Velloso et al. uses vector
sums to determine the lameness of each horse, the sim-
plicity of sample entropy makes the theory applicable
to many non-linear systems such as biomechanical gait
[2]. Because horse movement is unpredictable, sample
entropy may also offer a better measurement to this
variability. Thus, sample entropy, in addition with in-
ertial sensors, may offer an indisputable and straight-
forward method in analyzing analgesic effect from lo-
calized anesthesia on equine motion. The objective of
this paper is to discuss the theory of sample entropy
and apply it in analyzing equine locomotion based on
the data received from the inertial sensors. The verti-
cal displacement data of the head, measured with the
head sensor, was used to determine the sample entropy
of the horse’s gait. sample entropy was already applied
in studying the motion of horses administered deto-
midine [16]. However, this paper studies the entropy
of horses anesthetized with epinephrine, and lidocaine
and to determine whether the addition of epinephrine
to a lidocaine solution would prolong and intensify the
analgesic effect of lidocaine, as stated by Velloso et al.,
by applying the theory of sample entropy.

Materials and Methods

2.1. Subjects

All study procedures were reviewed and approved by
the Auburn University Animal Care and Use Commit-
tee. Six horses with lameness previously localized to
the forefoot participated in the study. The mean age of
the horses where 11.5+4.6 years old and a mean weight
of 473+34.5 pounds. The horses had visually evident
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lameness [11].

2.2. Sensor application and testing

Two sensors are attached to the horse as shown in Fig-
ure 1. Data from the sensors are transferred to a com-
puter via Bluetooth. The first sensor, a single-axis ac-
celerometer, was mounted on the head of the horse; it
is used to measure the acceleration of the head during
each stride. The second sensor, a single-axis gyroscope,
was attached to dorsal surface of the region between
the metacarpophalangeal joint and coronary band of
the right forelimb to measure the rotation of the foot
[11]. Data from the single axis accelerometer was used
to determine the entropy of the horse.

head sensor
uni-axis (vertical) accelerometer

right forelimb sensor
uni-axlal gyroscope

wireless computer|

Fig. 1 Sensor application relative to horse.

Each horse received a palmar digital nerve block
(PDNB) along with three separate lidocaine treat-
ments. The lidocaine treatments involved a 1% lido-
caine solution, a 2% lidocaine solution, and a 1% lido-
caine solution with epinephrine. Prior to each lidocaine
treatment, each horse received a 3-day period between
lidocaine treatments to purge residual lidocaine from
previous treatments. Before the administration of each
lidocaine treatment, the horses trotted 24 strides. Then
the horses trotted 5, 10, 15, 20, 25, 30, 45, 60, 75, 90,
105, 110 and 120 minutes after the lidocaine solution
was administered to the subjects.

There were two phases of trotting behavior following
lidocaine administration. Phase 1 of the treatment was
between 0-30 minutes, and phase 2 was between 30-
105 minutes after the lidocaine solution was adminis-
tered. Each horse trotted for at least 12 strides forward,
turned around, and trotted 12 strides back. The horses
trotted in total of at least 24 strides.
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2.3. Data post-processing

The head acceleration data was uploaded and pro-
cessed in MATLAB. First, eighteen strides were sep-
arated from the head acceleration data. As shown in
Figure 2, two local minimums in the acceleration data
are considered as a stride. MATLAB was used to find
the location or sample points of each local minimums
in the data. That way, eighteen strides can be effectively
separated from the data. This process was repeated for
the effect of each treatment on the gait of each horse.
The purpose of separating the data is to eliminate faulty
and needless signals resulting from the horse turning
around or the horse accelerating from rest as shown in
figure 2.
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Fig. 2 Data separation

The sample entropy algorithm was then applied to the
separated data [1,17]. Entropy values obtained from
the algorithm were graphed with the administering
time as the independent variable. Then the entropy val-
ues for all the times after the drugs were administered
were averaged between all the horses. A lower entropy
value means that the signal is becoming less random
and thus the strides are more regular. The average en-
tropy value at 0 minutes was individually subtracted by
each of the entropy values, including the initial entropy
value, at each time. Subtracting these average entropy
values reveals the change in entropy and helps deter-
mine the change in regularity of the gait. A negative
difference infers that the gait is becoming more regular
than at 0 minutes. A Poincare map was applied to all
the extracted data to check the regularity of the sample
entropy theory.

2.4. Sample entropy

The principle of statistical entropy is to quantify infor-
mation in a signal through probability, as introduced
by Shannon [3]. Essentially, sample entropy quantifies
a signal’s tendency to repeat itself within a given tol-
erance by measuring its probability for portions of a
signal reoccurring in the entire signal. To do this, sam-
ple entropy takes portion of a signal and compares its
similarity regarding to the rest of the signal. First, when
applying sample entropy, all the data points associated
with a signal of length N is separated into vectors of
length m. Take for example, a signal consists of values
X(1), X(2), X(3),. . . X(n). If m = 2, then the signal will
be separated into vectors with a length of 2, or in this
case, [X(1), X(2)], [X(3), X(4)], ..,[X(n-1),X(n)]. The
number of separated segments for a signal can be de-
scribed as:

The separated vectors can then be numbered as V1, V2,

., V(N-m[-). A tolerance r must be defined before
comparing the signals. The absolute difference between
each value in one vector, Vi, with the corresponding
values of another vector, Vk, must be less than r to sat-
isfy the tolerance and be considered as a match. For
two vectors to be considered a match:

[ViG) = VG <r 2

Where j is any integer ranging from 1 < j < m. Each
vector, excluding itself, is compared with all the vectors
that make up the signal. For example, V1 will be com-
pared with all the vectors, excluding itself, then V2 is
compared with all the vectors, excluding itself, and so
on. The number of matches for each segment is denot-
ed as nm which is divided by the number of separated
segments. This results in the probability of the segment
from reoccurring in the signal. The probability of each
segment is then summed and divided by the number of
separated segments to obtain the value denoted as C_.
C_ is calculated as:
W—mn—1___ My n
_ ="l NN-mm-1 3)
NN-mm—-1

The process is repeated; however, the signal is separat-
ed into vectors of length m + 1. The recalculated C_
value is denoted as C_  which is calculated as:
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With C_and C_ | values, sample entropy can then be
calculated as:
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Generally, when a signal is periodic, the probability of
a segment repeating itself throughout the signal ap-
proaches to 1. This would result in a smaller logarith-
mic value. Therefore, a more chaotic signal will produce
a greater sample entropy value because the probability
for signal to repeat itself is lower which, in turn, creates
a larger logarithmic value.

A tolerance of 0.15 and a vector length of 2 was estab-
lished when applying sample entropy. The sample en-
tropy for a sine wave is 0.2244. This is a relatively low
sample entropy value because of the sine function’s
repetitive, non-stochastic nature. For a chaotic signal
(Lorentz equation) there is some repetitiveness in the
signal, but not to the degree as the sine wave. Therefore,
applying sample entropy to this chaotic signal will give
a greater sample entropy value of 0.4830. This is to be
expected because the chaotic signal is less predictable.

Results

3.1. Treatment 1 (PDNB with 1% lidocaine solution)
Figure 3 shows the entropy values of all the subjects
from 0- 120 minutes receiving the 1% lidocaine treat-
ment (treatment 1). During phase 1 of the treatment,
subjects two, three and five experience an increase in
entropy throughout phase 1 of the treatment (0-30
minutes). This means that the trotting gait for subjects
two three and five are more irregular during phase

1. Thus, the subject is more susceptible to pain, dis-
rupting trotting form. A downward trend in entropy
means that the gait for the concerning subject is less
chaotic and more regular. This implies that the treat-
ment is improving the gait of the subject. As shown in
Figure 3, entropy values for subjects one and four show
no meaningful trend throughout the first phase. After
phase 1 (30-120 minutes), subjects one, two and three
entropy values decrease. Subject 4 has an increase in
entropy from 30-75 minutes of treatment then decreas-
es. Subject 5 shows no substantial change in entropy.
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Fig. 3 Entropy values of subjects administered with 1%
lidocaine

2. Treatment 2 (PDNB with 2% lidocaine solution)

The entropy values for the subjects under a 2% lidocaine
treatment are shown in Figure 4. Throughout phase 1,
subjects one, two, three and four exhibit a downward
trend in entropy, and subject five has a growth in entro-
py. Subjects three, four and five reveal no trend during
phase 2 of treatment. In Figure 4, only subjects one and
two show a substantial decrease in entropy throughout
phase 2. Subject 1, having the steepest slope, has a sharp
rise in entropy at 105 minutes of treatment. A Poincaré
map of subject 1’s gait at 105 minutes into treatment is
shown in Figure 5.
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Fig. 4 Entropy values of subjects administered with 2%
lidocaine

For periodic systems, the map would show one dot.
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Conversely, if a signal was quasiperiodic, the Poincare
map would show a closed curve distribution of dots.
If a signal were to be less random, the Poincare map
would show a concentrated cluster of dots. The sample
entropy of subject 1 at 105 minutes is the lowest out of
all the horses which would mean that the subject has
the least random gait. This finding is consistent with
the Poincare map shown in Figure 5 where there is
condensed grouping of dots. There appears to be fewer
dots on the map because of overlapping dots.

0 First return map for max a

Fig. 6 Poincare map of subject 2 at 0 minutes into lido-
caine 2% treatment.

3.3. Treatment 3 (PDNB with lidocaine 1% and epineph-
rine)

Figure 7 is a graphic showing the entropy values of the
subjects experiencing the Lidocaine 1% with Epineph-
rine treatment. Referencing Figure 7, subjects one and
three show a decrease in entropy and subject 4 experi-
ences an increase in entropy during phase 1. Because
of the drastic change in entropy in subjects two and
five, there is no trend in entropy for these subjects in
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phase 1. However, subjects two and five have a reduced
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Fig. 5 Poincaré map of subject 1 at 105 minutes into the
lidocaine 2% treatment

Another Poincare map, shown in Figure 6, was creat-
ed for subject 2’s gait at 0 minutes into the experiment.
At this point, subject 2’s sample entropy value is high;
therefore, it is deduced that the subject has a more ran-
dom gait. The Poincare map shown in Figure 6 is con-
sistent with the sample entropy theory. Figure 6 shows
a random cluster of dots. Unlike the map shown in Fig-
ure 5, there appear to have more dots. This is because
there are many different peaks in the data due to signal
randomness. As a result, more dots are unable to over-
lap each other, creating a randomly clustered map.
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entropy throughout phase 2 despite subject five having
a milder change in entropy. Additionally, subjects one
and three have a decrease in entropy, but, like subject 5,
subject 3 has a smaller change in entropy. Subject 4 has
no substantial change in entropy.

Lidocaine 1% with Epinephrine
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Fig. 7 Entropy values of subjects administered with li-
docaine 1% with Epinephrine

3.4. Difference in mean entropy

To clearly see if entropy has changed for the subjects
after each treatment, the entropy values were averaged
for each time for all three treatments. All the average
entropy values were then subtracted with the initial
average entropy. Figure 8 shows the change in average
entropy for all subjects and their respective treatments.
As suspected, there is a delayed reaction during phase 1
of the lidocaine 1% and epinephrine treatment; howev-
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er, after phase 1, there is a steady decline in entropy for
the lidocaine 2% and lidocaine 1% with epinephrine
treatments. For the Lidocaine 1% treatment, the mean
entropy values increase with respect to the average ini-
tial entropy during phase 1. Though the en
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tropy exhibits a negative change during phase 2 for the
lidocaine 1% treatment, it is less drastic compared to
the other two treatments. The lidocaine 2% treatment
has a negative change in entropy in all phases of treat-
ment. Negative change in mean entropy correlates to a
more regular gait. Schumacher notes that the Lidocaine
1% and Lidocaine 2% effect diminishes near the end
of the treatment. However, Figure 8 challenges this by
showing the decreasing difference in entropy at min-
utes. This means that the gait for all the subjects is more
regular despite the lessening effect of the drugs.

Difference in Mean Entropy

+ Lidocaine 1%
= @ =Lidocaine 2%
Lidocaine 1% + Epinephrine

0.04

0.02

o
(7]

§ \
£ 002
w % .©®
= . _ N
é 004 ‘q 90 35
c ’ ‘n
° s\, L
& -0.06 ) e
a (N
O,
-0.08 N5
.
~ ” p
0.1 e
o
o I I 1 | I )
0 20 40 60 80 100 120

Time (Minutes)

Fig. 8 Difterence in mean entropy of all subjects.

Conclusions

The purpose of this study was to determine whether
lidocaine in addition with epinephrine and a palmar
digital nerve block could make the gait more regular
for a longer time. By applying sample entropys it is con-
firmed that lidocaine and epinephrine with a palmar
digital nerve block suppresses erratic head movement
for greater duration of time.

Statment of Research Advisor

Jonathan Ting has done great work in implementing
a more streamlined and less invasive method in diag-
nosing equine lameness. Based on analysis, we have
determined that sample entropy values decrease more
significantly in the lidocaine 2% and lidocaine 1% with
epinephrine analgesic solutions.

-Dan Marghitu, Samuel Ginn College of Engineering
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Abstract

Beeswax has the potential to harbor a diverse microbi-
ome that may be an indicator of honeybee colony health.
In order to characterize the microbiome with a cul-
ture-independent method, DNA must first be extracted
from the beeswax, amplified by PCR, and sequenced.
Currently, there is no established protocol for DNA ex-
traction from beeswax. The properties of beeswax can
make DNA extraction difficult and inhibit PCR. To find
an effective protocol of DNA extraction for sequencing,
various beeswax sampling tools were used in combi-
nation with different DNA extraction methods in this
study. Samples were then assessed for their ability to
amplify by PCR. Multiple methods yielded amplifica-
tion by PCR with varying degrees of success.

Introduction

The honeybee, Apis mellifera, is an important financial
asset for beekeepers in addition to being essential for
the agricultural industry via pollination (Calderone,
2012). However, the Bee Informed Partnership (BIP)
National Colony Loss and Management Survey report-
ed that US beekeepers experienced an estimated loss of
32.2% of their colonies during the winter of 2020-2021
(Steinhauer et al., 2021). The current consensus for the
cause of colony loss is a conglomerate of stress factors
such as parasitic mites, insecticides, food shortages,
weather, and pathogens (Neumann & Carreck, 2010).

While studies have been conducted on pathogens in
the hive environment, these studies are often of small
scope, only utilize culturing methods, and focus on
one pathogen rather than the entire microbiome. Tech-
nologies exist to sequence DNA and identify microor-
ganisms found within the microbiome; however, these
methods have not been readily used for investigating
the microbiome of beeswax. This is likely due to diffi-
culties in extracting DNA from wax.

'Corresponding author: ksw0029@auburn.edu

DNA extraction methods use the chemical properties
of DNA and contaminants to yield purified DNA for
downstream use in PCR or sequencing. Various meth-
ods and commercial kits are available for DNA ex-
traction. Kits, such as Qiagen’s DNeasy PowerSoil Pro
Kit and DNeasy PowerFood Microbial Kit, are designed
to extract DNA from certain sample types and to re-
move specific contaminants from those samples that
would inhibit PCR. Numerous substances, including
proteins, polysaccharides, phenols, and lipids, can in-
hibit PCR and prevent amplification of the 16S region
used for DNA sequencing (Richards, 1999). While the
composition can vary, beeswax contains hundreds of
compounds, including a large amount of lipids and
proteins (Hepburn, 1986). Due to the hydrophobic na-
ture of lipids, problems can occur in DNA extractions
that rely on aqueous solutions. The properties of lipids
complicate not only the separation of microorganism
cells from the beeswax but also the removal of PCR in-
hibiting contaminants from the sample. Preliminary at-
tempts at DNA extraction from beeswax have resulted
in excess contamination or the degradation and loss of
DNA from multiple purification steps.

The goal of this study is to assess multiple sampling
tool types and DNA extraction methods to optimize a
protocol for DNA extraction from beeswax. This pro-
tocol can then be used to analyze the hive microbiome
and gain better insight into honeybee health and unex-
plained colony loss.

Methods

Sampling

To determine the best area for microbiome sampling
within the interior hive environment, samples were tak-
en with a sterile cotton swab from the hive entrance, the
top of a frame, the interior wall of a brood
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box, the backs of bees, beeswax covering the brood,
and inside an open cell. The swabs were sonicated in
0.01% MgSOs buffer and spiral plated on nutrient-rich
agar. The plates were incubated for 3 days at 37° C, and
bacterial colonies were counted. Samples taken from
beeswax covering brood produced the highest number
of colonies (Fig. 1), likely due to the high amount of
contact with bees and high nutrient content from the
beeswax composition. Beeswax covering brood was,
therefore, determined to be the best area to focus on
for this study.

Samples were taken from the beeswax covering brood
of five unrelated honeybee colonies. Three types of
sampling tools, a dry sterile cotton swab, a cotton swab
saturated with 0.01% MgSOs4 bufter, and autoclaved flat
wooden picks, were selected for use. Both dry and buff-
ered cotton swabs were twirled with moderate pressure
over the beeswax covering brood in an 8x8 cm area for
30 seconds. The wooden picks were inserted into the
beeswax covering brood to remove the capping con-
taining approximately 100mg to 250mg of beeswax.
Dry swabs and the wooden pick samples were stored
in microcentrifuge tubes and temporarily kept on ice
until placed in a -80° C freezer. Buffered swabs were
kept on ice and underwent DNA extraction within two
hours after sampling.

DNA Extraction

Four different DNA extraction methods were used in
this study. The Qiagen DNeasy PowerSoil Pro Kit was
selected since it is designed for small quantities of DNA,
uses a bead beating tube for spore extraction and a spin
filter column, and removes most PCR inhibitors. The
Qiagen DNeasy PowerFood Microbial Kit was select-
ed as it is designed for small DNA quantities and uses
a bead beating tube and a spin filter column. It is de-
signed to remove PCR inhibitors specific to foods such
as lipids. The Bio-Rad InstaGene Matrix, which utilizes
chelating particles to remove PCR inhibitors, was se-
lected for both cost and ease of use. Crude preparation
was also selected for cost and ease of use. The Qiagen
PowerSoil Pro Kit, Qiagen PowerFood Microbial Kit,
and Bio-Rad InstaGene Matrix were used according
to manufacturer directions for each sample tool type
for all 5 honeybee hives sampled. An exception is that
400ul instead of 200ul of InstaGene Matrix solution was
used per sample to ensure coverage of the swabs and to
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increase inhibitor removal capacity. Furthermore, the
wooden pick or cotton swab was used in place of soil
or food for the respective kit. The crude preparation
of DNA extractions involved adding 500ul of nuclease
free water to the samples, vortexing, and boiling at 101°
C for 10 minutes. Samples were vortexed again and
centrifuged at 12,000g for 2 minutes. The supernatant
was used as a PCR template. All samples, except crude
preparation samples, were analyzed by NanoDrop for
DNA concentration and purity.

PCR

The 16S rRNA gene PCR amplification was performed
using universal primers 27F (5-AGAGTTTGATYMT-
GGCTCAG-3’) and 1492R (5-GGTTACCTTGTTAC-
GACTT-3’). The amplifications were carried out under
the following conditions: initial denaturation at 95°C
for 10min, followed by 35 cycles of denaturation at
95°C for 15 seconds, primer annealing at 50°C for 60
seconds, and extension at 72°C for 120 seconds, with
a final elongation at 72°C for 10 min. For each PCR
reaction, the following was used: 5ul of template, 1.5ul
MgCl2, 5.0ul buffer, 0.5ul dNTPs, 2.0ul 27F primer,
2.0ul 1492R primer, 0.20ul Taq polymerase, and 8.5ul
nuclease free water.

Results

Culturing of the samples from different areas within
the hive yielded varying results (Fig. 1). Samples from
beeswax covering brood produced the largest num-
ber of bacterial colonies with at least three distinct
morphologies seen. There were no bacterial colonies
obtained from the wooded surfaces in the interior of
the hive, although divots were observed in the media.
Diverse bacterial colonies were obtained from the hive
entrance; however, more growth was seen for these
samples at 27°C than 37°C, indicating, along with the
morphology of some of the colonies, that these bacte-
ria were likely environmental species and not honeybee
symbionts or pathogens.

Fig. 1. Cultures from various areas of the honeybee
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hive. The top row is minimal media, and the bottom
row is nutrient-rich agar. From left to right, the samples
were taken from the hive entrance, top of the frame,
wall of the brood box, backs of bees, beeswax covering
capped brood, and inside an open cell.

Gel electrophoresis was used to confirm that after ex-
traction, samples could be amplified by 16S PCR (Fig.
2). All samples taken with any of the three sampling
tools used with the Qiagen PowerSoil Pro Kit were able
to be amplified. Samples used with Qiagen PowerFood
Microbial Kit were able to be amplified when samples
were taken with a wooden pick or a dry cotton swab.
The buffer saturated swabs had mixed success, with
only 3 out of 5 samples amplifying. DNA extraction
with InstaGene Matrix produced minimal amplifica-
tion with the dry cotton swab and no amplification
with wood or buffered swabs. Crude preparation did
not produce any amplification. The band seen for dry
swabs under C2 in Fig. 2 was due to a gel loading error.

Bands showing that the 16S rRNA region of bacteria
was able to be amplified appeared for the negative con-
trols for all sample collection tool types. The negative
controls, in this case, consisted of an unused swab or
wooden pick. Sanger sequencing of the negative con-
trols showed that the contamination came from shared
lab equipment.
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Fig. 2. Gel electrophoresis results of 16S PCR, where S

refers to samples extracted with Qiagen PowerSoil Pro
Kit, F refers to Qiagen PowerFood Kit, I refers to Bio-
Rad InstaGene Matrix, C refers to crude preparation,
P refers to the positive control, N refers to a negative
control, and L refers to a 1kb ladder. A white band at
around 1,500bp indicates successful amplification of
the 16S rRNA gene region. Note that the brightness of
bands does not indicate amplified DNA quantity. The
gel for dry swabs was overexposed to better visualize
the InstaGene bands.

Before PCR, samples were analyzed for DNA concen-
tration and purity with NanoDrop. Table 1 lists the av-
erage concentration of DNA in ng/ul for sample tool
type and DNA extraction method. On average, the
samples collected with wooden picks contained more
DNA than the other sampling tools. The dry swabs and
buffered swabs had comparable amounts of DNA. It
should be noted that the MgSOa4 buffer contained bac-
terial contamination that may have inflated the amount
of bacteria, and therefore DNA, that can be collected
by a buffer-saturated swab. Samples processed with the
Qiagen PowerFood Microbial Kit had a DNA concen-
tration double that of the Qiagen PowerSoil Pro Kit.
Although the InstaGene method produced a high con-
centration of DNA, this method did not yield consis-
tent PCR results.

Table 1. Average DNA in ng/ul extracted from the Qia-
gen PowerSoil Pro Kit, the Qiagen PowerFood Kit, and
InstaGene Matrix for the various collection tool types.

T SoilKit | FoodKit | InstaGene
Dry swab 3.62 6.92 115.26
Buffered swab | 3.28 7.00 100.64
Wood 5.80 18.96 608.94

The presence of contamination was determined by
NanoDrop spectroscopy through 260/280 and 260/230
absorbance ratios. The average readings for samples
that could be amplified by PCR were 17.1 ng/ul with
a 260/280 ratio of 1.88 and a 260/230 ratio of 0.15.
The average readings for samples that were not ampli-
fied were 218 ng/ul with a 260/280 ratio of 1.15 and a
260/230 ratio of 0.41. A T-test determined the readings
for concentration, 260/280 ratio, and 260/230 ratio to
be significantly different between the samples that were
able to be amplified by PCR and the samples that were
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not able to be amplified (p < 0.005).

A sample taken with a dry cotton swab extracted with
the Qiagen PowerSoil kit was able to be sequenced us-
ing Illumina Miseq with an acceptable (>10,000) num-
ber of reads. Samples used with other extraction meth-
ods have not yet been submitted for sequencing.

Discussion

The resulting bacterial colony growth from the differ-
ent hive areas leads to further questions that can be
investigated in future studies. Investigating why there
are no culturable bacterial colonies from the interior
wooden surfaces of the hive could lead to new knowl-
edge regarding the i-microbial properties of the hive
environment. Further studies concerning the bacterial
composition of the microbiome found at the hive en-
trance can provide insight into the vector ecology of
honeybees as carries of environmental bacteria such as
those that may be plant pathogenic.

Although there appears to be bacterial contamination
in all DNA extraction samples, this serves to demon-
strate which DNA extraction methods can be success-
ful when bacteria are known to be present. Among the
protocols tested, using a wooden pick or dry cotton
swab and either the Qiagen PowerSoil Pro Kit or Qia-
gen PowerFood Microbial Kit was the best option for
ensuring amplification of the 16S rRNA gene region,
which can then be used for sequencing. Since bacteria
are not highly abundant inside the hive, using a wood-
en pick that can collect a larger sample and the Qiagen
PowerFood Microbial Kit, which yielded the highest
DNA concentrations of the methods that worked, may-
be the best option for assessing the microbiome. If cost
is a factor, the Qiagen PowerFood Microbial Kit is the
more economical option compared to the Qiagen Pow-
erSoil Pro Kit. It should be noted that the bead beating
tubes in the Qiagen PowerFood Microbial Kit is too
small for the swabs or wooden picks. The beads may be
transferred to the microcentrifuge tube used for sam-
ple collection. The inconsistent results of the Qiagen
PowerFood Microbial Kit, when used with the buffered
swabs, show that there may be an incompatibility with
the kit and MgSOs and, therefore, should not be used
together.

Wooden picks may sample more invariably than cot-

ton swabs. Unless the wooden picks are weighed be-
fore, and after sampling to record the mass of beeswax
taken, the samples may vary significantly. Meanwhile,
swabbing an 8x8 cm area for 30 seconds generally satu-
rates a dry swab with wax and normalizes the samples.

Results indicate that higher concentrations of DNA af-
ter extraction do not indicate a greater likelihood of be-
ing amplified by PCR. Instead, lower concentrations of
extracted DNA are associated with amplification ability
and may indicate a higher degree of purification. How-
ever, 260/280 ratios seem to be most indicative of the
ability to amplify. A reading of 1.8 for a 260/280 ratio
is considered pure for DNA (Thermo Scientific, 2012).
The samples that were able to be amplified had an av-
erage 260/280 ratio of 1.88, while the samples that were
unable to amplify had a ratio that was significantly low-
er. A ratio of 2.0 or more for 260/230 ratios indicates
pure DNA, with lower values indicating contamina-
tion. The 260/230 ratios seen in this study were all sig-
nificantly lower than 2.0. However, this did not affect
the ability to amplify; in fact, the group that was able
to be amplified had a lower 260/230 ratio. Low 260/230
ratios were found to have no significant effect on the
ability of RNA samples to successfully undergo qRT-
PCR (Cincinnati et al., 2008). In this case, low 260/230
ratios can be disregarded as an indicator of potential
PCR inhibition.

While previously, there has not been an established
protocol for DNA extraction from honeybee beeswax,
this study shows that DNA extraction from beeswax,
16S rRNA gene amplification, and sequencing of the
hive microbiome is possible. This will allow for future
studies of the hive microbiome that may show the mi-
crobiome to be an indicator of honeybee colony health.
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Comet 29P/Schwassmann-Wachmann' (hereafter 29P)
is a highly active member of the centaur population,
notorious for its unusual outburst behavior. Hover-
ing at large heliocentric distances, 29P is too cold for
the sublimation of water ice to drive its outbursts. De-
spite the low temperatures, frequent outbursts of dif-
fering sizes have been observed for 29P. This unusual-
ly high frequency and magnitude of outbursts at such
cold temperatures have left astronomers puzzled. With
data collected from the Hubble Space Telescope (HST)
during a medium-sized and a small-sized outburst of
29P, the differences between outbursts of two different
magnitudes were explored. Understanding the differ-
ences between small and medium-sized outbursts of
29P can provide insight into how the characteristics of
its outbursts scale with size.

