5

%)
Gl m@\




© COPYRIGHT 2020
University of Maryland
Baltimore County

All rights reserved

EDITORS
Ghina Ammar
Maxi Wardcantori
Kristina Atanasoff

DESIGNER
Courtney Monaco



JOURNAL OF UNDERGRADUATE RESEARCH

REVIEW

2020

{




CONTENTS



I. MATTHEW S. KANE / BioLoGY /l/ 13
Surveying Potential Predators to Protect a Critically
Endangered Bahamian Songbird

2. KARIS R. BARNETT / CHEMISTRY /il 31
Comparison of Solvent Delivery for Enhancing
Desportion Electrospray lonization (DESI) Sources

3. ANNA GIFTY OPOKU-AGYEMAN / ECONOMICS AND GLOBAL HEALTH /I/ 47
The Impact of Early Childhood Malaria Risk on
the Probability of School Delay in Ghana

4. TAREK ANTAR / PSYCHOLOGY /Il 61
Examining the Role of Parental and Peer Religious
Socialization in Muslim-Adolescents’ Religious and
National Group Identities

5. MIRANDA SNYDER / POLITICAL SCIENCE /I/ 85
Diplomatic Disarray: Exploring American
Brinkmanship in Obtaining Russian Compliance
with the INF Treaty

6. CALEB CAMPBELL / HISTORY /Il 107
Knights, Villians, and Fools: Portrayals of the
Ku Klux Klan in American Film

7. ALISON KNOWLES / MEDIA & COMMUNICATION STUDIES /// 131
How Donald Trump Tweeted his Way into
the White House

8. NIKKI VIETZ / HISTORY /Il 157
Lady Mary Wortley Montagu, Social Entrepreneurship,
and Smallpox Inoculation inEighteenth Century England

9. GABRIELA SALAS / GENDER & WOMEN’S STUDIES /// 173
An Interview Study of UMBC Women: An Analysis
of the Lived-Experiences of College-Age Women
Accessing Proper Contraception



EDITORS’ INTRODUCTION



Welcome to the 21st volume of the UMBC Review! This publica-
tion has now marked the culmination of undergraduate students’
intensive and interesting research for over two decades. Across
many disciplines and fields, our authors have one thing in com-
mon: they ask new and exciting questions, pursuing a greater
truth and understanding of the world around them in the process.
We are incredibly proud to present their work and showcase

the achievements of the creative thinkers, problem solvers,

and investigators who call UMBC home by bringing you ten
exemplary articles produced by our undergraduate researchers.
This year each paper selected for publication contributes to

a collective theme of building global communities. The topics
our authors investigate reflect a broader interest in the better-

ment of communities.






MATTHEW KANE assesses potential predators of the Bahama Oriole, a criti-
cally endangered songbird whose cause of decline remains largely a mystery;
such research sheds light on the diverse web of connections existing in

ecological communities.

KARIS BARNETT presents an optimized analytical chemistry technique that
allows not only for the “best communication between instrumentation and
molecules,” but also diverse applications in forensics and biological imaging;

ANNA GIFTY OPOKU-AGYEMAN provides a statistical analysis of childhood malarial
infection’s effect on school progression in her home country of Ghana, demonstrating
the significant impact current public health crises may have on an individual’s future

opportunities.

TAREK ANTAR cxamines the role of religious socialization on religious and
national group identities in Muslim American Adolescents.

MIRANDA SNYDER explores American brinkmanship regarding Russian compliance
to the INF treaty.

CALEB CAMPBELL looks at depictions of the Ku Klux Klan in American
cinema, using film to trace the country’s perception of the hate group
throughout history.

ALISON KNOWLES analyzes a selection of tweets from Donald Trump during
historic 2016 Presidential campaign, assessing the ways in which rhetoric can

divide or unite a nation.

NIKKI VIETZ writes of Mary Wortley Montagu, who, in the 1800s, brought
the cultural knowledge of vaccination from Turkey to England, popularizing
this life-saving invention in her own country.

GABRIELA SALAS studies the experiences of college-aged women in accessing
contraception at UMBC.

Each of these authors focus in some way on diversification and social coherency,

a strikingly fitting theme in an age of polarizing global and cultural divisions. While
this publication is crafted entirely by undergraduate students, all articles provide
important contributions to their field and are consequently held to the same standard
as other research journals. A rigorous round of peer review was completed by anony-
mous, off-campus faculty and professionals, which allowed us to select the best articles
for publication. Our student authors worked through multiple rounds of feedback from
the editors, implementing it with the help of their faculty advisor in order to craft the
publication-worthy articles you hold in your hands today.
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I began working for the Omland Lab during the spring
semester of my freshman year at UMBC. One of the first
projects I worked on was updating the Cornell Neotropi-
cal Birds website entry for the Bahama Oriole. While do-
ing research for this entry, I noticed that there was little
information available on the predators of the Bahama
Oriole. In addition, I learned that there exist multiple in-
troduced mammal species on Andros that are known to
prey upon songbirds. This highly concerned me becauseI
had heard of island bird species being wiped out by cats,
dogs, rats, and other invasive species. When Dr. Omland
offered me the opportunity to start an individual project
for the Bahama Oriole Project, I knew I wanted to fill in
this knowledge gap and figure out if predation was the
root cause of the Bahama Oriole’s decline. My goal as a
member of the Bahama Oriole Project was to provide Ba-
hama Oriole conservation efforts with the information
they needed to effectively protect this rare, charismatic

songbird.



