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Plasmas and Droplets and Mass Spectrometers, Oh My: New
Analytical Uses for Century-Old Tools
Jacob Shelley, Rensselaer Polytechnic Institute, Department of
Chemistry and Chemical Biology, 228 Cogswell Laboratory, Troy, NY
12180, Montwaun Young, Brian Molnar, Garett MacLean, Sunil Badal,
Courtney Walton
Electrical plasmas, droplets, and mass spectrometry have long been a topic of interest in analytical chemistry and with good reason. Electrical discharges, for instance,
produce reactive species that span a wide range of potential energies useful for
excitation, ionization, and chemical modification. When coupled with mass spectrometry (MS), they can offer exceptional analytical performance for elemental and
molecular analytes. Microdroplets, on the other hand, enable reproducible and robust sample introduction and/or standardization methods as well as offer a means to
study fundamentals of chemical instrumentation and novel chemical reactions. This
presentation will focus on the many uses of plasma, droplets, and (mass) spectrometry in the Shelley lab. In one example, an atmospheric-pressure plasma source, the
solution-cathode glow discharge (SCGD), has been used as a broad-utility ionization source for elemental and molecular MS. SCGD-MS has been successfully used
for elemental, small-molecule, and biopolymer analyses. These unique capabilities
stem from the high-energy plasma in contact with a sample solution, which produces analyte-containing microdroplets. This results in an ionization source capable of
chemical- and electrospray-ionization processes simultaneously. In another example, the potential role of plasma-droplet interactions in prebiotic chemistry will be
discussed. Gaseous ions and highly charged droplets can drastically enhance reaction rates of carbon-nitrogen and carbon-oxygen bond formation. Early Earth likely
had numerous sources of ions and charged droplets that could result in such unique
chemistry. The same tools discussed above (e.g., SCGD, electrospray ionization)
are now being used to better understand complex organic molecules formation on
the early Earth.

Accelerated Droplet Chemistry: The Capture of Fleeting
Intermediates and Analytical Applications
Abraham Badu-Tawiah, The Ohio State University, 2168 Ransom Oaks
Dr., Columbus, OH 43228
This presentation describes a novel droplet imbibition mass spectrometry platform
that has capacity to enhance interfacial reactivity charged microdroplets and allow
reactions to be studied under non-equilibrium conditions. The non-equilibrium characteristic is established by limiting reactant diffusion and so restricting reactivity only
to the surface of the microdroplet where the reactants were initially deposited. We
will showcase this phenomenon using three experiments: (1) The study of Katritzky
chemistry, which is known to proceed either by a solvent-stabilized 2H-pyran intermediate or via the surface-active pseudobase intermediate. While only the 2H-pyran
intermediate is observed when the reaction is studied using electrospray ionization, the enhanced interfacial effect in the droplet imbibition experiment enables
the instantaneous detection of the pseudobase intermediate, an observation that
indicate limited mixing after reactants are deposited at the surface of the rapidly
moving droplets (speed = 100 m/s). (2) The capture of fleeting intermediates in
on-droplet Claisen rearrangement, which is found to occur more favorably at the
droplet surface. Since the ether reactant in this reaction and its ketone intermediate are isobaric, we used the selective, in-situ reaction of n-butylamine with ketones to detect the presence of the intermediate during the accelerated on-droplet
Claisen rearrangement. (3) The interfacial effect in the droplet imbibition experiment
is shown to facilitate the detection of hydrophilic compounds in the presence of
highly surface-active analytes. The high throughput capability of the platform is also
demonstrated using the analysis of lipids, proteins, and illicit drugs without matrix
effects and carryover issues.

5

Know Your Grow: Cannabis Phenotyping with Mass Spectrometry
Robert Di Lorenzo, SCIEX, 71 Four Valley Dr., Concord, ON L4K4V8,
Canada
Consumers of Cannabis have long asserted that there are differences between cultivars, or strains, in terms of user experience. The historical classification scheme of
indica, sativa, and hybrid has prevailed as a popular and simplified way to identify
Cannabis cultivars of perceived properties and ancestral origin. Consumers often
select desired products based on this class-based assumption of its qualities. However, modern approaches to analytical testing of Cannabis, spurred largely by a
rapidly-expanding legal market and new regulations on the industry, have shown
that these historical classifications no longer explain the differences between, or
properties of, the hundreds of commercially available Cannabis strains1. More relevant descriptions and explanations of strain-specific chemical profiles are increasingly being discussed, with significant implications for patient treatment, intellectual
property development, metabolomic profiling, and economically motivated adulteration. There has been increased interest in using chemistry-based fingerprinting
(chemovar typing) rather than traditional cultivar typing. Here, multiple mass spectrometric techniques to assess the chemical differences between strains will be
discussed. These techniques include non-targeted screening with high resolution
mass spectrometry, and differential mobility separation for high throughput isomer
differentiation.

2

Alternative Ionization Sources for Mass Spectrometry: Bridging
the Gap Between the Sample and the Mass Spectrometer
Steven Ray, State University of New York-Buffalo, Department of
Chemistry, Buffalo, NY 14260, Kelsey Williams, Khue Hguyen, Eric Jensen, Christopher Brais
Mass Spectrometry experiments require that the analyte of interest hold a formal
charge in order to undergo mass separation and detection, and thus the ionization
step defines the type of chemical information derived from each sample. In this
presentation, several different ionization sources that employ microwave radiation
will be discussed, each of which provides a different type of chemical information
based upon different ionization mechanisms. Microwaves are a convenient form
of non-ionizing radiation that can be exploited for dielectric heating or creation of
time-dependent high-strength electric fields. These fields support plasma formation,
or can be employed to perturb ionization conditions. For example, microwaves have
recently been coupled into electrospray ionization in order to perturb the creation of
ions in electrospray ionization mechanism. This change permits modulation of ionization conditions on a fast timescale, and improved sensitivity for several classes
of molecules. The same microwave radiation can be used to support formation of
plasmas, which enable ionization of sample into atomic ions. Microwave fields can
also be exploited in bottom-up proteomics approaches, in order to control the kinetics of proteolytic digestion reactions Here, novel microwave microstrip waveguides
developed for these specific conditions and ionization sources are described and
evaluated.

6

How Cannabis Regulations are often Counter-Productive to
Ensuring Consumer Safety
Susan Audino, S Audino & Associates, LLC., 318 Rockmeade Dr.,
Wilmington, DE 19810
The cannabis and hemp industries are no different from any other agricultural commodity where laws, regulations and rules are promulgated to ensure the health and
safety of consumers. Interestingly however is the fact that most laws and specifications in the cannabis industry are not necessarily based on sound empirical data.
Rather, many specifications are “borrowed” from other commodities such as waste
water or milk, environmental conservation needs such as bee pollination behavior,
and even by entities with vested interest in the product(s). With the proliferation
of analytical testing laboratories over the past few years, there is evidence that
sound testing and reporting practices result in inaccurate information to product
manufacturers and consumers, thus compromising consumer safety. Regulatory requirements position many laboratories to make business decisions to reduce analytical and method sensitivity, to maximize measurement uncertainty and bias, and to
exploit analytical practices in general to ensure consistent customer base. Scientific
organizations such as AOAC International are taking cannabis regulations seriously
and have invited regulators to the table with scientists to establish reasonable and
rational specifications to ensure all regulatory requirements are met using sound
scientific principles.

3

Chemical Analysis and Diagnosis In-Vivo with the MasSpec Pen
Technology
Livia Schiavinato Eberlin, Baylor College of Medicine, One Baylor Plaza,
Houston, TX 77030
Mass spectrometry is recognized as a powerful technology for chemical analyses
of complex biological samples enabling detecting of molecular profiles with unparalleled sensitivity and chemical specificity. Using direct analysis by mass spectrometry, hundreds of molecular ions including metabolites, lipids, and protein species
can be rapidly detected and identified from clinical specimens. In recent years, mass
spectrometry techniques have been increasingly explored for use in the operating
room, to help surgeons identify tissues for surgical guidance. In this presentation, I
will highlight the research from my group developing the MasSpec Pen technology
as a handheld device integrated to a mass spectrometer for detection of rich molecular profiles directly from in vivo and ex vivo tissues on clinically relevant timescales (<15 seconds). The molecular data generated by the MasSpec Pen used in
conjunction with machine learning methods allows for the development of powerful statistical models capable of distinguishing disease states with high accuracies
(92-98%, depending on tissue type). In particular, I will discuss my team’s effort
translating and testing the MasSpec Pen technology for rapid chemical analyses
in the operating room, and our findings applying classification models to diagnose
intraoperative data acquired in pancreatic cancer surgeries. Challenges and opportunities to refine the technology and methods for data and statistical analyses will
also be presented.
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Cannabinoid Stability, New Cannabinoids and Unknowns Implications for Testing
Gregory Sotzing, University of Connecticut, Storrs, CT 06269
Cannabinoids are considerably hard to accurately quantitate using a single instrument given the dispersity of products on the market. Further, cannabinoids, also
known as terpenophenolics, are inherently unstable compounds easily undergoing
ring closures, and thermo-oxidative degradation. These factors along with a growing
number of analytical testing labs across the country differing in type and quality of
instrument, methodology applied to the instrument, and technical skill of the user,
poses a significant challenge to the industry and imposes a significant stress on the
analytical testing lab. The career path of Professor/Entrepreneur in the cannabis
industry exposes the complexity of this situation. This presentation will discuss the
journey into the Cann-Abyss of achieving an accurate Certificate of Analysis coupled with the frustration of extensive testing using multiple expensive instruments
such as 1H nuclear magnetic resonance (NMR) spectroscopy, HPLC-, UHPLC-, or
GC-Mass spectrometry that do not all produce the same end result. Further, new
data on the cannabidiol (CBD) instability to heat and acid will be presented. Factors
such as temperature, acidity, and aspects of both the stationary and mobile phases
would all appear to be significant factors in cannabinoid stability and accurate cannabinoid content analysis.

primarily been on smaller sample sets with limited diversity. Further, most studies
have had no sample rating by sensory experts which limits the true connection to
regulatory state of decomposition. Our work focused on evaluating two imported
fish species (mahi-mahi and red snapper) that were NSSE rated and transferred to
our labs to determine the suitability of four portable devices. Direct evaluation (i.e.,
no sample preparation) of the fish fillets with two micro-miniaturized near-infrared
(NIR) devices, one portable Raman spectrometer, and one bioelectrical impedance
analysis (BIA) device was performed and standard analysis and/or chemometrics
applied to the data. While the results indicated that each technique held promise
on small, controlled sample sets which aligns with previously published work, when
more diversity was added (e.g., natural variation (protein, water, fat), fillet thickness
(8 to 30 mm), closer ratings in state of decomposition) the instruments were no
longer able to correctly identify fresh from spoiled seafood. While these devices are
limited in correctly identifying seafood spoilage, there could be potential in the future
upon development of methods that employ sample preparation to limit the natural
variation contributions and further improvements in instrumentation.

11

Safety and Security Dependence on Ion Mobility Spectrometry and
Other Portable Spectrometers
Pauline Leary, Federal Resources, 1934 Bulls Head Rd., Stanfordville,
NY 12581
Portable ion mobility spectrometers in safety and security applications have not only
established the roadmap used to develop many of these systems, but also created a
dependence upon them that persists today. These systems have an impressive deployment history dating back to the early 1980s where they were initially used by the
military to detect chemical warfare agents, a capability requirement they still support today. They have expanded their breadth of target analytes over the past four
decades and are currently considered state-of-the-art for screening of many other
types of dangerous substances such as explosives and drugs including fentanyl.
They provide many benefits including size, weight and power (SWaP) friendliness,
low limits of detection, simple sampling procedures, and minimal consumables. This
presentation will describe the use of portable ion mobility spectrometers within the
safety and security industries including a detailed discussion of the applications,
their benefits and limitations, current trends, and what the future holds for these systems. The value of these systems and how they complement other portable systems
used within these disciplines will be discussed.

8

Photonic Devices: Do We Have Everything Needed to Put These
Devices in The Hands of Untrained Users?
Ellen V. Miseo, The Coblentz Society, 39 Blacksmith Dr., Needham, MA
02492
The food supply chain has grown more complicated over the past 50 years. The
consumer may believe that the “farm fresh” sign in the market is true. But with the
number of steps in the process to get the food from the farm to the customer, both
the retailer and the consumer have no way of knowing if it is truly “farm fresh”. A food
retailer can’t afford the 1-5 day turn-around of a laboratory analysis if a distribution
center is getting truckload after truckload of produce every 5 minutes. A much faster,
more robust, method is needed. Historically, optical spectroscopy has been used
in food applications, but has faced a number of obstacles including the need for
a trained operator and the price point of adequately performing devices. Advances in photonics make consumer spectroscopic devices possible, but there is also
more need to understand the validity of the devices and what impacts the analyses.
This presentation will discuss the drivers for a new approach, how the revolution in
miniaturized optics is an enabling technology, and how traditional analytical chemistry, coupled with miniaturized optical platforms and cloud-based data analysis can
change the landscape. But only if you understand the chemistry!

12

Simulations and Selected Applications of Sequential Elution Liquid
Chromatography for Improved Resolution via Enhanced Peak
Capacity and Reduced Separation Disorder
Joe Foley, Drexel University, Department of Chemistry, 32 South 32nd
St., Philadelphia, PA 19104, Lauren Kline, Zhiyang Liu
Sequential-elution liquid chromatography (SE-LC) is a mobile-phase-centered
approach to increasing the peak capacity and probability of a successful separation that only requires conventional U/HPLC instrumentation.In SE-LC, a sample
comprised of different classes of compounds is introduced into a chromatographic
system that is highly retentive for all compounds because of a weak mobile phase
that is initially employed. The highly-retained compounds are then subjected to a
sequence of selective mobile phases, usually but not always in the gradient elution
mode, each designed to elute and separate one class of compounds. The result of
SE-LC is the sequential elution and separation of all sample components by class
and within each class. The benefits of SE-LC are (i) an increase in peak capacity,
(ii) a decrease in the disorder (entropy) of the separation, and (iii) a significant increase in the probability that all sample components will be resolved. The theory is
presented and various experimental scenarios are considered from the perspective
of reversed-phase liquid chromatography and ion-exchange chromatography.

9

Utilization of Portable Diffuse Reflectance and Raman
Spectrometers to Characterize Pharmaceuticals for Public Health
Programs
Christopher Harmon, FHI360, 2810 Meridian Pkwy, Ste. 160, Durham,
NC 27713, Matthew Eady, Ed Bethea, Steve Sortijas, David Jenkins
FHI 360 provides quality assurance and quality control support to public health
programs operating throughout the world, including in low- and middle-income
countries (LMICs) where existing quality infrastructure and capacity may be limited.
While public health commodities supplied everywhere are at risk of being sub-standard, poor quality or even fraudulent products are a particular concern in LMICs. In
such resource-constrained locations, it can be difficult to assess product quality in a
timely, cost-effective manner with traditional methods such as HPLC due to need for
dedicated facilities, specialized equipment, trained analysts, and/or large volumes
of materials. To expand our capability to assess product quality in such locations,
we are developing screening methods for public health commodities, including
pharmaceuticals, using handheld and benchtop diffuse reflectance spectrometers
and a handheld Raman spectrometer. The rapid, non-destructive, and relatively
straightforward sample analysis provided by these tools greatly improves our ability
to overcome logistics challenges in assuring product quality in LMICs. Benchtop
DRS screening of certain pharmaceuticals has been implemented in our workflow
to reduce the total number of lots tested with compendial methods, resulting in cost
and time savings. Current work is focused on expanding these types of methods to
the portable DRS and Raman spectrometers, including quantitative and qualitative
multivariate data analysis methods for compliance screening of depot medroxyprogesterone acetate (DMPA) injectable contraceptives.