Despite having an orbit and size consistent with an
Asteroid, 29P has a composition and outburst behav-
ior similar to that of a Comet, thus classifying it as a
Centaur. Centaurs are small icy bodies with orbits be-
tween Jupiter and Neptune, which are thought to dy-
namically link the Jupiter-Family Comets (JECs) to the
Trans-Neptunian Objects (TNOs) of the outer solar
system. Based on their composition and outburst be-
havior, many Centaurs, like 29P, are often referred to
as both Comets and Centaurs. Although the outburst
mechanism of most comets is the sublimation of water
ice, 29P is too cold for its water ice to sublimate enough
to drive an outburst. For this reason, the mechanism
driving 29P’s outbursts is currently unknown. However,
what is known, is that 29P does exhibit frequent out-
bursts of various magnitudes.

'Corresponding Author: jza0052@auburn.edu

Table 1 Filters used for observations.

 Filter Range (nm) | 4,57 (nm) | Color
(F689M | 6450-7325 | 6873 |Red
F487N | 4828 - 4918 4874 | Cyan
- F845M 7895 -9018 8431 Red-IR
' F350LP | 3197-10710 5558 Visible |

The Target of Opportunity (ToO) observations collect-
ed with the HST were acquired following reports of a
possible fragmentation event of 29P before Oct. Ist,
2019 [1]. The observing cadence captured 29P within
two days of a 0.9 magnitude, and thus medium-sized,
outburst. This set of observations provided data both
preceding and following this 0.9 magnitude outburst,
which would allow us to probe the development of the
ejecta. Between the purported fragmentation event
and the HST observations, 29P underwent two small
outbursts of magnitude 0.4-0.5 on Oct. 7th [2] and
Oct. 16th of 2019 [3], followed by the medium-sized
0.9 magnitude outburst around Oct. 19th, 2019 [4]. A
timeline of the observation window, purported frag-
mentation window, and reported outbursts from Au-
gust to October of 2019 is given in Fig. 1.

0.5 mag

outburst
Sept 12

0.45 mag
outburst
Sept 27
Detection
of possible
fragmentation
Oct1-3

0.4-0.5 mag
outburst
Oct7
0.4-0.5 mag
outburst
Oct 16

0.3 mag
outburst
1.7mag AUES 0203 mag
outburst
Aug 2

0.5 mag
outburst
Sept 17

0.9 mag
Outburst
Oct 19

outburst
Sept &
I

"/

=
r T
Observation 1 Observation 3
Oct14 0Oct 28

Observation 2
Oct 21

No fragmentation
detected
Sept 25

Fragmentation
Window
Sept 25-Oct 1

Fig. 1 Timeline of reported outbursts of 29P around the
time of observation.

Three sets of observations were conducted using the
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HST in October of 2019. The first set is a collection of
eight images on Oct. 14th, 2 in the F689M filter, 2 in
the F845M filter, and 4 in the F487N filter. The second
set is also eight images collected on Oct. 21st, using the
same three filters and their respective number of im-
ages. The third set is a collection of 12 images on Oct.
28th, 4 in the F689M filter and 8 in the F350LP filter.
Table 1 shows the wavelengths and corresponding col-
ors of these 4 filters.

One of the most important pieces of information for
characterizing and comparing comet outbursts is the
flux. The flux is a measure of how much light from an
object reaches the detector. A python script was written
to calculate the flux of the comet within a 0.8-arcsec-
ond aperture. The flux values were then separated into
data subsets based on their respective filter, such that a
plot of flux vs. time could be made for each filter (Fig.
2). These plots show a significant increase in the flux
between Oct. 14th and Oct. 21st, which is consistent
with the reported 0.9 magnitude outburst observed on
Oct. 19th [1]. The significant increase in flux was ob-
served in all three filters used across those two obser-
vation dates. There was a 26% increase in the Red-IR
band, a 31% increase in the red band, and a 67% in-
crease in the Cyan band. In addition to the 0.9 magni-
tude outburst occurring on Oct. 19th, a much smaller
0.2 magnitude outburst is thought to have occurred on
Oct. 28th. As shown in the F350LP and F689M plots, a
noticeable jump in the flux occurs between 12:40 and
13:40 on Oct. 28th. In the full visible spectrum, the
flux increased by 18% within one hour before continu-
ing to fall back down. This jump in the flux is also seen
as an 11% increase in the red band filter.

Flux (e-/5)

10/14
Observation Date

F487N

10/21

Flux (e-/s)

g

10/14 10/21
Observation Date
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Johannes worked on the analysis of Hubble Space Tele-
scope (HST) observations of an object far from the
Sun that is continuously out-bursting. In his project,
he developed a detailed timeline of various outburst
events surrounding the HST observations, which pro-
vides important context for the interpretation of our
data. He prepared the HST data by carefully removing
cosmic rays contaminations, and by further process-
ing the telescope images he isolated and analyzed the
properties of the material ejected by different kinds of
outburst.
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References

[1] British Astronomical Association, “Mission 29P —
Centaur comet observing campaign” https://britastro.
org/wp-content/plugins/baa-frontend-tweaks/baa-
check-file.php?filename=sites/29P_2019-20phot.txt,
Accessed: March 20, 2022.

[2] Kelley, M.S.P,, Bodewits, D., Ye., Quanzhi, Farnham
T.L., Bauer, J. “Possible Fragmentation of Comet 29P/
Schwassmann-Wachmann 17 ATEL #13164. Oct 3,
2019.

[3] Kelley, M.S.P, British Astronomical Association,
Personal Communication, Oct 2019.

[4] Ye, Q., Kelley, M.S.P,, Bodewits, D., “Additional
Outburst of Comet 29P/Schwassmann-Wachmann 1”

10/21
Observation Date

F350LP

5900

10/28
Observation Date

Fig. 2 Flux vs. Observation date for all 4 filters.

31



Auburn University Journal of Undergraduate Scholarship

Authors Biography

Johannes J. Allen is a senior
completing concurrent B.S. de-
grees in Aerospace Engineering
and Physics at Auburn Univer-
sity. He has been conducting
research in the Cometary Sci-
ence research group at Au-
burn for the last two years. In
addition to his research work,
he is a Teaching Assistant for
Physics and the president and
co-founder of the Astronomi-
cal Society at Auburn Univ.

d Youssef Moulane, Ph.D,, is a
postdoctoral researcher in the
Physics department at Auburn
University. He got his B.S. and
M.S. in High Energy Physic
# & Astrophysics at Cadi Ayyad
University in Morocco and
o his Ph.D. in Astronomy and
Astrophysics at the Universi-
ty of Liege in Belgium. While
getting his Ph.D., he also did
research at Le Havre Universi-
ty in France and the European
Southern Observatory in Chile.

Dennis Bodewits, Ph.D., is
an Associate Professor in the
Auburn University Physics
Department. After getting
his PhD in Laboratory As-

Gromngen in the Netherlands,
he worked as a Research Sci-
{ | entist at NASA Goddard Space
Flight Center and the Univer-
sity of Maryland. He also has
an asteroid named after him,
“10033 Bodewits”!

32



Auburn University Journal of Undergraduate Scholarship

Nanocellulose-based Antimicrobial Systems for
Mitigating E. coli outbreaks in water bodies

Brieanne Dickson', Gabriel Au®, Diego Gomez-Maldonado®, Brendan Higgins*, and Maria Soledad

Peresin®

'Undergraduate Student, College of Science and Mathematics, Auburn University
? Undergraduate Student, Department of Biophysics, John Hopkins University
*Post-Doctoral Research Professor, College of Forestry and Wildlife Sciences, Auburn University
*Assistant Professor, Biosystems Engineering Department, Auburn University
5 Assistant Professor, College of Forestry and Wildlife Sciences, Auburn University

In Alabama, there has been a significant E. coli pollu-
tion problem in water sources due to an overabundant
feral hog population. A study tested the impacts these
feral hogs have on the water quality and found that in
treatment watersheds, the values of E.coli were up to 40
times greater than the reference watershed due to fecal
material (Bolds et al., 2021). This is an obvious threat
to entire populations that have their water sources con-
taminated by hogs.

One solution to this problem may be the use of silver
nanoparticles, which are well known for their antimi-
crobial properties. Silver ions liberated by them can en-
ter the cells through pores in the membrane, damaging
proteins and DNA, disrupting the functioning of the
cell, and resulting in cell death (Liao et al., 2019). For
silver nanoparticles to function, they first need to be
anchored to other structures to control the release and
long-term use of these silver ions. Nanocellulose-based
hydrogels are an attractive alternative as they can be
used as reactants for synthesis while serving as an an-
choring structure.

Cellulose nanofibrils are attractive due to their mor-
phology, high surface area, low density, and sustainable
sourcing. Cellulose can form hydrogel structures which
can be used as scaffolds for synthesizing silver nanopar-
ticles. To form them, premade nanocellulose spheres
are immersed into Tollens” reagent where the hydroxyl
and carboxyl groups in cellulose fibers interact with the
silver ammonium oxidizing to aldehyde groups. Silver
interacts with these fibers, building silver seeds and
once heated, crystallizes to form silver nanoparticles
(Wu et al., 2014).

'Corresponding Author: brd0011@auburn.edu

The objectives of this project were to generate silver
nanoparticles using nanocellulose spheres from differ-
ent raw materials as scaffolds and test their efficiency
at inhibiting E.coli growth. Two common raw materi-
als, wood and soybean hulls, were chosen to determine
which has the best-reducing capacity.

Characterization using Fourier-transform infrared
spectroscopy (Figure 1) showed a change in the car-
bon hydrogen-bond due to aldehyde formation. There
is also a decrease in carboxyl groups as they are used
during the reaction.

C-H Cc=0
Soybean Ag+ A

Soybean

Wood Ag+
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Figure 1. Fourier Transform Infrared Spectroscopy of
Four Materials

Scanning electron microscopy (Figure 2-5) showed an
increase in rugosity in the presence of silver nanopar-
ticles, inferring that the higher presence in soy-
bean-spheres might be caused by the additional com-
ponents such as pectin.
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Figure 2. Scanning Electron Microscopy Wood with
Silver
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Figure 3. Scanning Electron Microscopy Wood with-
out Silver.
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Figure 4. Scanning Electron Microscopy Soybean with
Silver.
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Figure 5. Scanning Electron Microscopy Soybean
without Silver.

A bacterial suspension was performed through serial
dilutions to obtain bacterial concentrations similar to
those found in watersheds. These bacterial concen-
trations include 10-8, 10-7, and 10-6 colony forming
units. Ten milliliters of each concentration were ob-
tained, and three milliliters of each concentration were
run through tubes at volumes of 48.4-, 10.89-, and
16.64-millimeters of spheres. The last milliliter of the
solution was collected and plated along with a con-
trol plate. Plates were placed in an incubator at 37 °C
overnight, and the resulting colonies were counted and
recorded. Figure 6 indicate the antimicrobial efficacy
in wood and soybean spheres with and without silver
nanoparticles. The ImL, 2mL and 3mL on Figure 6 in-
dicate the depths of spheres in the tube and the -8, -7,
and -6 indicate the bacterial concentrations. Overall,
we found that there is an increase in antimicrobial ef-
ficacy with silver nanoparticles. Silver nanoparticles in
the soybean spheres seem to have greater efficacy than
wood.
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Figure 6. Comparison of Antimicrobial Efficacy in
Wood and Soybean Spheres with and without Silver
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Proteasomes are multi-subunit protein recycling ma-
chines of cells turning damaged and no longer needed
proteins into building blocks to make new proteins[1].
Rapid growth and elevated rates of protein synthesis
in cancer cells increase the production of abnormal
proteins increasing the load of the proteasome. Prote-
asomes are also involved in the specific destruction of
regulatory proteins such as transcription factors. These
proteins are essential for cancer cell proliferation and
survival. Taken together, these factors create a thera-
peutic window for proteasome inhibitors in various
cancers. Inhibiting the proteasomes of the cancer cells
by blocking the active site(s) of the proteasome causes
selective apoptosis of malignant cells. FDA-approved
proteasome inhibitors, bortezomib, carfilzomib, and
ixazomib, are used for the treatment of multiple myelo-
ma, a bone marrow cancer. However, the usage of pro-
teasome inhibitors in solid tumors is limited by their
poor tumor penetration and toxicity to normal tissues.
By packaging FDA-approved proteasome inhibitors
into liposome nanoparticles, selective delivery may
protect drugs from metabolic inactivation, improve ef-
ficacy, tumor penetration, target engagement, and re-
duce toxicity to normal tissues[2]. To test this, tumor
growth and the target engagement by the drug were
evaluated in a murine model of triple-negative breast
cancer. These cancers lack targeted therapies and are
highly dependent on proteasome activity [3]. However,
clinically achievable concentrations of FDA-approved
proteasome inhibitors are not high enough to inhibit
the growth of these tumors [4].

A remote loading technique [5] was used to encapsulate
Carfilzomib (Cfz) into pre-formed liposome nanopar-

'Corresponding author: led0043@auburn.edu

ticles. We created two types of nanoparticles, 'conven-
tional nanoparticles with a non-modified lipid envelope
and pegylated-long-circulating nanoparticles, which
carried polyethylene glycol (PEG) on their surface. PEG
is a biocompatible and biodegradable polymer used to
extend the half-life of nanoparticles in vivo because it
prevents liposomes from being recognized and cleared
by the innate immune system. We have compared the
efficacy of conventional liposomes and PEG-liposomes
of Cfz in a murine model of triple negative breast can-
cer. Tumors were created by injecting 105 4T1 cells into
a mammary fat pad. This murine breast cancer cell line
closely resembles human triple negative breast cancer
in its molecular properties. When tumors became pal-
pable, mice were treated with free, liposome, or PEG-li-
posome encapsulated Cfz twice weekly on consecutive
days to match the clinical schedule of Cfz in myeloma
patients. Tumor volume was measured with a caliper
over the course of experiment. Mice were sacrificed
when they lost more than 15% body weight as per ap-
proved IACUC protocol.
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Fig. 1 Liposomal formulation dramatically improves ef-
ficacy of Cfz in a murine model of triple negative breast
cancer. Mice bearing 4T1 tumors in a mammary fat pad
were treated with different formulation of Cfz (3 mg/
kg) or vehicle on days indicated by arrow. MFP, mam-
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mary fat pad.

As can be seen on Fig. 1, traditional formulation of Cfz
did not block growth of these tumors although Cfz was
used at doses close to the maximal tolerated dose in
mice [6]. On the other hand, tumor growth in mice
treated with the same dose of Cfz in the liposomal for-
mulations was dramatically delayed. Thus, liposomal
formulation dramatically improved the efficacy of Cfz
in this model of triple negative breast cancer. We also
showed that the liposome formulations had less weight
loss, compared to free drug. This suggests that these
formulations were less toxic to healthy tissue com-
pared to free Cfz. In a separate experiment (Fig. 2), we
have measured intratumoral inhibition of proteasome
by Carfilzomib. Tumor tissue was harvested 2 and 24
hours after a single dose of Cfz and lysed. The samples
were incubated with activity based fluorescent probes
that affinity label the 1, $2, 35 active sites of Cfz targets
of the 20S proteasome [7]. Cfz is an irreversible inhibi-
tor, and its binding to proteasome active sites prevents
their labeling with the probes. After labeling, extracts
were fractionated in polyacrylamide gel in the presence
of lithium dodecyl sulfate to separate subunits (LDS-
PAGE), followed by visualization of subunits by fluo-
rescent imaging (Fig. 2). Darker bands indicate activity
while the absence of the bands indicates proteasome
inhibition. The B5 site is the prime target of Cfz, but our
laboratory has previously determined that, in order for
Cfz to kill triple-negative breast cells, it must co-inhibit
either 31 or B2 sites [4]. As can be seen on Fig. 2, in the
non-liposomal formulation of Cfz and empty nanopar-
ticles caused little to no inhibition of the proteasome.
Contrary to it, strong to near-complete inhibition of all
active sites was observed in tumors that were exposed
to inhibitors for 24 hours. Thus, the liposomal formu-
lations of carfilzomib dramatically improved intertu-
moral target engagement.
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Fig. 2 Liposomal formulation of Cfz improve intratu-
moral inhibition of proteasomes. LDS-PAGE of tumor
extracts after affinity labeling of proteasome subunits,
which were detected by fluorescent imaging. Subse-
quent Coomassie staining was used as a loading con-
trol. Tumors were harvested at times indicated after
treatment with a single 3mg/kg does of Cfz.
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Exposure to a potentially traumatic event (PTE) is
incredibly common among U.S. adults, with approxi-
mately 90% reporting traumatic event exposure in their
lifetime, and many reporting exposure to multiple PTEs
(Kilpatrick et al., 2013). Trauma exposure can lead to an
array of negative physical and mental health symptoms
associated with stress-related conditions such as post-
traumatic stress disorder. Our “Traumatic Stress Risk
Factors and Daily Symptoms” study aims to examine
underlying risk factors for posttraumatic stress symp-
toms (PTSS), specifically threat reactivity and negative
reinforcement sensitivity. These risk factors will be as-
sessed in relation to PTSS severity and maintenance
over time among a trauma-exposed sample. Normal
functioning of our body’s threat response system is im-
perative for ongoing survival, and PTSS has been shown
to alter the way our body reacts to external threatening
stimuli (Lobo et al., 2011). A blunted neural response
to threatening stimuli has been shown in chronic and
severe PTSS, while a hypersensitive neural response has
been shown in people with moderate PTSS (D’Andrea
et al., 2013). Further research on these risk factors will
provide a better framework to understand the condi-
tions that result in altered threat responding in PTSS
and how this connects to other forms of psychopathol-
ogy such as substance use disorders (McCauley et al.,
2012) and suicidality (Albanese et al., 2021).

Eligibility requirements for participants (n=100, aged
18-65) include a history of trauma exposure and some
PTSS, including at least avoidance or traumatic intru-
sions. We will first administer a clinical interview to
screen participants for eligibility and symptom sever-
ity. Following screening, we will schedule participants
for an in-person labratory appointment in which in

! Corresponding Author: ded0020@auburn.edu

which they will complete a non-invasive electroen-
'cephalogram (EEG) procedure while engaging in a se-
ries of computerized tasks designed to examine threat
reactivity and sensitivity to negative reinforcement. To
measure threat reactivity, participants will complete
a picture-viewing task where they are presented with
pleasant, neutral, and threatening images. Either a cir-
cle or a square will then flash onto the screen, and the
participant must quickly and accurately press a button
indicating which shape appeared. This task reflects
threat reactivity and the ability to maintain attention on
a goal-directed task in the context of a threat compared
to the pleasant and neutral conditions. I hypothesize
that participants who struggle to maintain attention
during this task will experience more severe PTSS
and report greater substance use. If participants
have trouble maintaining attention, then they will
have significantly greater brain activity, approximately
400-1000 milliseconds after viewing the stimulus. Par-
ticipants will complete self-report measures of drug
and alcohol use as well as alcohol use motives to assess
engagement in substance use and potentially prob-
lematic substance use motives (e.g., drinking to cope
and conform).

We will then invite participants to complete a two-week
ecological momentary assessment (EMA) period
where they will complete a brief survey four times a day
for two weeks. The EMA period provides an op-
portunity to evaluate daily fluctuations in anxiety,
mood, sleep patterns, and PTSS in the participant’s
typical environment in real time (Shiffman, Stone, &
Hufford, 2008). It also provides a chance to
test how neurobehavioral mechanisms assessed in
the lab predict changes in PTSS and substance
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use patterns in a real-world setting. The EMA period
can provide rationale as to how and when PTSS and
substance use co-occur (Lane, Waters, & Black, 2019).
We will invite all participants to complete a follow up
appointment three months later, which will include
another clinical interview to observe the mainte-
nance of their PTSS.

The present work may contribute to the development
of targeted interventions to normalize threat responses
among those with PTSS. It will also allow us to gain-
more knowledge about the comorbidity of PTSS and
substance abuse. We look forward to collecting data
on this study over the next few years and will be
actively recruiting participants in the near future.

Statement of Research Advisor

The Research and Interventions for Stress-related Con-
ditions (RISC) lab in the Department of Psycholgocial
Sciences aim to better understand neurobehavioral
mechanisms underlying vulnerabiltiy for posttraumat-
ic stress disorder (PTSD), suicide, and other anxiety
and stress-related disorders. Dorothy’s research ex-
pands these areas in important ways by investigating
one possible vulnerability factor for PTSD symptom-
ology. Dorothy’s impressive contributions highlight the
outstanding undergraduate scholarship conducted in
the RSIC lab.

- Brian ]. Albanese, College of Liberal Arts
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Alcohol is one of the most popular recreational drugs
with roughly 70% of Americans reporting alcohol use
within the last year (NIH, 2020). It is known that al-
cohol indirectly influences the immune system via its
effects on the hypothalamic-pituitary-adrenal (HPA)
axis, resulting in a dampening of the immune response
(Eskandi & Sterberg 2002). Additionally, alcohol has
direct effects on inflammatory and immune processes
(Molina, et. Al., 2010), i.e., alcohol directly decreases
white blood cell function (Gacouin, et. al, 2012) and
quantity (Szabo & Mandrekar, 1999).

For example, alcohol also decreases expression of TNF-a
through activation of its molecular inhibitor. TNF-a is a
pro-inflammatory cytokine prone to decreased expres-
sion following the consumption of alcohol due to the in-
teraction of alcohol with the NF-B inhibitor. TNF-a is a
pro-inflammatory cytokine produced by macrophages/
monocytes during infection which participates in a
wide array of signaling pathways within cells. TNF-a
is also an important protein in resistance to cancer and
infection (Idriss & Naismith, 2000). Alcohol interacts
with the NF-B inhibitor, decreasing phosphorylation
and allowing it to bind to NF-B- thereby inhibiting the
production and expression of TNF-a. This binding in-
hibits proper production of TNF- a in chronic drinkers.
Importantly, these immunosuppressant qualities of al-
cohol consumption have been linked to greater suscep-
tibility to respiratory infections (Happel and Nelson,
2005, Szabo and Mandrekar 2009).

Because of the tendency of a binge drinker to consume
more alcohol on a more regular basis when compared
to a moderate drinker, we hypothesized that the expres-
sion of TNFa following consumption of alcohol will be
significantly less than moderate drinkers after alcohol

'Corresponding author: sara.blaine@auburn.edu

cue exposure and alcohol consumption. Understand-
ing the potential negative ramifications of alcohol con-
sumption on the immune system is especially relevant
as the COVID19 pandemic continues on college cam-
puses.

Table 1. Demographics. This table breaks down the de-
mographics of selected individuals. (Total N=64 and
the * symbol notates a significant difference between
BH/MD groups at p=0.05.)

SUBJECT VARIABLE

MODERATE SOCIAL DRINKERS (N=31) | BINGE/HEAVY SOCIAL DRINKERS (N=33)

14 (45%)
17 (55%)

FEMALE
MALE

16 (48%)
17 (52%)

|RacE

AFRICAN AMERICAN*
CAUCASIAN
ASIAN AMERICAN*
HISPANIC

5 (16%)
23 (74%)
3(10%)
6 (19%)
28(7)
16.84 (2.5)

1(3%)
32 (97%)
0 (0%)

6 (18%)
23.73(4.5)
15.76 (1.6)

AGE*

YEARS OF EDUCATION*

DRINKING VARIABLES

NUMBER OF AUD FIRST DEGREE RELATIVES
[YEARS OF REGULAR DRINKING

DRINKING DAYS IN PAST MONTH*

TOTAL AMOUNT CONSUMED IN PAST MONTH*
[CAHALAN QFVI USUAL NUMBER OF DRINKS*
[CAHALAN QFVI MAX NUMBER OF DRINKERS*

0.26 (0.58)
7.53 (6.89)
9.89(7.35)
23.46 (19.18)
2.45(0.93)
4.97(1.83)

0.24 (0.58)
4.97 (5.16)
14.61(6.37)
78.27 (63.70)
5.11(2.84)
9.21(2.75)

Participants were recruited based on their responses to
a survey screening for drug use and abuse, alcohol use
and abuse, history of mental health disorders, as well as
age, race, and weight. Using parameters set by the NIH,
the participants were classified into either the binge or
moderate group. The classification was not mentioned
to participants, and both groups experienced equal
treatment. The group classified as “binge” was com-
posed of participants who consumed 15+ alcoholic
beverages a week for men, and 12+ alcoholic beverages
a week for women. In these use patterns, we also looked
to identify “binge” occurrences where the participant
consumed 5-7+ drinks in one instance roughly once a
month. The group classified as “moderate” consumed
less than 15 drinks a week for men, and less than 12
drinks a week for women.
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Participants came into the AUBIE lab on 2 non-con-
secutive days and administered a urine drug screen
and a breathalyzer breath alcohol content test. Next,
baseline blood samples were collected by a registered
nurse prior to the alcohol taste test and placed in an
ice bath for preservation prior to centrifugation. Next,
during The Alcohol Taste Test, participants are present-
ed with three mugs of beer. Participants are instructed
to drink enough to determine if they are same beer or
different beers. Following the ATT, the participant was
monitored for 45 minutes and a final blood sample was
collected.

The blood samples were then spun in the centrifuge at
3000 RPMs for 12 minutes at 4°C to separate the blood
components. The plasma from the samples was then
pipetted into participant specific 5mL test tubes and
brought to Dr. Beck’s lab at VCOM Auburn to be ana-
lyzed via an ELISA assay to determine and quantify the
presence of TNF-a within participant samples. ELISA
assays are an efficient method in quantifying blood pro-
teins. A blood sample is tagged using antibodies that
select for a specific blood protein, TNF-a, and are run
through software that can detect the quantity of TNF-a
by identifying the number of fluorescent antibodies.

There were no significant difference of baseline levels
of TNF-a between the two drinking groups, as shown
in Figure 1. This demonstrates that there two groups
were young and healthy, i.e., without a health condition
affecting baseline immune activity.

Baseline TNFa Levels

0.8
[ Binge Drinkers

TR = Il Social Drinkers
E
2
o 0.4
[
=

0.2

0.0

Group

Fig 1. No difference in baseline levels of TNF-a were
found between groups of drinkers, (t (62)=0.1797,
p=0.85).

A statistically significant interaction effect on TNF-a

levels was seen among group membership, alcohol
cues, and alcohol consumption (Figure 2). As the mod-
erate drinking group was exposed to cues, their levels
of TNF-a decreased. After the consumption of alcohol,
TNF-a levels in MD drinkers increased, as expected in
healthy individuals. The binge drinking group experi-
enced an opposite reaction with TNF-a release during
exposure to cues and a lack of release following con-
sumption. With decreased levels of TNF-a, the ability
of fight off inflammation is compromised. These find-
ings are represented graphically in Figure 2.

Binge Drinkers and Social Drinkers show
Opposite Responses to Alcohol Cues
vs. Alcohol Consumption

F(1,122)=44.76, P<0.0001
0.10—

-E‘ 3 Binge Drinkers
i 2 0.05 = Bl Social Drinkers
E £
28
Y § 0.00
s
G & -0.05

2

0.10

T
Response to Cues p to Ci ption

Fig 2. Comparison of levels of TNF-a between groups.

Additionally, the response elicited by the binge drink-
ing group is indicative of a priming effect, whereby
initial exposure to reminders of drinking led to more
drinking. The moderate drinking group does not elicit
a priming response and experiences a release of TNF-a
following the alcohol stimulus. The moderate group
releases TNF-a following the consumption of alco-
hol. This response, by the moderate drinking group,
is a healthy, unadjusted response to alcohol. The binge
group, however, experiences the priming effect by re-
leasing TNF-a initially when exposed to the alcohol
cues, but before the consumption of alcohol.