ABSTRACT

The Bahama Oriole (Icterus northropr) is a critically endangered songbird that is
only present on the Andros island complex in the Bahamas, and whose cause
of decline is not well understood. In order to gauge the threat predation pos-
es to this species, we surveyed populations of two globally invasive songbird
predators: black rats (Rattus rattus) and house cats (Felis catus). Both species have
contributed to the decline of several island birds worldwide, including other
Caribbean songbirds. In January 2017, we monitored the presence of house
cats using trail cameras and were able to capture images of cats in known Baha-
ma Oriole habitats. In May 2018, we utilized wax baits to survey the population
of black rats; while we found no signs of rats in this survey, several of our baits
were attacked by land crabs. Our combined survey results indicate that while
black rat population density is likely very low, house cats are present in Bahama
Oriole nesting habitats and are more likely to be a threat. In order to determine
the extent of this threat and how it should be countered, Bahama Oriole pred-
ator research should shift focus from black rats to house cats.

INTRODUCTION

The Bahama Oriole (Icterus northropr) is a critically endangered songbird species
that is only present on the Andros Island complex in the Bahamas (Birdlife In-
ternational, 2016). This species was also formerly present on the island of Aba-
co until the 1990s when it was extirpated from Abaco (Price et al. 2011). We still
do not know the exact cause of the Bahama Oriole’s extirpation or continued
decline, but one possible cause may be predation. Invasive mammals, including
black rats (Rattus rattus), brown rats (Rattus norvegicus), and house cats (Felis catus)
live on Andros and are known songbird predators (Buden, 1974; Buden, 1986).
House cats have been implicated with the extinction of over thirty island bird
species, and rats are known nest predators of island songbirds (Marra and San-
tella, 2016). Notably, Allcorn ef al. (2012) documented black rat nest predation
of the Montserrat Oriole (Icterus oberi), a species closely related to the Bahama
Oriole. The threat that mammalian predators pose to Caribbean songbirds sug-
gests that they may be important factors in the Bahama Oriole’s decline.

In January 2017 and May 2018, the Omland Lab from the University of
Maryland, Baltimore County (UMBC) traveled to Andros for ten days as part
of the Bahama Oriole Project, a cooperative research effort between UMBC
and the Bahamas National Trust (BNT) to study the Bahama Oriole’s decline.
We studied populations of rats and cats on the island in order to determine if
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predation by these species is a potential threat to Bahama Oriole. During the
2017 expedition, we examined the presence of house cats using trail cameras.
During the 2018 expedition, we utilized wax baits to survey the population of
rat species. By studying the populations of house cats and black rats on Andros,
we sought to gather pilot data that would allow us to gauge the potential threat
these predators pose to the remaining Bahama Oriole population.

TRAIL CAMERA SURVEY METHODS

Around the world, domestic and feral house cats are apex predators that will
often kill songbirds. As a result, cats have been implicated with the extinction
of over 30 island songbird species and the death of billions of songbirds in the
United States and Canada annually (Marra and Santella, 2016). Therefore, if
there is a feral house cat population present on the island of Andros that over-
laps with the Bahama Oriole population, this predator may pose a significant
threat to the Bahama Oriole’s survival. By using baited trail cameras in different
regions of Andros, we sought to determine whether feral cats are present in
forests close to, and distant from, human settlements.

We used six motion-activated Reconyx and Bushnell trail cameras with in-
frared flash for our cat survey. These cameras were deployed for two nights at 14
sites for a total of 619 camera hours. Since we were only present on Andros for
ten days, we chose to spread our camera locations across a variety of accessible
locations where Bahama Orioles have nested previously. Sites 1-8 were located
near Uncle Charlie’s Blue Hole, a sinkhole less than one kilometer from the
nearest human settlement along Queen’s Highway in San Andros. Sites 9-11
were placed in a remote pine forest off Owens Town Road, three kilometers
south of the Bahamas Agriculture and Marine Science Institute (BAMSI) cam-
pus along Owens Town Road. Sites 12-14 were located within the residential
area of Nicholls Town (Figure 1, Table 1). The Nicholls Town cameras were
located within or adjacent to a developed area, whereas the Uncle Charlie’s
Blue Hole cameras were located less than one kilometer from an occupied set-
tlement, and the remote pine forest cameras were located over three kilometers
from the nearest developed areas. We specifically chose to examine the forest
off Owens Town Road because we had documented Bahama Oriole nests in
this area previously, and Bahama Orioles are known to be present in the pine
forests of Andros (Stonko et al., 2018). Each camera was set approximately 0.25
meters off the ground and had a small tin of cat food placed in front of it to
attract nearby cats (Figure 2).