13

Advances in Next Generation Superficially Porous Particles with
Highly Ordered Pore Structures
Ta-Chen Wei, Agilent Technologies, Inc., 2850 Centerville Rd., Wilmington, DE, Anne Mack, Wu Chen, Jia Liu, Monika Dittmann, Xiaoli Wang,
William E. Barber
In recent years, superficially porous particles (SPPs) have drawn great interest because of their special particle characteristics and improvement in separation efficiency. Superficially porous particles are currently manufactured by adding silica
nanoparticles onto solid cores using either a multistep multilayer process or onestep coacervation process. The pore size is mainly controlled by the size of the
silica nanoparticles and the tortuous pore channel geometry is determined by how
those nanoparticles randomly aggregate. This tortuous pore structure is also similar
to that of all totally porous particles used in HPLC today. In this lecture, I present
the development of a next generation superficially porous particle with a unique
pore structure that includes a thinner shell thickness and ordered pore channels
oriented normal to the particle surface. The method of making the new superficially
porous particles is a process called pseudomorphic transformation (PMT), which
is a form of micelle templating. Porosity is no longer controlled by randomly aggregated nanoparticles but rather by micelles that have an ordered liquid crystal

10

Portable Sensor and Spectroscopic Devices for Evaluating
Seafood Decomposition
Betsy Jean Yakes, United States Food & Drug Administration, 5001
Campus Dr., College Park, MD 20740
Portable sensors and spectroscopic devices have been researched as a way to
identify quality and freshness of seafood. At the U.S. Food and Drug Administration, these methods could be used to support the National Seafood Sensory Expert (NSSE) organoleptic screening of seafood decomposition. However, research
employing vibrational spectroscopy and bioelectrical impedance analyzers have
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structure. The new particle possesses many advantages such as a narrower particle
size distribution, thinner porous layer with high surface area and, most importantly,
highly ordered, non-tortuous pore channels oriented normal to the particle surface.
This PMT process has been applied to make 1.8–5.1µm SPPs with pore size controlled around 75 Å and surface area around 100 m2/g. All particles with different
sizes show the same unique pore structure with tunable pore size and shell thickness. The impact of the novel pore structure on the performance of these particles
is characterized by measuring van Deemter curves and constructing kinetic plots.
Reduced plate heights as low as 1.0 have been achieved on conventional LC instruments. This indicates higher efficiency of such particles compared to conventional
totally porous and superficially porous particles.

students to join the ranks from other racial groups to become the future chemists
of tomorrow. This talk will explore the relevant history, societal issues surrounding
Native American prejudices and what has emerged today in a “cultural sensitive”
America as a “woke” society takes on the larger issue of systematic racism.

19

Speaker’s Testimony on Their Career
Kia Williams, Metrohm USA, 9250 Camden Field Pkwy, Riverview, FL
33578
No abstract submitted by the author.
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High-Throughput and Wide Range Protein Concentration
Determination of Monoclonal Antibodies
Erin Wilson, GlaxoSmithKline, 709 Swedeland Rd., King of Prussia, PA
19406, Mohammad Zahid Khan, Byron DiPaolo
Protein concentration is an obligatory critical quality attribute that is necessary to
determine total protein content in biopharmaceutical formulations. Concentration
determination is also required before many other assays can be performed. Typically, a UV-based spectrophotometric assay utilizing the protein’s extinction coefficient is used for concentration determination. Using a conventional UV method
with cuvettes, or specialized approach using variable pathlength slope spectroscopy (SoloVPE, C Technologies, Somerset, NJ), although very accurate and precise, would take one day to measure 15 samples in triplicate. Larger or multiple
submissions would require more analysts for a single day turnaround time. With
large study submissions across various projects, protein concentration analysis
becomes a key deliverable before all other methods can be performed; thus, efficient rapid concentration analysis with a minimal volume requirement is essential. The Big Lunatic (Unchained Labs, Pleasanton, CA) offers rapid, plate-based
concentration measurement with minimal prep and sample volume requirements.
The Lunatic utilizes only 2 microliters per sample and can analyze 96 wells in less
than 12 minutes. We have qualified the Lunatic with respect to accuracy, precision,
linearity and specificity. Upon qualification, a wide range was determined, 0.03 mg/
mL to 176 mg/mL, within 10% accuracy. The Lunatic has shown to be fit-for-purpose and deemed a superior method with regard to range, sample throughput, and
cost savings. By deploying the Lunatic for protein concentration measurements, we
achieved high-throughput and wide-range protein concentration analysis capability,
while delivering a 20-fold improvement in time and budget savings.

14

Effective Applications of Supercritical Fluid Chromatography for
Difficult Pharmaceutical Challenges
Michael Hicks, Merck & Co., 126 East Lincoln Ave., Rahway, NJ, 07065.
Erik Regalado, Jimmy DaSilva, Liam Corcoran, Paul Walsh, Yong Liu,
Justin Pennington
The pharmaceutical industry continues to accept new ways to navigate more effectively from early discovery through to clinical phase development, manufacturing
and finally to market. Teams across the pharma industry find on numerous occasions that supercritical fluid chromatography (SFC) is a strong chromatographic
alternative to normal and reverse phase LC. There are many challenges with API
solubility, poor stability, moisture sensitivity, incompatibility and overall poor separation behavior that often results in less-than-optimal methods and techniques. Here
we provide several examples where SFC provides an improved means to measure
starting material enantio-purity, to either call the end of reaction or identify closely
eluting stereoisomer impurities, especially in moisture-sensitive reaction environments. SFC continually proves to be a must-have methodology to address these
aforementioned challenges. Implementing the appropriate SFC screen and curtailing development can move programs forward from a place of delayed sub-standard
fit-for-purpose mediocrity, to a place with well-suited efficient outcomes.

15

Using Various Chromatographic and Mass Spectrometric
Techniques to Obtain the Best Possible Information on HighMolecular Weight Analytes
Peter Schoenmakers, University of Amsterdam, Science Park 904, 1098
XH Amsterdam, 1098 XH, The Netherlands, Jessica Desport, Leon
Niezen, Ron Peters
Detailed characterization of polymeric samples may be relevant to control performance and is especially important to guide and accelerate innovation. Most
high-performance materials consist of complex (mixtures of) polymers, featuring
multiple interdependent distributions. Therefore, multidimensional analytical techniques are indispensable. Comprehensive two-dimensional liquid chromatography
(LC×LC) has the potential to separate polymers using two very different (“orthogonal”) separations, offering direct insight in two independent distributions. The resulting fingerprints of the sample tend to be highly structured and informative, thanks to
the low sample dimensionality. The many different retention mechanisms that exist
in LC may be used to target specific structural features of the polymer. (High-resolution) mass-spectrometric (MS) techniques provide excellent information on molecular weight and (possible) structure. The molecular weight associated with a series of
LC peaks will indicate the weight of the monomeric units and the end groups, while
for every specific peak the degree of polymerization can be established. Once this
has been done for a specific type of sample, LC×LC analysis may suffice to obtain
the full picture. Some relevant examples of the characterization of polymer materials
will be discussed in this presentation.

21

Characterization of Zwitterionic HILIC Columns Based on Hybrid
Organic/Inorganic Particles
Thomas Walter, Waters Corp., 34 Maple St., Milford, MA 01757, Kenneth Berthelette, Jessica Field, Nicole Lawrence, Amit Patel, Stephen
Shiner, Kerri Smith
Hydrophilic Interaction Chromatography (HILIC) is one of the most effective approaches for separating mixtures of polar analytes. Of the stationary phases used
for HILIC, zwitterionic chemistries have been among the most popular due to their
good retention for a wide range of polar compounds, including neutrals, anions
and cations. We have developed a zwitterionic stationary phase based on 95 Å
ethylene-bridged hybrid (BEH) particles. The stability of columns packed with this
stationary phase to both acidic and basic mobile phases has been assessed using accelerated tests, with the results demonstrating good stability from pH 2 - 10.
We have also characterized the retention and selectivity of columns packed with
this new stationary phase, and compared the results to those for several existing
zwitterionic columns. The new stationary phase exhibits excellent retention for a
wide range of compounds. An investigation of batch-to-batch reproducibility was
also carried out, and the results show relative standard deviations comparable to
that of reversed-phase materials based on BEH particles. Using column hardware
with inert surfaces, columns packed with the new stationary phase were found to
give symmetrical peaks, even for analytes known to interact with metal surfaces.
The columns are compatible with mass spectrometry detection, exhibiting minimal
column bleed. Applications of the columns for separating several important classes
of polar analytes will be shown.

16

Taking a Road Less Traveled: A View of an Asian American
Kim Huynh-Ba, Pharmalytik LLC, 32 Forest Ridge, Newark, DE 19711
No abstract submitted by the author.
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Speaker’s Testimony on Their Career
Luis Colon, University at Buffalo-SUNY, Department of Chemistry, NS
Complex, Buffalo, NY 14260
No abstract submitted by the author.
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Dynamic Mixing Modulation (DMM), a Simple, Novel Approach for
Addressing Mobile Phase Incompatibility in 2D-LC (RPLC-HILIC)
CJ Venkatramani, Genentech, One DNA Way, South San Francisco, CA
94080
In the last decade, multi-dimensional chromatography has emerged from being an
analytical tool in the hands of few select researches to main stream pharmaceuticals and other industries around the world. With the increase in sample complexity,
the need for coupling complementary separation techniques have become critical.
However, with the increase in dissimilarities of the techniques, coupling becomes
extremely challenging as mobile phase incompatibility increases. Active solvent
modulation (ASM) is the most commonly used approach the sample is diluted with
weak mobile phase to effective focus the sample at the head of secondary column
resulting in improved separation. We have developed a dynamic mixing modulation
(DMM), a simple novel approach to address the mobile phase incompatibility. Using

18

From Wassaja to the Indigenization of Chemistry
Gary Ritchie, GER Compliance, 1079 Stone Bluff Dr., Fenton, MO,
63026
Wassaja, meaning “Signaling” or “Beckoning” and indigenization meaning “to make
culturally relevant,” serves as a perfect metaphor for describing what must happen if
the current state of underrepresented Native Americans in the chemistry curriculum
is addressed. Mostly because of societal practices in general as well as isolation and
just low numbers of potentially eligible candidates, American college and university
chemistry departments; chemistry affiliated government, non-government organizations and private foundations must find ways to increase enrollment of Native Americans and send a strong signal that they seek to integrate and train Native American
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this technique, we have successful coupled reversed phase liquid chromatography (RPLC) with hydrophilic interaction chromatography (HILIC), one of the most
challenging techniques to couple. The proof of concept was demonstrated using
antisense oligonucleotides (ASO) as model compound. Analysis of these samples
were not practical using the state-of-the-art ASM interface as significant fraction of
the sample exhibited breakthrough under the chromatographic conditions. A fraction
of the sample was retrained with most of the ASO eluting in the void. This technique
is also better at-column dilution as its not limited by the flow through each dimension
and does not require an additional pump for sample dilution prior to the secondary column separation. This simple, novel approach can be readily incorporated to
existing 2D-LC system. The presentation will cover the design and applications of
DMM for ASO analysis.

Managing Changes
Pascal Wambua, Pwani Oil Products Limited, Wahunzi St., Miji Kenda
St, PO Box 81927, 80100, Mombasa, Kenya
With a rapid changing environment, no organization can afford to stand still. There
are always new challenges to meet and better ways of doing things. Change is inevitable and often influenced by external forces of an organization or as a strategic
plan in meeting new demands and operating efficiently. Organizations must have a
good plan and implementation strategy, otherwise, it could end up doing more harm
than good. That is where change management comes in, it is a structured approach
that ensures changes are implemented thoroughly and smoothly that will have the
desired impact. This lecture examines a practical point of view on the changes that
Pwani oil products, the organization I work for, experienced in the pandemic; how it
was able to emerge stronger in this most uncertain time, how visionary leadership
coupled with an execution mindset, importance of communication and objective
clarity aided in enhancing effective change management in the laboratory. This lecture further explains how using Kurt Lewin change model, laboratories can understand and execute changes with minimum disruption of their process and have a
competitive advantage.

23

Complete Site-Specific Deuteration Analysis with Molecular
Rotational Resonance Spectroscopy
Reilly Sonstrom, BrightSpec, 770 Harris St., Ste. 104B, Charlottesville,
VA 22903, Justin Neill, Martin Holdren, Channing West, Haley Scolati,
Brooks Pat, Zoua Pa Vang, Albert Reyes, Samantha Sloane, Isabella
Alansari, Mitchell Mills, Joseph Clark
Synthetic protocols to easily and selectively incorporate deuterium into pharmaceutically relevant compounds are desired due to the use of isotopically labeled
compounds in pharmacokinetic studies, and also due to the capability for deuterium
substitution to offer therapeutic benefits such as improved safety or slower metabolism. However, for molecules where deuterium can be incorporated at multiple sites,
the quantitative determination isotopologues and isotopomers can be quite challenging, and is usually done via a combination of MS and 1H/13C NMR. Particularly
in complex mixtures, these analyses may not give conclusive or reliable results.
Molecular rotational resonance (MRR), which identifies compounds on the basis of
their three-dimensional moments of inertia, is well suited to this application. Each
distinct species – both isotopologues and isotopomers – has a distinct spectral pattern which is resolvable from every other in the mixture, and which can be accurately
predicted in advance on the basis of the three-dimensional geometry of the parent
species. Additionally, MRR can perform direct chiral analysis of compounds that are
chiral solely by virtue of deuterium incorporation. These isotopically chiral molecules
are analyzed by chiral tagging, where a chiral reference compound is used to form
non-covalent complexes with the analyte mixture, producing diastereomers that can
be resolved through MRR’s structural selectivity. The absolute stereochemistry and
enantiomeric excess of the isotopically chiral sample can be determined using this
method. Finally, we demonstrate how these measurements can be brought to a
high-throughput analysis platform.

27

Our New Normal: How to Help our Staff Thrive while Working from
Home
Tracy Wieder, University of Miami, 1120 NW 14th St., Ste. 1270, Miami,
FL 33136
Working from home is here to stay. For some institutions, sending the workers
home, who can work from home, is a strategy for clearing up much needed space
for employees who must be onsite full-time. For others, offering flexible work arrangements will become a way of attracting and retaining staff. Workers will come to
expect this is a benefit of employment and will seek out companies that offer remote
work arrangements. In this talk, I will explore the pros and cons of working from
home along with strategies that can be used to ensure remote workers are thriving,
rather than struggling with feeling disconnected and isolated.

28

Preliminary Treatments to Combat cHABs Using UV-C, Sonication,
Ozone, and Aeration on Cyanobacterial Cultures and Lake Water
Dominique Derminio, Eget Liber, 410 North East Canal St., Canastota,
NY 13032, Jason Dean, Andrew Bishuk, Gregory Boyer
Cyanobacterial harmful algal blooms (cHABs) are environmental and ecological
concerns and there have been many methods of remediation investigated to remove these species. Here, a novel treatment that uses the combination of UV-C
light, sonication, ozone, and aeration were tested to see their ability to combat
blooms. These methods will not have a lasting effect of the ecosystem like other
biological and chemical methods that have been proposed. In a variety of experiments benchtop and remotely operated vehicle (ROV) experiments using a mixture
of UV-C light, sonication, ozone, and aeration in various combinations have shown
that these methods limited the growth of cyanobacterial (by at least 20% in some
cases and more than 50% in others) using cultures and lake water under controlled
temperature and light conditions in the lab. More work needs to be done by testing
these methods using the ROV in lakes with cHABs to identify the capability of minimizing cHABs from natural water systems.

24

Remote Working: Making the Best of It
Veronica Godley, San Antonio Water System, 3610 Valley Rd., San
Antonio, TX 78221
The Covid-19 pandemic of 2020 has force the world over into a new norm in how
businesses, schools, and people operate daily. Many laboratories across the world
face the challenge of how to maintain operations and maintain health guidelines in
keeping their workforce safe and productive either through a hybrid means of onsite and telework or strict working from home. The pandemic came without warning
and in a blink of an eye, decisions had to be made quickly on who and how this was
to be accomplished. Initial instructions given were that this episode would only last
for approximately 6-8 weeks. Who knew some 16 months later many laboratories
would still be learning how to balance working in the laboratory and teleworking?
This became our challenge for the San Antonio Water System (SAWS) Environmental Laboratory Service (ELS) Division. The operations of SAWS ELS are critical for
SAWS to accomplish its mission, vision, and values. For the 1.8 million population
of San Antonio, ELS maintains a broad scope of analytical expertise to provide
full-service environmental testing for SAWS. This testing includes a variety of microbiological, inorganic, and organic chemical tests in support of water, wastewater,
and biosolids services. SAWS ELS management learned many lessons throughout
this season because teleworking offered a variety of opportunities and challenges
in maintaining laboratory operations. In fact, quick decisions and preparations had
to be made on how best to transition processes, culture and operations to a more
online environment.

29

Assessing Systemic Exposure Following Inhalation Exposure in
Rodents: A Tale of Alkylbenzenes
Esra Mutlu, National Institute of Health, Division of National Toxicology
Program, PO Box 12233, MS: K2-07, Durham, NC 27709
Alkylbenzenes are a class of volatile aromatic hydrocarbons in the naphtha fraction
of crude oil (e.g., C8 and C9 alkylbenzenes). Human exposure to these compounds
can occur in both environmental and occupational settings, mainly via inhalation
exposure. Due to inadequate data available to assess potential adverse human
health effects, the Division of National Toxicology Program has been evaluating the
toxicity and carcinogenicity of selected alkylbenzenes following inhalation exposure
in rodents. Although there are structural similarities amongst the class, some compounds were found to be carcinogenic (e.g., ethylbenzene and cumene) while others were not (e.g., toluene), following chronic inhalation exposure, demonstrating
compound-specific toxicity. Hence, additional compounds were selected for testing
(e.g., mixed xylenes, 2-ethyltoluene, and 1,2,4-trimethylbenzene) to generate data
to better characterize the toxicity of the class. The observed differences in toxicity may in part be due to differences in absorption, distribution, metabolism and
excretion properties, and underlying kinetics between chemicals in the class, and
can be ascertained from systemic exposure. The information on systemic exposure
can also aid in relating animal toxicity findings to human exposures. This presentation will cover: 1) analytical method development and validation data to measure
volatile chemicals in blood and underlying challenges, and 2) systemic exposure
data following inhalation exposure of rodents to mixed xylenes, 2-ethyltoluene, and
1,2,4-trimethylbenzene.