Through the analysis of blood TNF-a via ELISA assays,
it was found that TNF-a levels following exposure to
alcohol cues differed significantly between groups. The
analysis indicated that TNF-a levels in binge drinkers
increased when exposed to alcohol visual cues but de-
creased following consumption. On the other hand,
it was found that TNF-a levels in moderate drinkers
decreased when exposed to alcohol cues but increased
following consumption.
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Statement of Research Advisor

As part of a larger project funded by NIH, TNF-a re-
sponse to alcohol cues and consumption were mea-
sured in binge drinkers and social drinkers. During
the COVID19 pandemic, Josh noted the importance
of a healthy immune response in fighting the virus.
He therefore proposed to examine the differences in
TNF-a response between the groups and found pre-
liminary evidence that binge drinkers may have a com-
prised immune response to alcohol.

-Sara K. Blaine, PhD, College of Arts and Sciences
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The fungal genus Fusarium is comprised of many ubiq-
uitous species that present challenges as both clinical
and environmental pathogens (Coleman, 2015). De-
spite the availability of many modern techniques for
genetic modification, it is challenging and sometimes
impossible to alter this genus. Specifically, deletion of
multiple genes requires an extensive, tedious process
with often unsatisfactory results.

The goal of this project was the design and generation
of arecyclable dominant selectable marker cassette that,
upon insertion into a gene causing a mutation, would
result in the disruption of transcription and termina-
tion of any product being created.

Like many other fungal genera, Fusarium produces sec-
ondary metabolites known as siderophores to chelate
iron from its surroundings (Greenshields et al., 2007).
Upon creation of the recyclable dominant selectable
marker construct, the plasmid would be tested in one
of the three primary siderophore-producing genes
in a member of the Fusarium solani species complex
(FSSC), which can infect both agricultural and clinical
hosts. Following insertion into a single gene generat-
ing the desired mutation, this construct could then be
modified to lose the dominant selectable marker but
maintain a small insertion of DNA keeping the sidero-
phore encoding gene nonfunctional.

A similar strategy would be used to disrupt and mu-
tagenize the other siderophore-producing genes. Once
produced, the triple mutant of all the siderophore pro-
ducing genes would then be cultured to examine its
ability to survive compared to the wild type. We hy-
pothesize that upon the production of this mutant, it

'Corresponding author: hpe0004@auburn.edu

will show that iron plays a more significant role in the'
FSSC than previously thought. These mutants will fail
to survive and will not cause as severe symptoms as the
wild type in their hosts.

So far, the construct is still being designed due to chal-
lenges experienced in its assembly. Multiple molecular
techniques and strategies have been taken to approach
the difficulties, but further work is required to ensure
the production of the proper vector. Once the plasmid
vector can be utilized, though explicitly designed for
the inhibition of the production of siderophores, it is
not limited in its application solely for this purpose.
It will be able to disrupt any gene or group of genes,
allowing for a more efficient investigation of the many
unknown biochemical pathways in Fusarium.

The importance of this research project lies in the com-
monality of Fusarium, the lack of a method to modify
the fungus efficiently, and the few options available to
treat its infections. This project will provide informa-
tion about the siderophores of Fusarium, which can be
utilized to treat and prevent diseases in clinical and ag-
ricultural environments. Additionally, the created vec-
tor will be utilized to investigate other metabolic path-
ways and the development of other novel treatments.

Statement of Research Advisor

Iron serves as an important cofactor for many enzymes
and is a limiting nutrient during fungal virulence within
a host. Many fungi have evolved several mechanisms to
overcome this limitation, including synthesizing many
iron-binding compounds such as siderophores. As
generation of multiple mutations within a single fungal
strain is difficult, Harrison’s project aimed to develop a
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method to overcome this challenge. His research has
demonstrated that construction of this novel vector is
not straight forward and will require a time consuming
and tedious process of multiple cloning steps.

- Jeff Coleman, Entomology and Plant Pathology
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Suicide among military service members (MSM) is a
major public health problem. Veterans are at increased
risk for suicide compared to non-veterans (Kaplan et
al., 2012; McCarthy et al., 2009). Additionally, the sui-
cide rate for active-duty service members has become
comparable to that of the general population following
sharp increases in recent years (Pruitt et al., 2019). Pub-
lic health entities such as the Veterans Health Adminis-
tration have taken steps to reduce the burden of suicide
among MSM, but the need to identify factors that con-
fer risks for suicidality among MSM is still significant.
Thus, the current study attempted to identify two po-
tential risk factors/mechanisms for suicidality among
MSM: insomnia severity and interoceptive dysfunction.
Interoception is defined as the central nervous system’s
ability to monitor and notice signals coming from the
body. Likewise, dysfunctional interoception can occur
whenever external factors hinder one’s ability to accu-
rately assess such signals. Interoceptive dysfunction in-
fluences various psychopathologies, and insomnia is a
known risk factor for suicidality among MSM (Forrest
et al., 2015; Troxel et al., 2015). These constructs may
work conjointly to predict suicidality among MSM.
Specifically, interoceptive dysfunction may underlie
the relationship between insomnia severity and suicid-
al ideation. Individuals with sleep difficulties may have
difficulty perceiving their internal sensations as a result
of poor sleep quality. This interoceptive dysfunction
may culminate in suicidal thoughts, given the well-es-
tablished link between decreased interoception and
suicidality. Therefore, we investigated longitudinal rela-
tionships between interoceptive dysfunction, insomnia
severity, and suicidality among a sample of MSM. We
hypothesized interoceptive dysfunction to act as a me-
diator between insomnia severity and suicidal ideation.

'Corresponding author: wgf0007@auburn.edu

For this study, archival data were collected from 195'
MSM enrolled in a randomized control trial meant to
reduce suicidality among MSM. Participants completed
self-report surveys at three timepoints separated by one
month each that measured suicidal ideation, insomnia
severity and interoceptive awareness (4 subscales in-
cluded). Analyses focused on a 3-timepoint longitudi-
nal autoregressive cross lagged mediation model using
MPlus. Longitudinal paths from insomnia severity to
interoceptive dysfunction, interoceptive dysfunction to
suicidal ideation, and insomnia severity to suicidal ide-
ation were estimated, each separated by one timepoint.
In addition, normal tests of mediation of insomnia se-
verity to suicidal ideation by interoceptive dysfunction
were conducted.

Results of this model are presented in Figure 2. In-
somnia severity significantly predicted interoceptive
dysfunction over time, while interceptive dysfunction
predicted increased suicidal ideation over time. In-
teroceptive dysfunction did not mediate relationships
between insomnia severity and suicidal ideation. Sig-
nificant relationships between insomnia severity and
interoceptive dysfunction suggest that insomnia sever-
ity may be a risk factor for interoceptive dysfunction
in that poor sleep quality may lead to reduced ability
to recognize bodily sensations. Furthermore, our re-
sults replicate previous research (Forrest et al., 2015) by
highlighting that disconnection from one’s bodily sen-
sations increases suicide risk.

Given our results, we recommend assessing for both
interoceptive dysfunction and insomnia severity as po-
tential risk factors for suicidal ideation among MSM.
Furthermore, results suggest that interoceptive dys
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function may be a promising intervention target to re-
duce suicidality among MSM. Clinicians may consider
improving interoceptive abilities by utilizing mindful-
ness, exposure, and cognitive-behavioral techniques.

ISl ISLp T~ ™| ISI_lme
att M att_p »( att_lmo
emo > emo p emo_lmo
self self p | ®| self_lmo
trst > trst p > trst 1mo
DSI DSI_p DSI_Imo

Fig. 1. Significant effects observed from the model. ‘p’
= post, ‘1mo’ = 1 month timepoint. ISI’ = Insomnia Se-
verity Index Scores, ‘att’ = MAIA “attention” subscale,
‘emo’ = MAIA “emotional regulation” subscale, ‘self” =
MAIA “self-regulation” subscale, ‘trst’ = MAIA “trust-
ing” subscale, ‘DSI’ = Depressive Symptom Index sui-
cidality subscale scores.
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This study examined the potential relationship between
cognitive distortions and empathy in a sample of ado-
lescents adjudicated for illegal sexual behavior (AISB).
According to the U.S. Department of Justice, approxi-
mately 32% of arrests made for sexual offenses involve
suspects identified as minors (Eastman, 2004). Improv-
ing efforts to understand the etiology of adolescent sex-
ual offending benefits all other assessment, treatment,
and policy efforts involving these youth and their fam-
ilies (Seto & Lalumiere, 2010). Two common treatment
goals when working with this group are increasing lev-
els of empathy and cognitive restructuring (Eastman,
2004). Cognitive distortions are ways by which people
rationalize and excuse their illegal or otherwise socially
inappropriate behavior through maladaptive thought
patterns, beliefs, and ideas (McCrady et al., 2008). These
distortions may block empathic responses by misinter-
preting the sexual encounter without those moral feel-
ings typically associated with abuse, such as remorse.

Data was collected from a pre-treatment interview of
732 male adolescents ages 12-17 in a court-mandat-
ed residential treatment facility. Cognitive distortions
were measured using the Adolescent Cognition Scale, a
32-item forced choice (T/F) questionnaire describing a
range of sexual attitudes, values, or behaviors (Hunter
et al,, 1991). A sample item may read, “A very young
child can make a decision about having sex with me”
An endorsement of “true” would indicate a cognitive
error about socially appropriate sexual behavior. The
total number of cognitive errors was entered as the pre-
dictive variable. Empathy was assessed using the Juve-
nile Sex Offender Assessment Protocol-II (JSOAP-II;
Prentky & Righthand, 2003). The JSOAP-II is a 28-item
clinician administered actuarial risk assessment de-
signed for and widely used with AISB (Petersen, 2010).
The JSOAP-II provides four scales of risk assessment

'Corresponding author: ekf0014@auburn.edu

and an overall risk score. The intervention scale (Fac-
tor' 3), which looks at accepting responsibility, inter-
nal motivation for change, empathy, remorse, guilt, and
cognitive distortions, was entered as the outcome vari-
able in the current analyses.

Linear regression was performed to assess the relation-
ship between cognitive distortions and a lack of empa-
thy. The overall sample mean on the Adolescent Cog-
nition Scale was 4.36 (SD=4.08), with only 2% scoring
15 or more cognitive errors. A statistically significant
positive relationship was found between the two vari-
ables indicating that those with higher levels of cogni-
tive distortions shared higher levels of intervention-re-
lated risk factors such as lack of empathy, F (1, 731) =
10.33, p = 0.001. See Figure 1 for scatterplot of main
study variables.

These results support previous findings on cognitive
distortions and a lack of empathy, which may impede
intervention efforts when working with AISB (Pith-
ers, 1999, Varker et al., 2008). The clinical implications
of these results cannot be denied, given that empathy
building is used in 94% of treatment programs for AISB
(Varker et al., 2008). Furthermore, the endorsement of
cognitive distortions can distinguish treated from un-
treated juvenile offenders in risk evaluations (Eastman,
2004). Thus, reducing cognitive errors and increas-
ing victim empathy together enhances the ability to
feel moral emotions which can trigger motivation for
change and engagement within the treatment process.
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Fig. 1 JSOAP Factor 3 vs. Adolescent Cognition Scale
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Due to climate change, ice patches, glaciers, and snow
are melting at unprecedented rates in high latitude and
altitude environments (@degard et al., 2017). This phe-
nomenon has exposed archaeological remains across
the world, leading to a new field of study called “Ice
Patch Archaeology” (Reckin, 2017). This study focuses
on ice patch archaeology in the Mackenzie Mountains,
located in the Northwest Territories (NW'T), Canada
(Fig. 1), where ice patches have historically been used
by caribou (Rangifer tarandus) in the summer to escape
from heat and insects (Andrews et al., 2012). Artifacts
like bows, arrows, and darts have been uncovered near
ice patch margins, which were left behind by native
hunters and preserved for thousands of years. This study
area is vast and difficult to access, therefore geospatial
tools like Geographic Information Systems (GIS) and
remote sensing are essential for archaeological prospec-
tion site selection. These were used to locate areas of
high archaeological potential where artifacts might be
freshly exposed from newly melted ice patches.

For this study, a multiscale, GIS-based multi-criteria
decision analysis (MCDA) approach was used to find
areas with archaeological potential and recently melted
ice (Dixon et al., 2005., Rogers et al., 2014). Two models
were created: Model 1 was created to first narrow down
avery large study area (4,430 km2) with a coarse resolu-
tion Digital Elevation Model (DEM, 30 m) (ASTER Sci-
ence Team, 2019), and Model 2 zoomed in on an area of
interest to conduct higher resolution analysis using a 2
m DEM (Porter et al., 2018). For both models, the ide-
al criteria for locating artifacts were determined to be
areas with high caribou presence and density, elevation
above 1,500 m, N and NE facing slopes, and slope angle
which could be easily traversed by humans (Fig. 1A).

' Corresponding author: s.rogers@auburn.edu

Each criterion was classified according to its capacity to
contain ice and weighted based on its rela'tive impor-
tance to the overall model, with caribou density being
most important and slope angle being least important
(Fig. 1A).

A. Methods

Input Criteria

Caribou GPS
Point Density

Results

Weighting

Elevation
>1500m

Aspect
North Facing

Slope
<20°

Figure 1. A.) features the ideal criteria input into the
MCDA on the left, and how much each layer was
weighted in its potential to house archaeological arti-
facts in ice. B.) shows the resulting map with high po-
tential areas in red, and an inset map of the location of
the study area in the Mackenzie Mountains, Canada.

Results from Model 1 enabled us to narrow down the
4,430 km?2 study area to 825 km2 of high archaeologi-
cal potential and to conduct more in-depth analyses to
further refine the study area and resulting in 60 km2
of high archaeological potential. Next, Sentinel-2 satel-
lite imagery (European Space Agency, 2015) was used
to create a Normalized Difference Snow Index (NDSI)
(Gascoin et al., 2020) using green (Band 3) and short-
wave infrared (Band 11) bands to locate snow and ice
(Equation 1.).

(Band 3 — Band 11)
NDSI =
(Band 3 + Band 11)
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Equation 1. Normalized Difference Snow Index used
for Sentinel-2 imagery.

Satellite imagery was obtained for September 2018
and September 2021 when there was perennial ice
and snow coverage. The 2021 tile was subtracted from
the 2018 tile to show areas of recent melt. Recent melt
areas were compared to Model 2 results, and overlap-
ping areas were designated as ideal locations (shown
in red) for archaeological prospection in Summer 2022
(Fig.1B). Archaeologists will report their findings and
we will use this information to further refine the model
for the NWT.
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The purpose of this study was to investigate the adverse
effects of mandated juvenile sex offender registration
and notification laws. Incarcerated juveniles face many
challenges; those adjudicated for sexual offenses face
additional stressors with registry requirements upon
treatment completion. In 2006, the Adam Walsh Act
federally mandated sex offender registration and noti-
fication laws in the United States. These laws were ex-
panded to include youth adjudicated for certain sexual
offenses with some states mandating public notification.

Public juvenile registries are associated with a wide
range of unintended negative consequences for youth
(Harris et al., 2016; Letourneau et al., 2018). Youth who
are required to register report higher rates of harass-
ment, adult solicitation, sexual assault, and suicide at-
tempts than their counterparts who are not required to
register (Letourneau et al., 2018). They are also subject
to the stigmatized label of “sex offender” which could
prove detrimental to healthy identity development
(Harris & Socia, 2016). This raises concerns for ado-
lescents navigating their social world after successful-
ly completing treatment (Fix et al., 2020). These public
juvenile registries remain in 14 states, despite clear ev-
idence that registries do not reduce incidences of fu-
ture sexual abuse but do have harmful consequences
for youth and families (Chaffin, 2008). See Figure 1 for
United States Juvenile Registry Laws by State.

In this study, we followed a group of 35 male adoles-
cents currently in a court-mandated residential treat-
ment program. Youth completed the Concerns About
Juvenile Registration and Notification Questionnaire
(C-JSORNQ; Fix et al., 2020), a self-report measure on
fears and anxieties surrounding registration require-
ments at three time points across treatment: pre, mid,
and post-treatment. It was hypothesized that post-treat-
ment anxiety levels would spike as youth face the real-
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ity of registration and notification before re-entering
so'ciety. A series of independent t-tests were non-sig-
nificant, indicating youth reported moderate levels of
anxiety across treatment without a significant peak at
any time point; pre-mid: t (27) = 0.06, p = .94; mid-
post: t (33) = 0.46, p = .65; pre-post: t (32) = 0.53, p =
.60. See Figure 2 for means across treatment.

These findings further strengthen the current scholarly
opinion that there are numerous negative consequences
associated with juvenile sex offender registration and
notification laws. Additionally, these findings illumi-
nate the need for a specific treatment focus on teaching
youth to manage anxieties associated with the registry.
This may be especially prevalent as they approach reen-
try to the community.

The persistence of anxiety in the face of treatment im-
plies the need to further question wide-ranging re-
percussions and unintended consequences of juvenile
registration policies. This is particularly necessary for
youth in treatment who present a very low risk for fu-
ture reoffending (Letourneau & Miner, 2005). Finally,
this raises legal policy concerns for youth in states with
public registries who face an additional stressor after
successful completion of treatment that youth in other
states do not. If it is clear juvenile registries do more
harm than good, why should some states still be al-
lowed to implement such policies? The need for federal
legislation is quite evident.
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Fig. 1. United States Juvenile Registry Laws by State
(2015)
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Fig. 2. Mean Registry Fears Across Treatment
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Abstract: In March 2020, the COVID-19 pandemic led
to restricted vocational (Voc-PA) and recreational phys-
ical activity (Rec-PA) outside of the home. We conduct-
ed a nationwide survey in the United States (US) during
the mitigation peak of the pandemic (June 2020) to as-
sess health-related changes from the previous year. A
diet quality (DQ) assessment tool weighted the relative
healthfulness of eating occasions from foods prepared-
at-home (Home) and away-from-home (Away). Pre-
viously validated instruments assessed PA and demo-
graphic variables; height and weight were self-reported
to calculate body mass index (BMI). T-tests explored
longitudinal, between-sex, and obesity status differenc-
es in DQ, PA, and BMI; Pearson correlations explored
associations. Of 1648 respondents, 814 valid respons-
es (56.8% female, 81.7% white) were analyzed. Overall
and Home DQ was higher for females than males in
2020 (p<0.001 for both). Respondents increased DQ
from 2019 to 2020, primarily from Away (p<0.001 for
both sexes). Total Rec-PA and Voc-PA were higher in
males (p=0.002, p<0.001) than in females in 2020; fe-
males reported higher other PA (p=0.001). Change in
BMI was inversely associated with a change in both DQ
and PA (p<0.001 for both). In this sample of US adults,
early adaptations to the COVID-19 pandemic includ-
ed improved DQ and BMI. Whether these short-term
improvements were maintained warrant further inves-
tigation.

More details of the research can be found in the authors’
published work https://doi.org/10.3390/ijerph 19148289

Keywords: Diet, physical
COVID-19, body mass index

activity, pandemic,
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Windmill softball pitchers are 2.6 times more likely to
sustain an upper extremity (UE) overuse injury than
positional players [1]. Softball pitching research has
focused on identifying the biomechanical parameters
associated with upper extremity pain [1-3]. However,
data regarding modifiable risk factors such as training
load and volume are lacking. Thus, it is necessary to
understand which variables related to training volumes
are correlated with UE pain in softball pitchers. Youth
baseball pitchers with upper extremity pain have higher
training volumes and play more months per year than
pitchers without pain. Baseball studies have also shown
related modifiable risk factors such as pitches thrown in
a single game and across a competitive season increased
risk of upper extremity pain [4]. Similar research has
not been done in softball despite comparable UE injury
rates.

The purpose of this study was to investigate the differ-
ences between training volumes and months per year
playing between softball pitchers with and without up-
per extremity pain.

Thirty-six youth and high school softball pitchers (14.0
+ 2.0yrs, 58.8 + 28.5cm, 62.0 + 19.9kg) who were active
on a team roster within the past six months completed
an online survey via Qualtrics (Figure 1). Participants
were asked Do you currently experience any pain/
discomfort in the upper extremity? If they answered
“yes” or “no’, they were placed in upper extremity pain
(n=11;15.2 £ 1.9yrs; 164.9 + 6.7cm; 72.0 + 22.4kg) or
no pain (n=25; 13.5 + 1.8yrs; 156.2 *+ 33.8cm; 57.6 +
17.4kg) groups. Participants were asked to indicate
the number of in and off-season hours per week spent
practicing softball, practicing other sports, and strength
and conditioning training. Participants were also
asked about months per year spent softball training. A
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Mann-Whitney U Test was performed to examine the
!differences between training volumes between softball
pitchers with and without UE pain.

How many months of the year are you... (Drag bar to the right)
0 1 2 3 4 5 6

IN season for Softball

training for Softball

Fig. 1 Survey question asking about softball practice
volumes.

There were no significant differences between training
volumes and months per year of playing softball be-
tween pitchers with and without upper extremity pain
(all p-values > .132). Medians and inter-quartile de-
scriptive statistics are presented in Table 1.

Table 1. Data are presented as median (inter-quartile
range)

Variable Pain (n=11) No Pain (n=25) P
Hours Practicing Softball
in season 14.0(10.0,20.0) 12.0(8.0,15.0) 309
off season 8.0(5.0,12.0) 6.0(4.0,11.5) .398
Hours Practicing Other Sports
in season 2.0(0.0,7.0) 0.0(0.0,6.0) 584
off season 3.0(0.0,8.0) 0.0(0.0,3.0) 132
Hours Strength & Conditioning
in season 5.0(2.0,8.0) 4.0(2.0,8.0) 614
off season 7.0(2.0,14.0) 5.0(2.5,6.5) 324
Months per Year Playing Softball  12.0(11.0,12.0) 12.0(10.5,12.0) .289

Figure 2. Scanning Electron Microscopy Wood with
Silver
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There were no significant differences between training
volumes and months per year of playing softball be-
tween pitchers with and without upper extremity pain.
UE pain was present in 11 pitchers indicating approx-
imately 31% of pitchers self-reported currently experi-
encing UE pain. Other factors should be investigated
to determine their correlation to UE pain in youth soft-
ball pitchers, such as the number of pitches thrown in a
game, level of self-satisfaction or arm fatigue during a
game, which have been proven to be related to pain in
baseball [4]. Once factors are determined that do con-
tribute to this UE pain, regulations such as pitch count
that already exist in the realm of baseball can be imple-
mented in softball to work towards injury prevention
in this sport also.

The findings show other modifiable risk factors should
be examined to identify the susceptibility of UE pain in
youth and high school softball pitchers. Results should
be interpreted with caution considering the relatively
small sample size (n=36). Future studies should com-
pare other modifiable risk factors such as throwing
volumes, years spent playing competitive softball, and
degree of sport specialization between softball pitchers
with and without UE pain.

Statement of Research Advisor

Peyton took the lead in this study. She was an intricate
part of survey development, participant recruitment
and data analysis. Peyton looks to continue this line of
research in her graduate studies.

- Gretchen D. Oliver, School of Kinesiology, College of
Education
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Braided patterns are often used to provide structural
reinforcement in other materials. However, traditional
methods of fabricating these braided structures are lim-
ited in their abilities. These techniques typically involve
intertwining spools of material around a mandrel to
create a cylindrical braid (Adanur, 1995). However, 3D
printing, a form of additive manufacturing, continues
to develop and offer many new possibilities in the realm
of manufacturing. This can be credited to its process of
depositing material in thin layers to gradually build the
design from bottom to top (Dai & Hong, 2014). This
allows for creating designs that would otherwise be im-
possible or incredibly difficult to realize.

The objective of this project is to test the abilities of 3D
printing technology as it applies to the manufacturing
of braided patterns in multidimensional space. Five dif-
ferently patterned braided cylinders (diamond, regular,
Hercules, tri-axial, and bifurcated) have been designed
in SolidWorks and 3D printed from polylactic acid
(PLA). The diamond, regular, and Hercules patterns
have also been printed from thermoplastic polyurethane
(TPU) at a 50% scale in size. PLA is a rigid plastic, while
TPU is much more flexible (Brancewicz-Steinmetz,
Sawicki, & Byczkowska, 2021). To compare the abilities
of these structures, a combination of compression and
tensile tests has been performed to gain knowledge of a
few of their mechanical properties. Results have provid-
ed data concerning modulus of elasticity, force at yield,
displacement at yield, and other measurements for each
of the differently patterned structures and materials.
The PLA prints underwent compression tests of the
whole structures and tensile tests on separated, indi-
vidual strands from the diamond, regular, and tri-axial
braids. The force vs. displacement plots represent these
tests in Fig. 1 and Fig. 2, respectively. Tests performed
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on the TPU prints were of equally portioned strips of'
the diamond, regular, and Hercules patterns undergo-
ing tensile force at a constant rate, represented by the
force vs. displacement plot in Fig 3. The resulting data
provides insight into the capacities of both the materi-
als and designs used for experimentation.

Force vs. Displacement
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Fig. 1 PLA Compression Tests Force vs. Displacement
Graph.

Force vs. Displacement

——Diamond

Regular

Force (N)
S

Hercules

0

0 0.5 2.5

.1 1. 2
Dlsplacemen% (mm)

Fig. 2 PLA Tensile Tests Force vs. Displacement Graph.
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Fig. 3 TPU Tensile Tests Force vs. Displacement Graph.

The results of the PLA compression tests offer data re
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garding the mechanical properties of the structures,
such as force at yield, displacement at yield, and the
initial slope of the force vs. displacement relation. The
forces at yield from highest to lowest are as follows: di-
amond at 1234.62 N, Hercules at 1056.88 N, regular at
915.16 N, bifurcated at 658.76 N, and tri-axial at 440.21
N. The displacements at yield from highest to lowest
are as follows: diamond at 5.04 mm, bifurcated at 4.39
mm, Hercules at 3.89 mm, regular at 3.75 mm, and
tri-axial at 3.05 mm. It should be noted that the bifur-
cated prints began with a larger height than the other
prints. The ranking from highest to lowest measured
initial slope of the force vs. displacement curve is as fol-
lows: diamond at 949.18 N/mm, Hercules at 696.57 N/
mm, regular at 525.27 N/mm, bifurcated at 292.76 N/
mm, and tri-axial at 259. 17 N/mm.

The tensile tests of individual strands of the PLA prints
provide data of the maximum force, displacement at
maximum force, tensile stress at maximum force, and
Young’s modulus for diamond, regular, and Hercules
patterned braids. The following measurements are av-
erages of the samples tested for each braid pattern. The
maximum forces from highest to lowest are as follows:
diamond at 52.34 N, Hercules at 47.28 N, and regu-
lar at 41.63 N. The displacements at maximum force
from highest to lowest are as follows: Hercules at 2.425
mm, diamond at 1.74 mm, and regular at 1.24 mm. The
highest to lowest measured tensile stresses at maximum
forces are as follows: diamond at 16.66 MPa, Hercules
at 15.05 MPa, and regular at 13.25 MPa. The ranking
from highest to lowest measured Young’s modulus is
as follows: diamond at .31 GPa, regular at .30 GPa, and
Hercules at .15 GPa.

The tensile tests for the TPU prints provide data of the
maximum force, displacement at maximum force, ten-
sile stress at maximum force, and Young’s modulus for
diamond, regular, and Hercules patterned braids. The
maximum forces from highest to lowest are as follows:
Hercules at 64.47 N, regular at 44.08 N, and diamond
at 40.63 N. The displacements at maximum force from
highest to lowest are as follows: Hercules at 33.8 mm,
regular at 20.07 mm, and diamond at 13.89 mm. The
tensile stresses at maximum force from highest to low-
est are as follows: Hercules at 1.08 MPa, regular at 0.88
MPa, and diamond at 0.82 MPa. The ranking from
highest to lowest measured Young’s modulus is as fol-
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lows: diamond at 1.17 MPa, Hercules at 0.87 MPa, and
regular at 0.68 MPa.