MATTHEW S. KANE /17
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20 km

FIGURE | (above and facing page): Map of cat camera placements throughout North Andros (A) Cameras |-8
were placed near Uncle Charlie’s Blue Hole, a sinkhole near Queen’s Highway in North Andros. (B) Cameras
9-122 were placed off Owens Town Road. (C) Cameras |12-14 were placed in Nicholls Town, a developed town
in North Andros. Cameras |-8 were located within | km of an occupied human settlement, while cameras 9-1 |
were located over 3 km from settled areas, and cameras |2-14 were located within a developed area. * Locations
of two cats observed opportunistically in 2018 and 2019. ** Towns where the two sets of rat WaxTag baits were
deployed in 2017. (Images taken with Google Earth Pro).
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LOCATION LATITUDE LONGITUDE
Camera 1* 25°6’44.72°N 78° 2°39.46”W
Camera 2% 25°6’47.64"N 78° 2°30.09”W
Camera 3* 25°6'42.65”N 78° 2°19.69”W
Camera 4 25°6’40.69”N 78° 2°14.64”W
Camera 5* 25°6’41.13”N 78° 2°3.01”W
Camera 6 25°6’42.72°N 78° 2°0.29”W
Camera 7 25°6’38.30”N 78° 2°0.25"W
Camera 8* 25°6’41.12”N 78° 1’54.31"W
Camera 9% 24°55’3.46”N 78°1°35.60”"W
Camera 10 24°54°31.53”N 78°1°39.39”W
Camera 11%* 24°54°9.62”N 78° 1°40.94”W
Camera 12 25°840.74”N 78° 0°20.53”W
Camera 13 25°8°40.62”N 78°0°21.22”°W
Camera 14 25°840.71”N 78° 0°25.06”W
Cat Sighting 2018* 24°59°49.20”N 78°0°21.60”"W
Cat Sighting 2019* 24°51°0.00"N 78° 5°38.40”"W

TABLE I: Camera placement locations for trail camera survey (* cat spotted at this location).

TRAIL CAMERA SURVEY RESULTS

We photographed two different cats that passed cameras 1, 2, 3, 5, and 8 near
Uncle Charlie’s Blue Hole, as well as one cat that passed cameras 9 and 11 in
the pine forest off Owens Town Road (Figure 3). The sites near Uncle Char-
lie’s Blue Hole were approximately one kilometer from the nearest human
settlement. Sites 9 and 11, on the other hand, were in the remote pine forest
over three kilometers from the nearest human settlement. Such results indicate
that some of the cats we spotted are likely feral and not being cared for by
any human.

The presence of one or more cats far from developed areas indicates that
house cats are present deep in the pine forests of Andros. This evidence of a
cat population has been further supported by recent observations in which two
additional cats were spotted at other remote locations. One of these cats was
spotted in 2018 (not pictured) in the pine forest more than two kilometers east
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FIGURE 2: Deployed cat camera.
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FIGURE 3: Feral cat spotted with trail camera at site 3 (A), site 8 (B), and site 9 (C).

of developed areas along Queen’s Highway (24°59°49.20”N, 78° 0°21.60”W).
The second cat was photographed in 2019 (Figure 4) at a location more than
10km from the BAMSI campus at (24°51°0.00”N, 78° 5°38.40”W, Table 1).

The presence of cats in the remote pine forest near previous Bahama Ori-
ole nest sites demonstrates that cat home ranges overlap with known habitats of
the Bahama Oriole (Stonko et al., 2018). However, without more data we are un-
able to determine the size of the cat population or where this population is most
concentrated. Cat populations on Andros very likely pose a threat not just to
the Bahama Oriole, but to other endangered songbirds on Andros as well, such
as the Bahama Swallow (Zachycineta cyaneoviridis). Therefore, feral house cats are
likely a threat to the Bahama Oriole population, although more information
1s necessary to understand the impact of this threat and how it should be
countered.
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FIGURE 4: Feral cat photographed in 2018 in the pine forest of Andros approximately two

kilometers from the nearest human settlement.