25

Managing the Change - Lessons Learned from a Global ELN
Implementation during the Pandemic
Mary Beth Walsh, Kalleid, 245 Main St., Cambridge, MA 02124
No abstract submitted by the author.

5

2021 EAS Abstracts

November 2021

30

Population Health and Environmental Justice Based Prioritization
of Electric Generating Unit Displacement in the Carbon Neutral
Energy Transition
Michael Petroni, SUNY College of Environmental Science and Forestry,
626 Hamilton St., Syracuse, NY 13204
Electric generating units across the United States are large contributors to air pollution and atmospheric carbon dioxide. Our efforts herein are to design a displacement
prioritization strategy for generating units, based on avoided health burdens specifically within vulnerable communities. To do this, we utilize several federal datasets
alongside reduced complexity atmospheric modelling to create a multifactor ranking
system based on; (1) a unit’s contribution to premature mortality incidences caused
by emitted particulate matter pollution, (2) the vulnerable populations within multiple
distances to the facility, and (3) the carbon emissions, and (4) the facility’s toxicity
weighted hazardous air releases. These criteria are combined and analyzed within
a multiple criteria decision making (MCDM) weighted sum model. This allows us to
evaluate complex information from multiple federal datasets and presents an alternative framework for the purposes of evaluating disproportionality between generators. This system is intended to inform decision makers pursuing policies to address
public health and energy justice in the low carbon economy transition. Based on
this analysis, premature mortality health costs can be avoided in disadvantaged
communities by prioritizing the displacement of natural gas generators in high population areas.

The HPTLC method herein improves the turnaround of the process, thereby saving
costs. The automation of the HPTLC process will also be discussed.

33

HPTLC/MS Analysis of Banisteriopsis caapi and Psychotria viridis
for the Purpose of Determining Variability Among Different
Accessions of the Active Compounds with the Intention of
Predicting the Quality and Potential Efficacy of the Ancient
Amazonian Therapeutic Botanical Medicine Admixture Ayahuasca
Sidney Sudberg, Alkemist Labs, 12661 Hoover St., Garden Grove, CA 92841
HPTLC/MS analysis of various marker and active compounds found in the ancient
botanical medicine admixture of two herbs, Ayahuasca, found in the Amazonian
Jungle, by analyzing at least three phytochemical fractions of the plants with the
intention of minimizing the therapeutic variability of the medicine as applied to its
medical applications. With the application of VideoDensitometry for the purpose of
overall relative concentration of various marker and active compounds, as well as
Mass Spectrometry, for the accurate determination of specific compounds, quality
of the finished product may someday be predictable. The alkaloid, flavonoid & triterpene fractions analyzed will be utilized as Fingerprints for determination of Identity
and will also be compared to one another for determination of consistency of crude
raw material, from lot to lot, as well as different geographic locations, seasonal harvesting, etc.

34

Identification of Elderberry (S. nigra) Using HPTLC, HPLC and UVVis and Detection of its Adulterants in the World of Dietary
Supplements
Brittany Brodziski, Nature’s Way, 825 Challenger Dr., Green Bay, WI
54311, Erica Deprey, Adam Hoffman
European elder (Sambucus nigra) berry has had a long-standing use in herbal medicine. With COVID-19 on the rise in 2020, the demand for a natural boost to the immune system brought elderberry to the forefront of dietary supplements and herbal
medicines. The increase in demand is analogous with an increase in adulteration.
Nature’s Way used an orthogonal approach to confirm quality ingredients were
sourced, testing raw materials by HPTLC, HPLC and UV-Vis. Competitor products
were also pulled from the shelves and tested, with a significant number showing low
quality or adulteration.

31

COVID-19 Pandemic Environmental Impact: Risk Assessment
Challenges
Babasheb Sonawane, Georgetown University, 13204 Moran Dr., North
Potomac, MD 20878, Abdel Kadry
COVID-19 is one of the worst global calamity of the century and the greatest risk
assessment challenge. Covid’s global impact on health, social, economic and environment is still unraveling. The environmental impact is duel in nature, affecting air
and water pollution, ozone depletion, climate change, and noise reduction. There is
evidence of significant association between mandatory lockdowns and preventive
contingency measures taken by many countries to combat its spread resulting in
significant environmental changes. A dramatic reduction in emissions of nitrogen
oxides, particulate matter (PM2.5), formaldehyde and many other pollutants have
been reported due to restrictions in public/private transportation and commercial/
industrial operations. The COVID-19 virus spread preventive measures have contributed to a substantial increase in medical waste (i.e., sanitizers, gloves, masks).
Linkages between weather patterns, temperature, humidity, and the nature/magnitude of the virus spread have been demonstrated. The survival of COVID-19 virus in
different environmental media including in wastewater, air, settled sewage under variety of environmental conditions and potential adverse health effects on vulnerable
habitat and populations warrant systematic monitoring. A short sighted relaxations
of enforcement of environmental laws may result into long-lasting environmental
impacts. There is a need for a global strategy, response, control, and prevention requiring strong, collaborative research. A systematic review of published information
of chemical exposure measurements of pre- and -post pandemic period is critical
to evaluate environmental risks. The presentation will review the existing scientific
data and identify research needs for environmental exposure monitoring (Authors
declare no conflict of interest).

35

Separation of Tryptamine Based Hallucinogens Using HPTLC
Kelsey Patterson, Cedar Crest College, 100 College Dr., Allentown, PA
18104, Matthew Wood, Jeanne Berk, Thomas Brettell
Traditional thin-layer chromatography (TLC) has been one of the analytical techniques used for the analysis of common hallucinogenic tryptamines over the years.
Using traditional TLC does not always provide a satisfactory level of sensitivity, resolution, or documentation to analyze all these compounds many of which may be
closely related structural isomers/analogs. The goal of this project was to evaluate
high-performance thin-layer chromatography (HPTLC) with various mobile phase
systems to determine the optimum conditions for the separation of 12 natural and
synthetic hallucinogenic tryptamines including the commonly analyzed psilocin, psilocybin, and bufotenine. Visualization was performed by spraying each plate with
p-dimethylaminobenzaldehyde (p-DMAB). Seven different mobile phase systems
were investigated to determine which produce optimal separation for all the compounds. Out of the seven mobile phases, 2:1:1 n-butanol/water/glacial acetic acid
(mobile phase 2) and 100:1.5 methanol/glacial acetic acid (mobile phase 7) produced the most successful results. These two mobile phase systems were able to
provide RF values that spanned the majority of the plate while also resulting in good
resolution between each of the compounds. Using either of these mobile phases
in conjunction with p-DMAB shows promising results when trying to distinguish
between psilocin, psilocybin, bufotenine, and 9 other tryptamine compounds. The
results suggest that HPTLC is a useful and suitable method for separating common
tryptamine hallucinogens while incorporating adequate sensitivity, good resolution,
along with providing proper documentation, and ecofriendly science.

32

A Validated High-Performance Thin-Layer Chromatography Method
for Monitoring Glucose and Malto Oligosaccharides with Multiple
Degree of Polymerization during Bioethanol Production from Corn
Biomass
Wilmer Perera, CAMAG Scientific, Inc., 515 Cornelius Harnett Dr.,
Wilmington, NC 28401, Mckenzie Britt
Bioethanol production is a process of sugar fermentation to yield ethanol, representing renewable energy resources starting with plant-based biomass. Corn has
been widely used to produce ethanol due to the large amount of carbohydrates
(specifically starch) produced in the endosperm of the kernel. The use of bioethanol
reduces fossil fuel consumption and consequently its negative impact on the environment. The fermentation process of most bioethanol plants in U.S is monitored by
High-Performance Liquid Chromatography (HPLC). The HPLC methods range from
21 to 42 min and can simultaneously detect glucose, maltose and maltotriose. However, maltotetraose and sugars with the highest degree of polymerization are not
resolved by HPLC. A high-performance thin-layer chromatography (HPTLC) method
was developed herein for monitoring the fermentation process during bioethanol
production from corn biomass. The method separates glucose and malto oligosaccharides (DP2 to DP8), and sugars can be detected after derivatization and quantified by using densitometric analysis on the same plate, thus the profile of individual
sugars can be evaluated in detail during the fermentation process. Up to 20 samples
can be analyzed simultaneously on one plate in less than two hours and results
from different plates can be compared since an appropriate system suitability test
has been developed. The feasibility of the method was evaluated using samples
from different fermenter vessels at different times and the method was validated.

36

Rapid Analysis of Wastewaters Following U.S. EPA 200.7
Andrea Palpini, PerkinElmer, 30 Haven Dr., Granby, Shelton, CT 06035
The prevention and control of water pollution is of critical importance to protecting
both human and environmental health. As a result, water must be monitored for
pollutants at various stages, starting with the discharge of wastes and wastewaters,
all the way through the production of drinking water. Analytical techniques and methods vary depending on the pollutant and type of water being analyzed. With industrial growth, there is an increasing number of samples which require analysis via the
U.S. Environmental Protection Agency (EPA) Method 200.7. To accommodate this
growth, there is a need to increase sample throughput while maintaining data quality
objectives. By employing a technique which allows rapid sample to sample analysis
time, laboratories are able to process more samples and continue to meet the growing demand. This work focuses on the analysis of wastewaters in accordance with
EPA Method 200.7 for the determination of metals and trace elements in waters and
wastes by ICP-OES equipped with a high throughput sample introduction system.
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ysis was completed by inserting a small section of wire mesh laser cut to create
a restricted sampling area (OpenSpot consumable). Sample preparation involved
pipetting a 2-3 microliter volume of liquid containing the substance of interest to
the restricted area of the mesh. Alternatively, analysis of solids was complete by
scrapping particles from its surface. A variable current power supply designed to
deliver three different user selectable end-point temperatures ( ~200°C, 400°C, and
600°C) enables desorption of high and low vapor pressure chemicals with three independent experiments being completed in under 2 minutes. Use of the RTD for the
analysis of raw materials from pharmaceutical products, cannabis oils, and forensic
materials demonstrate the utility of the system for rapid comparison of samples for
quality, consistency and authenticity.

Analysis of Metals in Disposable, Non-Medical Face Masks Using
ICP-OES
Brady Frill, PerkinElmer, 710 Bridgeport Ave., Shelton, CT 06484, Ken
Neubauer
The utilization of face masks to limit the transmission of the viral illness has gained
global traction during the COVID-19 global pandemic. While a large variety of commercial and homemade face masks are available, the most common type used is
the 3-layer disposable, hygienic face mask. While no specific methods exist for the
analysis of metals in nonmedical face coverings, ISO method 18562-4:2017 “Biocompatibility of Breathing Gas Pathways in Healthcare Applications – Part 4: Leachables in Condensate” may be relevant and applied, since it discusses the sample
preparation, analytes and methodologies used to evaluate data quality. This poster
describes the sample preparation and analysis of metals in disposable, non-medical face masks using the PerkinElmer Avio 550 Max ICP-OES to meet the criteria
defined in ISO 18562-4:2017.

41

Determination of Pharmaceuticals in Water and Biofilm Samples
from the Hudson River
Kate Good, John Jay College CUNY, 524 W 59th St., New York, NY
10019, Teeshavi Acosta
Pharmaceuticals are poorly degraded during conventional wastewater treatment,
and may persist and accumulate in the receiving environment. The primary objective of this study was to develop a qualitative analytical method in river water and
a quantitative analytical method in biofilm samples to detect 12 pharmaceuticals of
high potential for environmental harm. The second objective was to investigate the
pharmaceuticals’ presence in these types of samples, collected from six locations
along the Hudson River at three different times throughout 2018 (n=18). One-hundred mL water samples were acidified and filtered. Biofilm samples (0.25 g) were
homogenized in 8 mL methanol. Both water and biofilm samples were purified by
mixed mode solid phase extraction. Samples were analyzed by liquid chromatography tandem mass spectrometry, utilizing positive electrospray ionization in multiple reaction monitoring mode. All compounds were analyzed simultaneously by
reversed-phase in gradient mode with 0.1% formic acid in water and in acetonitrile
as mobile phases. Two biofilm and 18 river water samples collected from six locations along the Hudson River tested positive. Biofilm samples were positive for sulfamethoxazole (n=1, 6 ng/g) and oxycodone (n=1, 0.4 ng/g). Water samples tested
presumptively positive for atenolol (n=18), metoprolol (n=18), fluoxetine (n=1) and
alprazolam (n=2). This study developed and validated methods for the detection
of 12 pharmaceuticals in biofilm and river water samples. Two pharmaceuticals,
oxycodone and sulfamethoxazole, were detected with concentrations up to 6 ng/g
in Hudson River biofilm samples, and 4 pharmaceuticals, atenolol, metoprolol, fluoxetine and alprazolam were detected in river water samples.

38

Testing and Validation of Antacids for Class 1 and 2A Elemental
Impurities Following ICH Q3D (R2) and USP <232>/<233>, Using
ICP-MS.
Brady Frill, PerkinElmer, 710 Bridgeport Ave., Shelton, CT 06484
As of January 1, 2018, The United States Pharmacopeia (USP) implemented standards for elemental impurities in drug products. General Chapters <232> and <233>
specify the list of elements and their permissible daily exposure (PDE) limits based
on the route of administration. USP harmonized the list of elemental impurities, as
well as their PDEs, with the International Conference on Harmonization (ICH) Q3D
Step 4 document. In June 2016, the FDA issued guidance on elemental impurities
covering ICH Q3D in drug products, which is currently being updated to revision
2. The analytical capabilities of ICP-MS make it the most suitable technique for
performing determinations of the Class 1 elements at these low levels on a routine
basis –especially with drug products for which there is a large daily dosage (>10
g/day). Among this category of medications and supplements, antacids present a
unique set of analytical challenges due to their extremely high calcium content.
However, these challenges can easily be overcome with correct sample preparation
and instrumental design considerations. In this poster, we present data to illustrate
the successful validation of the NexION 2000 ICP-MS for the determination of Class
1 and 2A elemental impurities in antacids according to USP General Chapter <233>.

39

Investigation into the Aging Mechanism of Bloodstains Post
Deposition Using Steady-State Fluorescence Spectroscopy for
Forensic Purposes
Alexis Weber, University at Albany SUNY, Department of Chemistry,
LSRB 1400 Washington Ave, Albany, NY 12222, Anna Wojtowicz, Igor
Lednev
Blood is one of the most common body fluids discovered at crime scenes involving
violent actions. It is one of the most important types of forensic evidence since it
allows for the identification of the individual providing that there is a match with a
known DNA profile. Determining the time since deposition (TSD) could further assist
investigators by establishing when the crime occurred or if a bloodstain present
is actually related to the investigated event. Additionally, if crime scenes contain
multiple sets of bloodstains, the TSD determined for individual bloodstains should
allow for the selection of bloodstains relevant to the crime; and therefore, reduce
the number of samples which should be collected, documented, and processed. To
develop a forensically sound method for determining the TSD of a bloodstain, it is
necessary to understand the underlying biochemical mechanisms occurring during
aging. As biochemical processes occurring in blood are necessary for the continued
survival of living organisms, they are important subjects of human biology and biomedicine and are well understood. However, during a violent criminal event where
bleeding occurs, the blood will be deposited onto a surface. And the biochemistry
of bloodstain aging ex-vivo is primarily of interest to forensic scientists as it has not
yet been thoroughly researched. This preliminary study utilizes steady-state fluorescence spectroscopy to probe and compare the changes in fluorescence properties
of peripheral and menstrual blood up to 24-hours post deposition. The biochemical
mechanism of blood aging ex vivo will be discussed.

42

E-Waste Recycling and Disposal in Developing Countries:
Environmental Risk Assessment Challenge
Abdel-Razak Kadry, University of Maryland-College Park, 2831 Atlanta
Dr., Silver Spring, MD 20906, Babasaheb Sonawane
As global demand for electronic products rising, it also generating a significant volume of e-waste at an alarming rate. E-waste is also one of the world’s fastest-growing pollution problems, with an estimated 53 million metric tons produced in 2019
and a raw material value of $57 billion. It is expected to reach 74.7 million metric
tons by 2030. Developed countries generate most the world’s e-waste and export
it to low-income Asian and African countries. Managing e-waste, both domestically
generated and imported is a major environmental issue in developing countries. Recycling electronic waste recovers precious metals and resalable parts to generate
revenue. E-waste and its recycling practices release a variety of hazardous chemicals such as Pb, Hg, Cd, hexavalent Cr, brominated flame retardants (BFRs), polybrominated diphenyl ethers (PBDs), poly- brominated/chlorinated biphenyls (PBBs/
PCBs), polychlorinated dibenzodioxins/dibenzofurans (PCDDs/PCDFs), polyaromatic hydrocarbons (PAHs) and many other chemicals. Many developing countries
lack adequate analytical laboratory resources and methods to measure exposure of
these toxic pollutants in air, water, food, and soil during recycling operations. Analytical data are critical to perform chemical exposure assessment for aggregate and
cumulative risk assessment to exposed people, especially vulnerable populations
(women and children) involved in handling and recycling operations in developing
countries. (Disclaimer: Authors declare no conflict of interest. The findings and conclusions in this abstract are those of the author(s) and do not necessarily represent
the views of University of Maryland, Georgetown University or Toxicology and Risk
Assessment Consulting Services).