Statement of Research Advisor

Ms. Katherine Griffin investigated the design and 3D
additive manufacturing of braided structures. First, she
used SolidWorks to design various structures such as
plain, regular, Hercules, triaxial, and bifurcated braids.
Then, using a 3D printing machine, she produced sev-
eral samples with PLA and TPU. These samples were
tested in the lab for tensile strength. The results are very
valuable for the advancement of 3D printing of flexible
fibrous structures, which has not been done yet.

- Sabit Adanur, Samuel Ginn College of Engineering
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Fires are a common disturbance in terrestrial ecosys-
tems, occurring with increased frequency and duration
in North America (Higuera & Abatzoglou, 2020). Fires
are less volatile in the humid southeast than in the dry
western United States, but they are still an important
ecological and management issue (Hanby et al., 2012).
Alabama’s different terrestrial ecosystems are dependent
on fire, from the longleaf pine ecosystem to the mixed
pine and hardwood forests in the Appalachian Moun-
tains (Varner et al., 2000). Although many studies have
investigated the ecological effects of fires, few studies
have evaluated the effects of fire on aquatic systems and
their fauna. Specifically, no studies have quantified the
effects of fire on stream-dwelling crayfish. Prescribed
fire causes an increase in nutrient and heavy metal con-
centrations in water immediately after the fire (Klimas
et al., 2020). Heavy metals are of particular concern
because crayfish can bioaccumulate metals, including
copper, zing, lead, and others, in their bodies that can
cause mortality and interfere with daily activities in
high concentrations (Sherba et al. 2002). The brain of
the crayfish reflects the environmental availability of
the examined heavy metals in water. High zinc, lead,
and copper concentrations lead to pathological changes
in the crayfishes’ olfactory midbrain (Heiba, 2006). This
research is particularly important in Alabama, which
has the highest crayfish biodiversity in North America,
with 99 species (Schuster et al., 2022).

To evaluate how runoff from a wildfire or prescribed
burn might affect water quality and stream-dwelling
crayfish, we designed two experiments. The first exper-
iment evaluated water quality and compared the effects
of burnt versus non-burnt vegetation and woody debris
runoff on water quality parameters, including dissolved
oxygen, pH, conductivity, total suspended solids, am-
monia, nitrite, nitrate, alkalinity, hardness, chloride,
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sulfate, aluminum, zinc, copper, and iron. To evaluate'
the effect of fire exposure on water quality parameters,
we collected leaf litter for unburned and burned treat-
ments. We used a concentration of 20 g leaf litter / 1 L of
water in all experiments (Duan et al., 2014), mimicking
a runoft event through a litter layer into a stream (Fig-
ure 1). Each trough used in the experiment was 40 gal-
lons (150 L). This required 3 kg of burned or unburned
leaf litter per treatment. Water was exposed to burnt or
unburnt litter and was sampled for relevant water qual-
ity parameters over 24 hours.

In the first experiment, we found that water exposed
to fire debris runoft was higher in dissolved oxygen,
pH, total suspended solids, and conductivity over a
24-hour period. Across both treatments, ammonia was
high (reaching toxic levels) in the first 6 hours, nitrite
was high in the last 4 hours, and nitrate remained zero.
Over the entire 24 hour period, there was no difference
in aluminum (t(18) = 1.80; p = 0.089), copper (t(18)
-1.05; p = 0.306), or zinc (t(18) = -0.728; p = 0.476)
across treatments, but water exposed to burnt litter
had significantly higher concentrations of iron (t(18) =
3.229; p = 0.005; Figure 2). Water exposed to unburnt
leaf litter was higher in chloride than water exposed to
burnt leaf litter. Repeating this experiment could lead
to more statistically significant data. Exposure to high
concentrations of heavy metals is known to have sub-
lethal and lethal effects on crayfish. Still, the findings
of this initial study reveal that of the four metals tested,
only iron was found in higher concentrations in water
exposed to burn versus unburnt leaf litter.

The second experiment evaluates the effects of fire de-
bris runoff on crayfish standard metabolic rates. For
this experiment, we trapped and collected crayfish in
coordination with US FWS, acclimated and held them
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in laboratory aquatic habitats and systems, and cared
for them daily. Standard metabolic rate was tested using
the same experimental design as the water quality ex-
periments (Figure 1) and used Loligo systems intermit-
tent respirometry. Repeating the methods of the first
experiment, we collected 50 kg of riparian vegetation,
leaf litter, and woody debris to create a 3 kg burnt litter
layer for exposure. We ran preliminary experiments to
hone a methodology that mimicked a rainfall and run-
off event through post-wildfire or post-prescribed burn
fire debris. Experiments evaluating the effect of burnt
runoff on crayfish metabolic rates are still ongoing due
to unanticipated crayfish disease issues.

Fire events are occurring with increasing frequency
and duration, and their effects on stream ecosystems
and stream-dwelling fauna have not been quantified.
This novel research can be used by managers when
considering the relationship between fire events, water
quality, and crayfish physiology.

BURNT or
UNBURNT
LITTER

40 g Water

Pump

Figure 1: Side and top view of experimental design
simulating a runoft event through a leaf litter layer. Ar-
rows represent the direction of water flow.

BBurnt

Unburnt

Figure 2: Concentrations of aluminum (Al), copper
(Cu), zinc (Zn), and iron (Fe) in water exposed to 3 kg
of unburnt leaf litter (grey) and 3 kg of burnt leaf litter
(white and black stripe). Statistical differences in treat-
ments are denoted with an asterisk.
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Obesity increases the risk of various health complica-
tions, including type 2 diabetes, hyperlipidemia, and
cardiovascular disease." The current FDA-approved
drug therapies designed to combat obesity are limited
and known to have severe side effects. Therefore, there
is an urgent need to develop natural drug therapies with
reduced side effects.

Research studies have shown that capsaicin, the prima-
ry ingredient in chili peppers, is effective in promoting
weight loss and reducing obesity-related health condi-
tions.” The anti-obesity effects of capsaicin have previ-
ously been studied in animal and human models; how-
ever, these studies were conducted by administering the
drug orally.’ Oral administration cannot be sustained
long-term due to the pungency and poor oral bioavail-
ability of capsaicin. This research project aimed to iden-
tify an alternative delivery method for capsaicin.

Through an extrusion-based 3D printing method, bio-
degradable implants were designed to potentially deliv-
er capsaicin directly to the fatty tissue for a prolonged
period. Since the implants will be inserted directly
under the skin to access the fat regions, the sustained
release aspect is vital to reduce the need for multiple
invasive procedures and medical appointments. The 3D
printing technology may also improve the treatment
process as it allows for personalized dosage forms that
best fit the needs of clinical patients.

The Cellink BIOX 3D printer prepared the rod-shaped
implants through a direct powder extrusion-based
printing method. This single-step method allows a
blend of the drug and polymer to be inserted direct-
ly into the printer, eliminating the need for any initial
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manipulation. As shown in Figure 1, the drug-polymer!
blend is melted within the print head and extruded
through a nozzle layer by layer due to the application of
high pressure.* The final product is depicted in Figure
2.

Pneumatic
Pressure

Powdered blend of
API and Polymer

Heated Nozzle

3D Printed tablet

Temp controlled
Print bed

Fig. 1 Schematic of extrusion-based 3D printing meth-
od.

Fig. 2 Rod-shaped implant loaded with capsaicin being
extruded from the 3D printer nozzle.

The polymer used in creating the implants was chosen
for its biodegradable properties and wide usage in
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controlled release medical devices. Several parameters,
including pressure, nozzle diameter, and print bed tem-
perature, were optimized to ensure the implants were
well-formed and of the highest quality possible. To
maintain the thermal stability of the drug, the printing
temperature was optimized to 180°C.

Several studies were conducted to investigate the
chemical and physical properties of capsaicin with-
in the implants. An assay was performed to measure
the total drug content within each implant, ensuring
that the drug maintained thermal stability during the
printing process and the drug content of each implant
was uniform. To assess the long-term sustainability of
capsaicin, an in vitro release study was conducted to
measure the duration of drug release from the implants
under static conditions. A stability study was conduct-
ed to ensure the drug remained stable over time under
exposure to extreme temperatures. A forced degrada-
tion study was conducted to investigate the rate of drug
degradation under various chemical conditions.

Overall, the results from this research will determine
if 3D-printed devices may be helpful in the site-spe-
cific administration and sustained release of capsaicin.
Once the implants are thoroughly studied and charac-
terized, the devices will be inserted subcutaneously in a
high-fat mouse model to further investigate the effects
of capsaicin on diet-induced obesity. All data and find-
ings will be presented in a peer-reviewed journal once
this research project is complete.

Statement of Research Advisor

Jessica Heard has significantly contributed to current
ongoing research on capsaicin implants preparation
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lease from the implants.
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A ‘first flush’ is the initial surface runoft from a rain-
storm, lasting about 24 hours after precipitation begins.
First flushes are characterized by the disproportionate
loading of contaminants or pollutants into the surface
waterbody during the rising limb of the hydrograph
when compared to lower loading during the peak or
falling limb (Griffin et al., 1980). Recently, Peter et al.
(2020) recognized that peak contaminant loading for
stream systems occur prior to or coincidently with that
stream’s hydrograph peak. However, the microbial re-
sponse to the first flush, and consequent nutrient and
pollutant biogeochemical cycling are less understood.
Thus, the purpose of this research was to observe how a
microbial community responds to a first flush and con-
current changes in water chemistry. We hypothesized
that the microbial community would either grow due
to an influx of potential nutrient sources in the water
brought in from the first flush, or the community would
be diluted by the stormwater.

For this research project, water was sampled from Park-
erson Mill Creek (PMC) in Auburn, AL, south of Au-
burn University. PMC is a first order stream that is part
of the larger Tallapoosa River watershed. Its headwaters
are on the Auburn University campus near the Beard-
Eaves Memorial Coliseum, and it flows into Chewacla
Creek south of Chewacla State Park. Single, time-repre-
sentative grab samples from PMC were collected every
6 hours during rainstorms beginning at initial precipi-
tation and lasting for 36 hours.

However, samples were not collected after 10:00 pm
or before sunrise, nor were they taken during severe
weather. When the grab samples were collected, a YSI
EXO2 sonde was deployed to record temperature, pH,
dissolved oxygen (DO), turbidity, fluorescent dissolved

'Corresponding author: edh0040@auburn.edu

organic matter (fDOM), and specific conductivity
(SPC). A total of two storm events were sampled for
this study on February 2, 2022, and March 15, 2022.

The microbial community was cultivated from the
samples using Biolog Ecoplates™ (Garland, 1997). Bio-
log Ecoplates™ are well plates that contain 31 different
carbon substrates in triplicate, and the microbial com-
munity is quantified based on the ability of the commu-
nity to utilize the array of substrates. Metabolism of the
carbon substrate produced a purple color, and the op-
tical density of each plate was recorded every 24 hours
to determine the degree of activation in each well. An
optical density of 0.25 or higher indicated the carbon
substrate had been activated. Once the optical densi-
ty data were recorded, the average metabolic response
(AMR) was calculated for each well plate. The AMR is
the average activation level of the carbon source wells
against the control (water) and is recorded as a sin-
gle value, allowing for comparison between Ecoplates
(Sigler, 2004). Next, the AMR for each storm event was
graphed against PMC’s streamflow during respective
sample collection time. Figures 1 and 2 show the AMR
versus the stream hydrograph for storms 1 and 2 re-
spectively, with the yellow box indicating the first flush
24-hour period.
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Fig. 1 Storm 1: AMR (red line) is plotted against stream-
flow (blue line). The yellow box indicates the first flush
24-hour period.
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Fig. 2 Storm 2: AMR (red line) is plotted against stream-
flow (blue line). The yellow box indicates the first flush
24-hour period.
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Fig. 3. Storm 2: Water quality parameters are plotted
against streamflow (blue line). The yellow box indicates
the first flush 24-hour period.

Both storms 1 and 2 show that the AMR increases
during the first flush period after the initial precip-
itation. The AMR did not decrease again until after
the streamflow peak and the first flush window have
passed. This data suggests that there is an increase in
the concentration of microbial communities during
the first flush. We also found that the community met-
abolic diversity increased during the storm events, but
not in a predictable pattern. More frequent sampling to
better match the high -resolution data from the hydro-
graph could help to better understand a more precise
relationship between a first flush and the stream’s mi-
crobial community. In storm 2, we found that turbidity,
fDOM, and DO all increased in concentration and SCP
was diluted with respect to the first flush. According to
Hathaway et al. (2012), these relationships are not the
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same for every stream, but could be unique to PMC.
Increased turbidity and f{DOM are an indicator that nu-
trient availability (dissolved organic carbon, particulate
carbon, and particulate nitrogen) could be also increas-
ing (Snyder et al., 2018). Storm water samples could be
further analyzed to identify the phylogenetic diversity
of the microbial community present and how contami-
nants or pollutants change in response to the dynamics
of the microbial community.
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search will better inform nutrient cycling and contam-
inant fate and transport in this stream.

- Ann Ojeda, COSAM, Department of Geoscience

References

[1] Garland, J.L., “Analysis and interpretation of com-
munity-level physiological profiled in microbial ecol-
ogy, FEMS Microbiology Ecology, vol. 24, pp. 298-
300,(2006).

(2] Grifhn, D.M., Grizzard, T.J., Randall, C.W., Helsel,
D.R., and Hartigan, J.P. “Analysis of Non-Point Pollu-
tion Export from Small Catchments,” Water Pollution
Control Federation, vol. 52, pp. 780-790,(1980).

[3] Hathaway, ].M., Tucker, R.S., Spooner, ].M., Hunt,
W.E, "A Traditional Analysis of the First Flush Effect
for Nutrients in Stormwater Runoft from Two Small
Urban Catchments," Water Air Soil Pollut, vol. 223, pp.
5903-5915,(2012).

(4] Peter, K.T., Hou, E, Tian, Z., Wu, C., Goehring, M.,
Liu, E, and Kolodziej, E.P., “More Than a First Flush:
Urban Creek Storm Hydrographs Demonstrate Broad
Contaminant Pollutographs,” ES&T, vol. 54, pp. 6152-
6165,(2020).

[5] Sigler, V., Community level physiological profiling
(CLPP). Retrieved Nov 18, 2021 from https://www.
biolog.com/wp-content/uploads/2020/04/Sigler_Von_
Sigler LEPR_Protocols_files_ CLPP.pdf,(2004).



Auburn University Journal of Undergraduate Scholarship

[6] Snyder, L., Potter, J. D., McDowell, W. H., "An Eval-
uation of Nitrate, f{DOM, and Turbidity Sensors in New
Hampshire Streams,” Water Resources Research, vol.
54, pp. 2466-2479,(2018).

Authors Biography

Emma Henderson is a graduate
of Auburn University’s class of
May 2022 with a B.S. degree in
Geology.

Ann Ojeda studies geology, en-
vironmental science, and health
science to understand how the
geosphere controls health out-
comes. Her research advances
human health and communi-
ty resilience through (1) the
geo-environmental  controls
on drinking water contami-
nants and aquifer vulnerabil-
ity, (2) controls on freshwater
resources, and (3) community
dynamics and health outcomes
from exposure to untreated or
undertreated drinking water
supplies

74



Auburn University Journal of Undergraduate Scholarship

Transport and Physiochemical Properties of

Polyether-based Hydrogel

Membranes for

Ammonia Fuel Cell Applications

Brock J. Hunter ', Grayson P. Chapman ', and Bryan S. Beckingham *

! Undergraduate Student, Department of Chemical Engineering, Auburn University
*Assistant Professor, Department of Chemical Engineering, Auburn University

Ammonia production is critical to maintaining global
fertilizer supplies. The Haber-Bosch process, the pro-
duction method used today, led to the quadrupling of
the global human population with the increased food
production capacity. However, this process requires
high temperature and pressure to facilitate reaction ki-
netics. This leads to massive CO2 production and en-
ergy usage totaling to 1-2% of global energy consump-
tion. Researchers are trying to develop methods to
produce ammonia through electrochemistry. Such de-
vices can use electricity instead of heat to facilitate the
reaction, and they can operate at ambient conditions.
The typical setup for this cell can be seen in Figure 1.
The focus of developing these cells has been finding a
suitable catalyst. However, the membranes currently
used these cells to allow a significant amount of am-
monia crossover, leading to the oxidation and loss of
products. Better membranes are needed than the cur-
rent standard, Nafion-117, for electrochemical cells to
be more efficient than the Haber-Bosch process. Here,
new membrane chemistries are explored for applica-
tions in electrochemical ammonia fuel cells, and trends
in membrane characteristics such as charge and water
uptake are correlated to ammonia transport properties.

)
L

Gas Feed (N,)
Counter Electrode
Gas Feed (N,)

[ Reference Electrode

<+———Membrane

-

Electrolyte (H*)

Fig. 1 Ammonia Fuel Cell

'Corresponding author: bjh0062@auburn.edu

The analyzed membranes are composed of three main
components in a DMSO solution: a crosslinker (meth-
ylenebis (acrylamide)), a negatively charged monomer
(2-acrylamido-2-methyl-1propanesulfonic acid), and a
hydrophobic monomer (either phenyl acrylate (PA) or
phenyl methacrylate (PMA)). The solutions were ther-
mally crosslinked and solvent exchanged with water to
form thin membranes. The membranes were installed
in a H-cell similar to Figure 1. One side of the cell was
filled with a 1 M ammonium chloride solution, and the
other side contained pure DI water. Conductivity was
measured on the water side as ammonia crossed over,
and this was used to calculate membrane permeabili-
ty. The membranes were also tested for water uptake by
finding the difference between wet and dried films.

Overall, PMA based membranes showed lower per-
meability to ammonia than PA membranes. This trend
matched the trend in relative water uptake. Increased
water content in a film typically means there is more
free volume in the membrane which allows for mo-
lecular diffusion (i.e., ammonia crossover); however
membrane density must be measured before this can be
confirmed. There was also a trend seen in the amount
of charged monomer in the membrane and crossover.
Increased charge content led to increased ammonia
crossover. Ammonia is positively charged in solution,
so the charged monomer has an affinity for ammonia
and aided in its transport. Solubility data would help
solidify these findings, as it would probe this thermo-
dynamic affinity. Some PMA membranes showed sim-
ilar permeabilities to Nafion-117, and other membrane
chemistries can be tested to improve performance.

These findings have shown manipulating membrane
chemistry for ammonia fuel cells could lead to reduced

75



Auburn University Journal of Undergraduate Scholarship

ammonia crossover, and further studies are needed
to solidify membrane objectives for this application.
Trends found for membrane charge and water uptake
give clear direction to how future membranes in this
area should be designed.
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Abstract

While most monitoring programs successfully doc-
ument eutrophication, the development of eutrophic
characteristics often occurred prior to recent monitor-
ing efforts. To reconstruct historic lake changes, paleo-
limnological techniques and the sediment record can
provide data preceding monitoring programs. Here, we
measured nutrients (C, N, P) and photosynthetic pig-
ments in a sediment core collected from Banana Lake,
a shallow (mean depth 1.2m) and hypereutrophic lake
located in Polk County, Florida. In the case of Banana
Lake, excess nutrients have allowed cyanobacteria to
become the dominant primary producers utilizing lake
nutrients and creating a positive feedback loop that in-
tensifies eutrophication. By combining nutrient and
pigment data, our results show that cyanobacteria ex-
isted in the lake long before monitoring efforts began
in the system. Maximum P levels appear to be sub-
stantially higher than those of comparable lakes, likely
caused by the lake’s proximity to phosphate mines and
the development of a viable meroplankton communi-
ty. Additionally, toxins associated with cyanobacteria
were found in large quantities in sediments spanning
the last 30-40 years. An attempt to manage eutrophi-
cation was made in 1991 by removing approximately
one million cubic yards of sediment through dredging.
Despite these efforts, Banana Lake is still classified as
an impaired water body with high sedimentary P, vi-
able meroplanktonic cyanobacteria, and high micro-
cystin concentrations; a fish consumption advisory is
also in effect. Management efforts would benefit from
coupling monitoring and management efforts with sed-
iment analysis in shallow systems where internal nutri-
ent loading could be the primary driver of persistent
eutrophication.

'Corresponding author: sgi0002@auburn.edu

Introduction

Alterations to land use and urban development around
lake ecosystems can lead to the influx of nutrients and
the formation of dense algal and cyanobacteria blooms,
called cultural eutrophication. These blooms decrease
ecosystem services by depleting oxygen and weaken-
ing biodiversity while also impacting human health
through the production of toxins called cyanotoxins.
While most monitoring programs successfully doc-
ument eutrophication, the development of eutrophic
characteristics often occurs decades prior to recent
monitoring efforts. To reconstruct historic lake change,
paleolimnological techniques applied to sediment cores
can be used to provide data preceding monitoring pro-
grams. Our study applied these tools to a sediment core
collected from Banana Lake; the lake currently exists in
an urban setting and maintains a hypereutrophic state.
The history of Banana Lake can be divided into three
periods based on land management practices and levels
of nutrients: an agricultural period, a quiescent period,
and a phosphate mining period.

Beginning in the early 1820s, Creek Indian chief Oponay
maintained a large plantation east of Lake Hancock that
grew to encompass the area between Lake Hancock and
Banana Lake. However, the plantation and the black
and native settlements were destroyed during the Sec-
ond Seminole War from 1835-1842. Banana Lake was
left relatively undisturbed until the Southern Phosphate
Corporation began mining phosphate on the west side
of the lake around 1924. The historical trophic state of
Banana Lake, as well as urbanization and land manage-
ment practices, were investigated as possible causes for
the lake’s eutrophication. Eutrophication and the pres-
ence of toxin-producing cyanobacteria have led to the
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lake’s fish consumption advisory and impaired status.
While most monitoring programs successfully doc-
ument eutrophication, the lake’s eutrophic character-
istics were present prior to recent monitoring efforts.
As a result, the primary objective of our study was to
determine when the hypereutrophic conditions began
in time and to determine if one of the primary land use
alterations triggered the decrease in lake health.

Methods

A sediment core was collected from the middle of Ba-
nana Lake and sectioned into 4-cm increments. Each
section was freeze-dried and ground with a mortar
and pestle. Ground sediments were analyzed for nu-
trients (carbon, nitrogen, phosphorus), photosynthetic
pigments, and cyanotoxin, microcystin. Carbon and
nitrogen content was determined through elemental
combustion analysis, and phosphorus and other ele-
ments were determined through Inductively Coupled
Plasma analysis. Pigments and microcystin were ex-
tracted and measured with High-Performance Liquid
Chromatography and spectrophotometry, respectively.
Photosynthetic pigment analysis measures a variety of
chlorophylls and carotenoids capable of diagnosing to-
tal primary producer abundance, phytoplankton com-
munity structure, and cyanobacteria presence through
time.

Fig. 1 Collection of a sediment core using a core barrel.

Conclusions
Cyanobacteria pigments occurred throughout the sed-

iment core, indicating that Banana Lake has been hy-
pereutrophic as far back as a few hundred years and en-
compassing the period during which human activities
included the historic agricultural period. Surprisingly,
the cyanobacteria community has remained dominant
and constant despite multiple dramatic changes to nu-
trient inputs into the lake through time. Whereas the
cyanobacteria community has remained dominant,
phosphorus data emerged as the most interesting as-
pect of the lake’s history. At approximately 52 cm in
depth along the core, total phosphorus dramatically
increased beyond levels previously observed in simi-
lar lake systems. Nearby Lake Apopka, a lake known
for its problematic cyanobacteria community, contains
sedimentary phosphorus concentrations around 2
mg/g while the most recent period of P concentrations
in Banana Lake are around 30 mg/g. Phosphate mines
are the most likely cause for such a large and dramatic
shift, with the two mines that would become Stahl Lake
and Little Banana Lake being established around 1924.
The phosphorus concentration from 52-cm to 8-cm
depth is so large that no amount of agricultural input
from local orange groves could account for it. While a
wastewater treatment plant began discharging effluent
into Banana Lake at around the same time, it is unlikely
to cause such an increase. Effluent standards became
stricter over time, and there is no decreasing trend of
phosphorus from 52 cm to 8 cm.

Management decisions have primarily been based on
the last ten years of monitoring data. However, under-
standing the long-term drivers of eutrophication, rath-
er than the endpoint, will better inform such efforts.
Our data suggest that Banana Lake has experienced eu-
trophic events throughout its recent history linked to
dynamic changes in lake management and surround-
ing landscapes. Pigments also show a community
shift between species of cyanobacteria; however, this
shift does not correlate with the extreme differences
in phosphorus and other nutrients. In the presence of
unprecedented phosphorus and fluctuating nutrients,
the cyanobacterial community in Banana Lake appears
relatively unaffected, suggesting a possible ecologi-
cal threshold was achieved through minimal land use
practices of the past. Microcystin, on the other hand,
increases logarithmically in the top 32 cm of the sedi-
ment. Toxin increases combined with constant cyano-
bacteria and continued impairment status signal that
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the dredging of Banana Lake in 1991 was largely inef-
fective in controlling eutrophication. Attempts to stop
or reverse eutrophication may be fruitless in the con-
text of a naturally hypereutrophic lake near phosphate
deposits.

Statement of Research Advisor
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Euterpe oleracea Mart, commonly known as agai, is a
fruit present in botanical dietary supplements (BDS)
frequently taken by cancer patients. The acai extracts
have cancer-related properties: antioxidant, antiprolif-
erative, cytoprotective, and anti-inflammatory. The goal
of my research is to prove that Global Natural Product
Social Molecular Network (GNPS) can be integrated
with a bioactivity tool and produce a visual molecu-
lar network for acai and identify known and unknown
compounds related to these anti-cancer properties.
GNPS is a cutting-edge software program which has
been integrated with bioactivity in our laboratory.

This method compares two different commercially
available acai supplements prepared using acidic meth-
anol. The extraction procedure consisted of maceration
of the capsule powder, followed by sonication and evap-
oration of the solvent. Liquid chromatography-mass
spectrometry (LC-MS) was used to identify the mass
of compounds from the two different acidic methanol
extracts of acai formula 1 (F1) and formula 2 (F2). Par-
allel artificial membrane permeability assay (PAMPA)
mimics a human gastric intestinal track and shows
how much of the extract is passively diffused, on the
acceptor side and non-passively diffused, on the donor.
PAMPA was done at a range of concentrations (1,000-
1.95 pg/mL), which accounts for human relevant doses
(4.494-6.557 pg/mL) and potential overdose. CYP3A4
is a major liver enzyme that metabolizes many antican-
cer drugs; the donor and acceptor site compounds have
been tested for inhibition of hepatic CYP3A4. The CY-
P3A4 inhibition assay was analyzed through LC-MS of
each extract formulation by measuring the amount of

'Correpsonding author: mlk0040@auburn.edu

metabolite made in the presence of acai extract. The last
!step is to compline all the data collected from LC-MS
and MS/MS and upload it to GNPS. GNPS is the core
computer program used, but other software programs
also aid in the process (MZmine, Rstuido, and Cysto-
scope) of creating a visual bioactive molecular network.

The LC-MS identified which compounds were present
in each extract formulation and compared to a chemical
fingerprinting library of all agai compounds previous-
ly identified. The two formulations, even though both
aqueous extracts of acai, had very different chemical
compositions. BDS are commonly not standardized or
strictly regulated. CYP3A4 inhibition was anticipated
for F1, since we had also observed CYP3A4 inhibition
previously with the methanol extracts. Inhibition by F2
was not as well observed; the acceptor side had no in-
hibition and the donor side had very slight inhibition.
Figure 1 shows how all the data collected can be inte-
grated to generate a bioactive visual molecular network
for acai acidic methanol extracts. This figure identifies
the mass of each compound, along with if it is known or
unknown, and the ones that have high bioactivity and
low bioactivity.