24///UMBC REVIEW ///VOL. 21



WAX BAIT SURVEY METHODS

The main goal of the wax bait survey was to learn more about potential rat pre-
dation on Bahama Orioles. Specifically, our intention was to study the presence
of invasive rat species on Andros, as they are known nest predators of other Ca-
ribbean orioles (Allcorn et al., 2012). To accomplish this, we conducted a pop-
ulation survey of rats in the pine forests and developed areas of North Andros.
By comparing rat populations in these two habitats, we sought to assess whether
rats are likely to inhabit areas where Bahama Orioles nest.

The rat survey on Andros was conducted using peanut butter WaxTags
manufactured by Pest Control Research LP in New Zealand (Figure 5). Wax-
Tags are a survey tool designed for nonlethal possum and rodent monitor-
ing (Russel et al. 2009). Each WaxTag consists of an orange plastic tag with
a piece of peanut butter-scented wax on the end. The peanut butter scent
encourages rats to bite the wax, leaving their characteristic tooth marks be-
hind. The unpalatable taste of the wax then encourages the rat to leave it alone
afterwards.

WaxTags were deployed at two sets of paired study sites. Each pair consist-
ed of one developed site and one pine forest site. Nicholls Town and Pineville
ere the two developed sites chosen for the survey, while the undeveloped areas
immediately south of Nicholls Town and immediately south of Pineville were

FIGURE 5: Peanut butter WaxTag deployed in the field.
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chosen as the pine forest sites. These sits pairs were chosen due to their ease of
access and their proximity to previous Bahama Oriole nesting sights. The Nich-
olls Town site bordered the northeast coast of Andros and consisted of private
homes with coppice habitat in between properties. The Pineville site was locat-
ed further inland, with wetland and pine habitat near houses. Both pine forest
sites had signs of human activity in the form long abandoned logging roads;
they were generally similar in terms of vegetation.

We placed 18 WaxTags in transects at each of our four study plots, for a
total of 72 tags. Six transects were laid per plot at randomly chosen locations
along roads and trails using QGIS. Each transect consisted of three WaxTags
laid on the ground near tree roots, with each tag placed ten meters away from
the last. Each tag was left out for six days before being collected for analysis.
Due to the ten days alloted for our expedition, this was the maximum number
of transects and maximum deployment time for each transect we were able to
achieve.

WAX BAIT SURVEY RESULTS

We found no evidence of rat bite marks on any of our baits. While 11 of the 72
tags did have marks, it was unlikely that these marks came from rats, as their size
and shape did not correspond to the distinct two-toothed mark characteristic of
rats and other rodents. In order to accurately identify the marks on the baits, we
consulted with Dr. Michael Cove, a rat expert at North Carolina State Univer-
sity. After discussing the tags with him, we concluded that the “bite” marks were
most likely caused by land crabs (Cardisome guandhumi) (Figure 6). In addition,
one supplemental WaxTag from Nicholls Town that was not a part of the wax
bait survey did show a bite mark from a house mouse (Mus musculus).

While our wax bait results were unexpected, as we did not anticipate land
crabs attacking the tags, the lack of rat bites could indicate a few possible con-
clusions. First, it is possible that, although peanut butter WaxTags have worked
for assessing rats in other studies (Russell et al., 2009; Samaniego-Herrera
et al., 2013), they do not adequately attract rats on Andros. However, these
baits have been used in studies of rats and other invasive mammals in other
parts of the world, so this possibility does not seem likely (Russell ¢t al., 2009;
Samaniego-Herrera et al., 2013). Second, the rat population density on North
Andros may be so low that the few rats present simply did not notice the tags
deployed at our four sites. However, we do know that at least some rats are pres-
ent on Andros; for example, we found one road-killed brown rat in 2017. Low
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FIGURE 6: An example of the markings we saw on our WaxTags, which tended to resemble a slash rather than

a two-toothed rodent bite mark. Upon consulting with Dr. Michael Cove, we realized that the marks on the tags
were likely made by land crabs rather than rodents.

rat density on Andros would be beneficial for the Bahama Oriole, as it would
rule out one potentially dangerous predator as a major threat to the popula-
tion. However, a longer and more extensive rat survey is necessary to verify this
conclusion.

FUTURE DIRECTIONS

Alack of rat bites in the WaxTag survey suggests that the rat population density
was very low throughout each study site. However, a more extensive survey is
necessary to confirm this. In multiple studies, WaxTags have been an effective
method of determining rat population density, even when compared with more
traditional methods such as kill traps (Russell ez al., 2009; Samaniego-Herrera
et al., 2013). However, it is possible that the rat populations in these studies may
have different preferences than the rat population on Andros. In order to ensure
that the lack of bites was not due to the WaxTags themselves, a more extensive
study using different survey methods should be conducted.
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While peanut butter WaxTags did not document any rat bites in our study,
the response they elicited from land crabs suggest that they may be useful in
future land crab surveys. If the land crab response to WaxTags is consistent be-
tween populations on different islands, the peanut butter WaxTag could be used
to monitor the land crab population. These wax baits would provide a survey
method that can be used in a wide range of habitats. Such surveys would be
beneficial to ensure sustainable crab harvests in the long term.