40

A Rapid Thermal Desorber for Process Analysis Using an Ion
Mobility Spectrometer
Brian Musselman, IonSense, 999 Broadway, Ste. 404, Saugus, MA
01906, Hacene Boudries
Rapid thermal desorption is enabled by implementation of a novel thermal desorber
designed to heat a sample laden wire mesh surface from room temperature up to
~600°C in 20 seconds. The sources are interfaced to a commercial Ion Mobility
Spectrometer (Leidos B220 ) utilizing a modified VAPUR® interface. Connection of
the source is facilitated by removing the conventional swab-to-detect desorber and
inserting a ceramic tube into its ionizer manifold. The ceramic tube connects the
desorption region to the manifold entrance. The normal vacuum of the IMS proved
sufficient to draw in vapors from the rapid thermal desorber (RTD). Sample anal-

43

Identification of Off-Odor Compounds in Paper Products using
Thin Film Solid Phase Microextraction (TF-SPME) and GC-MS/O
Nicole Kfoury, GERSTEL, Inc., 701 Digital Dr., Ste. J, Linthicum, MD
21090, John Stuff, Jaqueline Whitecavage
Thin Film Solid Phase Microextraction (TF-SPME) with a divinylbenzene/
polydimethylsiloxane (DVB/PDMS) coating was used to extract off-odor compounds
from paper product samples. The use of gas chromatogram-mass spectrometry directly couple with olfactory detection (GC-MS/O) enabled simultaneous detection
of off-odor regions of the chromatogram and mass spectral identification of off-odor
compounds. Identification of off-odor compounds in consumer goods is crucial for
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the manufacturer in order to identify the cause, take corrective action, and thereby
maintain brand acceptance and success.

the deterioration of all life reliant on affected waterways. Current methods of detecting PFAS involve the utilization of high-performance liquid chromatography (HPLC)
and tandem mass spectroscopy (MS/MS). However, PFAS analysis using these
conventional methods is costly and inaccessible to smaller labs. Moreover, these
techniques are not sustainable for continuous environmental monitoring and testing
of PFAS due to these limitations. In this research, a newly synthesized 2D material
of metal carbides and carbonitrides known as MXenes has been explored for developing a low cost portable sensing platform for field detection of PFAS. The presentation will describe the properties and characterization of MXenes composites and
their use as a material for electrochemical detection of PFAS. These sensors would
be relatively low-cost and easy to use at various locations where monitoring PFAS
contamination is needed.

44

Saturated Absorption Spectroscopy and Two-Photon Cavity RingDown Absorption Spectroscopy for Trace Gas Detection of Nitrous
Oxide
Madeline Memovich, University of Virginia, 1855 Candlewood Ct., Unit
204, Charlottesville, VA 22903, Kevin Lehmann
Increases in atmospheric concentrations of Nitrous Oxide due to anthropomorphic
sources have contributed to stratospheric ozone depletion and climate change. For
this reason it is imperative to formulate effective techniques for trace Nitrous Oxide
detection. Spectral line resolution and detection sensitivity are crucial for efficient
trace gas quantification. One technique which enables the precise determination
of the transition frequency between the ground state and optically excited state of
an analyte is saturated absorption spectroscopy (SAS). In SAS, co-propagating
beams of the same frequency produce Doppler-free peaks in absorption spectra.
Each beam produces opposite Doppler shifts, therefore only atoms/molecules
traveling with nearly zero-velocity along the axis of beam propagation couple with
both beams, leading to Doppler-free spectral-hole burning (Lamb dip).1 Additionally,
cavity enhanced spectroscopic methods, such as cavity ring-down spectroscopy
(CRDS), employ the use of a high finesse optical cavity, wherein light is trapped and
the number density of the analyte is determined by the rate of decay of the cavity
light. Due to the high intensity of the light inside the optical cavity and long effective
path length, this technique is remarkably sensitive, even for the detection of weakly
absorbing transitions.2, 3 However, the high density of one-photon transitions can often lead to spectral overlap and resolution loss. On the other hand, near-resonance
two-level transitions, like those found in Nitrous Oxide, result in low density spectra.4
Here we present a novel approach of gaseous Nitrous Oxide detection by SAS and
two-photon CRDS of the P(18) and Q(18) ro-vibrational transitions.

48

Method Validation for the Detection of Per- and Polyfluoroalkyl
Substances (PFAS) in Environmental Water Sources
Amanda Belunis, University of Maryland, 1000 Hilltop Circle, Department of Chemistry and Biochemistry, Baltimore, MD 21250, William
LaCourse
Concern regarding the persistent and toxic nature of per- and polyfluoroalkyl substances (PFAS) has grown in the past decade. PFAS have been found throughout
the environment as well as the serum of both wildlife and humans. With increasing health concerns and ever changing regulatory limits, it is important to develop
sensitive, efficient, and reliable means of detection. A liquid chromatography tandem mass spectrometry (LC-MS/MS) method coupled with solid phase extraction
(SPE) was adapted and validated for the detection of 18 PFAS. Troubleshooting
to account for system contamination resulted in an optimized method with various
adaptations including implementation of a delay column, replacement of tubing with
PTFE free options, and additional system wash steps. All calibration curves for analytes (ranging from roughly 15-30,000 ng/L) had a correlation coefficient (R2) greater
than 0.99. Demonstration of method accuracy and precision were conducted using
fortified blanks, where the mean recovery for all analytes was between 95-125%
and %RSD was below 10% for all analytes. The lowest concentration minimum
reporting levels (LCMRLs) and detection limits (DLs) were calculated using seven
laboratory fortified blanks (LFBs) at four different fortification levels (0.3, 4, 16, and
80 ng/L). LCRMLs ranged between 1.2-11 ng/L and DLs ranged between 0.84-3.6
ng/L. Various samples including drinking water sources and environmental samples
were then tested. This work shows the improved validation and application for the
detection of PFAS in environmental water sources.

45

Screening Counterfeit Pharmaceutical Drug Products Using LC/
PDA/MS
Mark Wang, Bristol Myers Squibb, 1 Squibb Dr., New Brunswick,
NJ 08903, Brittany Handzo, Jeremy Peters, Scott Huffman, Ravi
Kalyanaraman
Pharmaceutical counterfeiting is a serious problem around the world, especially in
developing countries. Counterfeit drugs are illegal and directly threaten patient safety, either through lack of efficacy or exposure to hazardous materials. LC/PDA/MS
is a powerful tool for the investigation of counterfeit pharmaceuticals. Quite often
key components of the counterfeit can be quickly identified by searching their molecular masses and UV spectra from databases held publicly or privately. Here, we
present two simple LC/PDA/MS methods for the screening of small molecular components of counterfeit pharmaceuticals which possess wide range of polarities and
detectability. These methods have been successfully used to screen several groups
of counterfeit products associated with two major BMS commercial drug products.
These methods can be easily implemented on small LC/PDA/MS systems widely
available in pharmaceutical laboratories to screen small molecule based suspect
drug products.

49

Validated Method for the Targeted and Untargeted Analysis of
Oyster Tissue for Per- and Poly-Fluoroalkyl Compounds (PFASs)
by UHPLC-MS/MS and UHPLC- QTOF Analysis
Grace Greene, University of Connecticut, Center for Environmental
Sciences and Engineering, 3107 Horsebarn Hill Rd., U-4210, Storrs,
CT 06269, Sarah Ayers, Anthony Provatas, James Stuart, Christopher
Perkins
Per- and poly-fluoroalkyl substances (PFASs) are a large group of man-made chemicals that repel oil, stains, grease, and water and are fire resistant. PFASs are known
to be persistent in the environment and bioaccumulate in human and animal tissue,
soil, and water. To mitigate human exposure to these chemicals, PFAS analysis by
Ultra-high Performance Liquid Chromatography coupled with Tandem Mass Spectrometry (UHPLC-MS/MS) or with Quadrupole Time-of-Flight (UHPLC-QTOF) can
be used to monitor their presence in the environment. This study focused on analyzing oysters harvested from coastal New England for PFASs. The validated method
addressed in this study utilized a QuEChERS approach using various sorbents,
and found that the combination of PSA/GCB provided the most effective secondary
clean-up step. The recoveries for the targeted analysis ranged from 61% to 113.5%
with relative standard deviations 2.4% to 13.3% at the 125 ng mL-1 concentration
level. The method detection limits were from 0.35 ng g-1 to 6.74 ng g-1. In a targeted
analysis of five unknown samples, two samples had a detectable level of PFOS. The
five unknown samples also underwent untargeted analysis using the UHPLC-QTOF
and the onboard PFAS library.

46

Automation High-throughput Experimentation for Acceleration of
Formulation Development
Sharon Matamoros, GlaxoSmithKline, 1250 S Collegeville Rd., Collegeville, PA 19426, Matthew Bahr, Amanda Dingley, Austin Philip, Kris
Angamuthu
The implementation of laboratory automation can accelerate the chemistry, manufacturing, and controlactivities and build quality into the process. Our goal is to
accelerate product development by designing, implementing and validating automation protocols that enable high throughput experiments focusing on the characterization of GSK therapeutics. Our automation capabilities include multi-functional
Unchained Labs robotic platforms, Mettler Toledo Quantos & Chemspeed solid dispensing platforms, and Hamilton & Andrew liquid dispensing platforms. This poster
describes our formulation development workflow to perform complex pre-formulation experiments with a limited amount of active pharmaceutical ingredient (API).
More than five vehicles in different concentrations of excipients, two time points and
replicates were studied to understand the solubility of a long acting injectable (LAI).
The results from this complex experiment inform decisions for developing a DoE to
further interrogate the appropriate concentrations of excipients to produce the final
clinical formulation.

50

Targeted Analysis of Mycotoxins and Pesticides in Cannabis sativa
(Hemp) Utilizing Liquid Extraction and UPLC-MS/MS
Sarah Ayers, University of Connecticut, Center for Environmental
Sciences and Engineering, 3107 Horsebarn Hill Rd., Building 4 Annex,
Unit 4210, Storrs, CT 06269, Anthony Provatas, Stephanie Kexel,
Christopher Perkins
Cannabis sativa (Hemp) is a crop grown for both medicinal and industrial uses.
Hemp must meet quality, safety, and efficacy standards, including control of contaminants such as mycotoxins and pesticides. Pesticides often consist of insecticides
and herbicides, which have been found to damage the human nervous system,
cardiovascular system, and reproductive system. Mycotoxins can lead to a range of
complications such as poisoning, immunodeficiency, and even cancer. Due to these
risks, the objective of this study is to analyze the mycotoxins and pesticides present

47

MXene-Based Sensing Platform for Quantification of “Forever
Chemicals”
Reem Khan, Clarkson University, Department of Chemistry & Biomolecular Science, Box 5810, 8 Clarkson Ave., Potsdam, New York, NY
13699, Alexis Alexander, Silvana Andreescu
Per- and poly-fluoroalkyl substances (PFAS) are industrial anthropogenic chemicals
that have been recently found to accumulate within aqueous environments, causing
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in samples of hemp using Ultra-Performance Liquid Chromatography coupled with
mass spectrometry (UPLC-MS/MS). There were five mycotoxins analyzed; Aflatoxin G1, Aflatoxin G2, Aflatoxin B1, Aflatoxin B2, Ochratoxin A and five pesticides;
Indole-3-butyric acid, Azadirachtin, Pyrethrin I, Pyrethrin II, and Piperonyl butoxide.
Their detection limits ranged from 0.4 ppb-26.8 ppb for mycotoxins and 0.6 ppb1875 ppb for pesticides. The method developed was rapid, efficient, sensitive, and
selective for the analysis of the targeted contaminants in hemp. From the samples
analyzed, there was no detectable traces of these contaminants present.

alone. LIS houses many mixed-use embayments and harbors, with commercial
shellfishery, recreation, and commercial zones, as well as wastewater treatment
plants (WWTPs). This makes it an ideal prototype for development of monitoring
protocols and strategies. This project will: (1) assess the relative contributions of
MPs and their associated contaminants from WWTPs and upstream freshwater
sources; (2) assess the type, confirmation and amount of MPs in water, sediment,
and oysters; (3) quantify contaminants that adhere to the surface of MPs. This study
addresses a critical information and knowledge gap that must be overcome to sustainably manage biotic resources in urbanized, multi-use areas.
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The Effect of Washing on the Transfer and Persistence of Fiber
Evidence
Madison Carter, University of New Haven, 1 Pinto Dr., East Haven, CT
06512, Brooke Kammrath, John Reffner
Fiber evidence has proven to be valuable forensic evidence by providing associations between a suspect, victim, and/or location. This can most readily be seen in
the Wayne Williams murder trial, where unique fibers served as linkages between
victims and the suspect’s home. Specific characteristics of fibers such as cross-sectional shape and fiber type (natural versus synthetic) can be observed in order to
determine the rarity of the fiber, which can be used to assess the evidentiary significance of an association. A gap in the literature has been identified regarding the
effect of different variables, specifically washing, on the transfer and persistence
of fibers. This research is based on the underlying assumption that perpetrators
will wash clothing in an attempt to remove any evidence. Four different scenarios
were displayed in this research; washing a single donor garment, washing the donor
garment with a recipient garment, washing the donor garment with two recipient
garments, and finally washing a single donor garment, removing it, and washing
a single recipient garment. Whether it be a primary, secondary, or tertiary transfer,
fibers were observed to have been transferred in all scenarios from donor to recipient garments as well as secondary locations such inside the machines. There were
also major differences noted in the quantity, location, and size of the recovered fiber.
By understanding how washing affects transfer and persistence of different fibers,
forensic scientists can be better informed of the recovery potential/process, as well
as evidentiary significance of fibers from washed garments.

54

Critical Review and Screening of Laboratory Supplies for PFAS
Analysis in Water Samples
Thi Do, Restek Corporation, 110 Benner Circle, Bellefonte, PA 16823,
Landon Wiest, Shun-Hsin Liang, Mike Chang
The ubiquitous nature of PFAS in the environment makes ensuring a contaminant-free workflow essential. In this presentation, we demonstrate that Resprep
S-DVB SPE cartridges and related sample preparation products are consistently
free of background interferences. In addition, a PFAS delay column effectively removes any contamination that may be present in the instrument. Using the materials
and procedure presented here, EPA Method 537.1 requirements for cleanliness,
accuracy, and precision were reliably met.

55

The Analysis of Phytohormones by LC-MS
Christina Robb, The Connecticut Agricultural Experiment Station, 123
Huntington St., New Haven, CT 06511, Ravikumar Patel, Lindsay Triplett
Plants are subject to a myriad of environmental stresses such as climate change
and pollution as well as a range of diseases. Fungi and “good” bacteria help plants
thrive in a variety of conditions through the production of beneficial compounds such
antibiotics, plant hormones and more. Beneficial microbes hold incredible promise
for increasing crop sustainability and this knowledge has fueled the rapid increase in
availability of microbial products that have benefited both organic and conventional
growers of many crops. Protists are single-celled soil organisms that are suspected
to provide major health benefits to plants, but very little is known about the identities
or functions of these organisms. This project was designed to initiate a new direction
of mechanistic research on protist-bacteria-plant interactions. Plant hormones are
small, signaling molecules that control plant growth, defense, and stress responses
and many beneficial bacteria enhance plant performance by manipulating levels of
plant hormones. Our goal is to understand how protists affect the hormonal state
of plants, either directly or through selection or stimulation of hormone-producing
bacteria, with the long-term goal of applying new protist-based strategies for crop
protection. In order to fully understand these interactions, robust methodologies for
the separation and detection of plant hormones must be designed.

52

Advances in Analytical Techniques: Unravelling Antibiotic-Metal
Complexes in Wastewaters
Pratishtha Khurana, York University, Department of Civil Engineering,
Lassonde School of Engineering, Toronto, Ontario M3J 1P3, Canada,
Rama Pulicharla, Satinder Brar
The co-occurrence of residual antibiotics and metals can facilitate the formation of
antibiotic-metal complexes (AMCs) in wastewaters. These complexes are emerging
as potential contaminants due to altered bioactivity and physicochemical properties
compared to parent antibiotics. In our prior research, the stability of two different
antibiotics, chlortetracycline (CTC) and ciprofloxacin (CIP) with different metals was
determined in the order: CTC-Mg(II)> CTC-Ca(II)> CTC-Cu(II)> CTC-Cr(III), and
CIP-Al(III)> CIP-Co(II)> CIP-Cu(II), respectively, with stability constants ranging
from 0.21 to 35.5. This poster derives inspiration from 'old' AMCs to decipher structural features for 'new' antibiotic- imipenem(IMP). Structurally, IMP possesses multiple potential donor sites (thioether, hydroxyl, and N-formimidoyl), capable of forming
stable metal chelates. These features, coupled with a low partition coefficient (<-1),
raise ambiguity regarding the formation and distribution of IMP-metal complexes in
wastewaters. However, there is limited exploration for the detection and quantification of AMCs in environmental samples. Since these complexes exist in equilibrium
with free antibiotic residues and metal ions and are sensitive to operating conditions like pH, temperature, the dielectric constant of the medium, concentration and
relative abundance of antibiotics and metals, available techniques fail to measure
them accurately and reproducibly. In this sense, this work utilizes a novel extraction
method, integrated with chromatography and tandem mass spectrometry (LC-MS/
MS) to extract and quantify IMP-Me complexes in municipal wastewater followed
by their stability constant assessment. Further, a comparison of stability profiles of
old to new generation antibiotics explains the fate of antibiotics in real wastewater.