This research shows that Integrated Bioactivity — Glob-
al Natural Product Social Molecular Network (GNPS)
can differentiate known and unknown natural products
from a botanical extract and aid in the creation of a vi-
sual molecular network of bioactive agai constituents.
In the future, the. GNPS-Bioactivity tool can be used
for other botanical dietary supplements and the isola-
tion of high bioactive compounds.
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Fig. 1. Visual molecular network produced with GNPS,
blue squares are known & orange circles are unknown.

Statement of Research Advisor

Madeline has learned to perform LC-MS analysis of
botanical dietary supplements and analyze data using
Integrated Bioactivity — Global Natural Product Social
Molecular Network (GNPS) for identification of CY-
P3A4 inducers in agai. Madeline developed strong nat-
ural products chemistry literature reading and prob-
lem-solving abilities. Her contribution was critical to
providing an example of a shorter and less laborious
process to identify bioactive compounds in complex
botanical extracts.

- Dr. Angela 1. Calderén, Harrison College of Pharmacy
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Calderdén specializes in natu-
ral drug products chemistry.
She works to apply mass spec-
trometry to natural products
drug discovery, and quality
and safety assessment of bo-
tanical dietary supplements.
Dr. Calderén enjoys educating
graduate and undergraduate
students as the next generation
of natural products research-
ers. with unique skills in mass
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In juvenile justice settings, adolescents with complex
trauma histories often develop a wide range of men-
tal health consequences such as depression, anxiety,
poor impulse control, or aggression; and are often la-
beled with potentially unwarranted diagnoses as a re-
sult (Ford, Chapman, Connor, & Cruise, 2012). Many
symptoms of attention deficit disorders (e.g., inatten-
tiveness, daydreaming, drowsiness, and impulsivity)
may be the result of trauma-related internalizing dis-
orders, thereby complicating the primary diagnosis
(Becker & Langberg, 2012). Adolescents adjudicated for
illegal sexual behavior report higher rates of trauma-re-
lated psychopathology, with one study reporting 77.5%
of the sample experienced at least one traumatic event
(Newman et al., 2018). Once incarcerated, the cumu-
lative effect of complex trauma and poly-victimization
has a considerable impact on the cognitive, behavioral,
and mental outcomes of these youth (Alexander, Mc-
Callum, & Thompson, 2020). Therefore, understanding
how trauma impacts the development of these behav-
ioral symptoms can improve accurate diagnosis and
subsequent treatment for either attention deficit-hy-
peractivity disorder (ADHD) or post-traumatic stress
disorder (PTSD).

The current study examined the role trauma exposure
played in symptoms of impulsivity in a sample of adju-
dicated male youth. Participants included youth (n =
1,597) in a court-mandated residential treatment facil-
ity. The Millon Adolescent Clinical Inventory (MACI;
Millon & Davis, 1993, 2003) was used to assess impul-
sive propensity, family discord, and childhood abuse.
Linear regression analyses were used with the child
abuse and family discord scales entered as predictors
and the impulsivity scale as the dependent variable. The
overall model was significant, F (2, 1596) = 690.78, p =
.000, indicating a positive association between trauma

'Corresponding author: mem0214@auburn.edu

predictors and impulsivity. Family discord primarily
drove the association (= .68, p = .00), accounting for
42.3% of the variance. This relationship is depicted in
Figure B The child abuse scale was not a significant pre-
dictor ( =.02 p = .42) of impulsive symptoms.

Dependent Variable: MACIimpu

Regression Standardized Residual

Fig. 1 Scatterplot of main findings.

These results highlight the need for adequate trauma
assessment and screening when working with court-in-
volved youth. Those witnessing indirect trauma in
homes characterized by high family conflict and ten-
sion were positively associated with higher rates of
impulsive and aggressive behavior. These external be-
havioral symptoms are common to ADHD, but also to
childhood PTSD. These results imply that inadequate
trauma assessment in youth could increase the chance
for misdiagnosis. These results also speak to the social-
ization of adolescent males and the potential harms as-
sociated with toxic forms of masculine expressions. An
inability to properly name and express trauma-related
emotions may lead to explosive behaviors and impul-
sivity, which could lead to law enforcement or subse-
quent court involvement (Mulvey and Iseline, 2008).
Furthermore, studies of cortisol reactivity have found
multiple response patterns for youth in high-stress en-
vironments, such as those with high family or neighbor-
hood conflict (Guidice, Ellis, & Shirtcliff, 2011). Those
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with mild to moderate trauma showed high reactivity
patterns characteristic of the impulsive symptoms seen
here; while others with more severe trauma showed a
numbing pattern not displayed here. Future studies are
needed to truly understand the various neurological
impacts of trauma exposure.

Statement of Research Advisor

Madysen’s research highlights some of the excellent un-
dergraduate scholarship from the Juvenile Delinquency
Lab in the Department of Psychological Sciences. The
lab is supported by a more than 20-year public-public
partnership with the Alabama Department of Youth
Services. She will expand on this theme as an upcom-
ing 2022-2023 College of Liberal Arts Undergraduate
Research Fellow.

- Kelli. R. Thompson, College of Liberal Arts

References

[1] Alexander, A. A., McCallum, K. E., & Thompson,
K. R. (2020). Poly-victimization among Adolescents
Adjudicated for illegal sexual behavior: A latent class
analysis. Journal of Aggression, Maltreatment & Trau-
ma.https://doiorg.spot.lib.auburn.edu/10.1080/109267
71.2020.1774692

[2] Everhart Newman, J. L., Falligant, J. M., Thomp-
son, K. R., Gomez, M. D., & Burkhart, B. R. (2018).
Trauma-focused cognitive behavioral therapy with ad-
olescents with illegal sexual behavior in a secure resi-
dential treatment facility. Children and Youth Services
Review, 91, 431-438. https://doi-org.spot.lib.auburn.
edu/10.1016/j.childyouth.2018.06.028

[3] Fazel, S., Doll, H., & Langstréom, N. (2008). Men-
tal disorders among adolescents in juvenile detention
and correctional facilities: A systematic review and
metaregression analysis of 25 surveys. Journal of the
American Academy of Child & Adolescent Psychia-
try, 47(9), 1010-1019. https://doi-org.spot.lib.auburn.
edu/10.1097/CHI.0b013e31817eect3

(4] Ford, J. D., Chapman, J., Connor, D. E,, & Cruise, K.
R. (2012). Complex trauma and aggression in secure
juvenile justice settings. Criminal Justice and Behav-
ior, 39(6), 694-724. https://doi-org.spot.lib.auburn.
edu/10.1177/0093854812436957

85

[5] Langberg, .M., Becker, S.P. Does Long-Term Med-
ication Use Improve the Academic Outcomes of Youth
with Attention-Deficit/Hyperactivity Disorder?. Clin
Child Fam Psychol Rev 15, 215-233 (2012). https://doi.
org/10.1007/s10567-012-0117-8

[6] Mulvey, E. P, & Iselin, A.-M. R. (2008). Improv-
ing professional judgments of risk and amenability in
juvenile justice. The Future of Children, 18(2), 35-57.
https://doi-org.spot.lib.auburn.edu/10.1353/foc.0.0012
Sacchetti, G.M., & Lefler, E. K. (2017). ADHD symptom-
ology and social functioning in college students. Journal
of Attention Disorders, 21(12), 1009-1019. https://doi-
org.spot.lib.auburn.edu/10.1177/1087054714557355

Authors Biography

Madysen E. Maggio is a se-
nior-year student pursuing a
B.A. degree in Psychology at
Auburn University. She has
played key research roles in
the misdiagnosis of ADHD in
the juvenile population. She is
a double minor in social work
and counseling. She plans to
work with adolescents in the
Foster Care System and ad-
dress early onset trauma.

Kelli. R. Thompson is an As-
sistant Research Professor and
Director of the Juvenile Delin-
quency Lab in the Department
of Psychology at Auburn Uni-
versity. She received her B.S.
in Human Development and
Family Studies from Auburn in
2005. She received her M.A. in
Theology from Fuller Theolog-
ical Seminary in 2008 and her
Ph.D. in Applied Developmen-
tal Psychology from the Uni-
versity of New Orleans in 2016.



Auburn University Journal of Undergraduate Scholarship

Acquisition and Development of the Gut

Microbiome in Lizards

Taylor W. McKibben ', Kaitlyn M. Murphy ?, and Tonia S. Schwartz *

! Undergraduate Student, Department of Mechanical Engineering, Auburn University
?> Ph.D. Candidate, Department of Biological Sciences, Auburn University
* Associate Professor, Department of Biological Sciences, Auburn University

The gut microbiome plays a pivotal role in the health of
an animal. While studies have addressed the acquisition
of the gut microbiota in placental mammals, limited re-
search has been conducted on the origin of reptilian gut
microbiota, especially for oviparous species. Dietary
changes in early life have also been shown to play a ma-
jor role in determining the composition of mammalian
gut microbiota; early development of the gut microbi-
ota has positive lifelong health repercussions'™. In this
study, we address two pivotal questions in an emerging
model of an oviparous lizard (anolis sagrei, brown an-
ole): (1) is there microbial colonization in the embryon-
ic gut, and (2) how does the diversity of the diet shape
community composition in early life.

To answer these questions, we collected eggs from a
captive laboratory colony of A. sagrei, extracted DNA
from embryonic and hatchling gut tissue, and analyzed
the resulting 16S rRNA gene sequences of each sample
using the Oxford Nanopore minion 16S sequencing kit.

We first established a breeding colony of 76 wild-caught
brown anoles from Palm Coast, Florida. The breeding
colony’s living conditions and the incubation condi-
tions were similar to previous experiments except that
our experimental eggs were being sanitized through
bleach immersion. These animals were kept in breeding
pairs and fed a diet of crickets and watered daily. The
eggs were collected every 2 to 3 days, bleached in a 1:5
bleach to DI water solution to remove external bacte-
ria, and placed in sterile petri dishes with autoclaved
vermiculite within an incubator. Eggs were random-
ly assigned to one of three groups: (1) dissected at an
embryonic stage, (2) hatchings fed a control diet, (3)
hatchlings fed a diverse diet. Eggs assigned to the em-
bryonic timepoint were dissected approximately five
days before hatching. Eggs assigned a dietary treatment
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were fed their diet for approximately 5 weeks. Dietary’
treatments were either a control diet of only fruit flies
or a diverse diet consisting of fruit flies, cockroaches,
and crickets.

After dissecting all embryos and hatchlings to procure
their intestinal tracts, the tissues were processed to iso-
late DNA using Zymo Quick-DNA Fecal/Soil Microbe
Minikits. Eluates were amplified utilizing PCR with the
Oxford Nanopore 16S whole gene amplicon primers,
and the products were visualized on an agarose gel. The
gel containing PCR product from embryonic guts con-
tained no band at the ~1500bp region compared to a
positive control of microbial DNA (Fig. 1).

OdEODNDBE oD EOoOED

Fig. 1 Gel of the 16S PCR products of embryonic gut
DNA. The first two lanes are ladders, the third lane is
a positive control from a five-week-old hatchling, the
fourth lane is the negative control showing only prim-
er-dimer. Lanes 5-12 are embryonic samples showing
no 1500 bp 16S PCR product.

Results from the PCR amplification of gut DNA sug-

gested that bacteria were not present; thus, those sam-
ples were not sequenced. Additional validation was ob
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tained through qPCR which showed that the amount
of bacterial DNA in the embryonic gut samples were
1/159th the amount of DNA from a positive control
sample and had an average Qc of 38 in a 40-cycle run
that was not distinguishable from the negative controls.

DNA extracted from the gut for both dietary treat-
ments (n=10/treatment) along with four adults, was
processed through the minION 16S gene sequencing
protocol. After sequencing the 24 samples, over 1.4
million reads were base-called and classified using Ox-
ford Nanopore’s minlON and Epi2me software. The
data will be checked for quality and analyzed for future
publication. Given the gene sequencing data we have
collected, we are confident that our analysis will pro-
vide insight into the influence of dietary variation in
gut bacterial community composition during early life.

While we cannot say for certain that there is no bacte-
rial DNA in embryonic guts, the comparison between
embryonic samples and controls suggests that if any
are present the amount is biologically irrelevant. While
poultry papers® showed colonization of the gut in ovo
even in sterilized conditions, we did not see similar lev-
els of colonization in our samples. Our results contrast
research® utilizing field-acquired embryonic samples
from both birds and lizards, which suggested maternal
transmission but those studies utilized whole yolk sam-

ples rather than dissected intestinal tractse. The addi- §

tion of our research may alter the perception of micro-
bial transmission in lizards, whereby the development
of gut microbiota may occur following hatching rather
than during embryonic stages.

Statement of Research Advisor
Microbiome research is a rapidly growing field and how

the microbiome develops is a key question. Taylor has | 7
designed and implemented a study that will be foun- *

dational in our understanding of microbiome devel-
opment in a reptile model system. Upon final analysis,
Taylor will be submitting his findings for peer-review
publication in a scientific journal.

- Tonia Schwartz, Department of Biological Sciences.
COSAM
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In the United States, work-related musculoskeletal dis-
orders (WMSDs) such as lower back pain and carpal
tunnel syndrome account for about 30% of all non-fa-
tal workplace injuries resulting in days away from work
each year. Assessing the risk associated with various
jobs is the first step toward mitigating WMSDs. This is
typically accomplished by observing workers in their
occupational setting, which is imprecise and consumes
much research time. Wearable sensors, specifically In-
ertial Measurement Units (IMUs), represent a promis-
ing new data collection method that can measure work-
er kinematics. Accurately and automatically identifying
work tasks using these machine learning models will
play a vital role in achieving accurate, fast, and non-in-
vasive risk assessment.

This research attempted to investigate the use of deep
learning to distinguish between one-handed and
two-handed manual material handling tasks. An ad-
ditional goal was to create a deep learning model that
was easily trainable and generic enough to fit future ISE
research.

Relevant research was found published by Bassani,
which informed the initial machine learning models
and provided an initial dataset. The data was generated
using 17 IMU sensors, 14 subjects, and 37 trials con-
sisting of 7 task types. The IMU sensor placement is
shown in Figure 1. The undergraduate research devel-
oped classification convolutional neural network mod-
els using TensorFlow Keras API for machine learning.
An example of model architecture is shown in Figure 2.
The models consistently produced an accuracy greater
than 95% on the provided dataset, as shown in Figure
3. Because the (training) accuracy did not increase be-
yond the validation accuracy, the model was shown to
not overfit the training data.

'Corresponding author: ddm0016@auburn.edu

Head IMU

Pelvis
IMU

Body and
Battery
Pack

Fig. 1 Sensors were placed at 17 locations in Bassani’s
dataset.

Layer (type) Qutput Shape

convld 36 (ConvlD) (None, 1998, 64)
convld_37 (ConvlD) (None, 1996, 64)
dropout_1@ (Dropout) (None, 1996, 64)
max_poolingld_17 (MaxPooling (None, 998, 64)
flatten_17 (Flatten) (None, 63872)
dense_34 (Dense) (None, 100)
dense_35 (Dense) (None, 7)

Total params: 6,542,311
Trainable params: 6,542,311
Non-trainable params: @

Fig. 2 Convolutional neural networks require feature
extraction through Convl1D layers and neural node cre
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Accuracy vs. Epochs
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Fig. 3 Accuracy increases during the training process.

After developing successful data preparation methods
and machine learning models, IMU data was collected
using the researcher as the subject, as shown in Figure
4. The data was generated using 6 IMU sensors. The
subject repeated a trial 30 times which consisted of 7
task types. The trial was performed with both hands,
the right hand and the left hand. This data was col-
lected to investigate the use of machine learning and
IMU sensors to distinguish between right-handed,
left-handed, and two-handed tasks. Models besides
CNN were investigated using generic settings for more
than 15 classification architectures. This research is still
ongoing, but initial results allude to accuracies greater
than 75%. The ultimate goal is to perform this classifi-
cation with only one sensor.

Fig. 4 IMU data was collected using the researcher as
a subject.

Statement of Research Advisor

One-handed manual material handling is an under-re-
searched field of study that contributes to workplace
injuries. Sensor systems exist for measuring the mo-
tion patterns of a worker throughout the day. But these
systems are lacking in their ability to categorize specif-
ic tasks, including one-handed material handling. Mr.
Michael developed a machine learning algorithm to
classify various manual material handling tasks using
wearable sensors using a combination of open source
and lab-collected data.

- Dr. Howard Chen, Department of Mechanical Engi-
neering
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Sexual violence is pervasive, directly impacting 1 in
every 59 adults in the United States every year (Basile
et al., 2007). This form of violence is even more preva-
lent amongst young adults: reports highlight that 1 in 4
women and 1 in 6 men experience sexual interperson-
al violence during collegiate years (Ruane, 2014). The
recognition of this public health concern is sweeping
across a variety of media outlets. However, public nar-
ration through such outlets has many associated harms.
Some argue that the atrocity of sexual violence becomes
normalized because of the frequency at which it is re-
ported to the public. Depictions may even give rise to
new forms of sexual interpersonal violence (Powell, &
Henry, 2017). The variance in sexual violence depiction
leads to differential - and often harmful - outcomes on
viewer perceptions of rape and the victim: perpetrator.
(Burt, 1980; Henry, & Powell, 2018). Importantly, me-
dia coverage “perpetuates myths and stereotypes about
rape, rapists, and rape victims” (Burt, 1980). Often, such
myths build upon gender stereotypes (Nagar, 2016).
Horror contrasts other forms of media, subverting the
typical to propose an alternate narrative. The messag-
es conveyed through horror films and the methods
through which such messages are conveyed have vital
public health implications. Results will inform policies
surrounding public messaging related to sexual inter-
personal violence. Additionally, findings will highlight
outlets and methods for productive discourse.

The purpose of this study is to investigate common
themes that emerge in depictions of sexual violence in
popular horror films airing after 2000. Films were an-
alyzed through three iterations of thematic analysis to
answer three research questions: 1) How is the subject
separated from the soul (i.e., made an abject)? 2) What
is the function of social structures to purify the abject?

'Corresponding author: ram0083@auburn.edu

3a) How does the subject confront the soul after sexual'
violence/reconcile with the maternal body, and 3b) how
does the reconciliation undermine symbolic gender
relations? After analyzing the films through thematic
analysis, several themes emerged. Themes of silenc-
ing, objectification of the female body, and symbolic
and corporeal power emerged in the making of abjects.
Institutional purification was done through symbol-
ic power, familial dismissal, and medical pathologiz-
ing. Confrontation (i.e., reconciliation) was reached
through social revelation, physical separation, reorder-
ing of physical power, and sexual constriction of the
perpetrator.

In these films, sexual violence was facilitated through
symbolic and physical power, such as physical restric-
tions, financial restrictions, social isolation, and sym-
bolic reinforcements of such. These positions were
enforced by further silencing within multiple layers
of social and relational realms. These films revealed
the dismissal of victim-narrated reports in social and
built environments (e.g., family, economic system, law
enforcement, direct care providers), leading to the pu-
rification of the abject and the perpetuation of abjec-
tion-enforcing acts. Institutions purified the process of
abjection and the objects of abjection through report
dismissal and the silencing of victim narratives, mental
health sequelae, and fears. Victims of sexual violence
confronted their abuser, perpetrator, and social and re-
lational positions through a variety of individual means.
Horror films provoked investigation of the means and
platforms through which sexual violence occurred that
may otherwise remain unchallenged (e.g., family rela-
tions, mental health care providers). In doing so, they
provide a constructive perspective on how social re-
sponses to sexual violence can be altered in order to
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better serve the victim and survivor.

Statement of Research Advisor

The purpose of the study is to better understand the
common depictions of sexually based violence in me-
dia and the social norms these depictions reflect in or-
der to aid in the development of regulatory practices
that counteract potential harms flowing from such de-
pictions. The project that she and I embarked upon has
the potential to build upon both her remarkable aca-
demic achievements and her inspirational activist work
relating to raising awareness of sexual violence.

- Allison Vandenberg, College of Liberal Arts
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Shape memory polymers (SMPs) are active materials
with growing potential for use in aerospace applica-
tions, including as actuators for deployable structures
and roll out solar arrays. SMPs change shape in re-
sponse to external stimuli, such as heat, and retain their
deformed shape after removal of the stimuli. Unfortu-
nately, SMPs tend to be single-use materials due to the
nature of the shape change. Therefore, there exists an
abundance of unutilized SMP waste, which demands a
reevaluation of the material infrastructures currently in
place. In-situ resource utilization (ISRU) and recycling
promote the use and integration of sustainable material
infrastructures on earth and throughout long-duration
space missions. Mechanical recycling is the most viable
alternative material processing system to establish SMPs
as a multi-use material. However, material degradation
is inevitable with recycling. Therefore, it is imperative
that material properties of recycled SMPs be quantified.
In this study, we investigate the effects of recycling on
the thermomechanical properties and shape memory
performance of SMP sheets. As a result, recycled SMPs
are viable throughout six extrusions and support the
concept of highly functional, recycled SMPS to pro-
mote sustainable aerospace practices and applications.

The sustainably sourced shape memory polymers uti-
lized in this study were discarded polystyrene CD cas-
es. Polystyrene is a low-cost and highly accessibly SMP,
so it is commonly used in the production of plastic
products, including CD cases. Then, we implemented
a laboratory-scale mechanical recycling process to re-
cycle the polystyrene CD cases. First, the material was
mechanically broken down by hand. The polymer piec-
es were then fed into a single-screw Filabot EX2 Fil-
ament Extruder. The extruder breaks down and melts
the material into a continuous profile. This process pro-
duced a polymer resin that was then spiraled by hand.
The polymer resin spiral was then processed through

'Corresponding author: man0045@auburn.edu
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compression molding in a Wabash Genesis Hydraulic'
Press. Then, the material was removed from the plates
and inspected for imperfections, namely air bubbles
and shearing. After pressing into flat sheets, samples for
characterization were cut from the material. After eval-
uating the recycled material, the sample was returned to
the bulk recycled material, which was then mechanical-
ly broken down again and the recycling process, as seen
in Figure 1, was repeated as necessary. This process was
used to produce material samples ranging from zero to
six extrusions. Recycled SMPs were characterized in a
TA Instruments HR-20 Hybrid Rheometer/Dynamic
Mechanical Analysis (DMA). Samples were subjected
to temperature sweep tests and shape recovery tests.
The shape recovery tests required an initial pre-strain
sequence using the thin film fixture in the DMA. Then,
samples were subjected to constrained recovery or free
recovery tests described below.

s
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we W ¢ 3% Mechanically

Polymer Breakdown
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Fig. 1. Polymer Recycling Process applied to SMP.

Samples ranging from zero to six extrusions were pro-
duced using the in-house, mechanical recycling pro-
cess and compared for signs of physical degradation.
Figure 2 shows changes to the physical appearance of
the samples. Degradation resulting from recycling is
increasingly obvious when working with a transparent
and colorless material like polystyrene!"?. In fact, phys
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ical degradation was the most obvious sign of degrada-
tion for the up to six times recycled SMPs. With each
successive extrusion, the material became increasingly
cloudy and yellow. These changes in the appearance of
the material signify a breakdown at the atomic level.

Fig. 2. Untested DMA Samples of Recycled Polysty-
rene.

Viscoelastic master curves obtained from DMA results
were compared for samples ranging from zero to six
extrusions; representative results are shown in Figure
3. This figure has been annotated to show a variety or
parameters which will be compared for each dataset.
In the results, the storage modulus, loss modulus, and
phase angle agree with expected trends' *. When an-
alyzing the viscoelastic master curves, changes in the
tan(8) curve were observed specifically as this proper-
ty is a ratio of the loss and storage moduli. Therefore,
changes to both properties are accounted for in this
singular analysis. These results indicate that there is no
clear trend to the way the recycled SMPs are degrading.
Therefore, degradation is minimal and does not pre-
vent recycled SMPs from functioning properly in aero-
space applications.
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Fig. 3. Representative Visoelastic Master Curve for
Once Extruded Polystyrene.
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Shape recovery tests were developed to determine the
extent to which the material retains its shape memory
properties after recycling. Herein, we considered free
recovery and constrained recovery tests, the extremes
of possible use cases. Free recovery tests use zero load
conditions after pre-straining to provide a measure of
the maximum shape recovery”. Through the devel-
oped testing procedure, the SMP samples were subject-
ed to a pre-straining conditioning process so that shape
recovery behavior could occur. The material was then
allowed to recover fully within the tension test fixture
of the running test. The representative results, shown in
Figure 4, illustrate the gap during shape recovery when
subjected to zero axial force. By observing the changes
that occurred from the free recovery results for zero to
six extrusions, it is evident that recycling had a negligi-
ble effect on the free recovery behavior. Therefore, the
material can still perform predictably and efficiently
as a SMP. Constrained recovery tests restrict the shape
memory property of the material by holding the gap
of the fixture constant. This information reveals the ef-
fectiveness of the shape recovery of the material when
subjected to a constant gap!®.. Observing the results of
these DMA tests, as represented in Figure 5, the most
significant change in recovery stress occurs after the
first recycling but there is minimal variation for subse-
quent recycling sequences. The minimal changes to the
axial force occur in no particular pattern. Therefore, it
can be assumed that the ability of the material to re-
cover is minimally degraded by recycling as revealed
through constrained recovery testing.
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Fig. 5. Constrained Recovery of Zero to Six Times Ex-
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In this paper, we investigated the effects of recycling on
the thermomechanical properties and shape memory
performance of SMP sheets. We implemented a desktop
recycling process to extrude recycled polystyrene and
produce uniform sheets. Degradation as a result of me-
chanical recycling was assessed through DMA. It was
demonstrated that recycled SMPs are viable for aero-
space applications for up to six extrusions as resulting
degradation is minimal, occurring most obviously in
the physical appearance. Due to the minimal changes
in material properties, it is concluded that degradation
of recycled SMPs does not significantly impact material
performance. Therefore, recycled SMPs are viable for
long-duration space missions throughout the six tested
extrusions.
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As urbanization increases, stream quality is affect-
ed due to the manipulation of waterways to promote
fast-draining channels that prevent flooding. As this
occurs, stream hydrology is negatively impacted, and it
causes unnatural changes in flow frequency and mag-
nitude (Walsh et al. 2005). In addition, human waste
runoff into streams pollutes the water, leading to higher
levels of pollutants such as E. coli and suspended solids.
The negative relationship between water quality and
the degree of urbanization has been well documented;
however, there is relatively little information on how ur-
banization- related water degradation affects the health
and overall physiology of resident aquatic biota.

A small number of studies have been conducted that
correlate stream quality and overall fish health (Morse
2005, Menvielle 2006, Helms et al. 2009, Sayer 2012,
Nagrodski et al. 2013, Wedge et al. 2015, Iwanowicz et
al. 2016), but there remains little information on this
critical topic for the lower Piedmont physiographic re-
gion of the southeastern United States, a region that is
rapidly urbanizing (Wear 2013, Curl and Bell 2021).
Our research represents an initial attempt to quantify
the specific effects of urbanization-related water degra-
dation on overall fish health within our focal region.

Six total streams, 3 urban and 3 rural, were selected in
and around Auburn and Opelika, Alabama. Streams
were either 2nd or 3rd order and were associated with
watersheds that ranged in size from 130 to 5700 hectares.
Indices of fish health and water quality were quantified
at each site. Measured water quality metrics included
dissolved oxygen, nitrate, phosphate, total suspended
solids, and E. coli. To quantify fish condition, we col-
lected sunfish (Lepomis spp.) from each site using seine
nets. These fish were selected for our study due to their
abundance in the region and widespread cosmopoli-
tan distribution. Physiological health indices collected

'Corresponding author: krn0009@auburn.edu

from the fish included length-weight ratios (calculated'
from fish length and weight), hepatosomatic index (cal-
culated from liver weight and fish weight), and gonado-
somatic indices (calculated from gonad weight and fish
weight). In addition, we extracted otoliths from each
fish to determine age, allowing us to quantify popula-
tion age structures in rural and urban stream systems.