If the cats we found in our trail camera survey are indicative of a feral
cat population on Andros, then predation may be a significant threat to the
Bahama Oriole’s survival. Like the black rat, the house cat is a globally invasive
predator that potentially poses a crucial threat to the Bahama Oriole, as well as
other songbirds throughout Andros. The pilot data we have gathered indicates
that house cats are present in areas far from human development that are in-
habited by Bahama Orioles. Therefore, to gain an accurate understanding of
what species may predate Bahama Orioles, a more extensive population survey
of house cats on Andros will be necessary. More surveys are being conducted
by UMBC students working with Dr. Kevin Omland and Dr. Colin Studds who
are deploying 20 unbaited cameras in the same general area as cameras 9-11 in
the pine forests of Andros. Based on the lack of rats found in our rat survey and
the majority of cats found in our cat survey, we believe that most future research
into Bahama Oriole invasive predators should focus on house cats.
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Chemistry is a fascinating science because it challeng-
es my mind to think on a molecular level. Analytical
chemistry specifically captured my interest with its goal
of achieving low limits of molecular detection. I joined
the Molecular Characterization and Analysis Complex
(MCAC) Lab team to begin analytical chemistry research
in Fall 2018. I was initially daunted by the task of pur-
suing an independent research project using instru-
mentation completely new to me. However, my faculty
mentor encouraged me to begin by studying molecular
structures of interest. As my mentor has expressed, an-
alytical chemistry is fundamentally “all about the [mo-

lecular] details.”

After preliminary instrumentation
training, my research officially focused on optimizing the
DESI source with mass spectrometry (DESI-MS) by ex-
ploring various solvent delivery systems. Although I was
initially discouraged by the lengthy time spent learning
the basic mechanics of DESI-MS, I learned to view fail-
ures as opportunities to improve in the future.  have now
developed a passion for understanding the language of
both chemical compounds and apparatuses. In analyti-
cal chemistry, we strive to find the best communication
between instrumentation and molecules. By exploring an
optimal delivery system for the DESI source, we can en-

hance the communication of DESI capabilities.



ABSTRACT

The DESI source for mass spectrometry is becoming increasingly important for
applications such as biological tissue imaging and drug detection methods for
forensic applications. It functions by desorbing ions from a surface via created
electrospray solvent drops. Source functioning can be limited by the coupled
solvent delivery system creating the droplets. In this work, two solvent delivery
systems were studied to determine which provided more consistent droplet cre-
ation for increasing the stability of the response and ultimately enhancing the
quality of DESI technique. Research was performed on a DESI-2D platform
coupled with an amaZon speed ion trap mass spectrometer. The solvent deliv-
ery systems compared were the FFusion 100 infusion (syringe) pump and a milli-
GAT pump. Pump performance was determined by analyzing the ion response
of the model compound rhodamine 6G. Stability was defined as minimized
fluctuation in ion response. The milliGAT pump reflected minimized fluctua-
tion due to the continuous flow its mechanics provides. Accurate statistical anal-
ysis must be conducted to further define the ion current vs. time plots obtained.
Future work will explore the milliGAT pump for efficient low-limit detection
and imaging applications for enhancing DESI capabilities.

INTRODUCTION

Analytical chemistry techniques such as chemical imaging and trace analysis
enhance detection-based applications, including biological tissue imaging and
toxicological screenings'. Mass spectrometry (MS) techniques detect the chem-
ical composition of substances based on a mass to charge ratio after ion frag-
mentation®. Coupling an ionization source to a mass spectrometer allows ions
to be created and detected for final analysis. Desorption electrospray ioniza-
tion-mass spectrometry (DESI-MS) provides simplified analysis with minimal
sample preparation and detection in ambient environments®. Enhancing DESI
capabilities can improve and offer new approaches for detection science. In this
work, the effectiveness of two solvent delivery systems for the DESI source was
compared based on the stability of ion response achieved.

The DESI-MS instrument produces and detects ions via ambient ioniza-
tion. Ambient ionization is a sensitive technique as a sample can be analyzed
in its native state while retaining its chemical atmosphere*. The soft ionization
(minimal fragmentation) approach allows for direct sample analysis and min-
imal sample preparation®. Since the advent of electrospray ionization (ESI)
with Fenn and associates, ambient ionization has become a primary choice for
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FIGURE 1. Diagram of desorption electrospray ionization platform setup, where a is the incident angle (spray
needle to surface) and B is the collection angle (surface to mass spectrometer inlet)’.

analyzing a wide range of chemical compounds, from small polar molecules
to large biomolecules®®. DESI further expands ambient ionization to include
surface analysis.