56

Development of Stability Indicating RP-UHPLC Method for the
Simultaneous Determination of Chlorocresol and Betamthasone
Dipropionate in Topical Formulations Using Box-Behnken Design
Siva Krishna Muchakayala, Douglas Pharma US Inc., 1035 Louis Dr.,
Warminster, PA 18974, Naresh Kumar Katari, Thirupathi Dongala,
Vishnu Murthy Marisetti
Betamethasone dipropionate topical formulations are used to treat various skin
diseases. The current research study confers the simple, rapid and an alternative
RP-UHPLC stability-indicating method development for the simultaneous determination of Chlorocresol (CCL) and Betamethasone Dipropionate (BTD) in topical
formulations (Cream and Ointment). The CCL and BTD were accurately quantitated by employing Beclomethasone Dipropionate (BCD) as an internal standard.
The developed method was optimized employing Quality by Design (QbD) based
Box-Behnken Design (BBD) prior to method validation for the intended purpose.
The Critical Quality Attributes (CQAs), Critical Method Parameters (CMPs) were
identified and executed 15 design of experiments. The foremost influencing factors were fine-tuned and optimized using graphical and numerical evaluation. The
chromatographic separation was accomplished on Acquity UPLC (Waters) Bridged
Ethylene Hybrid (BEH) C18, 100 mm × 2.1 mm, 1.7 µm column with phosphate
buffer (0.02 M) and acetonitrile (ACN) using gradient elution. The set flow rate and
injection volumes were 0.4 mL/min and 5 µL respectively. The detection was made
at 240 nm and maintained column oven temperature at 40 °C. The analytical method was validated as per current ICH guideline Q2(R1). The Linearity ranges for
CCL, BTD and BCD were 20.4-61.1, 10.3-30.8 and 10.4-31.1 µg/mL with correlation
coefficients of >0.999. The method was revealed superior accuracy with % recovery
for CCL 98.6-101.5 and BTD 99.6- 101.6 at three different levels. The results dictate
the fitness of the method for the effective determination of CCL and BTD from its
commercial topical formulations.

53

Microplastics in Multi-Use Estuaries: Development of a Source Receptor Monitoring Strategy
Christopher Perkins, University of Connecticut, Center for Environmental Sciences and Engineering Institute of the Environment, 3107
Horsebarn Hill Rd., U-4210, Storrs, CT 06269, Michael Willig, Anthony
Provatas
Microplastics (MPs) are emerging contaminants of global concern that threaten
water quality. They enter ecosystems from point and non-point sources, and are
increasingly common in sediments of embayments and impoundments in urban areas. Nonetheless, little is known about the fate, transport, and uptake of MPs by
biota (e.g., oysters), or ultimately humans. Because MPs concentrate a diversity of
inorganic and organic contaminants on their surfaces, biological risk is increased
significantly. In Long Island Sound (LIS), shellfishing is an important cultural and
economic activity, annually generating over $30 million in revenue in Connecticut
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abuse, especially in tandem with opioids. An on-capillary LED-UV module was used
for absorbance detection, and to improve detection limits and enhance selectivity,
the system was also coupled to a compact quadrupole MS. A benzodiazepine mixture was also separated using an integrated, compact benchtop HPLC instrument,
with results compared to a modular UHPLC. Finally, the analysis of cocaine and one
of its urinary metabolites was explored using a compact GC-FID instrument that
utilized plug-in column cartridges to simplify system operation.

Analytical Quality by Design Based Method Development for the
Analysis of Valsartan and Nitrosamines Impurities Using UPLC-MS
Fadi Alkhateeb, Waters, 34 Maple Street, Milford, MA 01757, Paul
Rainville
An Ultra-Performance Liquid Chromatography method is developed for the analysis
of Valsartan and a mixture of six genotoxic impurities using the Analytical Quality by
Design (AQbD) approach. DryLab®, Empower, and Waters systems were used to
automate the method development process. The final method used an HSS T3 column (10 cm×2.1×1.7 µm), Methanol as an organic solvent, and 0.1% formic acid in
water aqueous mobile phase. The developed method showed excellent robustness
and reproducibility. For example, the retention time percentage relative standard
deviation (%RSD) of peaks from a standard mixture was 0.9% over a three-day
analysis. These findings indicate that using the AQbD approach and automated software helps gaining a deep knowledge about the method and as a result developing
a highly robust and reproducible method.

61

The Development of Open-Source Instrument Modules For
Capillary LC-MS
Deklin Parker, Rowan University, Department of Chemistry &
Biochemistry, 201 Mullica Hill Rd., Glassboro, NJ 08028, Samuel Foster,
James Grinias
The past five years have seen a significant increase in the use of microcontrollers
and single-board computers in the development of analytical measurement platforms. Many of these systems are designed using open-source principles so that
they can readily be shared with the wider scientific community for further use and
adaptation. In this project, a Raspberry Pi single-board computer was implemented
for control of a HPLC pumping system for use in analytical separations. A simple
graphical user interface designed to operate in the Pi-based Raspbian OS allows
for standard pump software control, including flow rate, gradient flow methods, and
feedback pressure monitoring. Multiple Pi systems can be coupled to enable flow
control for multidimensional LC separations as well. Because mass spectrometry is
one of the most widely used detection approaches following LC separations, an additional Pi-based module was used to control the high voltage power supply needed
to control nanoelectrospray ionization (nESI) following a capillary LC separation. A
high voltage transformer is connected to a Pi which allows user input in ESI voltage
control from 1.5 – 10.0 kV, and can also be controlled automatically through peak
detection with an in-line LED-UV detector placed between the column and the MS
source.

58

Core Analytical Quality-by-Design Tools Supporting Analytical
Procedure Lifecycle Management Stages 1 – 3
Richard Versput, S-Matrix Corporation, Myrtle Avenue, Eureka, CA
95501
This presentation will describe the use of strategic Analytical Quality-by-Design
(QbD) tools and approaches in the Analytical Procedure Lifecycle Management
(APLM) workflow. The information will be presented within the context of LC-MS
method development, validation, and transfer. The tools presented for use in APLM
Stage 1 will include Design of Experiments (DOE) and integrated Robustness Simulation for development and robustness optimizsation of both the LC-MS method and
the associated Sample Preparation method, including quantitative characterization
of the robust Method Operable Design Region (MODR). For APLM Stage 2 the presentation will focus on the use of USP <1210> combined bias and precision interval
metrics for optimization of the method’s replication strategy and its integration into
Accuracy and Repeatability studies as a strategic metric of successful method transfer. Utilization of the data and knowledge obtained from full MODR characterization
to support the continuous method monitoring activities done in APLM Stage 3.

62

Separation of Derivatized Organic Acids by Supercritical Fluid
Chromatography
Yih Ling Saw, Rowan University, Department of Chemistry &
Biochemistry, 201 Mullica Hill Rd., Glassboro, NJ 08028, Faith Wroniuk,
John Boughton, Paula Arellano Vasquez, James Grinias
Typical metabolomic approaches to the measurement of organic acids involve the
use of HILIC separations, which can potentially suffer from long column equilibration
times and poor MS signal. This project focuses on the development of a sample
derivatization approach to improve the separation and detection of organic acids by
SFC-MS. Each carboxylic acid group is tagged by a piperidine-type group, which
makes the compounds amenable to SFC separation using an amino acid-type chiral column for an achiral separation. Additionally, the inherent positive charge on
the signal greatly improves the MS signal compared to native organic acids which
are typically monitored with negative ionization. Initial progress on the use of silica
hydride columns for separation of the derivatized compounds based on the number
of tagged organic acid groups in each compound as part of a multidimensional chromatographic analysis of these metabolites will also be discussed.

59

Evaluation of Solid Phase Extraction Media for Extraterrestrial
In-Situ Sample Preparation of Liquid Samples
Jerome Ferrance, J2F Engineering, 113 Lupine Lane, Charlottesville,
VA 22911
Exploration of Mars is focused on solid and gaseous samples, but pictures of Enceladus from the Cassini mission showed liquid jets shooting from what is believed
to be heated subsurface oceans under layers of ice. Thus searches for signs of life
on other bodies in our solar system are planning to look for chemical signatures in
liquid samples. As with the vast bodies of water on Earth, it is expected that these
“oceans” will contain significant amounts of salt. Since most of the in-situ analytical instruments currently deployed utilize mass spectroscopy detection, and mass
spectroscopy is not compatible with high levels of salt in samples, some type of
in-situ sample preparation is going to be needed with these liquid samples. This
project focused on testing various solid phase matrices for desalting and concentration of small organic analytes that might be present in these ocean samples.
Reverse phase media, as well as ion exchange and specialty media were evaluated
using analytes with a variety of chemical functionalities. Media which provided the
best extraction/desalting were further tested by exposure to ionizing radiation and
frozen long term storage. In addition to individual analytes, solutions of mixed analytes were also valuated. The results presented showed that reverse phase media
were useful for a select group of analytes, but mixed mode cation exchange media
provided the broadest analyte coverage for both salt removal and concentration
enhancement. Effects of irradiation and long term frozen storage of select media on
extraction results are also presented.

63

On-Line Monitoring of Chemical Reactions Using Compact
Capillary Liquid Chromatography
Samuel Foster, Rowan University, Department of Chemistry &
Biochemistry, 201 Mullica Hill Rd., Glassboro, NJ 08028, James Grinias
The rise of miniaturized and portable instrumentation has enabled the capability
for improved analytical measurements directly at the point of need. For synthetic
chemists, on-line reaction monitoring can provide continuous feedback on the status
and progress of chemical reactions. In this study, a bench-scale imine condensation reaction was monitored by on-line LC-UV-MS using a capillary-scale compact
chromatography and a compact single quadrupole MS. The entire combined analytical platform and reaction vessel all fit within a single, standard-size chemical fume
hood. A syringe pump was used to continuously sample from the reaction vessel
into the LC injection loop, with single run injection volumes of 40 nL and a vessel
sampling rate under 1 µL/min. Chromatographic flow rates were on the order 1 – 2
µL/min, reducing the cost of mobile phase and the generation of solvent waste for
disposal. The relative quantities of reactant and product over the course of the reaction could be compared using both UV and MS signal peak areas, and these plots
can then be used to identify variations in reaction kinetics under various conditions.

60

Compact Chromatographic Instrumentation for the Analysis of
Drugs of Abuse
Sangeeta Kurre, Rowan University, Department of Chemistry &
Biochemistry, 201 Mullica Hill Rd., Glassboro, NJ 08028, Alexis Zimmer,
Mita Ray, Leah Notarfrancesco, Keyur Patel, Samuel Foster, Kyle
Morrow, James Grinias
The miniaturization of instrument platforms has been a growing trend within the field
of chemical analysis over the past several years. This has been especially true in
the area of separations, which often lagged behind spectroscopic tools and electrochemical sensors in terms of increased portability and decreased cost. A key aspect
of instrument miniaturization is the identification of current analytical needs that can
be served by smaller, cheaper, and easier-to-use devices. Here, three new compact
chromatographs were tested for the analysis of various drugs of abuse, as point-ofneed testing in forensic analysis and clinical toxicology could be greatly enhanced
with these instruments. A portable capillary LC instrument was used for the separation and analysis of benzodiazepines, which are a class of psychoactive drugs
used for a number of anxiety-related disorders and have been identified for potential

64

Investigating Polycyclic Aromatic Hydrocarbons as Biosignatures
in the Martian Subsurface using GC-MS
Christine Ward, Millsaps College, 1701 North State St., Jackson, MS
39210, Ardith Bravenec, Timothy Ward
Evidence for life on Mars may be found by looking for biosignatures, which include
molecular organic remains indicative of current or previous biotic activity. Polycyclic
aromatic hydrocarbons (PAHs) are a potential class of biosignatures that are important components of the interstellar medium. While PAHs can occur abiotically, such

10

2021 EAS Abstracts

November 2021

as on asteroids, identifying abundances of specific PAHs can indicate a biological
origin. Whether from biotic or abiotic activity, PAHs have been introduced to the
Martian surface via asteroid impacts and identifying PAHs on Mars can inform the
overall state of organic material on the planet. To explore how Martian biosignatures
may be preserved, it is necessary to consider the effects of minerals as a potential
host environment. Due to the largely inhospitable surface environment of Mars, if
biosignatures are to be found, they likely reside in the subsurface within minerals or
environments that previously hosted underground hydrothermal systems. Such mineral matrices can confine and protect potential biosignatures. We examined PAHs’
preservation potential in Martian conditions, simulating subsurface environments,
and analyzed PAHs presence and degradation products using gas chromatography - mass spectrometry. Preservation potential varied significantly between the
different PAHs in the simulated conditions. The majority of the preservation potential
results were within theoretical estimates, however, several experiments provided
unexpected outcomes regarding the preservation of PAHs under simulated conditions. These experiments and simulations will inform in-situ searches for life on Mars
as well as the interpretation of organic analyses from past missions.

and sonication with varying times and steps. The peptides mixtures were then analyzed by nanoLC-MS/MS using a NanoAcquity UPLC coupled with a QTOF Xevo
G2 MS and the raw data was analyzed using Mascot Daemon (v. 2.5) server. The
protein score and type of protein was taken into consideration with data analysis.
Data analysis was performed and compared to a normal digestion time in terms
of the protein score, and type of protein found. The BSA and Lysozyme samples
were analyzed separately, to determine if the method would work for both a larger
(BSA, 66kDa) and a smaller (lysozyme, 14kDa) protein. Variations in the parameters (digestion time, extraction time and volume, extraction method, etc.) for protein
digestion and peptide extraction allowed us to determine which method is the fastest
and the less labor-intensive, and gives us acceptable protein identification. This
study is still underway.

68

Evaluation of Retention Behavior and Stability of a Novel
Trifunctional Biphenyl Phase
Scott Silver, Pyvot, 1040 1st Ave., Ste. 330, New York, NY 10022,
Norikazu Nagae, Ryuji Koyama
Biphenyl columns are currently available from several HPLC column manufacturers.
Their biphenyl phases are only mono-functional. In this study, tri-functional biphenyl
stationary phase was modified on a core shell silica and end-capped double at high
reaction temperature. Tri-functional biphenyl stationary phase was compared with
mono-functional biphenyl stationary phase not only for measurement of hydrogen
bond capacity, hydrophobicity and steric selectivity but also for a peak shape of a
metal chelating compound and a basic compound. Furthermore stability of each
biphenyl stationary phase was evaluated under both acidic and basic pH conditions.
Although phenyl stationary phase shows higher hydrogen bond capacity than alkyl
stationary phases, biphenyl stationary phase showed the highest hydrogen bond
capacity. Such a high hydrogen bond capacity leaded unique separation selectivity
when separating o-, m-, p-methylhippuric acid and nucleic bases. Proposed trifunctional biphenyl stationary phase showed the most stable under both acidic and basic
pH conditions.

65

Method Screening Technology and Teamwork: Overcoming
Method Issues During a Time Crunch
Heather Neu, Bristol Myers Squibb, 556 Morris Ave., Summit, NJ 07901,
Lyudmila Khalatyan, Evan Bekos, Vera Leschinskaya
What can be done when method issues arise just before the start of analytical
method validation and within weeks of the start of the PPQ campaign? Couple this
scenario with the site going into COVID lockdown. The urgent need for the quick
development of a robust solution is never more apparent. This was the situation
that arose for a late-stage project. One of the project’s regulatory starting materials,
220-S (para-substituted) and its regio-isomers (ortho- and meta-substituted) were
identified as potentially mutagenic impurities. It was decided to set the specification
for the 220-S regio-isomer impurities at NMT 0.15 % a/a to demonstrate control
of the impurities at 220-S. At that time, the existing regio-isomer method was not
sufficiently sensitive to account for the specification. This presentation will describe
how utilizing ACD method screening software, decisive decision making, and great
teamwork between internal and external scientists allowed us to develop a sufficiently sensitive and robust method in a very short timeframe. This new method
was able to be fully validated and implemented at the external vendor, allowing the
220-S starting material batches to be released in time for an on-time start of the
PPQ campaign.