Preliminary results have shown stark differences in E.
coli levels between land use types (Figure 1). Water
and fish data compilation is still ongoing, with statisti-
cal analysis in progress. We hypothesize that fish from
urban degraded streams will show lower fish condi-
tion measures relative to those from forested reference
streams and that the urban systems will have altered
population dynamics (i.e., younger-biased age struc-
ture); however, the extent of these differences is yet to
be determined. Once finalized, our results will be of
significance to the field of stream conservation because
of the evidence linking urbanization, poor water qual-
ity, and negative health implications for native aquatic
organisms. In addition, they will help fill the current
knowledge gap on this subject in the region and give
local insight.
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100 mL) by land use type.
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Close to 15% of children in the U.S. exhibit some level/
type of hearing loss of at least 16 dB HL by the time
they enter kindergarten (Niskar et al., 1998). Research
supports that access to regular hearing screening pro-
grams is not readily available across all populations
(Brennan-Jones et al.,, 2015), which may exacerbate
the negative impact of hearing loss on an individual’s
quality of life — particularly regarding proper academic
development and success of school-aged children. This
thought process led to the development of the Auburn
Graded Early Skills application (AGESapp), which is a
user-friendly application that screens hearing in a fast
and eflicient manner for patients in a variety of set-
tings (i.e., schools, clinics, rural areas). The purpose
of this research study is to determine the validity and
reliability between the gold-standard four-frequency
pure tone hearing screener with American Speech-Lan-
guage-Hearing  Association’s (ASHA) guidelines
(ASHA, 2005) (e.g., portable audiometer), the AGE-
Sapp hearing screener, and selected auditory process-
ing skills test battery which assesses individual auditory
skills and cognition.

Data was collected by using an engaging “train station”
activity to screen peripheral hearing in children and
adults. The AGESapp was designed to mimic the clini-
cal approach to hearing screening, and measured hear-
ing at the following frequencies: 500 Hz, 1000 Hz, 2000
Hz, and 4000 Hz. Each stimuli uses novel frequency
mixture of pure-tone (sinusoidal) and noise stimuli in
order to stimulate each center frequency region of the
cochlea. Stimuli in the AGESapp begins at 50 dB HL,
and then decreases after conditioning to a screening
level of 20 dB HL for the stimuli with a center frequen-
cy at 1000 Hz. Overall, the app randomly screens the
remaining test frequencies for each ear at 20-25 dB HL.
A mixture of 89 participants (34 adults and 55 children)

'Corresponding author: ago0006@auburn.edu

between the ages of 3-65 years from Auburn University"
and surrounding community daycares and pre-schools
were tested using both the gold standard and AGESapp.

Out of the 89 participants screened, 5 children were re-
screened a second time due to instrumental issues and/
or participant motivation. The app proves to be ecolog-
ically valid for children 6 years of age and younger with
a certified professional. Adults and school-age children
also prove to be ecologically valid to self-administer the
application. We ran the stats in SPSS software to com-
pare the sensitivity and specificity of the AGEs app ver-
sus the gold standard portable hearing screener. Over-
all, results indicate that the AGESapp screening was
sensitive to referrals on a hearing screening in 67-80%
in adults and 43% in children. The AGESapp screening
was 100% specific for passing participants who passed
the gold standard hearing screening.

This study reveals that the AGESapp is an effective tool
to screen hearing to increase efficiency of community
and school-based hearing screenings. The work will in-
form iterations of the application, to increase engage-
ment and ease of use for a wide range of ages (3-65
years old). Further developments of the application are
underway, which will test additional hearing, speech,
and language skills. AGESapp successfully gives audi-
ological screenings to potential patients in an inexpen-
sive and easy access way. Thus, successfully fulfilling
our initial goal.
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Identifying Species of Bacteria that Assist in
Survival in Environments with an Extremely High
Salt Content or High Temperature

Walker R. Olive' and Kathy Lawrence 2

' Undergraduate Student, Department of Entomology and Plant Pathology, Auburn University
? Professor of Entomology and Plant Pathology, Auburn University

Plant-growth promoting rhizobacteria assist plants
in mitigating stress from not only pathogens but heat
and salt stress 1,3, which is becoming more present in
Earth’s changing climate. High salinity levels direct-
ly impact biochemical reactions, limit photosynthesis
capabilities, decrease transportable iron, as well as de-
creasing turgor” (the level of rigidity in the cells). High
temperatures, leading to inadequate water supply for
plants, can limit nutrient bioavailability in the soil."
To tackle the above concerns, identification of certain
bacterial specimens from the selected environments
have been collected and are currently being examined
for evidence of their role in plant growth promotion. In
our research, examining the resilience of selected bac-
teria on plated media as well as in the greenhouse can
provide the information needed to possibly pursue new
species identification of those same bacteria.

Samples for the salt water-based portion of the exper-
iment were obtained in or near Mobile, AL, and the
drought/heat tolerant varieties were found in New
Mexico. Root sections around 1.0 cm in length are ex-
tracted using a sterile scalpel and stored in test tubes
filled with sterile water. These sections would be vor-
texed and serially diluted, and plated onto tryptic soy
agar. More dilutions would be made after the root tissue
was macerated with a tissue grinder.

The resulting plates were incubated for 5 days at 28°C
while colonies were selected based on morphology de-
termined by a college at days 2 and 5. For storage, the
samples were prepared with a tryptic soy broth amend-
ed with 30% glycerol and placed in cryopreservation.

Polymerase chain reaction (PCR) was run on all samples
before plating to ensure bacterial presence and checked

'Corresponding author: wro0003@auburn.edu

with gel electrophoresis. The potentially salt-tolerant!
bacteria were plated on a gradient of plates ranging
from 2-10% NaCl in tryptic soy agar.’

Specimens from the drought-prone areas are currently
being plated on a mixture of tryptic soy agar and con-
centrations of 3g, 5g, 7g, or 9g per liter of polyethylene
glycol, testing osmotic resistance.>

Fig. 1. The image above displays an example of incubat-
ed plates with varying concentrations of polyethylene
glycol in the media.

Both the salt and drought-tolerant specimens were
allowed to incubate at 30 °C for at least one day. Bac-
teria that grew through every gradient of salt concen-
tration were sent to the MCLab for sequencing. The
drought-tolerant varieties are currently undergoing
greenhouse trials. The root systems of corn plants have
been inoculated with a bacterial solution of a set tur-
bidity standard in yellow 150cm3 containers filled with
pure sand. Inoculated plants will not be watered for 7
days, as watering will wash away the new bacteria and
not create proper drought conditions.
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Fig. 2 & Fig. 3. Image 1 (left) shows plants that were
inoculated with the bacterial solution after receiving no
water for 7 days. The second image (right) shows five of
the same plant species that did not receive any bacteria
before not receiving water for 7 days. The figure on the
right shows obvious wilt and stunted growth from wa-
ter loss.

PCR was successful on most samples and helped to de-
termine samples with sufficient DNA content for fur-
ther examination, with only a few not producing bands
in gel electrophoresis, even after DNA extraction. The
salt-tolerant varieties that grew on every gradient and
shipped oft to MCLab for sequencing were analyzed
using BioEdit, with the top 40 most promising strains
currently starting assessment for new species identifi-
cation. (See Figure 4 for more information) Plates with
drought-tolerant varieties are finishing the gradient
plating process with signs of resilient strains in the col-
lection. The last batch of samples from the drought-tol-
erant specimens is being run through the greenhouse
at this time. Previous tests show a distinct difference
between the corn plants with the bacteria and without
after 7 days of no watering. (See Figures 1 and 2) Due to
this being an ongoing research project, the results are
not yet complete.
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Differing concentrations of NaCl helped to identify the
strongest strains collected.

Results from the greenhouse trials, although not com-
plete, demonstrate that the collected species of bacte-
ria serve as a plant growth-promoting agent when it
comes to drought conditions. This information, how-
ever, does not try to claim that only a specific species or
plant works with this growth-promoting relationship.
Sequencing the most resilient strains from the salt-tol-
erant batch of bacteria shows enough genetic variation
to investigate as a potentially new species. Continued
plating on a TSA/polyethylene glycol gradient shows
potential for bacteria that resists osmotic stress.

Statement of Research Advisor

Beginning in the Fall of 2020, Walker has provided
contributions to our studies of bacteria from high-salt
and from arid environments. Her role, in addition to
the upkeep and maintenance of bacterial cultures, was
to conduct the Polymerase Chain Reaction (PCR) pro-
tocol on 500+ bacterial strains so that they could sub-
sequently be identified by 16S rRNA gene sequencing.
Before she sent her gene-products for sequencing, she
had to confirm her results by gel electrophoresis.

-Dr. Kathy Lawrence, Entomology and Plant Pathology
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Development of PID Controller for Controlling
the Phase Difference Between Coaxial Rotors
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Coaxial rotors have two rotors on top of each other that
rotate in opposite directions, which provides a distinct
advantage over a conventional single-rotor helicopter.
It offers better stability and maneuverability since it re-
moves the tail rotor on a helicopter. However, the two
rotors in the coaxial rotor result in high aerodynamic
interactions, which are not well studied across different
conditions.

I have been working in the Applied Fluids Research
Group (AFRG), which has the objective of studying
and understanding the aerodynamics of coaxial ro-
tors across different conditions. The lab has a medium
to small-scale coaxial rotor setup for studying their
aerodynamics and performances at various Reynolds
number conditions. The medium-scale and small-scale
coaxial rotor setup are similar to the standard coaxi-
al rotor design with a medium-scale rotor on top and
a small-scale rotor on the bottom. During my time at
AFRG, I have learned that the lab uses an experimental
technique known as Particle Image Velocimetry (PIV)
to study the aerodynamics of the coaxial rotor system.
The technique involves the use of lasers, smoke parti-
cles, and high-speed cameras to find the velocity field at
a specific 2D plane.

Throughout the course of their experiments, the lab has
identified that the phase difference between the two ro-
tors is an important issue that affects the flow field be-
low the rotor. The phase difference can be represented
by the angle between the blade of the upper rotor to
the bottom rotor. The current setup has two rotors that
are mechanically uncoupled, such that the individual
performance of each rotor can be studied. Therefore,
electronic control over the phase difference between
the rotors is required. The rotors are actuated using a
brushless DC motor (BLDC motor) which can function
efficiently at high speeds but is not equipped with po-
sitional feedback for controlling the phase difference.

'Corresponding author: ahp0019@auburn.edu

I began my research with a small-scale single-rotor

BLDC motor and an IR sensor. My initial objective was
to create a control system using a feedback loop with
these two devices to be able to control the RPM of the
motor using a user-defined setpoint. The objective of
this task was to gain a basic understanding of control
theory and the program LabView and eventually use
this knowledge to control the phase difference between
two motors.

The next objective was to gain a mathematical repre-
sentation of the physical system. I created a simulation
within Simulink that used the data from the physical
system to accomplish this. The speed of the BLDC mo-
tor is determined by a value between 0 and 1, called the
duty cycle. First, I determined the relationship between
the inputted duty cycle and the outputted RPM of the
motor. I then determined the time it took for the mo-
tor to reach the expected RPM at different duty cycles.
Using the data from these tests, Simulink generated a
second-order function that represented the system.

However, numerous objectives remained unobtained.
The phase difference between the two test case rotors
still needs to be conducted, which will be done so by
using a high-precision encoder. This will allow posi-
tional feedback from the BLDC motor actuating the
rotors. Once a robust coaxial test system has been con-
structed on this test setup, the current technique will be
employed in the medium and small-scale coaxial rotor
setups in the AFRG lab.

Statement of Research Advisor

With the increasing rate of adoption of drones in civil-
ian and military applications, it is very important to un-
derstand the aerodynamic interactional forces between
the two rotors of a coaxial rotor. This study is a starting
point to identify the physical interactional mechanisms
of the aerodynamic loading on coaxial rotors of small-
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scale rotors. Synchronizing these rotors is very import-
ant since that will enable an improved understanding
of aerodynamic loads. In the future, the plans are to
adopt synchronization techniques to study aerody-
namic interactions.

- Vrishank Raghav, Aerospace Engineering

Authors Biography

Andrew H. Parker is a se-
nior-year student pursuing a
B.S. degree in Mechanical En-
gineering at Auburn Univer-
sity. He conducted research
on control systems and imple-
mented what he learned into
the physical system through
computer coding.

Vrishank Raghavisan Assistant
Professor in the Department of
Aerospace Engineering at Au-
burn University. He is the prin-
cipal investigator of the Ap-
plied Fluids Research Group,
where his research interests
are centered on the theme of
unsteady fluid dynamics with
applications across multiple
disciplines.

109



Auburn University Journal of Undergraduate Scholarship

Understanding Natural Product Biosynthesis in

Blueberry

Emma M. Peacock’ , Lovely Mae F. Lawas %, and Courtney P. Leisner *

! Undergraduate student, Department of Biological Sciences, Auburn University
? Postdoctoral Fellow, Department of Biological Sciences, Auburn University
* Assistant Professor, Department of Biological Sciences, Auburn University

Blueberries (Vaccinium spp.) are widely known for
their flavor and human health benefits due to the pro-
duction of specialized metabolites with potential pos-
itive health aspects. Iridoids are a class of specialized
metabolites in plants that have known human health
benefits, including anti-inflammatory and anti-cancer
properties (Dinda et al., 2011). Recent work has found
that blueberries make iridoid compounds, with a sub-
set of wild and cultivated blueberry species making the
specific iridoid glycoside monotropein (Leisner et al.,
2017). While the biosynthetic pathway of iridoid com-
pounds is well studied in other plants, including the
model medicinal plant Catharanthus roseus (Kellner
et al., 2015), the genes involved in monotropein bio-
synthesis in blueberry are not known. Additionally, the
human health benefits of monotropein in blueberry are
not well studied. Elucidating genes in the monotrop-
ein biosynthetic pathway would not only increase our
understanding of this important metabolic pathway but
create avenues for future research on understanding the
human health impacts of iridoid production in blue-
berry. For this work, the key enzyme geraniol synthase
(GES) was analyzed. GES has been identified as a key
enzyme associated with iridoid biosynthesis (Mint Evo-
lutionary Genomics Consortium, 2018), catalyzing the
conversion of geranyl pyrophosphate (GPP) to geraniol
(Fig. 1) in the plastid during one of the earliest steps of
the iridoid biosynthetic pathway. The purpose of this
study was to isolate and sequence this key gene in the
iridoid biosynthetic pathway and to perform functional
enzyme characterization to understand and validate its
specific role in iridoid production in blueberry.

To isolate GES, RNA was extracted from various tis-
sues of the blueberry cultivar Ornablue which has been
shown to produce the iridoid glycoside monotropein
(Leisner et al., 2017). The extracted RNA was treated
with DNase and reverse transcribed into cDNA which
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was used as a template for polymerase chain reaction
using gene-specific detection primers. The GES gene,
which was amplified in floral tissues, was purified and
sent for sequencing. The resulting sequence of the ampli-
fied GES was aligned with the computationally derived
sequence of GES used to design the detection primers.
When aligned, the amplified GES with high-quality
sequencing peaks covered 33% of the computationally
derived sequence but with 95% identity, indicating its
similarity to the computationally derived gene. A GES
gene construct was then designed, commercially syn-
thesized, and cloned into E. coli BL21 (DE3) competent
cells for heterologous expression.

This research is ongoing, and current work is focused on
expressing the GES gene in E. coli cells and optimizing
the protein purification step to increase the yield of the
isolated GES protein. Once purified, the protein along
with its substrate GPP will be used in enzyme assays
and analyzed by gas chromatography-mass spectrom-
etry to functionally characterize the GES enzyme in
blueberry. Overall, results from this study will provide
new insights into the function of a key gene within the
iridoid biosynthetic pathway, which will allow for fu-
ture work into the function of these iridoid compounds
in blueberry, and lead to a better understanding of the
human health benefits of blueberries.
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Figure 1. Early iridoid biosynthetic pathway. GES, ge-
raniol synthase; G8H, geraniol 8-hydroxylase; GOR,
8-hydroxygeraniol oxidoreductase; ISY, iridoid syn-
thase (Adapted from Lichman et al., 2020).
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This project is part of a larger effort to identify all bio-
synthetic pathway genes for monotropein biosynthesis
in blueberry. GES has been shown to be a key enzyme
associated with plants that make iridoid compounds
across a wide phylogeny of the plant kingdom. There-
fore, the work done in this project provides critical in-
formation as to why some cultivars of blueberry do and
do not make iridoid compounds. This paves the way to
understand more about the genetic regulation of this
pathway, which makes this type of natural product re-
search more amendable to future clinical evaluation.
-Courtney P. Leisner, Biological Sciences
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The United States Zero Hunger Pathways Project: Profile
of Food Insecurity in America details a situational analy-
sis on the state of hunger in the United States. The Zero
Hunger Pathways Project was created by the United Na-
tions Sustainable Development Solutions Network USA
to unite research institutions and work towards the
United Nations Sustainable Development Goal 2: Zero
Hunger. This goal seeks to eradicate hunger by 2030,
though food insecurity has exacerbated as a result of
the COVID-19 pandemic.

The purpose of the situational analysis is to apply a sys-
tematic approach to ending hunger, develop a baseline
report that describes the current state of hunger, and
create the foundation for an actionable plan to end hun-
ger in the United States. The working group that led the
project includes Alicia Powers, Bassel Daher, Asma La-
teef, and Caroline Fox. The working group sought to in-
corporate four core values that reflect the future of the
United States food system: sustainability, health, equity,
and resiliency. The four values directed the organiza-
tion of the situational analysis.

The situational analysis is a baseline report describing
the current state of hunger in the United States. Arti-
cles gathered for analysis were chosen based on three
criteriums: applicability to the topic, credibility of the
source, and relativity to the current state of hunger. The
chosen articles were synthesized to demonstrate the
interconnectedness of the multidimensional aspects
of hunger. The multidimensional aspects under review
include poverty, race/ethnicity, education, unemploy-
ment, homelessness, and COVID-19. The draft was
then presented in a Dialogue Series that sought feed-
back from experts in varied fields.

The situational analysis demonstrated that food inse-
curity disproportionately affects specific populations
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within the United States, particularly Black and Latino
Americans. The review also demonstrated the extensive
cost of food insecurity. Though the monetary cost can
be quantified to $29 trillion USD, the true cost of hun-
ger is much deeper and is expressed through impacts
such as attention deficits, loss in economic productivity,
and mental health conditions (Hendricks, et al., 2021).
The feedback from Dialogue Series participants includ-
ed clearly differentiating COVID-19’s impact on food
insecurity in comparison to the previous prevalence of
food insecurity in the United States. In addition, the ci-
tation of more literature was suggested.

The situational analysis is only one tenet of the Zero
Hunger Pathways Project. In addition to this baseline
report, the working group conducted other Dialogue
Series that addressed various topics related to food in-
security and food systems. These include Supplemen-
tal Nutrition Assistance Program Recommendations,
Trade-Offs Evaluations and Science-Policy Commu-
nications, and Taking Innovations to Scale. These Di-
alogue Series, in addition to the situational analysis,
support the claim that to achieve Zero Hunger in the
United States by 2030, research and policy must seek
to make food systems equitable, resilient, healthy, and
sustainable.

Statement of Research Advisor

Cat provided tremendous leadership to drafting, seek-
ing feedback, and finalizing the situational analysis for
inclusion on the United States Zero Hunger Pathways
Project final report. Initially, Cat led a group of peers in
conducting a comprehensive and critical review of lit-
erature to support the first draft of the situational anal-
ysis. Cat then facilitated receipt of feedback through
conduct of a dialogue that many food security experts
throughout the United States attended. Following re
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ceipt of feedback, Cat then revised and finalized the sit-
uational analysis.
-Alicia Powers, Hunger Solutions Institute
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Physical Inactivity is arguably the greatest public health
crisis of the 21st century !V, and although the benefits
of physical activity (PA) are well established, most chil-
dren fail to meet PA recommendations **!. Establishing
PA behaviors in the early years may increase adherence
in PA patterns and health benefits across childhood, ad-
olescence, and adulthood ..

Therefore, interventions aimed at increasing and main-
taining PA are essential to curb this public health crisis,
particularly in young children. Only 50% of preschool
age children meet the physical activity recommenda-
tions for their age. Children from high socioeconomic
status, urban areas, and preschool age boys are more
likely than others to meet these recommendations .

Data also shows that preschool years may be a critical
period for the development of obesity later in life [
Obesity, diabetes, and heart disease disproportionately
affect individuals from low-income families and are ev-
ident even in young children. This health disparity may

be ameliorated, in part, by increasing PA at an early age
171

Physical inactivity habits begin in childhood and con-
tinue to develop with age. As with most habits, it is im-
portant that the establishment of PA behaviors begin
in the early years of a child’s life, as this might promote
positive trajectories in the patterns of PA throughout
childhood, adolescence, and adulthood.

Research shows that teacher-led interventions aimed at
increasing PA are effective in the short term but tend
to lack long-term success. Preschool teachers serve as
the foundation of PA during the preschool years, and
teachers’ behaviors and PA practices are important to
target. Establishing teachers’ PA habits may be a sus-
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tainable solution to provide PA opportunities in young'
children.

Researchers gathered height, weight, sex, PA, funda-
mental motor skills (FMS), and body composition fat
mass (FM) and fat free mass (FEM) of 46 preschoolers.
PA was assessed with accelerometers placed on pre-
schoolers’ wrists during the school day. The preschool-
ers baseline FMS assessed object manipulation, loco-
motion, and stationary skills.

Teachers’ habit formation was assessed with the au-
tomaticity index in relation to implementing certain
types of physical activities, both inside and outside,
throughout the day.

Linear regressions examined the relationship between
baseline PA levels and body composition to stationary,
locomotor, and object manipulation skills. At the end of
the 8 week intervention, all measures were retested to
see if any improvements had been made.

Our initial results show that body composition in terms
of FFM are associated with higher levels of FMS. In par-
ticular, stationary and object manipulation scores are
associated with greater levels of FFM. Currently, we are
analyzing changes in PA, FMS, and body composition
over the course of the intervention, as well as the role of
teachers’ PA automaticity.
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Fig. 1. Assessing how well a child can walk up a set ot
steps.

Table 1. Participant Data

Variable Mean Standard
Deviation
Weight 15.56 kg 2.08 kg
Height 10041 cm 5.70 cm
BMI % 15.50 kg/m? 1.15 kg.m?
Body Fat % 20.87% 3.01%
Fat Mass 3.34 kg 83 ke
Fat Free Mass 12.48 kg 1.50 kg
Stationary Skills | 48.16 6.46
Locomotor Skills | 145.8 27.73
Object 34.88 6.46
Manipulation
Skills
Gross 96.32 12.57
motor Quotient

Notes: SS, LS, OMS, are means of raw scores which are
then used to calculate GMQ. There is not a unit of mea-
sure for these items.

Statement of Research Advisor

This project is one of the few studies to examine body
composition in young children, as well as, the roles of
active play, physical activity and fundamental motor
skills in childhood obesity. Furthermore, examining
teacher’s automaticity in providing physical activity
opportunities as the mechanism of change provides a
method for sustainable solutions to increase physical
activity.

- Danielle D. Wadsworth, School of Kinesiology, College
of Education
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Anytime a heifer (a bovine female from weaning until
the first parturition event) or cow (bovine female which
has already calved at least once) fails to calve, it is cost-
ly to the individual producer and the beef industry as
a whole. Open beef heifers are one of the costliest in-
efficiencies on an operation because the producer has
already expended resources to raise her, and the heifer
will fail to produce progeny. If a producer pregnancy
checks their herd at weaning, an open cow is less cost-
ly compared to an open heifer because the cow can be
culled before any extra feed is invested in her. How-
ever, the producer still incurs the cost of replacing the
cow and many producers do not pregnancy check their
cattle. Only 34.5% of all beef producers in the United
States use pregnancy detection as a management tool
to make culling decisions (Lamb et al, 2014). For near-
ly two-thirds of all United States’ beef producers, open
cows are first diagnosed at the end of the subsequent
calving season. While the producer can opt to cull open
cows at the end of the calving season, the cost of main-
taining her without a return has already been incurred
for ayear (Lamb et al, 2014). In the Southeast, it typical-
ly takes a raised replacement heifer six successful partu-
rition events to pay for the cost of her development and
maintenance in the herd. If a cow fails to calve in one
of her first six opportunities and the producer opts to
keep her, it takes nine parturition events to pay for the
cost of her development and maintenance in the herd
(Boyer et al, 2020). The time it takes to receive a prof-
itable return from an individual beef cow emphasizes
the importance of fertility in beef production. In 2014,
Lamb et al estimated the total cost of infertility to the
entire United States beef industry to be about $2.8 bil-
lion annually (Lamb et al, 2014).

'Corresponding author: glr0018@auburn.edu

The goal of this research project is to test possible bio-
markers as predictors for future reproductive potential
in beef heifers. The ultimate goal is to find a reliable
biomarker in the plasma and a test which accurately
quantifies that biomarker. The test could then be used
as a predictor of future reproductive success, or lack
thereof, in beef heifers. The specific objective of this
project is to investigate the relationship between plasma
inflammatory cytokine levels and pregnancy results in
heifers.

Estrous synchronized Angus and Angus-cross heifers
were utilized for this project. Following estrous syn-
chronization, fixed-time artificial insemination (FTAI)
was performed on the heifers and fourteen days later
a fertile bull was introduced for three consecutive es-
trous cycles. Heifers conceiving from FTAI were la-
belled as high-performing heifers, while those heifers
which remained open following both FTAI and bull
exposure were labelled as low-performing heifers. Pre-
vious research conducted in our lab identified metabo-
lites linked to inflammation in the blood plasma which
were at different levels at weaning in high-performing
and low-performing heifers (Phillips et al, 2018). Fur-
thermore, mRNA transcript levels for the inflammato-
ry cytokines, tumor necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6), differed in the white blood cells
between these two groups (Phillips et al, 2018). In the
current project, we evaluated the levels of TNF-a and
IL-6 proteins in the plasma using Western blotting. The
levels of the two proteins were compared in high-per-
forming (n=9) and low-performing (n=6) heifers in
blood samples drawn at weaning and at the time of Al
Target proteins were quantified using Image] densitom
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etry and compared using a t-test in GraphPad Prism
software.

Based on the previous findings in our lab of signifi-
cantly different mRNA transcript levels for IL-6 and
TNF-a in the white blood cells between high-perform-
ing and low-performing heifers (higher transcript lev-
els in the low-performing heifers) (Phillips et al, 2018),
the hypothesis was the low-performing heifers would
have higher plasma protein levels for IL-6 and TNF-a.
However, no statistical difference was found in either
of the cytokine levels in the samples taken at the time
of weaning (Figures 1 and 2) or the samples taken at
the time of artificial insemination. Several possible ex-
planations could explain this observation. The obvious
conclusion to draw from this study is neither IL-6 nor
TNF-a are adequate as a potential predictive biomarker
for future reproductive success in beef heifers. An ex-
planation for the difference in the transcript levels and
the protein levels could be a post-transcription regula-
tion factor. Oftentimes, mRNAs function as a regula-
tory factor by preventing the translation of mRNA to
protein. There are many other regulators of translation
as well, and one or more of these regulatory factors
could potentially cause the differences seen in this pro-
tein study compared to the white blood cell transcript
study. While this study focused on comparing the cy-
tokine levels based on a per volume of plasma basis, the
protein levels could also be compared on a total plasma
protein basis. Work was devoted to this thought during
the project; however, running the Western blots on an
equal total protein load did not result in any significant
difference in the cytokine levels between the low-per-
forming and high-performing heifers.

IL6 weaning
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Fig. 1 Comparison of the relative levels of IL-6 in equal
volumes of blood plasma at weaning in high-perform-
ing (bar labelled AI) and low-performing (bar labelled

Open) heifers.
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Fig. 2 Comparison of the relative levels of TNF-a in
equal volumes of blood plasma at weaning in high-per-
forming (bar labelled AI) and low-performing (bar la-
belled Open) heifers.
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Over the past year Gavin has worked to establish and
test a replicable method in the lab to compare inflam-
matory cytokines, in bovine blood plasma. This assay
will permit examination of other blood parameters in
heifers at various stages of development.