The DESI ionization source, developed by R.G. Cooks and associates, al-
lows polar species to be ionized under ambient conditions®. Both ESI and DESI
analyze species within a wide mass range without critical fragmentation’. An
ESI sample is a liquid that is charged and nebulized to achieve ions. DESI sam-
ples, however, undergo solid-liquid extraction via ambient ionization. Charged
solvent electrospray microdroplets desorb a native-phase analyte from a surface
with momentum from secondary droplets®. The analyte is desorbed via inter-
acting Coulombic forces (electrostatic and pneumatic) between charged solvent
spray particles and the sample on the plate®. The resulting secondary gas-phase
1ons are launched towards an extended, heated vacuum inlet of a mass spec-
trometer (i.e. ion trap)*®’. This process is displayed in Figure 1. The DESI de-
sorption method makes the technique exclusive for solid surface analysis.

Compared to other types of ambient ionization, DESI has the advantage
of minimal to no required sample preparation and a single-step operation of
transferring ions into a mass spectrometer®. This allows for high-speed analysis,
typically taking less than five seconds'®. Compounds are quickly characterized
by molecular weight based on MS attachment. More advanced analysis can be
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conducted with ‘reactive’ DESI, a method that activates specific reactions be-
tween electrospray microdroplets and the sample for enhanced sensitivity, selec-
tivity, and qualitative screening capabilities'’. Furthermore, DESI can be used
to image biological material such as plant and animal tissues directly on surfaces
in ambient conditions'®. While DESI allows for ambient ionization in multiple
applications, error can be introduced from the background signal of an atmo-
sphere. This can potentially result in low resolution for determining the molec-
ular weight of a compound; otherwise, DESI is considered a high-resolution
ionization source?. In addition, caution must be taken with DEST alignment and
motion parameters as inconsistent adjustments may affect experimental results.
Experimental parameters ultimately determine how accurately analyte ions are
evaluated by the DESI source.

Solvent delivery systems coupled to the DESI source can affect the number
of ions desorbed from an analyte. The commercially available DESI is con-
ventionally coupled with a Fusion 100 infusion syringe pump (Chemyx, Inc.,
Stafford, TX) for solvent delivery. Figure 2 depicts an aerial view of the syringe
pump. A stepper motor electromechanically powers the movement of a lead
screw, which pushes the plunger of a syringe to dispense fluid. This pulsing
motion produces a quantifiable fluctuation in the DESI ion signal; as a result,
each pulse may decrease consistent electrospray microdroplet creation. This
interferes with the stability of the ion signal. By contrast, the milliGAT pump
motor (Global FIA, Fox Island, WA) is controlled by terminal commands com-
municated between a MicroLynx-4 micro-electric controller and Intelligent
Motion Systems (IMS) Terminal software. The motor electrically powers the
rotation of four pistons in the pump casing; the pistons simultaneously fill and

Syringe

\

Plu"nger

Lea d.\Screw

FIGURE 2: Schematic of infusion syringe pump (image credit: author).
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dispense solvent in a bi-directional flow. Figure 3 displays the inner mechanics
of the milliGAT pump. This work compared the milliGAT and syringe solvent
delivery systems for the DESI source.

A previous study sought to improve the DESI solvent delivery system by
proposing a piezoelectric-based pressure controller and valve system with a
thermocalorimetric microfluidic flow sensor''. The authors determined that
syringe pumps, while robust, are inefficient for altering solvent composition
and flow rate within experimentation. The direct comparison of the syringe
and milliGAT delivery systems for improving solvent delivery in microdialysis
sampling was explored by Bass and LaCourse in 2015. Reported disadvantages
of the syringe pump included reproducibility and precision problems, limited
fluid delivery, induced error from refilling the syringe, and limited flow rates
with larger syringe volumes'?. The authors proposed that the worm gear of the
syringe pump, and more specifically, the pulsing motion of the syringe pump
with the movement of the lead screw, caused fluctuations in data collection. In
comparison, the miliGAT pump required no reloading, exhibited enhanced
reproducibility, and achieved more accurate low flow rates'.

In this work, the signal fluctuations produced by the Fusion 100 infusion
syringe pump and the milliGAT pump coupled with the DESI source were
compared. Fluctuation was determined by consistent electrospray microdroplet
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creation and a more stable ion signal. The milliGAT pump was expected to pro-
duce a more consistent ion signal, due to previously described advantages from
Bass and its bi-directional solvent flow.

EXPERIMENTAL PROCEDURES

The work was performed with a DESI-2D platform (Prosolia, Inc., Indianapo-
lis, IN) installed on an amaZon speed ion trap mass spectrometer (Bruker Dal-
tonics, Inc., Billerica, MA) in positive-ion mode. The mass spectrometer set-
tings were as follows: speed, 52000 m/z/sec; drying gas flow, 4.0 L/min; drying
gas heater, 180°C; capillary voltage, -4500 V; end plate offset, +500 V; nebuliz-
er, 7.3 psi; scan range, 100-3000 m/z; target mass, 443 m/z. The parameters
for the DESI platform were as follows: needle to capillary distance, 5.25 mm;
extender to surface distance, ca. 1 mm; needle to surface distance, ca. 1.6 mm;
spray impact angle, 54 degrees.