69

Comparison of Quadrupole Versus Time of Flight Mass
Spectrometry in Detecting Various Bacterial Lipid Classes
Frank Nichols, University of Connecticut School of Dental Medicine, 146
Sedgwick Rd., West Hartford, CT 06107, Anthony Provatas
Mass spectrometric methods are commonly used to characterize and quantify lipid
products in complex matrices. The present study examined the recovery of specific
novel bacterial lipids using either quadrupole (Waters QTQ) or time of flight (Sciex500 QTOF) mass spectrometry both in conjunction with UHPLC sample introduction. Total lipids extracted from the periodontal pathogen, Porphyromonas gingivalis,
were separated using the same reverse phase UHPLC chromatographic elution and
solvent gradients for both mass spectrometric approaches. Negative and positive
ions were quantified using both multiple-reaction monitoring and molecular ion monitoring. Using quadrupole mass spectrometry, this study demonstrated that negative
ions of various lipid classes with masses greater than m/z 1000 were recovered
in reduced amounts when compared to lower mass lipid products. Specific lipid
classes such as the phosphoglycerol dihydroceramides show greater de-esterification when evaluated using the quadrupole mass spectrometric approach compared with QTOF mass spectrometry. However, detection of other phospholipids
and phosphorylated dihydroceramide on the QTOF instrument was not markedly
affected when comparing positive and negative ions. Another serine/glycine lipid
class, called Lipid 654, was recovered quantitatively at higher ion abundance using positive ion quadrupole mass spectrometry when compared with negative ion
quadrupole mass spectrometry. QTOF detection of Lipid 654 was equally efficient
in either positive or negative ionization modes. Although the detection of bacterial
lipid ions varies between these two techniques, the present study shows that each
mass spectrometric method has advantages and disadvantages in detecting novel
bacterial lipids depending on the type of lipid under study.

66

A Platform Analytical Method for Intact Polysorbates in ProteinContaining Biopharmaceutical Products via HPLC-CAD
Sina Mortazavi, GlaxoSmithKline, 709 Swedeland Rd., King of Prussia,
PA 19406, Katie Carnes, Kaitie Grinias, Joshua Fuller, Michelle Ward,
Lee Oliver, Justin Shearer, Timothy Brown, Michael Morris
Polysorbates are an integral part of drug products in present day pharmaceuticals.
The most common, Polysorbate 80 and 20, help limit protein-to-surface adsorption and aggregation. A sensitive and specific platform reversed-phase analytical
method was developed using high performance liquid chromatography employing
a charged aerosol detector (HPLC-CAD) to analyze the content and stability of intact polysorbate 80 (PS80) in biopharmaceutical formulations. The method employs
protein/monoclonal antibody (mAb) precipitation to minimize interference with PS80
subspecies. The described method has demonstrated acceptable accuracy, precision, specificity, and sensitivity through qualification studies. The specificity afforded by the described method allows for employment in forced degradation studies
to discern kinetic information and to discern different degradation pathways. The
method has demonstrated acceptable performance with respect to accuracy and
precision for thirteen biopharmaceuticals. This method is distinguishable from other
published methods because quantification of the PS80 mono-esters is immune to
interference from PS80 degradants, has baseline reproducibility, and is user-friendly
(less time-consuming than HPLC-mass spectrometry, designed to stay in the linear
range of the CAD, and is label-free). Additionally, it has been designed to be well
below the critical micelle concentration (CMC) and can distinguish between a lack
of recovery of PS80 and degraded PS80.

70

Porous Graphitic Carbon – Making Sense of this Unique Material
for HPLC
Clinton Corman, MilliporeSigma, 595 N. Harrison Rd., Bellefonte, PA
16823, Cory Muraco, Michael Ye
Porous Graphitic Carbons (PGCs), employed as a stationary phase for HPLC, have
been available commercially for nearly 30 years. At the time, columns made with
these new innovative materials offered some significant advantages to conventional
silica-based columns such as wide pH operating ranges, increased temperature
stability, and no possibility of secondary interactions of analytes that many silica
columns suffer from as a result of residual silanol species on the base silica particle. Despite some of these advantages it has not garnered the same popularity as
conventional silica-based stationary phases. There are multiple reasons for this, but
one area is the mystery surrounding how it behaves as a chromatographic material.
To this day exact quantifiable reasons is not known to completely explain analyte
retention. However, logical conclusions can be interpreted to help give better clarity
when using this material. We have recently developed a new PGC-based column

67

Optimization of the In-Gel Trypsin Digestion for Proteomics
Applications
Mary Donnelly, Clarkson University, 8 Clarkson Ave., Box 5810,
Potsdam, NY 13699, Hannah Yorkey, Danielle Witham, Costel Darie
The current protein digestion and peptide extraction method from an SDS-PAGE is
time consuming. Optimization of this method could save time and effort while yielding similar or acceptable results. To optimize protocol, we used two model proteins:
bovine serum albumin (BSA) and lysozyme. Both proteins vary in their molecular
weights and number of disulfide bonds, which make them ideal proteins for this
experiment. Digestion and extraction variations were performed. For trypsin digestion, different digestion times and temperatures were performed and compared to a
normal digestion time. Peptide extraction optimization variations included shaking
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for liquid chromatography separations. After a short introduction to PGC materials,
examples will be shown to explain the retention mechanisms using this mode of
chromatography and how it differs in respect to a standard ODS phase. To summarize, an example application will be shown using this material and conclusions will
be made as to what these materials are best suited for and not suited for.

Surface Characterization and Methane Activation on SnOx/Cu2O/
Cu(111) Inverse Oxide/Metal Catalysts
Jindong Kang, Stony Brook University, Department of Chemistry, Stony
Brook, NY 11794, Ning Rui, Erwei Huang, Yi Tian, Mausumi Mahapatra,
Rina Rosales, Ivan Orozco, Rui Shi, Sanjaya D. Senanayake, Ping Liu,
Jose A. Rodriguez
To activate methane at low or medium temperatures is a difficult task and a pre-requisite for the conversion of this light alkane into high value chemicals. Herein, we
report the preparation and characterizations of novel SnOx/Cu2O/Cu(111) interfaces that enable low-temperature methane activation. Scanning tunneling microscopy
identified small, well dispersed SnOx nanoclusters on the Cu2O/Cu(111) substrate
with an average size of 8 Å, and such morphology was sustained up to 450 K in
UHV annealing. Ambient pressure X-ray photoelectron spectroscopy showed that
hydrocarbon species (CHx groups), the product of methane activation, were formed
on SnOx/Cu2O/Cu(111) at a temperature as low as 300 K. An essential role of the
SnOx-Cu2O interface was evinced by the SnOx coverage dependence. Systems
with a small amount of tin oxide, 0.1 – 0.2 ML coverage, produced the highest
concentration of adsorbed CHx groups. Calculations based on density functional
theory showed a drastic reduction in the activation barrier for C-H bond cleavage
when going from Cu2O/Cu(111) to SnOx/Cu2O/Cu(111). On the supported SnOx,
the dissociation of methane was highly exothermic (ΔE ~ -35 kcal/mol) and the calculated barrier for activation (~ 20 kcal/mol) could be overcome at 300-500 K, target
temperatures for the conversion of methane to high value chemicals.

71

GC Method Translation in Adsorption Gas Chromatography (PLOT
columns)
Cathy Hetrick, Restek Corporation, 110 Benner Circle, Bellefonte, PA
16823, Katarina Oden, Chris English, Jaap de Zeeuw
Adjustments made to the GC method parameters, like inlet/outlet pressure or flow,
carrier gas, or even different capillary column dimensions, can lead to retention time
shifts of the analytes or even changes in elution order. That is why one of the most
valuable tools when modifying/developing a GC method are method translators.
The method translators calculate new analysis conditions by preserving the same
elution temperature for each analyte, thus maintaining the same elution order. Using
these tools, the method can be translated to a different; column dimension, carrier
gas, column length, for example, with no time spent on the method development.
Method translation works well for columns with a liquid stationary phase where the
principle of separation is based on partitioning. How well do the translation principles work in PLOT column chromatography (gas/solid chromatography) where separation relies on adsorption/desorption mechanisms, which are a surface process?
Presented will be examples of the most common method translations using porous
polymer and alumina PLOT columns.
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The Optoelectronic Nose: An Adventure in Molecular Recognition
Kenneth Suslick, University of Illinois at Urbana-Champaign, Department of Chemistry, 600 S. Mathews Ave., Urbana, IL 61822
Our olfactory system works by pattern recognition of the responses of a few hundred
different receptors found in the uppermost part of the nose. We can imitate that kind
of pattern recognition by using the pattern of the color changes of an array of chemically responsive dyes: essentially a digital, multidimensional extension of litmus
paper. Although no single chemically responsive pigment is specific for any one
analyte, the pattern of color change for the array proves to be a powerful method to
discriminate one odor from another. The color difference patterns are unique molecular fingerprints that can identify specific pollutants, toxic gases, different bacteria,
and even one single malt scotch from another. For the detection of volatile organic
compounds (VOCs), we have demonstrated high sensitivity (below PEL levels) for
the detection of a wide range of toxic industrial chemicals (TICs). Striking visual
identifications of many TICs can be made even at ppb levels (i.e., sensitivities better
than GC-MS detection). Classification analysis reveals that the colorimetric sensor
array has an extremely high dimensionality with consequent ability to discriminate
among similar analytes and complex mixtures, over a wide concentration range.
The technology is also particularly suitable for detecting many of the most odiferous
compounds produced by bacteria. We are able to distinguish bacterial growth even
at very low levels of detection and can easily identify one pathogenic bacterium
from another. Additionally, the arrays are highly effective for quality assurance applications.
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Low Pressure Gas Chromatography (LPGC) - The Fast Way to
Speed Up Your Multiresidue Pesticide Analysis for Foods!
Mike Zezzo, Restek Corporation, 110 Benner Circle, Bellefonte, PA
16823, Jana R. Hepner, Jaap de Zeeuw, Kristi Sellers, Joseph Konschnik
Food testing labs need fast turn-around times to analyze samples submitted for
multiresidue pesticide analysis and deliver accurate results. Now, they can take
advantage of their mass spectrometer’s vacuum to give their gas chromatography
workflow a significant speed boost. Installing a new factory-coupled column set allows the vacuum in the MS detector to lower the pressure inside the analytical GC
column, which results in run times three, or more times faster than a conventional
GC-MS column configuration. The technique is called low pressure gas chromatography (LPGC). Given the challenges with making difficult column connections
this technique has lacked adoption in the past. The authors present data showing
a typical GC-MS/MS multiresidue pesticide workflow for various food commodities
using a conventional 30 meter column compared with the faster analysis using this
innovative pre-connected column set to demonstrate the ease and effectiveness of
implementing this technique. A comparison will be made between the two identifying
the benefits and challenges of this and other alternative fast GC approaches.
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Rapid Recognition of Beer Specimen Based on Multivariate
Analysis of Non-volatile Fingerprint
Thi Do, Restek Corporation, 110 Benner Circle, Bellefonte, PA 16823,
Ryan Micklitsch, Tom Kane, German Gomez-Rios, Joseph Konschnik
Growing interest in food quality and traceability by regulators as well as consumers
demands advances in more rapid, versatile and cost-effective analytical methods.
Sample preparation technologies directly interface to-MS have surged as a means
to improve the performance of either existing AMS by allowing remote sampling,
sample clean-up, and retaining relevant chemical information that facilitates its classification via chemometric tool. Coated Blade Spray (CBS) is a sample prep technology that integrates the collection of analytes of interest from a sample and the direct
interface to mass spectrometry systems as a substrate spray ionization. The device
comprises a thin-flat sheet with a pointed tip and it is manufactured of a conductive
substrate such as stainless steel (see Figure 1). As a SPME device, the substrate
is partially coated with an extraction phase comprised of polymeric particles and a
binder. The function of the polymeric particles is to enrich the analytes of interest
from the sample matrix. As a direct to MS device, the device requires a pre-wetting
of the extraction material so to elute the analytes collected on it. Subsequently, a
differential potential is applied between the non-coated area of the substrate and
the inlet of the MS system generating an electrospray at the tip of the CBS device. Herein, we demonstrate, as a proof-of-concept, how CBS coupled to Nominal
Resolution Mass Spectrometry (MS) enables rapid discrimination of aqueous food
matrices (i.e. beer samples).
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Mechanisms for Selectivity in Chemiresistive Gas Sensors
Timothy Swager, Massachusetts Institute of Technology, Chemistry
Dept., Rm 18-597, Cambridge, MA 02139
This lecture will detail the creation of ultrasensitive sensors based on chemiresistive
mechanisms with carbon nanotubes (CNTs). A central concept that a single nanoor molecular-wire spanning between two electrodes would create an exceptional
sensor if binding of a molecule of interest to it would block all electronic transport.
Nanowire networks of CNTs provide for a practical approximation to the single
nanowire scheme. Sensors for a variety of materials and cross-reactive sensor arrays will be described. A current limitation to most, it not all sensors, is chemical
selectivity. Synthetic receptors can give some selectivity and when they have 3D
structures can be highly specific for recognition of a molecule. However, translating
complex molecular constructions into strong readable sensory signals is challenging. I will give multiple examples of how established chemical reactions that occur
in solution can be used to create highly specific and sensitive sensors. There is a
vast opportunity in translating the products of synthetic and catalytic chemistry into
selective chemiresistive sensors. I will highlight the utility of CNT-based gas sensors
for gases relevant to agriculture, health, and energy technologies.
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New Ideas for Optical Detection in Droplet Microfluidic-Based
Analysis
Ryan Bailey, University of Michigan, Chemistry Dept., 930 N. University
Ave., Ann Arbor, MI 48109
Droplet microfluidics have emerged as a powerful approach to sample-limited,
high-throughput analyses. However, most assays of droplets, ranging from nL-fL
volumes, require expensive microscopes and high speed cameras. Furthermore,
optical interrogation within the aqueous phase of droplet emulsions is often complicated by background signals from biological matrices. In this talk I will discuss
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several different strategies to overcome these detection hurdles in hopes of developing lower cost and background-impervious detection methods that can be applied
to droplet microfluidics.

mosphere. As part of the NASA Earth System Observatory (ESO), a global mapping
imaging spectrometer with 6000 cross-track spectrometers is planned to deliver
new science and applications measurements and products for the full terrestrial and
coastal regions of our planet. This paper presents key architectural elements of this
class of instrumentation and their most important discoveries to date.
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Mass Spectrometry-Based Chemical Characterization of the Cells
in the Brain
Jonathan Sweedler, University of Illinois at Urbana-Champaign, 600 S.
Mathews Ave., 63-5, Urbana, IL 61801
In the postgenomic era, one expects the suite of chemical players in a brain region
to be known and their functions uncovered. Perhaps surprisingly, many neurochemicals remain poorly characterized and for those that are known, their localization,
dynamics and function are oftentimes unknown. Approaches for assaying the chemical content from individual brain cells are highlighted, including mass spectrometry
imaging and single cell mass spectrometry. Using these approaches, we measure
multiple classes of analytes including lipids, neurotransmitters and neuropeptides.
The single cell assays allow differences in the metabolome and peptidome from
supposedly homogeneous populations of cells to be explored. Additionally, we can
characterize the peptides in individual organelles such as secretory dense core vesicles, enabling us to discover subclasses of organelles with distinct contents. Several applications of single cell mass spectrometry are highlighted from the discovery of
unusual metabolites to the characterization of both known and previously unknown
neuropeptides and peptide hormones.

Application of Polymeric Anion-Exchange and Polymeric ReversedPhase Media for the Analysis of mRNA and Viral Vectors Relevant
to Covid-19 Therapeutics
Christopher Pohl, Thermo Fisher Scientific, 1228 Titan Way, Sunnyvale,
CA 94085
Although COVID-19 has resulted in horrendous adverse effects on the world, it has
driven tremendous growth in areas targeting COVID-19, especially in vaccine-related products. Most vaccines that received early approvals for COVID-19 have used
either messenger RNA (mRNA) or viral vectors. We will describe recent polymeric
anion exchange materials and polymeric reversed-phase media to analyze mRNA
and viral vectors. Both play important roles in the development and implementation
of currently available vaccines for COVID-19. Polymeric media generally provides
excellent recovery of biomolecules with minimal carryover. Although pharmaceutical
manufacturers are notoriously secretive about their analytical methods, example
applications will be illustrated based on available in-house data and publicly available information.
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Miniaturization of Instruments for Planetary Exploration
Nikzad Toomarian, NASA / Jet Propulsion Lab, 4800 Oak Grove Dr.,
Pasadena, CA 91109
Microdevices development activities at the Jet Propulsion Laboratory (JPL) are directed toward enhancing data-collection capabilities and overall science return on
NASA missions to planets and planetary bodies while reducing instrument cost.
Examining NASA Instrument Cost Model, one learns quickly that the instrument
cost, mass and power are very tidily corelated. Hence, to achieve NASA’s goal of
planetary exploration, one needs to reduce the size of the instrument, without sacrificing performance. Furthermore, as more is learned from earlier missions, additional questions arise that require an increasingly complex set of remote, contact, and
analytical instruments to help answer them. Effective exploitation of miniaturization
technologies helps to contain the issues of increased weight, power, and volume associated with increasing instrumentation complexity, thereby allowing manageable
payloads and launch costs. This presentation will provide a summary overview of
ongoing instrument miniaturization activities at JPL. Specific topics to be addressed
include mass spectrometers, imaging spectrometers, advanced detectors for UV
and IR instruments, and unique component technologies for miniaturization.