- Paul Dyce, College of Agriculture
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Research comparing adolescents with illegal sexual be-
havior (AISB) and adolescents with general delinquent
behavior (AGDB) finds the two distinct populations
to differ in many ways while also sharing some unique
features (Seto & Lalumiére, 2010). In particular, the
groups share similarities in relationships with family
and attachment styles, whereas the AISB group often
scored higher on childhood victimization (Seto & Lalu-
miére, 2010). It is important for clinicians working with
this population to understand the family relationships
and attachment styles of the youth client (ATSA, 2017).
Caregiver attachment mediates the relationships be-
tween childhood victimization and later self-disclosure
of illegal sexual behavior, highlighting the importance
that childhood victimization may play in one’s ability to
trust and engage in the treatment process (Harrelson et
al., 2017). Vulnerability is a critical element in a young
offender’s life, sometimes resulting from poor attach-
ment bonds between the child and parents and leading
to low self-esteem, poor social skills, or lack of empa-
thy for others (Marshall, 2010). Thus, evidence suggests
attachment problems, intimacy deficits, and loneliness
are significant features of justice-involved youth, par-
ticularly AISB. Given how attachment deficits may in-
terfere with the treatment process, the purpose of the
current study was to investigate differences in parenting
behaviors in a sample of detained youth.

Archival data were used from a high-security residen-
tial facility serving male adolescents (n = 48) adjudi-
cated for serious delinquent behavior, like homicide,
rape, robbery, aggravated assault, and kidnapping. A
series of one-way ANOVAs were used to analyze the re-
lationship. The group variable was the type of offense,
general delinquent behavior vs. illegal sexual behavior
(AISB; n = 28 and AGDB; n = 20). The outcome vari-
ables were parenting behaviors measured by the Ala-
bama Parenting Questionnaire (APQ; Frick, 1991). The

'Corresponding author: emr0046@auburn.edu

APQ is a well-validated self-report scale of parenting'
behaviors across five key domains: positive parenting,
corporal punishment, inconsistent discipline, parental
involvement, and supervision/monitoring (Zlomke,
2015). Results indicated the groups differed significant-
ly on poor monitoring, F (1, 46) = 8.53, p = .005, while
inconsistent discipline was approaching significance, F
(1, 47) = 3.34, p = .075. The overall group means poor
monitoring was 27.70 (SD = 6.64). As seen in Figure 1,
the AGDB group scored higher than the overall group
mean and the AISB group.

These results suggest the need for ongoing parental in-
volvement for youth in residential treatment settings.
These youth may often return to homes characterized
by poor monitoring and inconsistent discipline at a
critical time post-treatment when the youth need more
support than ever. Just as youth have learned new skills
for life improvement, clinicians working with these
youth may also want to ensure caregivers have im-
proved skills. This would align with prior research indi-
cating a link between certain parenting behaviors, such
as caregiver consistency, and risk for later reoffending
(Henggeler et al., 2009; Seto & Lalumiere, 2010). This
is a challenge for clinicians working in residential set-
tings, where contact with caregivers may not always be
easy.

Significant Parenting Behavior

W nse W AGDB
40

30

Poor Monitoring

Inconsistent Discipline

Fig 1. Means & Standard Deviations of Main Study
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Variables.

Note: AISB = Adolescents with Illegal Sexual Behavior;
AGDB = Adolescents with General Delinquent Behav-
ior.

Statement of Research Advisor

Elise first started this research question as a directed
readings course credit project with the Juvenile Delin-
quency Lab in Spring 2022. She stayed with the project
and first presented the data at the 41st Annual Research
Conference for the Association of the Treatment of
Sexual Abusers in Los Angeles, CA, in Fall 2022. She
continues to see this project through publication as she
looks toward graduate school.

- Dr. Kelli Thompson, College of Liberal Arts
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Neuromuscular impairments such as cerebral palsy,
stroke, and spinal cord injuries limit the ability to per-
form activities of daily living, decreasing the quality
of life of those affected. Soft exoskeletons have been
proposed to address this need by assisting hand motor
function for those with motor impairment to improve
their overall quality of life. Before these devices can be
commercialized and implemented in the home and
clinic, their performance must be validated. To test the
effectiveness of hand devices, there have been efforts
to create models of the human hand. An instrumented
hand developed recently has displayed near identical
range of motion (ROM) and joint stiffness to a healthy
hand [1]. However, impaired hands can be very differ-
ent from healthy hands, with changes in stifftness and
ROM (e.g., hypertonia). To test the effectiveness of soft
devices on impaired hands, a model needs to be devel-
oped to simulate the range of joint stifftness and ROM
seen in impaired hands. To build this model, designers
first require accurate measures of impaired hand prop-
erties. The goal of this project is to develop a device
that can accurately measure joint stiffness and ROM
for testing on impaired subjects to make modifications
to the instrumented hand and assist in the validation
of soft exoskeletons. Validation of this device rests on
producing the same double-exponential relationship
between stiffness and ROM as seen in prior research
[2]. The device, shown in Fig. 1, uses a motor-driven
arm to rotate the subject’s finger, which is attached to a
load sensing component via a splint.

The subject’s palm and idle fingers are held in place at
a preset angle which can be adjusted. An encoder built
into the motor tracks joint angle and interfaces with
an Arduino microcontroller to increment finger an-
gle by 10° in flexion and extension. A 50 lb. load cell
connected to a National Instruments data acquisition

'Corresponding author: mar0083@auburn.edu

device reads force measurements through a LabVIEW
script.! Each increment is held for 10 seconds, and the
average force reading is recorded. Fig. 2 shows the joint
torque results from initial measurement runs, account-
ing for finger and splint linkage lengths, along with a
double-exponential trend line.

Fig 1. Joint stiffness measurement device.
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Fig 2. Joint torque results plotted against finger angle.
The readings show a range of motion of -65° in exten-

sion to 100° in flexion, with a joint stiffness of 4 in-Ib.
to -4 in-1b., respectively. The results show double-expo
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nential relationship between the two measured quan-
tities, validating the device for further measurements.
Moditying the device further will allow for more com-
prehensive measurements to be taken of hands of indi-
viduals with neuromuscular impairment. The gathered
biomechanical data then be applied to the instrument-
ed hand to validate soft exoskeletons.

Statement of Research Advisor

Mark, through his independent research in my group
has addressed a bottleneck in the measurement of bio-
mechanical joint properties of individuals with neuro-
logical disorders or injuries, by developing a testbed
which will serve a crucial role in future studies. Further,
the adjustability of his testbed will enable investigations
into the impacts of interjoint couplings between the
wrist and fingers, further contributing to the field.

- Chad G. Rose, Samuel Ginn College of Engineering

References

[1] Baskaran, A., et al. An Anthropomorphic Passive
Instrumented Hand for Validating Wearable Robotic
Systems. In 2021 IEEE/ASME Intl. Conf. on Advanced
Intelligent Mechatronics (AIM)

[2] Kuo, P, et al. "Design and Performance of a Mo-
tor-Driven Mechanism to Conduct Experiments With
the Human Index Finger." ASME. J. Mechanisms Ro-
botics 2015

Authors Biography

' Mark Roces is a senior-year
student pursuing a B.S. degree
in Mechanical Engineering at
Auburn University. Following
graduation, he will be working
as a Manufacturing Engineer
for Eaton Corporation.

124

Chandler Stubbs is a Gradu-
ate Student pursuing an MS
degree in Mechanical Engi-
neering at Auburn University.
He received a B.S. degree in

| mechanical engineering at Au-

burn University. He provided
mentorship and guidance in
the development of the device.
His interests include robotics
and human-robot interaction.

Chad G. Rose, PhD is an As-
sistant Professor in the De-
partment of Mechanical Engi-
neering. He holds a bachelor’s
degree in Mechanical Engi-
neering from Auburn Univer-
sity and a master’s degree and
Ph.D. in Mechanical Engineer-
ing from Rice University. Dr.
Rose’s primary research focus
is on the design and control
of robots to rehabilitate, assist,
or augment human motor and
sensory function.



Auburn University Journal of Undergraduate Scholarship

High Speed Event Based Camera Modeling for
Fluid Flow Synthetic Image Processing

Nick Rush!, Michael C- Hamilton?, and Brian Thurow3

! Undergraduate Student, Dept. of Electrical and Computer Engineering, Dept. of Aerospace Engineering, Au-
burn University
? James B. Davis Professor, Department of Electrical and Computer Engineering, Auburn University
*Department Chair, Department of Aerospace Engineering, Auburn University

Fluid modeling for hypersonic applications is currently
afield of great interest, though these models are current-
ly limited without empirical data to verify the models
on. Typical high-speed wind tunnels often impart geo-
metric constraints along with harsh flow environments,
making observation of the flow difficult. To improve
models, high resolution and high frame rate imaging
systems are required in order to capture the behavior of
the flow. With higher resolution and frame rates, there
is a requisite increase in data throughput, which further
exacerbates the geometric constraints present in most
wind tunnels. To decrease required data throughput,
various methods of data compression have been pro-
posed: multi-level processing to determine pixel rele-
vancy !, in pixel analog-to-digital conversion ), and
even removal of redundant pixels through a bio-in-
spired solution, typically known as event-based camera
operation.

Event cameras differ from conventional cameras in that
each pixel is read out asynchronously, depending on
whether there have been any changes in light detected
in the pixel. Due to this, only new image data is trans-
mitted from the sensor, dropping redundant pixels that
have not changed in the observed scene. The primary
benefit to asynchronous sampling for event cameras is
that for scenes that have primarily still scenery with mo-
tion in the foreground, the area of motion is sampled at
a much higher rate than the still background. For high
speeds characterizing supersonic and hypersonic flows,
this focus on motion is paramount.

Due to the difficulty of integrating a new camera sys-
tem, this work utilized a simulation-based approach to
determine the efficacy of event cameras for high-speed
fluid flows. Synthetic images were generated at varying

'Corresponding author: nvr0001@auburn.edu

particle densities to simulate a particle image velocim-
'etry (PIV) experiment, and a model of an event cam-
era was created to process these generated images. The
highest particle density trial can intuitively be seen to
be the trial that would create the most events. As each
particle moves through the simulated scene, it gener-
ates events, so more particles entail more events for a

given flow field.

With the highest density trial, on average, only 30%
of pixels between generated images showed change in
lighting significant enough to warrant registering an
event, indicating that the majority of data collected by
a standard frame camera for the same scene would be
redundant from frame to frame.

With these benefits come certain restrictions. First, par-
ticles used for PIV measurements need to be careful-
ly selected so that they reflect enough light to trigger
an event in a real event camera system. Second, high
speed PIV applications rely on pulsed light sources to
help mitigate motion blur, though pulsed light sources
may generate false events in a real event camera sys-
tem. Both limitations must be weighed carefully before
implementation, which is not an insurmountable situ-
ation.

Event cameras are continually evolving and becoming
more effective at sampling scenes with high motion
content and pose a serious opportunity for more ef-
tective fluid flow measurements, particularly showing
promise for PIV experiments. Other fluid flow experi-
ments, such as oil flow visualization and pressure sensi-
tive paint methods, may also experience benefits from
event cameras. Simulations can be conducted for these
types of experiments in future work, leveraging the re
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sults of the efforts of this project.
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This undergraduate research project that Mr. Rush has
undertaken, regarding creating new methods to tackle
the big data problem for large camera arrays, is very
timely, important, and relevant to ongoing interdis-
ciplinary projects between my group in ECE and Dr.
Thurow’s group in AE.

- Michael C. Hamilton, Electrical and Computer Engi-
neering
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In current methods of wastewater treatment, aerobic
bacteria play a vital role in the degradation of pollutants
and the purification of waste. However, these bacteria
require high levels of oxygen to operate, leading most
treatment plants to synthetically aerate their systems.
This process is costly and adds significant expense to
a system that already incurs deficit spending to create.

In searching for an alternative to oxygenate these bac-
teria, photo-activated sludge systems have recently
emerged as a possible solution (Mohamad et al., 2021).
These systems use cultures of microalgae to oxygenate
the aerobic bacteria rather than artificially, reducing
the need for artificial aeration. As well, the presence of
microalgae increased the abundance of certain bacte-
ria, namely Polyphosphate Accumulating Organisms
(PAOs). It is apparent that the algae and PAOs form a
symbiotic relationship due to the algae’s oxygenation,
but little is known about the effect of algal secretions,
also known as Algal Photosynthate (AP), on this rela-
tionship. Since PAOs are known to require carbon com-
pounds, namely Volatile Fatty Acids (VFAs), and since
similar carbon compounds to these are found in AP,
it is possible that the interchange between these com-
pounds significantly contributes to the relationship be-
tween the organisms.

Before work could be done to determine the effects of
AP on PAO abundance and productivity, it was first
important to develop a consistent source of PAOs for
further use in the experiment. To do this, a sample of
activated sludge was first taken from a local wastewa-
ter treatment plant in Columbus, Georgia, and added
to a continuous reactor system developed specifically
for this project (Fig. 1). This 1L seeding reactor would

'Corresponding author: Justus@auburn.edu

continuously cycle every 8 hours through a 1:4 ratio of'
VFAs and Artificial media, exporting half of its volume
at the end of each cycle to allow for continuous nutri-
ent uptake by the bacteria. In the 8 hour cycle, the re-
actor would consist of 5 phases: Feeding (hours 0-0.5),
Anaerobic Operation (hours 0.5-2.5), Aerobic Oper-
ation (hours 2.5-5.5), a settling phase (hours 5.5-7.5),
and a waste removal phase (hours 7.5-8). The reactor
was also covered completely to prevent algal growth.

A unique component of PAOs that makes them espe-
cially useful for wastewater research is their ability to
uptake phosphate in aerobic environments yet release
phosphate in anaerobic environments. This oxic-anoxic
synthesis and release allow researchers to manipulate
phosphorus removal from wastewater by controlling
the vacillation of these conditions. As well, since PAOs
can operate in both presence and absence of dissolved
oxygen, they can become the dominant bacteria in acti-
vated sludge where these cycles are present. To simulate
aerobic-anaerobic cycling in the PAO seeding reactor,
a fish tank aerator was attached to humidifying device
and cycled on and off.

Fig. 1 PAO seeding reactor in operation.
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After the AftPAO seeding reactor was operated contin-
uously for 1 month, a kinetic study was performed in
which the reactor would be sampled every 30 minutes
for one full cycle of the reactor. These samples would
then be analyzed for pH, Optical Density, Dissolved
Oxygen, and Total Phosphate levels to gauge favorable
PAO growth conditions and the presence of PAOs.

Results of this kinetic study indicated that the reactor
was truly operating under aerobic and anaerobic con-
ditions (Fig. 2). As well it also showed concentrations
of Phosphate increasing in the anaerobic phase of the
cycle, and decreasing during the aerobic phase, indi-
cating the presence of PAOs within the system (Fig. 3).
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Fig. 2 Dissolved Oxygen Levels from Kinetic study on
PAO seeding reactor.
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Fig. 3 Phosphate Concentrations from Kinetic study on
PAO seeding reactor.

In conclusion, PAOs can indeed be found in a waste-
water treatment plant local to the Auburn area. Further
kinetic studies will now be done to verify preliminary
testing, and pending significant results, the seeding re-
actor will be used to provide PAOs for future experi-
ments to observe the relationship between these valu-

able microorganisms and Algal Photosynthate.

Statement of Research Advisor
Understanding how algae interact with polyphosphate
accumulating organisms (PAO) is critical to designing
photosynthetically-powered biological phosphorus
removal systems. Optimizing such systems can im-
prove wastewater treatment while reducing energy and
greenhouse gas emissions. Justus’s research project re-
sulted in the setup of a PAO reactor in our laboratory
that has been operating nearly continuously for nearly
six months. This is an important first step to developing
replicated continuous PAO reactors.

- Dr. Brendan Higgins, Department of Biosystems Engi-
neering
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The purpose of this work was to investigate the micro-
structural and mechanical heterogeneity of additively
manufactured (AM) 316L stainless steel. AM is a novel
technology facilitating the production of geometrically
complex parts that could not be produced otherwise.
Parts can be made with short lead time and low upfront
cost. The layer-by-layer approach of manufacturing
produces near-net shape parts with minimal need of
post-processing. The production of AM parts generally
produces columnar grains with smaller dendritic cells
forming within grains causing anisotropic mechanical
properties [1]. Grain and cell properties are heavily de-
pendent on process parameters including scan speed,
laser power, hatch spacing, and layer height [1-3]. Mi-
crostructural variation impacts mechanical properties
such as hardness, yield strength, and tensile strength

[3].

An Optomec LENS 500 DED machine was used to
manufacture samples with commercially available 316L
powder. Given the nature of AM, parts can be made with
varying process parameters by editing specific lines of
the printing file. The different processing parameters
tested in this work were laser scan speed and laser pow-
er. All samples were manufactured with a hatch dis-
tance of 0.015 inches and a layer height of 0.015 inches.
Initially, a parameter study was performed to ensure
parts would be manufactured with a density upwards
of 99%. It was found that the range of scan speed with
a laser power of 400W was 18 to 54 inches per minute
(ipm), and the range of laser power with a scan speed of
30 ipm was 300 to 700 W.

After determining the parameter range to be tested,
microstructural characterization samples were manu-
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factured with the gradient parameter ranges outlined'
above. The samples were then cut parallel to the build
direction. A solution annealing (SA) heat treatment
was then performed (1121°C for 2 hours) on one of the
cut samples to compare the as-built (AB) and SA con-
ditions. It was found that varying scan speed did not
significantly impact the microstructure in terms of cell
and grain size. When varying laser power, a significant
change in microstructure was observed. As the laser
power increased, the cell and grain size exponentially
increased.

The hardness of each sample was measured using Vick-
ers hardness (HV) and can be found in Fig. 1. It was
found that the SA heat treatment reduced the hardness
by about 20 HV on average for both the gradient power
and gradient speed samples. No significant change was
observed when varying the scan speed which corre-
sponds well to the lack of change in microstructure. La-
ser power on the other hand showed a significant drop
in hardness as laser power increased. This result was
expected due to the higher laser power having higher
residual heat and causing an annealing effect in the heat

affected zone outside of the melt pool region.
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Fig. 1. Hardness (HV) vs (a) laser scan speed and (b)
laser power.

Tensile bars with gradient parameters were also man-
ufactured to be tensile tested using digital image cor-
relation (DIC). DIC allows for local strain tracking
under global stresses. Two samples, AB and SA gra-
dient speed, were tested in this work. The tensile test
was performed at a strain rate of 6.6x10-4 s-1 to failure.
The tensile test results can be found in Fig. 2. It was
observed that the SA samples had higher ductility com-
pared to the AB samples which was expected due to the
decrease in hardness and reduction of residual strain.
Interestingly, however, the solution annealed sample
had a higher tensile strength. This result was not ex-
pected given that hardness has been found to be an
indicator of tensile strength. It was also observed that
strain accumulated along the interface between param-
eter changes. Further investigation showed a decrease
in interfacial hardness.
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Fig. 2. Stress vs strain of gradient speed AB and SA
samples.
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Fig. 3. DIC mapping of (a) AB at 500MPa and (b) SA
at 500MPa where purple represents low strain and red

represents high strain.

This work has proved that DIC can be used to deter-
mine localized strain under global stresses on AM sam-
ples as well as gradient parameter samples. Future work
is planned to test the gradient power samples as well
as investigate the decrease in interfacial hardness and
increase in tensile strength of the SA condition. Future

publications are being written in regards to this work.

Statement of Research Advisor

John developed a strategy to fabricate and validate the
use of microstructurally graded specimen to study mi-
crostructure- property relationship for additively man-
ufactured steel. The developed method is valuable for
increasing the testing throughput to qualify additive
manufactured alloys for high- temperature extreme
environments in a range of energy and aerospace ap-
plications.

- Xiaoyuan Lou, Materials Engineering
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Social relationships are an integral part of college life
(Kennedy, 1999). Before leaving home, parents contin-
uously shape how their children interact with others. At
college, adolescents have a new opportunity to seek out
individuals and relationships in their own way. Because
early childhood attachments are incredibly meaningful
for adolescents, these past relationships may ultimately
shape how they connect with new people on campus
(Nijhof & Engels, 2007).

In this survey, we aimed to explore new Auburn students’
views on their transition to college and connections to
home. We collected data from 106 undergraduate fresh-
man or transfer students, who were surveyed through
the Psychology Departments participant pool (83%
Women, 22% Men, 0.9% Non-Binary/Gender-Non-
conforming; 84% White American, 5.7% Asian/Asian
American, 7.5% Biracial/Multiracial, 2.7% Other). We
surveyed them on how negative to positive their overall
transition to Auburn was, how easy or difficult it was to
make friends at Auburn compared to home, how they
coped with stress at Auburn, and how their relationship
with their guardians had changed since coming to Au-
burn, what they communicated about with their guard-
ians and their feelings of being at home at Auburn.

Participants ranked their transition to Auburn very
positively even during a commonly difficult transition
period (M=7.05, SD=2.10 on a 0-10 scale). In addition,
this transition was strongly correlated with their sense
of place at Auburn (M=5.35, SD=1.24 on a 1-7 scale),
r=.62, p<.001. In turn, sense of place was also strong-
ly correlated with students’ current sense of well-be-
ing (M=3.84, SD=0.80 on a 1-6 scale), r=.48, p<.001.
Although many participants said it was easier making
friends at Auburn (47.47%), a similar number said it

'Corresponding author: driskell@auburn.edu

was easier at home (40.40%); 12.12% said it was the!
same. This shows that as incoming students have a bet-
ter transition, they are also feeling more connected to
Auburn, and they are doing better overall.
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Fig. 1. Scatter plot with fit line illustrating the positive
correlation between how positively students rated their
transition to Auburn and their feelings of a sense of
place at Auburn.

Participants reported that they talked with their guard-
ians about many major stressors, including financ-
es (M=5.08, SD=1.80), academic stressors (M=5.75,
SD=1.44), life decisions (M=5.63, SD=1.46), and feel-
ing unsure about their decisions (M=5.32, SD=1.80),
all on a 1-7 scale. 46.2% of participants reported that
connecting with guardians is one of the main ways that
they cope with stress and deal with homesickness. This
shows how important these connections to home still
are for many students.

We found that incoming Auburn freshmen and transfer
students still have positive experiences during this tran-
sition period, which relates to their sense of place
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at Auburn and sense of well-being. We also found that
their ongoing conversations with guardians imply stu-
dents still need and value support and guidance for
the everyday stressors of colleges. This research is im-
portant for understanding what factors are correlated
with student struggles in a new environment and their
ability to have positive first-year experiences and social
interactions. Although starting college is an exciting
time to be independent and away from guardianship,
college students often rely on their parents for support
and comfort when embarking on this new journey full
of highs and lows.

Statement of Research Advisor

Gabby conducted an expansive correlational study ex-
amining numerous important factors for understand-
ing when incoming students struggle and when they
thrive in their new social environments at Auburn.
Learning more about these factors can help students
have more positive transitions to Auburn as well as
more fulfilling student life at Auburn. Gabby’s research
also has implications for the broader academic, health,
and overall personal concerns of first year and transfer
undergraduate students at Auburn University.

- Sara Driskell, Department of Psychological Sciences
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Algal blooms and eutrophication in runoft water de-
posits are problems that many landowners are facing
due to the leaching of phosphorus from land applied
tertilizers. Not only does this release an unwanted smell
to the environment, but it also leads to the starving of
oxygen and nutrients from these bodies of water, result-
ing in the death of these ecosystems.

Biochar is a charcoal like substance that is made by ex-
posing biomass, or organic wastes, to high pressures
and temperatures. The high porosity and number of
functional groups in biochar prove to be a good can-
didate of phosphorus absorption. This study analyzes
the effectiveness of phosphorus absorption through
biochar as well as the effectiveness of phosphorus ab-
sorption through biochar impregnated with metal ions.

The first steps taken to analyze biochar absorption were
characterization tests. These tests were done in order
to obtain a higher level of understanding of the struc-
ture and chemical makeup of biochar. It was found that
biochar has a very high carbon content, specific surface
area, and cation exchange capacity. Carbon has been
proven to be very effective in previous absorption stud-
ies (Almanassra 1, 2021), as well as samples with high
specific areas. The high cation exchange capacity proves
to show that when exposed to the metal cations in the
impregnation step, the biochar has a higher chance to
actually bond with these metals.

The first experiments conducted were phosphorus
leaching tests. These tests were performed to determine
whether or not the biochar, after washing and drying
for 24 hours, still had traces of phosphorus. It was found
that biochar was still releasing phosphorus, but not at a
level that would affect any samples.

'Corresponding author: set0033@auburn.edu

Nonmodified biochar was simply washed and dried'
before phosphorus testing. In this study biochar was
impregnated using the same method with 4 different
metals, Aluminum, Calcium, Iron, and Magnesium.
Using a 5wt% metal loading, a solution was prepared
by mixing the selected metal chloride salt with 100mL
of de-ionized water on a stirring plate. The biochar was
then added once the metal salt was completely dis-
solved and allowed to stir for 3 hours. After the solution
was stirred for 3 hours, the solution was immediately
placed in the 105°C oven for the complete removal of
water. The dried biochar was then placed into a 530°C
muffle furnace for ten minutes to finish the metal im-
pregnation.

A 5% phosphorus solution was then made by mixing
monobasic potassium phosphate with deionized water.
All biochar samples, including non-modified, and 4 ditf-
ferent impregnated biochars, were then added to 50mL
centrifuge tubes at a concentration of 2g biochar/ 20
mL phosphorus solution. These centrifuge tubes were
allowed to shake at 350rpm and 40°C for three hours.
All samples were then filtered using a vacuum filtration
system, separating the solid biochar from the liquid
phosphorus solution, and then analyzed using Hach’s
high range total phosphorus kit (Hach, Loveland, CO,
2013). This kit comes with prepared reagent tubes. The
addition of the sample and premade chemical reagents
to this tube results in a color change and this color
change is measured by the DR900 to determine phos-
phorus levels in the sample.

The recorded data from one full phosphorus test in-
cluding non-modified biochar and all four modified
biochars can be seen in Fig. 1. It was found that biochar
with no modifications removes a small amount of phos-
phorus per gram of biochar, showing that it does have
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the capability to remove large amounts of phosphorus
from runoff water when biochar is applied in larger
quantities. It was also found that all of the biochars im-
pregnated with metals removed a much larger amount
of phosphorus, making them a better candidate for
phosphorus removal in larger applications. This means
that, when applied to areas with high levels of phospho-
rus runoff, biochar holds the capability to effectively re-
move phosphorus from runoff water, resulting in fewer
cases of eutrophication and algal blooms as well as a
healthier environment overall.

Phosphorus Removal (ppm/mg biochar)

Fig. 1. Results from one complete P-removal test

45.00
40.00
35.00

30.00 m Non-pregnated BC

25.00 m Fe Impregnated

m Mg Impregnated

20.00
g Ca Impregnated

15.00 m Al Impregnated
10.00
5.00

0.00

Statement of Research Advisor

Sarah performed literature review, developed experi-
mental design, collected data and analyzed. Sarah also
worked extremely well interacting with other members
of the group.