The Fusion 100 infusion syringe pump was coupled with a 1-mL syringe
(Hamilton Company, Reno, NV). The milliGAT pump was controlled by a Mi-
croLynx-4 micro-electric controller (Global FIA) and Intelligent Motion Sys-
tems (IMS) Terminal software (Schneider Electric Motion USA, Marlborough,
CT). Solvent flow rates were initially at 20 pLmin™ for flushing the solvent sys-
tem, then switched to 10 pLmin™ for experiments. Nerl® High-Purity Water
(Thermo Fisher Scientific Inc., Middletown, VA) was used to initially flush the
system. ACS-grade methanol (Fisher Chemical, Hampton, NH) was used as
the electrospray solvent due to its ionization capability with the compound of
interest, rhodamine 6G.

Rhodamine 6G was the selected analyte due to its polar nature and facile
ionizability. The analyte was applied linearly with red Sharpie® permanent
marker ink (Newell Office Brands, Atlanta, GA) onto an Omni-Plate-96™ (Pro-
solia, Inc., Indianapolis, IN) via a metal ruler. Application was on the backside
of the plate to decrease quantifiable fluctuation from polytetrafluoroethylene
(Teflon™) polymer spots. A small spot of the analyte was sampled for detection
before experimental testing with lines of analyte. Rhodamine 6G was detected
atarate of 159 pms™! for 9.43 minutes. Length of time was calculated based on
the length of the analyte line and rasterization rate. Auto-motion parameters
were optimized for the length and width of analyte line. Ion current versus
time plots were analyzed with Igor Pro (WaveMetrics, Inc., Portland, OR) noise
evaluation software.
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FIGURE 5: Extracted ion current vs. time plots of ion signal produced with the Fusion 100
syringe pump (top) and the milliGAT pump (bottom); flow rates for both were 10 pLmin".

RESULTS AND DISCUSSION

A comparison of consistent electrospray microdroplet creation between two
solvent delivery systems was conducted to enhance DESI functionality. The
milliGAT pump system was expected to achieve a more stable ion signal due
to its bidirectional flow of fluid delivery. Figure 4 depicts the typical mass spec-
trum for the parent ion and corresponding isotopes of rhodamine 6G. Figure
5 illustrates the extracted ion current vs. time plots achieved based on syringe
pump and milliGAT pump experiments. Data are displayed as the extracted
rhodamine signal to eliminate chemical background noise.
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The Fusion 100 infusion syringe pump exhibited more frequent and steady
fluctuations based on qualitative analysis of its 1on current vs. time plot. Fluc-
tuations are attributed to the constant pulsing mechanisms from the rotation
of the syringe pump lead screw. This pulsing interrupts the stability of the ion
signal by introducing more noise. In contrast, the milliGAT pump plot reflects
more random fluctuations. These fluctuations were likely caused by the milli-
GAT’s rotational pumping rather than error of instrumentation. Due to the
overall lower amount of fluctuations in signal, the milliGAT pump demonstrat-
ed a more consistent ion response. This observation correlates with the pump’s
bidirectional solvent flow.

Despite a more consistent ion response, the milliGAT pump produced a
lower ion intensity signal compared to the syringe pump. Further experimenta-
tion must be conducted for determining limit of detection differences between
the two solvent delivery systems. It has been noted that the DESI source is not
always ideal for optimizing constant ion detection due to its ambient nature'.
However, signal plateauing generally correlates with complete extraction of
material from a surface!!, which should not be the case if the DESI source is
constantly ionizing analyte (i.e. constant line of rhodamine 6G analyte). As
such, the effect of applying analyte on ion signal intensity should be further
investigated.

Both ion current vs. time plots contain high and low frequency amplitudes,
likely due to pumping mechanics and electrical noise. A Fourier transform was
applied to the data to assess frequency response (data not shown). Based on
comparing this analysis to original data plots, the milliGAT response reflects
an overall higher frequency amplitude, likely caused by pumping motions rath-
er than electrical noise. Higher frequency potentially indicates the pumping
mechanics are changing more consistently with respect to time compared to
lower frequencies. This may suggest that the signal-to-noise (S/N) ratio of the
milliGAT pump is higher compared to the syringe pump, as corroborated by
previous qualitative analysis of signal fluctuation. However, this proposal is ul-
timately inconclusive because the assessed frequency may not directly represent
pumping mechanisms or fluctuations; it may be more directly affected by ap-
plication of analyte (as previously acknowledged) or other mass spectrometer
variables. The exact solvent delivery rates of each pump should be further in-
vestigated to correctly evaluate frequency and S/N ratios.