Critical Role of Mobile Phase pH in LC-MS of Oligonucleotides
Guilherme Guimaraes, University of Georgia, 250 West Green St., Athens, GA 30602, Michael Bartlett
Recent efforts in LC-MS of oligos has been aimed at maximizing method sensitivity
using various alkylamines and fluoroalcohols. During these efforts, it has become
clear that pH is a major factor in controlling two key features of this mobile phase
system, colloid formation (mobile phase aging) and passivation (non-specific adsorptive losses). This talk will discuss how to use pH to balance these two critical
method attributes.
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Tailoring Surface Properties of Microextraction Devices for
COVID-19 Diagnostics
Jared Anderson, Iowa State University, 605 Gilman Hall, Ames, IA
50010, Derek Eitzmann, Marcelino Varona
The SARS-CoV-2 pandemic has brought to light the importance of robust diagnostic
platforms that can be deployed broadly and quickly. In particular, methods capable
of isolating and detecting nucleic acids from complex matrixes that can be performed and interpreted by minimally-trained individuals are highly desirable. Herein,
we demonstrate the design of microextraction devices and approaches that can
be readily coupled to downstream methods for rapid analysis. We will discuss the
development of thin-film microextraction devices that permit the rapid extraction and
desorption of nucleic acids from complex samples. Secondly, the specific detection
of loop-mediated isothermal amplification (LAMP) using nucleic acid lateral-flow immunoassay (NALFIA) strips enabled by a molecular beacon probe and a biotinylated primer will be demonstrated. The method is successfully applied for the detection
of the ompW gene from Vibrio cholerae, ORF1a gene from SARS-CoV-2, and BRAF
V600E, a mutation found in the majority of melanomas. We successfully demonstrate visual discrimination of wild-type and mutant BRAF on the NALFIA strips.
In addition, a 3D printed device was fabricated using fused deposition modeling to
enclose the reaction tube and NALFIA strip. This device reduces the contamination
risk derived from opening the reaction tubes to insert the strip following amplification. Lastly, the detection method is coupled with solid-phase microextraction to
isolate the nucleic acid targets from lake water (ompW), plasma (BRAFV600E), and
artificial saliva (ORF1a).
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Water on the Moon: MEMS Based NIR Spectrometers on the 2009
LCROSS Mission
David Day, SCIAPS, 7 Constitution Way, Woburn, MA 01801
In 2007 Polychromix was selling handheld instrumentation that utilized a MEMS
based NIR spectrometer for various applications including polymer recycling, pharmaceutical material verification, and material identification at various international
customs locations. At that point in time they were approached by NASA for including
the spectrometer in the LCROSS (Lunar Crater Observation and Sensing Satellite)
mission. This presentation will first review the design, function, and modifications of
the spectrometer for the mission. This will be followed by a brief review of the initial
failures and then successes of getting the spectrometer through NASA testing. Finally, the resulting data from the critical part of the mission, which only lasted a few
minutes, will be reviewed.
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Visible to Infrared Imaging Spectroscopy for Earth Science and
Discovery Through the Solar System
Robert O. Green, Jet Propulsion Lab, MS 306-431, 4800 Oak Grove Dr.,
Pasadena, CA 91109
The first instrument to measure a spectrum for every point in an image, the Airborne
Imaging Spectrometer (AIS) first flew in 1982 and made discoveries in its first flights.
Subsequently, first and second generation imaging spectrometers have flown in
Earth-orbit and been sent to Jupiter, Saturn, Mars, the Moon, and elsewhere. Their
list of discoveries is broad and deep. Today enabled by advances in design, detector,
optical components, electronic, and thermal control technology third and fourth generation imaging spectrometers are under development. The Mapping Imaging Spectrometer for Europe (MISE) will investigate questions of habitability. The High-Resolution Volatile Moon Mineral Mapper (HVM3) will measure strategic compounds on
the lunar surface and permanently shadowed craters with unprecedented precision.
The Earth Surface Mineral Dust Source Investigation (EMIT) imaging spectrometer
is planned to launch to the International Space Station in 2022 and will provide
the first comprehensive maps of arid land mineral dust sources that have impacts
throughout the Earth system. The Carbon Plume Mapper (CPM) a public-private
partnership will measure point source carbon dioxide and methane plumes on the
Earth’s surface with a goal to reduce the release of greenhouse gases into our at-
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A Polyphenylene-Like Stationary Phase for HPLC
Luis Colón, University at Buffalo-SUNY, Department of Chemistry, NS
Complex, Buffalo, NY 14260, Brandon Salazar
Silica particles were modified with phenylenediamine (PDA) via diazotization to form
a polyphenylene-like layer at the silica surface. The PDA-modified silica showed
characteristics suitable for the separation of hydrophobic as well as hydrophilic compounds, although hydrophobic interactions are predominant. The thin polyphenylene-like layer also contained amine moieties at the surface, which provides a means
for further functionalization of the surface. We explored reactions that produce a
surface containing fluorine or boronic groups to explore their properties for the separation of pharmaceuticals and proteins. After physicochemical characterization of
the functionalized PDA-silicas, they were assed chromatographically under HPLC
conditions. We will present the details of the silica particle modifications, their characterization, and their initial chromatographic evaluation in the separation of various
compounds, including proteins as well as pharmaceutical compounds.
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Handheld LIBS and XRF; Friends or Foes?
Stanislaw Piorek, Rigaku Analytical Devices, 30 Upton Dr., Ste. 2,
Wilmington, MA 01887
Recent decade brought us another player on the handheld arena of instruments,
a handheld LIBS analyzer. This development enabled expansion of LIBS into field
operations such as alloy sorting and analysis, the area traditionally dominated by
well-established handheld X-ray Fluorescence (XRF). Main advantage of Handheld
LIBS is its ability to analyze light elements such as carbon, lithium, beryllium, boron,
which cannot be addressed by handheld XRF. Additionally, LIBS can also outperform XRF when analyzing aluminum, magnesium, and silicon. That is why the first
Handheld LIBS Analyzers were primarily designed for analysis and sorting of aluminum alloys in which the light elements are important components. However, continuous improvements suggest that LIBS can also be useful in analysis of other alloy
families such as steels, nickel and cobalt based alloys, brasses and bronzes and
titanium based alloys, despite the fact that the accuracy of LIBS for “heavier” elements is still inferior to that of XRF. In this paper we compare analytical performance
of a commercially available Handheld LIBS Analyzer with that of one of the best
handheld XRF analyzers by presenting the results obtained with both instruments
when used for composition analysis and grade identification of alloys representing
different alloy families. Additionally, we will attempt to answer the question whether
the two techniques are competing or complementing each other. In our analysis we
will also account for such factors as ruggedness, ease of use, speed of analysis,
sample condition, as well as the most recent improvements expanding elemental
capabilities of handheld LIBS.

vative research designs. For example, an embedded GPS receiver can geo-tag
data for integration with geographic information system (GIS) mapping. These and
other advances are discussed in the context of archaeological applications, such as
analyzing hundreds of stone tools per day as they are excavated, soil and sediment
analysis, and mapping stone outcrops at a volcano.
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Coloring within the Lines. Making Allowed Adjustments to
Compendial Methods for Faster Analysis Using Superficially
Porous Columns
William Long, Agilent Technologies, 2850 Centerville Rd, Wilmington,
DE 19808, Carl Griffin
Compendial testing, such as that described in the United States Pharmacopeia-National Formulary (USP-NF), is essential for ensuring the safety and quality of finished drug products and raw materials. While efforts have been made recently to
modernize methods, many USP monographs were created for older, generic drugs,
and tend to be based on traditional column formats such as a 4.6 x 250-mm column
packed with 5-μm material. Thus, compendial methods are often more time-consuming and less efficient to run than if they took advantage of newer liquid chromatography (LC) technologies (e.g., smaller particles and superficially porous, core-shell
particles) and smaller column sizes. Taking advantage of new column technology
to increase laboratory productivity while ensuring high-quality separations is key
to remaining competitive. Time and solvent are often large costs associated with
pharmaceutical testing. Adjusting compendial methods according to the allowable
adjustments clearly defined in Chapter <621> can help reduce these costs while
boosting productivity and improving the efficiency of analytical laboratories. This
presentation will review high impact changes you can make to USP compendial
methods to save time and money that will not require re-validation. The focus is
on how you can adjust older methods to leverage modern technology (superficially
porous particle columns). Adjustments made will be to particle size, column length,
flow rate, and injection volume and will demonstrate how making allowable adjustments can increase your throughput and cut cost.
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Integration of Portable Spectroscopy into Undergraduate Teaching
and Research
Mary Kate Donais, Saint Anselm College, 100 Saint Anselm College,
Manchester, NH, 03102
Portable spectroscopy has played an increasingly valuable role in both research and
teaching at Saint Anselm College since our first efforts in 2008 with handheld X-ray
fluorescence spectrometry at the College’s archaeology field school in Italy. Since
then, additional portable instruments included Raman spectroscopy, near infrared
spectroscopy, and laser-induced breakdown spectroscopy have been successfully
integrated into both hands on course work as well as student-centered research
projects. Supported by examples from both teaching and research, this presentation
will discuss how applications of portable spectroscopy within our undergraduate
chemistry and forensic science degree programs have evolved over the last 10+
years. Research examples will focus on cultural heritage and archaeology analyses.
Teaching examples from non-majors and introductory chemistry courses as well as
forensics and advanced chemistry courses will also be discussed, including specifics from the challenging 2020-2021 academic year.
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HPLC in the Ag Regulatory Environment
Steve Hansen, FMC Corporation, Stine Research Center, 1090 Elkton
Rd., Newark, DE 19711
Country test guidelines for analytical method validations in the Ag industry are discussed, specifically for analysis of technical actives and formulations. Methods are
validated under these guidelines and GLP as part of product registrations. Beyond
meeting regulatory guidelines, we also discuss the advantages of improving method
precision and accuracy to improve confidence that products meet release specifications. Finally, a method transfer procedure is discussed which is used to maintain
the precision and accuracy of results when the method is transferred to manufacturing labs for product release analyses.
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Taking the Lab to the Field - The Trials and Tribulations of
Performing in-Field XRF and LIBS Analysis
Debbie Griggs, Rigaku Analytical Devices, 30 Upton Dr., Ste. 2
Wilmington, MA 01887
The use of in-field, hand-held analytical instrumentation can evoke a whole plethora
of emotions ranging from euphoria to despair, depending on the user, the instrument, the analytes of interest and their concentrations. In the hands of a skilled
operator with an in-depth knowledge of their sample type, an instrument can provide
rapid, accurate information for immediate decision making; while other users may
find their results less than satisfactory or downright wrong. This presentation will
briefly describe the highs and lows of two complementary hand-held analytical techniques, namely XRF and LIBS, comparing and contrasting the techniques, sample
preparation, and result interpretation with real-world examples of what can go wrong
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Dual-Column Switching with Backflushing to Increase Sample
Throughput and Robustness in the UHPLC-MS/MS Analysis of
Chemical Residues in Foods
Steven Lehotay, United States Department of Agriculture, 600 East
Mermaid Lane, Wyndmoor, PA 19038, Alan Lightfield
The principle of Occam’s razor applied to analytical chemistry asserts that “If more
than one technique or method can meet the needs of the application, then the most
practical one should be implemented.” Note that “meeting needs” does not mean
“achieving the best results” or even “equivalent results,” thus practical considerations, such as cost, labor, simplicity, sample throughput, waste, safety, space utilization, and other aspects related to laboratory efficiency, become more important than analytical performance features. In routine analyses, robustness is often
the most important feature of a method because excessive instrument downtime
is a troubling, complicated, and expensive occurrence. QuEChERSER adds “efficient and robust” to the “quick, easy, cheap, effective, rugged, and safe” that forms
QuEChERS. The new mega-method has wider scope, higher sample throughput,
more automation, greater reproducibility, and more cleanup than QuEChERS. In
the case of UHPLC-MS/MS, it employs alternating dual-columns with backflushing
to maintain pristine column conditions with each injection. Sample throughput is
increased because the column re-equilibration of one column is being conducted
as the other column is undergoing the gradient analysis. Ghost peaks and their
associated insidious matrix effects are eliminated because all matrix components
that are not eluted from the column during the injection are backflushed to waste.
Results from validation studies for up to 500 pesticides, environmental contaminants, veterinary drugs, and mycotoxins in egg, hemp pellet, and grain samples will
be presented.
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State-of-the-Art Portable XRF in the Archaeological Sciences
Ellery Frahm, Yale University, 10 Sachem St., New Haven, CT 06511
The reason for archaeological interest in portable X-ray fluorescence (pXRF) is
clear: the potential to acquire elemental data in the field can transform the ways in
which archaeologists approach research questions involving compositional data. It
not only allows the ability to sample at previously impractical scales but also enables
new possibilities regarding how, where, and why to conduct analyses. Over the last
decade, pXRF instruments have advanced considerably, rivalling the performance
of their benchtop equivalents, and many of their technical advancements are highly
useful in the archaeological sciences, especially compared to museum-based fields
such as art conservation. The new generation of detectors and processing electronics, for example, make measurements shorter, permitting the analysis of larger
collections of artifacts or soil samples. Other advancements involve more than just
speed. Ruggedized instruments are dust-proof, water-resistant, and drop-protected, making them much better suited for the field. Vacuum pumps or helium tanks
are no longer required to measure light elements. Instead, a built-in barometer can
measure air pressure to correct measurements whether at sea level or high altitudes. New detectors reduce X-ray peak overlaps, as do sophisticated fundamental
parameters correction algorithms. Other advances can aid collaboration and inno-
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sludge during the treatment process and eventually end up in landfill/agriculture
usage. From the soils, they are carried-off to surface water via leaching/surface
runoff. If we analyze the fate of ECs, they are subject to various mechanisms which
drives their dynamics in the environment: 1) Mobilization: Solubility; 2) Volatilization: Molecular weight and partition coefficient; 3) Adsorption: Partition coefficient;
4) Conjugation: Electron Density; 5) Metabolism: Pharmacokinetics; 6) Transformation: Stability; 7) Complexation: Electronegativity; 8) Isomerization: Stability and
structure; 9) Persistence: Half-Life; 10) Recalcitrance: Chemical Structure; and 11)
Bioaccumulation: Chemical Structure and Solubility. Overall, the physico-chemical
properties strongly determine the fate and dynamics of the ECs in the environment.

The Harmonization of Chromatographic Requirements Among
USP, Eu.Ph. and JP
Horacio Pappa, United States Pharmacopeia, 12601 Twinbrook
Parkway, Rockville, MD 20852
Recently the harmonization of USP chapter <621> Chromatography and the corresponding text in Eu.Ph. and JP have been concluded. The presentation will cover all
the changes and additions to the harmonized document.
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Analysis and Treatment of Contaminants of Emerging Concern in
Municipal Wastewater
Sukalyan Sengupta, University of Massachusetts-Dartmouth, 285 Old
Westport Rd., North Dartmouth, MA 02747
The two criteria for long-term classification of a substance as an emerging contaminant are (i) its persistence in the environment and/or (ii) potential harmful human and
ecotoxicological effects. Existing regulations regarding Contaminants of Emerging
Concern (CECs) and analytical methods to determine their concentration (typically
in the ng/L level) – by using High Pressure Liquid Chromatography (HPLC)/MS/
MS, High Resolution Gas Chromatography (HRGC)/High Resolution Mass Spectrometry (HRMS), and Liquid Chromatography and time-of-flight mass spectrometry
(LC – TOFMS) - will be detailed. Classifications of CECs that will be discussed
include (1) based on pharmaceuticals, (2) based on lifestyle compounds, (3) endocrine disrupting compounds, (4) based on flame retardants, (5) pesticides and herbicides, (6) per-and polyfluoroalkyl substances (PFAS), (7) disinfection byproducts,
(8) nanomaterials, (9) microplastics, (10) dioxane, and (11) algal toxins. Treatment
methods for reduction of CECs will include (1) adsorption-based processes, and (2)
advanced oxidation processes (AOPs) using hydrogen peroxide, ozone, UV radiation, gamma radiation, and electrooxidation. Future issues regarding CECs include:
(1) many have not yet been identified, (2) the “Chemical Conveyor Belt” syndrome
where despite some of the CECs being banned, their new replacements continually
enter the market, and (3) many CECs undergo transformation and form a variety of
transformation products.
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Remediation of Emerging Environmental Contaminants through
Green Chemistry
Rakesh Kumar Sharma, Delhi University, Green Chemistry Network
Centre, Department of Chemistry, Delhi 110007, India, Satinder Ahuja
Green Chemistry (GC) has emerged as a potent tool for resolving current global
water challenges. In fact, holistic integration of the various GC principles with nanotechnology has offered promising, cost-effective and methodically novel solutions
endowing novel technologies that can control and treat water pollution. The Green
Chemistry Network Centre (GCNC) established at University of Delhi in 2003 under
the recommendation of world leaders of GC headed by Professor Paul Anastas
(popularly known as father of GC) has played an instrumental role in the socio-economic development of the nation via the development of sustainable organic-inorganic hybrid nanomaterials that have proven their efficacy as promising catalytic
materials and adsorbents in the eradication of emerging environmental inorganic as
well as organic contaminants. At this network center, we are constantly engaged in
the mission of furtherance of GC in India through research and educational practices. In this presentation, we will showcase how the incorporation of Green Chemistry
Principles has benefited the modern society by providing sustainable solution for
remediating diverse contaminants and how GCNC has been constantly developing
newer materials by using green chemistry.
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Overview and Highlights of USP <1469> Nitrosamine Impurities
Edmond Biba, United States Pharmacopeial Convention, 12601
Twinbrook Parkway, Rockville, MD 20852
The nitrosamine presence in pharmaceutical products emerged as a public health
concern in 2018 after reports that harmful levels of nitrosamine impurity, N-nitrosodimethylamine (NDMA), had been observed in Valsartan containing products.
In response to this public health concern USP convened a Joint Subcommittee
(membership from USP General Chapters-Expert Committee and from two Small
Molecules Expert Committees) charged with development of a roadmap and guide
USP for creating public standards to address it. The first deliverable of the joint subcommittee was development of Chapter <1469> Nitrosamine Impurities, which was
published for public comments in Pharmacopeial Forum Volume 46, Issue 5 available on-line since September 1st 2020, approved as public standard by the General
Chapters-Chemical Analysis Expert Committee in the USP-NF 2021 ballot, and has
been available in USP-NF on-line since June 1st 2021 with an official date of December 1st, 2021. This presentation discusses USP perspective for addressing nitrosamines in pharmaceuticals and the highlights of all sections of Chapter <1469> and
the rationale of their content. The presentation briefly discusses the USP standards,
their applicability and the public standards’ development process. It also includes a
short summary of regulatory landscape regarding nitrosamines in pharmaceuticals.