- Sushil Adhikari, Biosystems Engineering
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Superconducting Materials and Devices for
Future High-Performance Non-von Neumann

Computers
Harrison A- Walker! and Michael C- Hamilton?
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? James B. Davis Professor, Department of Electrical and Computer Engineering, Auburn University

Current computational systems have been primari-
ly based on industry-dominant complementary met-
al-oxide-semiconductor (CMOS) technology for many
decades. Most computers are organized according to
the von Neumann architecture in which the processor
and memory must communicate with one another to
process information. This architecture experiences a
bottleneck in information flow that restricts the speed
of computation. In the age of big data, this presents a
limiting factor for the many computational tasks root-
ed in machine learning. Alternative platforms being in-
vestigated must be highly scalable, demonstrate lower
power consumption, and perform at higher levels of
speed and efficiency than current systems. Neuromor-
phic hardware takes inspiration from the human brain
and is organized with processing and memory distrib-
uted throughout the whole system, aiming to reduce
the inherent latency in von Neumann-like systems.

A Von Neumann (or Princeton) architecture has been
the basis of most computational systems since its con-
ception. ! This architecture employs a central pro-
cessing unit (CPU) that works alongside a dedicated
memory that stores data and instructions together. The
processor and memory must communicate with each
other to process information, requiring the movement
of data and instructions, leading to an information flow
bottleneck that provides one limitation for the speed of
computation. Non-von Neumann computing attempts
to distribute both processing and memory through-
out the whole system with the goal of reducing the
inherent latency found in von Neumann-like systems.
Neuromorphic computing attempts to mimic the hu-
man brain and is organized with both processing and
memory distributed among the system. It has been
claimed that efficient emulation of scalable biological

'Corresponding author: haw0022@auburn.edu

neural networks could allow for computation that ne-
'gates the information bottleneck associated with von
Neumann-like architectures and provide a low-power
platform more apt for neural networks and parallel pro-
cessing. ! Novel neuromorphic circuit elements based
on superconducting niobium nitride nanowires have
been proposed for use in the implementation of physi-
cal neural networks. /2],

In a superconducting 1D nanowire, quantum phase slip
(QPS) causes the wire to demonstrate an insulating, ze-
ro-current state when an applied voltage is below a crit-
ical value and to exhibit resistive behavior when above.
() Quantum phase slip junctions (QPS]Js) are promising
superconductive electronic devices for applications in
high-speed and low-power neuromorphic computing.
Coherent quantum phase slip events can be leveraged
by overdamping of QPSJs to create individual quantized
current pulses, which are analogous to neuron spiking
events in the human brain. Through the implementa-
tion of synapse circuitry, non-volatile memory can be
realized through spike-timing-dependent plasticity, a
biological learning mechanism. ¥ Simulation of these
circuit elements shows promise, but fabrication chal-
lenges have hindered the realization of useful devices.
To advance these technologies, this undergraduate re-
search fellowship project explored process develop-
ment for superconducting NbN nanowire fabrication.

NDN thin films were grown on intrinsic silicon sub-
strates using electron beam evaporation deposition
techniques. The photoresist PMMA 950K A2 was then
spin-coated onto the wafer. Nanowires were patterned
into the resist using an electron beam lithography (EBL)
system. Nanowires of lengths ranging from 0.38 pm to
1.84 um and widths of 60 nm and 70 nm were
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patterned to test fabrication capabilities. After EBL, un-
focused argon ion milling was used as a physical etch-
ing process to remove exposed NbN and leave behind
the nanowires. Parameters such as argon flow rate, ac-
celeration voltage, time, and angle of incidence were
varied to determine optimal parameters. Etching was
characterized by utilizing atomic force microscopy and
scanning electron microscopy.

Although difficulties such as disconnections, surface
roughness, and polymer crosslinking posed issues
during fabrication, the smallest nanowire achieved was
26.73 nm. The nanowire is pictured in figure 1. Electron
beam lithography and ion milling as a fabrication pro-
cess show promise for the manufacturing of ultrathin
nanowires for use as quantum phase slip junctions.

Gun Vacwum = 2 776-005 mibwr

30.00pm System Vacuum = 1.53-005 mbar

Statement of Research Advisor

The year-long undergraduate research fellowship proj-
ect that Mr. Walker has described, focusing on a relative-
ly new type of superconductive electronic device, called
a quantum phase slip junction (QPSJ), is very exciting
and has significant implications for future computing
technologies. Superconducting computing has shown
promise of exceptionally high-speed and exceedingly
low power dissipation compared to conventional com-
puting. Mr. Walker has performed experimental work
to help us to better understand the materials and fabri-
cation processes needed to create useful QPS] devices
for future superconductive electronics.

-Michael C. Hamilton, Electrical and Computer Engi-
neering
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Characterization of Ore from the Island Queen
Iron Deposit in Puerto Rico

Sam Warrenl, and Laura Bilenker?

! Undergraduate Student, Department of Geosciences, Auburn University
? Assistant Professor, Department of Geosciences, Auburn University

The purpose of this project was to characterize the
magnetite ore from the Island Queen iron deposit in
Puerto Rico. By using a suite of geochemical methods
and microscopic observation, we can determine how
the Island Queen deposit formed. Studying metal-rich
deposits increases our understanding of how and where
Earth’s resources are created. This knowledge is signifi-
cant because metals like iron are necessary for the con-
struction of renewable energy sources and many every-
day items.

Island Queen is located on the eastern side of Puerto
Rico and is classified as an iron skarn deposit based
on the minerals observed in its rocks (Krushensky and
Schellekens, 2001). Skarns form when magma releases
heat and fluid into a rock layer rich in carbonate, usu-
ally limestone (Meinert et al., 2005). This results in new
minerals, potentially economic ore, and changes in the
physical characteristics of the area surrounding the in-
trusion. This new cooked and altered rock can contain
higher concentrations of metals, and in the case of Is-
land Queen, iron is present in the form of the minerals
magnetite (Fe304) and hematite (Fe203).

To study the deposit before major field work, samples
were collected by our collaborators at the University of
Puerto Rico, Mayagiiez. Four samples of ore were made
into thin section slides, which were analyzed using a
petrographic microscope. Mineral proportions were
estimated and spatial relationships between different
minerals were described. This helped us identify the
most common minerals and their potential sequence
of formation. Petrographic analysis showed that the Is-
land Queen ore rocks are mostly magnetite, hematite,
and quartz (Figure 1). There are also trace amounts of
epidote and garnet, which are common skarn minerals.

Next, the elemental compositions of the ore minerals

'Corresponding author: scw0051@auburn.edu

(magnetite, hematite) were measured using laser ab-
lation inductively coupled plasma mass spectrometry
(LA-ICP-MS).

Fig. 1 Island Queen iron ore minerals under the mi-
croscope. The upper two photos show magnetite and
hematite under reflected light and the same town pho-
tos below in transmitted polarized light. The photos on
the right show a vein of hematite that has formed in
between the magnetite crystals.

Electron microprobe analysis (EMPA) was performed
to measure iron concentrations to calibrate the LA-ICP-
MS data and create element concentration maps using
backscattered electron (BSE) imaging. In the maps of
Figure 2, relative concentrations of aluminum (Al),
calcium (Ca), iron (Fe), and silicon (Si) are displayed
across mineral grains. Brighter blues indicate higher
concentrations of the element measured. Lastly, all the
compositional data were compared to other deposits
around the world, whose origins are well-studied based
on the approach of Nadoll et al. (2014).
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The composition and properties of Island Queen ore
is consistent with what is expected for iron skarn de-
posits. The element concentration map created using
EMPA showed some mineral grains had higher levels of
aluminum than expected from the minerals observed.
This may be due to later natural alteration by fluids that
traveled through the area.

= 10pm = 10pm

Fe IQa SilQa
Fig. 2 Elemental concentration maps of Island Queen
minerals. The brighter blue indicates higher elemental
composition counts.

The calcium content of the ore was relatively low in the
analyzed grains, which means that this sample formed
relatively close to the magma intrusion.

These observations and measurements lay the import-
ant groundwork for characterizing the Island Queen
iron deposit, especially to determine sampling and in-
vestigation strategies for future field work. This proj-
ect also refined the analytical methods that we will use
to study more Island Queen samples. Future data will
provide insight into the exact formation processes that
resulted in the Island Queen deposit, which can be ap-
plied to the other iron deposits in Puerto Rico and lo-

cations around the world.

Statement of Research Advisor

Sam’s semester-long fellowship began with him tack-
ling the obscure geological literature of Puerto Rico and
papers on iron mineral geochemistry, which was not a

simple task. For his research, Sam utilized three diverse
analytical methods (microscopy, EMPA, LA-ICP-MS)
and successfully learned the pertinent skills in a short
period of time. He was also active in our Economic
Geology & Geochemistry research group meetings,
contributing two presentations and regularly engaging
in discussion. Sam’s characterization of the properties
and composition of Island Queen ore will play an im-
portant role in field work strategy this summer and in
future research on new samples.

- Laura Bilenker, Department of Geosciences
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Abuse, Sexual Discomfort, and Victim Typology

in Adjudicated Youth

Jenna M- Wettstein® and Kelli R- Thompson 2
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Adolescent sexual offending is a focal public safety is-
sue. Nearly half of all adults with sex offenses report-
ed engaging in sexually abusive behavior beginning
in adolescence (Righthand & Welch, 2001). However,
intervention is important for adolescents adjudicated
for illegal sexual behavior (AISB) because it breaks the
cycle through treatment aimed at deterring fur-
ther victimization of children and adults (Burkhart &
Cooke, 2010).

Victim typologies provide important information for
assessment and identify important treatment-related
factors. For example, child and mixed-age victim of-
fenders are more likely to have been victims of sexual
abuse (Kemper & Kistner, 2010). Those with mixed-age
victim patterns reported the highest rates of child abuse
and most severe family problems (Link & Losel, 2021.)
AISB with child-age victims exhibit greater anxiety and
internalizing problems than other victim-age patterns
(Fanift & Kolko, 2012). Youth with child-age victims
tend to be less sexually experienced and socially isolat-
ed, suggesting a higher level of sexual discomfort (Le-
roux et al.,, 2016). Additionally, youth with peer-aged
victims are more likely to have poor parental monitor-
ing and are less susceptible to parental discord (Fanift
& Kolko, 2012).

The current study sought to define the relationship
between a history of sexual abuse and victim age in a
sample of male AISB. Data was collected from 916 par-
ticipants in a court-mandated residential treatment fa-
cility. A series of ANOVAs were used where the group-
ing variable was based on victim-age pattern (1=child
age victim, 2=peer or older age, 3=mixed age). These
groups were compared on the Millon Adolescent Clin-
ical Inventory (MACI; McCann, 1999) Scales for fami-
ly discord, childhood abuse, and sexual insecurity. The
family discord scale is a measurement of tension and
conflict with parents (McCann, 1999). The child abuse
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scale is a measurement of the severity of abuse, includ-
ing physical, sexual, and/or emotional abuse.

The sexual insecurity scale is a measurement of dis-
comfort regarding issues of sexuality and awareness of
evolving sexual feelings.

Regarding the family discord scale, F (2, 915) = 3.42,
p=.03, the group with peer-age victim patterns (n =
236) had the lowest mean scores compared to the oth-
er victim-age groups. Means and standard deviations
are presented in Figure 1. On the child abuse scale, F
(2,915) =9.60, p=.00), the group with peer-age victim
patterns also had the lowest mean scores. For sexual in-
security, F (2, 915) = 6.03, p = .00, the group with child-
age victim patterns (n = 585) had the highest mean
scores compared to the other victim-age groups. These
results add to the existing literature on victim typology
and shed light on the victim-offender cycle. The results
suggest that youth with more complex trauma histories
and mental health needs, such as those with child-age
victim patterns, may need more resources and time to
achieve the same treatment gains as those with fewer
risk factors. Overall, AISB are not a “one size fits all”
group (Newman et al,, 2018). Treatment programs
should be individualized to meet these needs.
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Fig. 1. Means and standards errors of the variables of
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interest.

Statement of Research Advisor

Jenna's study was presented at two regional conferences,
Southeastern Psychological Association and the AU
Student Research Symposium, where she won awards
at each. This included the Psi-Chi Regional Research
Award and an Outstanding Presenter Award. Jenna
will continue this victim typologies theme with new re-
search presented at the Association for the Treatment
of Sexual Abusers in Los Angeles, CA, in October.

- Kelli R. Thompson, Ph.D., College of Liberal Arts
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The purpose of this study was to understand the sources
of noise generated by small-scale rotors, specifically to
reduce this noise in unmanned aerial vehicles (UAVs)
or drones. Drones are utilized to serve a variety of dif-
ferent purposes. However, the noise generated by their
rotor blades creates limitations for their adaptation to
both private and public utilization settings [1]. There-
fore, a study was conducted on the sources of this noise
and how to reduce it.

The sources of sound produced from a single-axial ro-
tor can be allocated into three categories, monopole,
dipole, and quadrupole. Monopole noise, or thickness
and high-speed impulsive noise, is radiated in all di-
rections. Dipole noise is characterized as loading noise,
which is caused by the changes in blade loading due to
a change in rotor thrust. There is also quadrupole load-
ing or blade-vortex interaction noise due to the aerody-
namic interactions occurring between the blades in the
aerodynamic field [3].

In this study, two microphones were used to measure
the acoustic field on a small 15-centimeter diameter
rotor. For initial testing, the rotor was clamped to the
table with one microphone placed level and the second
microphone placed slightly below the rotor. Further
testing will include placing the rotor on a stand to attain
a more accurate reading. The microphones are connect-
ed to data acquisition for both a numerical and visu-
al representation of the acoustic field generated by the
rotor. The rotor was operable at different speeds, and
the blades on the rotor were interchangeable for exper-
imentation.

Experiments were conducted under unique conditions
to attain the most accurate representation of the gen-
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er'ated acoustic field. First, the rotor was operated at
three different rotor speeds, 1980, 2970, and 3990 RPM.
The varying rotor speeds represent a better understand-
ing of the acoustic field changes. Second, the distance
between the rotor center and the microphone was var-
ied, with an experiment conducted at 1, 2, and 5 rotor
diameter distances. This was done to study the drone
acoustic noise propagation. The data was sampled at a
frequency of 25,000 Hz.

To analyze the results, the data collected was interpret-
ed through a series of MATLAB codes. This allowed
for the calculation of the overall sound pressure level
(OASPL) at each unique testing condition. The equa-
tion for this calculation is in Eq. (1).

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

___________________________________________________________________________________________________

It was observed that the OASPL increased in all inci-
dences where the rotor RPM was increased. This result
was expected due to the increase of dipole noise pro-
duced by a greater thrust. Also, it was observed that the
OASPL decreased as measurements were taken at fur-
ther distances from the rotor center. This observation
was also expected due to the dissipation of monopole
noise into the surrounding environment. These results
can be seen below in Fig. 1.
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Fig. 1. OASPL measurements for microphones 1 & 2.
A frequency spectrum was required for analyzing the
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sound pressure level at different frequencies. A fast fou-
rier transform was used to transform the data from the
time domain to the frequency domain. This conversion
is done using Eq. (2). The sound pressure level (SPL) is
analyzed across the audible frequency range.

Prms

| SPL =20 x log(P

ref

);Pref=2x1o—5 @ |

It was observed that lower frequency sound levels were
higher when measured closer to the rotor and lowered
as measurements were taken further away. The mono-
pole and dipole sound sources can be accounted for
this phenomenon. It was also observed, however, that
high-frequency sound levels showed similar character-
istics across all distances from the rotor center. These
higher frequency sounds are of concern due to the irri-
tation and damage they can cause to human ears. This
is due to the quadrupole sound source. These results
can be seen in Fig. 2.

—1D, 3990 RPM
—5D, 3990 RPM

SPL, db

10’ 102 10° 10*

Frequency (Hz)
Fig. 2. SPL measurements in frequency domain at 1 &
5 diameter distances.

Previous studies have shown to reduce this noise, and
modifications can be made to the blade design. A com-
mon way to reduce this noise is to incorporate trailing
edge serrations on each blade [2]. Although there is a
consensus that this will reduce the noise generated, the
fluid dynamics remain unknown. To explore this solu-
tion, experiments will be conducted using both smooth
trailing edge and serrated trailing edge blades to mea-
sure their effects on the acoustic field generated by the
rotor. The accuracy of this data will be improved upon
by including data collected from eight microphones to
attain a more complete reading of the acoustic field, and
by utilizing strain gauge loadcells in the rotor stand to
quantify whether the rotor is performing appropriately.

Statement of Research Advisor

With the increasing rate of adoption of drones in ci-
vilian and military applications, the noise produced
by the rotors will be a significant shortcoming to their
widespread adoption. This study is a starting point to
identify the physical aeroacoustic sources of the noise
produced by small-scale rotors. In the future, the plans
are to optimize the wing planform to reduce the mag-
nitude of noise produced.

- Vrishank Raghav, Department of Aerospace Engineer-
ing, Samuel Ginn College of Engineering
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The Politics of Perception: How the White House
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Since its institution, the office of the President of the
United States has expanded its power, prestige, and at-
tention with the sitting president coming to symbolize
the nation (Pika, Maltese, and Rudalevige, 2019). The
sitting president has also become perceived as respon-
sible for the state of the nation (Pika, Maltese, and Ru-
dalevige, 2019). With this responsibility, a presidential
administration’s ability to maintain a positive percep-
tion of its performance is key as public approval is an
indicator of both its political capital (Christenson and
Kriner, 2020) and its reelection prospects (Lewis-Beck
and Rice, 1982). With public attention focused on the
White House, an administration’s success in shaping
how the public perceives it can make or break its fu-
ture, particularly during crises when people look to the
president for safety and reassurance (Pika, Maltese, and
Rudalevige, 2019). We also considered partisanship,
which ensures a stable attachment to a party and shapes
how individuals respond to information (Campbell, et
al., 1960), and polarization, the increasing divergence
in partisan ideology (Bartels, 2002), as significant influ-
ences on public approval.

We analyzed the Trump administration’s attempts to
shape public perceptions of the COVID-19 pandem-
ic, tracking the administrations statements from the
virus’ public emergence in January 2020 to the presi-
dential election of November 2020. We then compared
the Trump administration’s narrative strategies to those
of the Reagan administration during the Iran-Contra
Affair to better understand how different narrative ap-
proaches and audiences shape outcomes related to how
presidential administrations manage (or not) a crisis of
national significance.

President Trump’s use of Twitter to communicate di-
rectly with the US public offered a unique and unprec-
edented window into a president’s attempts to influence
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public perception of a national crisis. In this paper, we
'investigate the Trump administration’s narrative ma-
nipulation efforts primarily through President Trump’s
tweets, which are supplemented with relevant public
statements to contextualize the Trump administration’s
strategies. Tweets were filtered for the keyword’s “coro-
navirus”, “COVID”, “COVID-19”, and “pandemic” to
maintain content relevance.

We used public approval ratings to assess the admin-
istration’s success in shaping public opinion, as well as
the administration’s situation as they cast their narra-
tives. As we only needed general data trends, we used
public approval data from Gallup.com, which provided
the Trump administration’s approval ratings in approx-
imately 2-week intervals. We have selected and ana-
lyzed representative tweets from each public approval
data window, which were typically the first two weeks
and the last two weeks of each month. Tweets that did
not fall inside a defined public approval window are
grouped with the next data set. We classified the Trump
administration’s approaches into four categories: (1)
downplaying the virus and reassuring the public, (2)
diverting attention, (3) blaming others, and (4) the no
spin zone.

As the virus emerged in January, Trump leaned into
the first three narratives, dismissing and distracting
from the virus. When WHO declared a pandemic in
mid-March, the No Spin Zone narrative was used in an
attempt to unite the public behind his administration
with an honest, nonpartisan approach that took the
virus seriously. Trump also continued to use his other
narratives, with the only adaptation being that he re-
frained from casting Democrats as the opposition but
tried to unite them against “common enemies” like
WHO and China.
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+ Downplaying and reassuring

* “It’s one person coming in from China. We have it under control. It's going to be just
fine,” (CNBC, 2020).

+ Diverting attention

* “The Fake News Media refuses to discuss how good the Economy and Stock Market,
including JOBS under the Trump Administration, are doing. We will soon be in RECORD
TERRITORY. All they want to discuss is COVID 18, where they won’t say it, but we beat the
Dems all day long, also!!!"™ {Trump Twitter Archive).

= Blaming others

« “First of all, we have done a great job. We've gotten the governors everything they
needed. They didn't do their job. Many of them didn't and some of them did. ... But the
governors do it. We gave them massive amounts of material” (Sanford, 2020).

* No Spin Zone

* "It's absolutely critical for the American people to follow the guidelines for the next 30
days. It's a matter of life and death,” (WION 2020).

Fig. 1 Examples of Tweets exemplifying narrative cat-
egories.

This non-partisan mixed strategy ended in late May,
when, after weeks of stagnant approval, Trump’s ap-
proval dropped 10 points (Gallup, 2021). More tell-
ingly, Trump’s Republican approval dropped 7 points
to 85 percent—the only time during the pandemic that
his support among Republicans was under 90 percent
(Gallup, 2021). After stagnant approval and copartisan
wavering, Trump returned to partisan narratives and
his support among Republicans recovered. For the rest
of the time before the election, Trump used all four
narratives as his approval recovered (Gallup, 2021).

100%

44%: No Spin
Zone begins, 49-39%: all
mid-March narratives 45%: Last pre-election poll

e
/’//;/\(\

46%:
Coronavirus 39%: No Spin
emerges, Zone ends,

embrace partisan
angle, late May.

Jan

0%
160 180 200

Trump Public Approval. Gallup.com WEEKS IN OFFICE
Fig. 2 Timeline of Trump administrations public ap-
proval (Gallup, 2021).

Reagan’s approach to the Iran-Contra Affair differed
distinctly. The Iran-Contra affair was when the Reagan
administration secretly sold arms to Iran and used the

proceeds to illegally fund the Contras, a Nicaraguan
paramilitary organization. Initially, Reagan denied the
scandal’s existence. When the story came out and this
narrative was no longer viable, Reagan, while insisting
on his personal innocence, took responsibility, apol-
ogized, and publicly supported multiple independent
investigations. After this narrative, Reagan’s public ap-
proval eventually made a full recovery. Reagan stuck
to a single narrative despite the risk of committing to
a losing one. We found this a risk worth taking when
compared to Trump’s alternative: inconsistently em-
ploying multiple disparate narratives to try to mobilize
public opinion and retreating to his base when these
attempts failed.

It is possible that polarization would have kept Trump’s
approval at the same levels regardless. Yet, it is still
worth exploring the strategic differences in presidents’
strategies for what this can tell us about presidents’ nar-
rative responses to crises moving forward. The polar-
ized environment also provides context for Reagan and
Trump’s approaches and success. Reagan consistently
and Trump for a time used non-partisan narratives.
While Reagan made a full recovery, Trump was unable
to unite even half of the public. We found that our now
hyper-polarized electorate made it easier for Trump to
shape the perceptions of his co-partisans, as evidenced
by his consistently high support from Republicans.

Yet, the same polarization that united Republicans
made it difficult for Trump to find a message that he
could use to unite Democrats and Republicans. After
failing to realize this support and even losing support
from his own party, Trump fell back on partisan nar-
ratives and consolidated support among his base. This
supports the idea that, at a minimum, narrative manip-
ulation will be more difficult in an era of polarization.
This also lends support to the idea that, in hyper-polar-
ized political environments, presidents will focus their
narrative manipulation attempts on consolidating and
mobilizing their party’s half of the electorate, rather
than risk this support by reaching out to members of
the opposition party.

151



Auburn University Journal of Undergraduate Scholarship

Donald Trump's Job Approval Ratings Trend

Ronald Reagan's Job Approval Ratings Trend

Fig. 3. Comparison of the Trump and Reagan adminis-
trations’ public approval trends (Gallup, 2021).

Statement of Research Advisor

The results of this project add to the growing literature
and collective understanding of how leaders, most no-
tably US presidents, strategically wield communication
to attempt to shape, control, and/or manipulate the
narrative regarding a crisis of national significance. In
comparing and contrasting the cases of the Reagan Ad-
ministration’s response to the Iran-Contras Scandal and
the Trump Administration’s response to the Covid-19
pandemic, we now have a clearer understanding of the
communication tactics and strategies that are used by
American leaders and which tend to be most effective
at shaping or manipulating a national crisis narrative
and which ultimately have proven ineffective.
-Matthew Clary, College of Liberal Arts, Political Science
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Trauma symptoms can vary between individuals for a
multitude of reasons. Depending on the levels of expo-
sure, types of trauma, and even the individual’s coping
mechanism, children and adolescents will interpret and
respond to trauma in unique ways (Cohen, Mannari-
no, Deblinger 2016). Adolescents faced with trauma
symptoms experience a vast change in personal worl-
dview, as well as life trajectory if left untreated (Cohen,
Mannarino, Deblinger 2016). Trauma symptoms can
be triggered for a variety of reasons but often result in
disruptions to caregiver attachment, as well as to ther-
apeutic processes (Harrelson et al., 2017). In a recent
meta-analysis, adolescents adjudicated with illegal sex-
ual behavior (AISB) experienced higher rates of vic-
timization, with 46% reporting some history of sexual
abuse, compared to 16% of non-sex offenders (Seto,
Lalumiere 2010).

Trauma exposure has been linked with the high rates
of posttraumatic stress symptoms, indicating a need for
trauma-informed care when working with this popula-
tion (Copeland, Keeler, & Angold, 2007). Additional-
ly, AISB had a higher prevalence of psychopathology,
specifically symptoms of anxiety, with social anxiety
being significantly higher, when compared to a non-sex
offending population (Seto &Lalumiere, 2010). When
screened for symptoms of traumatic stress disorders,
nearly half a sample of AISB indicated at least one
item related to suicidal ideation (Everhart Newman et
al., 2018). Traumatic events are generally linked more
with internalizing psychopathologies, such as anxiety
and depressive disorders (Copeland, Keeler, & Angold,
2007). However, some links to externalizing symptoms
have been found with some victimized groups experi-
encing more behavior problem scores (Tricket, 1998).

The current study examined differences in posttraumat-
ic stress symptoms between a sample of AISB compared

*Corresponding author: kelli.thompson@auburn.edu

to a sample of adolescents adjudicated for general de-
linquent behavior (AGDB). The participants (n = 199)
were juveniles receiving court-mandated services at a
secure residential facility. The AISB group was younger
(mean age = 15.81 and 8th grade modal level) than the
AGDB group (mean age = 17.20 and 9th grade modal
level). The AISB was more likely to have witnessed do-
mestic violence (31%) compared to the AGDB group
(22%). The Trauma Symptom Checklist for Children
(TSCC; Briere, 1996) was used to measure posttrau-
matic stress symptoms during a pre-treatment screener
evaluation. A one-way ANOVA was used to test for sig-
nificant mean differences on the TSCC scales across the
grouping variable AISB versus AGDB.

Results, as seen in Table 1, indicated that AISB dis-
played more internalizing symptoms of posttraumatic
stress disorder, such as depression, anxiety, and hy-
perresponsivity. Additionally, AISB scored higher on
scales of sexual fantasy related to trauma symptoms
suggesting some type of defense mechanism unique to
this group. Means and standard errors are displayed in
Figure 1. Interestingly, while not statistically significant,
the AGDB group scored higher on several measures of
sexual concern and stress. These results highlight the
importance of understanding and screening for the dif-
ferent ways trauma symptoms show up in individuals.
Particularly for those that work with justice-involved
youth, these differences can be used to model different
treatment approaches for individual clients.
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Table 1. Results of one-way ANOVA analyses.

TSCC Subscales F(1,198) p-value
Under Responsivity 0.78 0.38
Hyper Responsivity* 5.84 0.02
Anxiety* 12.05 0.00
Depression* 14.41 0.00
Anger 0.27 0.60
Post-Traumatic Stress™* 6.04 0.02
Dissociation 2.71 0.10
Overt Dissociation 2.79 0.10
Sexual Fantasy* 6.06 0.02
Sexual Concerns 2.24 0.14
Sexual Preoccupation 1.92 0.17
Sexual Distress 0.74 0.39

52 I
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m AISB (n=89)

m AGDB (n=110)

Fig 1. Means and standard errors of the main study
variables.
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