The 1on current vs. time plots were also fitted to a sine wave function to
spectfically assess frequency of pumping (data not shown). The sine wave func-
tion for the syringe pump reflects a higher amplitude compared to the mil-
LiIGAT pump. This corroborates with the syringe pump ion current vs. time
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plot showing a higher intensity of rhodamine 6G detected compared to the
milliGAT pump. The larger distance between the maxima and minima peaks
(lower frequency) of the syringe pump sine waves suggests a wider variation in
solvent volume delivered from the syringe pump. The higher frequency milli-
GAT pump sine wave function indicates a more consistent delivery of solvent
with less noise. This may suggest a more constant detection of rhodamine 6G as
reflected in qualitative analysis. However, the sine wave fits indicate that neither
pump appears to give reproducible pumping frequency. As such, these fits do
not necessarily reflect the amount and consistency of solvent delivery. Pump
mechanisms are not the only factor that affects consistent solvent delivery and
constant analyte detection; additional experimental factors must be considered
for detailed analysis.

Lack of reproducible pumping frequency may be due to uncontrolled ex-
perimental parameters that limit the consistency of ion signal and S/N ratios®.
Such parameters may include an unknown amount of rhodamine 6G depos-
ited and/or inconsistent flow rates between the milliGAT and syringe pump.
Rhodamine 6G was applied at two different instances for milliGAT and syringe
pump experiments. Therefore, the concentration of the analyte was not consis-
tent between each experiment, and the milliGAT and syringe pump data is not
directly reproducible. In addition, the flow rates of the milliGAT and syringe
pump are not directly comparable. The flow rate of the miliGAT pump de-
pends on the electromechanical rotation of pistons in the pump gear system.
The uncalibrated computer programming that executes this rotation may not
deliver exact flow rates as compared to calibrated solvent delivery systems. On
the other hand, the flow rate of the syringe pump depends on the calibrated
pressure from a rotating lead screw. The mechanically different flow rate func-
tions lead to different noise introduced in each pump signal. Furthermore, the
frequency signal of the ion current vs. time plots is affected by the rasterizing
(desorption across a surface) rate of rhodamine 6G. The speed of rhodamine
6G detection determines the distribution of the ion signal intensity. The deter-
mined rate, 159 pms™, is a relatively slow speed for DESI data collection; thus,
low frequency amplitude was predicted to be primarily present in the data plots.
While some low frequency amplitudes were identified in the milliGAT and sy-
ringe data plots, frequency does not necessarily define the distribution of ion
signal intensity. Further data analysis is required for more directly determining
statistical difference between the low frequency amplitudes in ion current vs.
time plots. Table 1 summarizes recognized advantages and limitations of the
milliGAT pump and syringe pump for consideration in future experiments and
data analysis approaches.
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MILLIGAT PUMP SYRINGE PUMP

ADVANTAGES

Wider range of flow rates : Simpler to assemble and use
with terminal programming : More readily available (for

Uninterrupted experiment | coupling to MS)
trials (easier to maintain constant
flow)

Smooth, bidirectional
solvent flow with rotation of piston

pump gears
Higher S/N values
LIMITATIONS
Flow rate needs to be : Flow rates limited to syringe
calibrated pump programming
Longer set-up time : Refilling of syringe needed,

interrupting experimental trials
Rotation of syringe pump
screw introduces noise

More signal drift

TABLE I: Syringe pump and milliGAT pump characteristics that directly affect data collection.

CONCLUSION AND FUTURE WORK

In this work, DESI-MS ion signals were compared for stability between
a syringe pump and milliGAT pump. Preliminary qualitative results suggest a
significant difference in fluctuation of ion signal between the pumps; the milli-
GAT pump ion current vs. time plot showed lower fluctuation and more stable
ion response. The sine wave-fitted milliGAT pump plot also reflected a more
consistent high frequency amplitude compared to the syringe pump. These re-
sults potentially confirm that the milliGAT pump achieved a higher S/N ratio
and more stable ion response compared to the syringe pump, as suggested by
the qualitative analysis. However, this analysis is not definite, as experimen-
tal parameters were not normalized for valid data comparison (e.g. unequal
flow rates between pumps, unknown concentrations of analyte, unknown
variationsinsolventdelivery). Tobetterassess pump characteristics, experimental
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parameters must be controlled to optimize data collection (i.e. find optimal flow
rates based on pump mechanics), decrease noise signals, and limit introduced
human bias. These controlled parameters will provide clearer understanding
of ion current vs. time plots and S/N data. Statistical analysis of peak-to-peak
noise separation will further define the frequency and noise interference of
each signal. This analysis will ultimately characterize DESI-MS abilities and
reveal how the technique can be improved for imaging and trace analysis
applications.
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