Successes and Challenges in Determining Absorbable Organic
Fluorine as a Surrogate to Total PFASs in Water Samples
Mei Sun, University of North Carolina-Charlotte, 9201 University City
Blvd., Department of Civil and Environmental Engineering, Charlotte,
NC 28223, Yuling Han, Vivek Pulikkal
Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are a large group of synthetic
organic compounds which include thousands of compounds that have been reported in water samples worldwide. Qualifying and quantifying individual PFAS is challenging because of the lack of standards or methods. Therefore, analytical methods
to determine the total organic fluorine as surrogates are necessary for a comprehensive estimation of PFAS contamination. Our study successfully validated the adsorbable organic fluorine (AOF) method as a total PFAS analysis. In the AOF method, all types of PFAS from water are adsorbed onto activated carbon, mineralized to
fluoride through combustion, and quantified as fluoride by Ion Chromatography. The
method has limits of detection and quantification of 300 and 400 ng/L, respectively,
more sensitive than the previously reported AOF methods. The recovery of most reference PFAS of various structures ranges from 53% to 113%, with three ultra-short
chain PFAS yielded lower recovery due to ineffective adsorption. The interference
from water matrices, such as inorganic fluoride and natural organic matter, can be
effectively removed by a nitrate resin. This method was applied for water samples,
and the results were successfully compared to other total PFAS analyses, including
total fluorine, extractable organic fluorine, total oxidizable precursors, and summed
individual PFAS. The AOF method is also applied to drinking water sources in North
Caroline in combination with targeted and non-targeted analysis to identify possible
PFAS contamination.
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The Science Behind Hand Sanitizers: Analytical Challenges and
Regulations
Brenda Jensen, Compounding Consultants, LLC, PO Box 1819, Sioux
Falls, SD 57101
All hand sanitizers are not created equal. Hand sanitizers must be properly formulated in order to protect the health of the skin, reduce bacteria on the hands, and avoid
inadvertent exposure to harmful impurities and organisms not killed by alcohol such
as spores. Due to an increased demand and shortages of traditionally manufactured
hand sanitizers, many new companies, inexperienced in this arena, have entered
the market. An overview of the compounding process, challenges, and legal considerations will be presented.
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Emerging Contaminants: Environmental Fate and Dynamics
Satinder Brar, York University, Department of Civil Engineering,
Lassonde School of Engineering, 204 Bergeron Centre for Engineering
Excellence, 4700 Keele St., North York, Ontario M3J 1P3, Canada,
Rama Pulicharla
Diverse classes of emerging contaminants (ECs) including pharmaceuticals and
personal care products and other industrial chemicals have been detected in waters (ng-μg/L) and sediment and sludge samples (ng-μg/g). These ECs persist in
the environment as they mobilize through the wastewater treatment plant networks.
They enter the aquatic environment and eventually continue into the drinking water supply as parent compounds, metabolites, or transformation products. Despite
significant innovation in treatment technologies and knowledge accumulation since
early 2000s, the fate of these ECs/their transformation products in the environment
remains relatively unanswered. The research has evidenced the prominent way of
removing ECs using advanced technologies which use two main strategies including hydroxide radicals (oxidation) and adsorption processes. The removal of continuously emerging chemicals only with these two strategies challenge research and
environmental health. In addition, most of the ECs accumulate 50-90% in sewage
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Determination of Solid Forms of Active Pharmaceutical Ingredients
Using XRPD and Thermal Analysis
Jing Qu, University of Delaware, 221 Academy Street, 151
Interdisciplinary Science and Engineering Laboratory, Newark,
Delaware 19716
The invention of new compounds to be used as active pharmaceutical ingredients
(APIs) has shifted to limited water solubility and bioavailability in the pharmaceutical
industry during the last 20 year. The specific selection of the solid form from among
the possible salts, co-crystals, solvates, can ultimately affect the costs of making
new drugs accessible to the patients. The understanding of the molecular structure
of an API and the changes of the molecular structure induced by the modification
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of formulation and change of environment can lead to better design and control
of drug performance. X-ray powder diffraction (XRPD) is a technique that plays a
significant role in identifying the different solid forms and structural information of a
given compound. However, XRPD itself is not sufficient to assess the dynamics or
changes of API. It is therefore crucial to develop strategies to extend the preliminary
assessment of solubility properties to further understand the phase behaviors using
thermal analytical techniques such as differential scanning calorimetry (DSC), thermogravimetric analysis (TGA). This presentation will show you how to determine the
solid forms of APIs with the XRPD and thermal analyses.

to split water. However, a detailed mechanism of the reaction remains elusive as it
requires knowledge of the binding of substrate water in the higher S-state intermediates of the OEC. In particular, the binding of substrate in the S2 to S3 state transition
of the OEC that leads to O-O bond formation is poorly understood because of the
inability of conventional methods to probe water molecules. We are using state-ofthe-art two-dimensional (2D) hyperfine sublevel correlation spectroscopy methods
to determine the binding of water in the S state intermediates of the OEC. In this presentation, we will describe ongoing studies that employ small molecule analogs and
site-directed mutagenesis of PSII to elucidate the mechanism of the delivery and
binding of substrate at the Mn4Ca-oxo cluster in the S2 and S3 states. These studies
have important implications on the mechanistic models for water oxidation in PSII.
†This study is supported by the US Department of Energy (DE-FG02-07ER15903
(KVL) and DE-FG02-05ER1564 (GWB)).
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Investigating Stability of Solid-State Protein Formulations Using
Solid-State NMR
Yongchao Su, Merck & Co., Inc., 126 E Lincoln Ave, Rahway, NJ 07065
Solid-state protein therapeutics is a critical component in biological drug products
for the enhanced stability. This presentation aims to share solid-state NMR (ssNMR)
as a high-resolution technique to elaborate structural mechanism in the interplay
of stability, molecular interaction and formulation process, to enable the design of
products based on solid state protein. First of all, we demonstrate an approach
based on ssNMR to investigate the microenvironmental acidity in lyophilized protein
formulations, using histidine, a commonly used buffer agent, as a molecular probe.
We successfully applied this protocol to investigate the microenvironmental pH in
lyophilized formulations of the HPV vaccine and lactate dehydrogenase protein.
Secondly, excipient screening of sugar components in dry protein formulation is
critical to ensure the stability. We have evaluated three sugar excipients including
mannitol, leucine and trehalose and their impacts on protein conformation and molecular interactions, which well correlate with the long term protein stability. Very
importantly, this study provides one of the few examples that elaborate the impact
on protein conformation at the molecular level. Lastly, protein crystalline suspension
formulation is a promising alternative for high concentration subcutaneous drug delivery. One main challenge in the drug development is the lack of high-resolution
characterization of the crystallinity and stability of mAb microcrystals, as one category of dry protein therapeutics which is largely unexplored. We demonstrate the
first example of high resolution characterization of mAb microcrystalline suspension
using ssNMR. This study provides valuable structural details for facilitating the design of crystalline suspension formulation of Keytruda®.
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Insights into the Mechanism and Energetics of Chiral Guest
Discrimination by Bile Micelles
David Rovnyak, Bucknell University, 1 Dent Dr., Dept. Chemistry,
Lewisburg, PA 17837, Shelby Valent, Chad Sussman, Timothy Strein
Bile molecules are planar amphiphiles that exhibit complex self-aggregation processes and which can accommodate planar nonpolar guests. Bile micelles exhibit
chirally selective solubilization of enantiomeric guests, and can serve as a pseudo-stationary phase in capillary electrophoresis for chiral separations. Combining
complementary information from 1D and 2D-NMR, microcalorimetry, capillary electrophoresis, and novel synthetic bile acids, it is possible to localize chiral selection to specific regions of the bile acids as well as to show how the efficiency of
chiral separation is related to each of the step-wise stages of bile self-aggregation.
While a complete mechanism of chiral selection remains elusive, this work presents
the fundamental interactions that dictate chirally selective guest solubilization with
atomic-level precision and corresponding thermodynamic advantages. Regions of
interest and progress in rationally modifying bile acids to affect chiral resolution are
discussed.
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Screening for Chemical Migration from Adhesive into the Drug
Product
Punna Rao Suryadevara, Akorn Pharmaceuticals, 5 Cedarbrook
Dr., Cranbury, NJ 085125, Venu Sunkavalli, Sushmeet Singh, Radha
Krishna (RK) Tatini
Extractables or secondary leachables from adhesive (gum) used for drug products
can potentially be detrimental since some of these adhesive migrants are known to
be toxic. In addition, these chemical migrations could interfere with analysis or even
affect the stability profile of the active ingredients. For these reasons, it became necessary to identify structures of the possible extractables or secondary leachables
from secondary packaging so that their potential impact on the drug products that
are not direct contact with secondary packaging could be evaluated. Akorn-1234
is manufactured at Akorn Pharmaceutical. During the stability of the drug product,
an unknown peak at RRT 0.43 was observed in the 6 months ACC stability samples. Identification and structural characterization of this Unknown impurity @ RRT
0.43 in Akorn-1234 is summarized. Migration study from the secondary and primary
packaging material was performed. The adhesive itself does not have direct product
contact, therefore it may have migrated through the primary container over time.
In this report 1) propylene glycol dibenzoate 2) propylene glycol mono benzoate
3) benzyl benzoate 4) abietic acid were found to be possible migrants from the
adhesive which were used in a secondary package material (carton box). A strategy
combining HPLC, GC-MS, LCMS, NMR and FTIR were utilized.
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Molecular Packing in Drug-Rich Domains of Posaconazole and
Flutamide Amorphous Solid Dispersions Using 19F Solid-State
NMR Spectroscopy
Pyae Phyo, Merck & Co., Inc., 126 East Lincoln Ave., Rahway, NJ
07065, Wei Xu, Yongchao Su
Despite ubiquitous usage of amorphous solid dispersions (ASDs) for formulating
poorly water-soluble drugs, a fundamental understanding of the molecular mechanisms behind their stability and dissolution behavior is still elusive. For example, it
is unclear how drug substances disperse and stabilize in polymeric matrices, from
a molecular perspective, via drug-polymer and drug-drug interactions. Advanced
characterization of these multicomponent systems at atomic resolution is required to
investigate the structural basis for designing amorphous solid dosages. Solid-state
NMR (ssNMR) is uniquely suited to reveal the molecular structure of long-range
disordered and multicomponent systems. Our previous studies have revealed key
molecular interactions using two-dimensional ssNMR spectroscopy and inter-atomic distance measurements. Here we develop 19F CODEX ssNMR experiment to
probe molecular packing of drug-rich domains in Posaconazole and Flutamide
HPMCAS-based ASDs, aiming to understand the interplay of drug and polymer in
stabilizing and destabilizing events. CODEX can reveal the number of molecules
in drug-rich domains by counting distinct molecular orientations. Our results have
successfully identified local domains of several POSA molecules in ASDs compared
to dimers in its crystalline form. Importantly, the findings that POSA packed as 10molecules domains in ASD with 25% DL while Flutamide existed in 20-molecules
domains in 15% DL, ASD suggest the critical role of drug properties and their interplay with polymer via drug-drug and drug-polymer interaction. Further, applications
of CODEX aim to investigate the impacts of formulation composition, process and
stress condition on the molecular packing of various ASD systems, to achieve a
mechanistic understanding of dissolution and recrystallization.
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Seeing is Believing: Hyperspectral Imaging in Pharmaceutical
Forensics
Ravi Kalyanaraman, Bristol-Myers Squibb, 1 Squibb Dr., New Brunswick,
NJ 08903, Jeremy Peters, Shan Xiao
Pharmaceutical forensics group within Global Quality Analytical Science and Technology in the commercial quality organization plays a key role in bringing several
new and novel analytical techniques to address real world manufacturing, quality
and product safety issues. This include providing forensics investigational analytical
testing support for particulate and foreign matter in manufacturing, product quality
complaints, and also in screening suspect and counterfeit products for corporate
security group. Several state-of-the-art analytical tools and techniques are used to
support pharmaceutical forensics. These include but not limited to Energy Dispersive X-ray Spectroscopy (EDS/EDS), Scanning Electron Microscopy (SEM), confocal Raman, portable and benchtop Raman, Infrared (IR), and Near Infrared (NIR)
micro-spectroscopy. Visible NIR (VNIR) Hyperspectral Imaging (HSI) technique has
been recently added to this tool box to rapidly screen counterfeit drugs and also to
identify and characterize particulate and foreign matter in drug products. This talk
will feature results obtained on using VNIR technique for several investigations to
screen counterfeit products and also for manufacturing investigations.
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Investigating the Mechanism of Substrate Binding in the Solar
Water Oxidation Reaction of Photosystem II Using Two-Dimensional
Hyperfine Sub-level Correlation Spectroscopy
K. V. Lakshmi, Rensselaer Polytechnic Institute, Department of Chemistry and Chemical Biology, Troy, NY 12180, Vidmantas Kalendra, Gourab
Banerjee, Ipsita Ghosh, Ke Yang, Victor Batista, Gary Brudvig
The solar water-splitting protein complex, photosystem II (PSII), catalyzes one of
the most energetically demanding reactions in Nature by using light energy to drive
a catalyst capable of oxidizing water. The water oxidation reaction is catalyzed by
the Mn4Ca-oxo cluster in the oxygen-evolving complex (OEC) which cycles through
five light-driven S-state intermediates (S0-S4) as it accumulates charge equivalents
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Mars as a previously habitable planet complete with long-chain organic molecules.
Did it once harbor microbial life? We are still learning! I had the privilege of developing ChemCam as the first LIBS instrument for space. My teams operated it on
Mars for the last eight years while also developing the more advanced SuperCam
as its successor. I will highlight the rovers’ instruments, their discoveries, and our
adventures along the way.

Application of Fentanyl Analog Screening Kit toward the Evaluation
of Portable GC-MS for Field Use
Rebecca Chan-Chao, University of New Haven, 300 Boston Post Rd.,
West Haven, CT 07306, Pauline Leary, Koby Kizzire, Brooke Kammrath
The opioid epidemic is a growing global concern. In 2019, an estimated 10.1 million
people aged 12 or older misused opioids in the previous year. An opioid of particular
concern is fentanyl, which is 50 - 100 times more potent than morphine and has
multiple analogs of variable potencies. In street samples it is primarily linked to illegally made fentanyl. To combat this growing crisis, suitable instrumentation that can
be successfully deployed at the sample site is necessary. GC-MS has been used
to provide confirmatory identification of drugs providing a highly specific result. For
this reason, its potential value for the identification of a number of fentanyl analogs
is significant. In this research, two portable gas chromatography-mass spectrometry
(GC-MS) systems, one an ion trap and one a quadrupole, were evaluated to establish their abilities to detect a selection of fentanyl analogs. These GC-MS systems
were used to analyze Cayman Chemical’s fentanyl analog screening kits, which
contain more than 210 fentanyl analogs, and results were evaluated to determine
the identification capability for each system. Further, a fentanyl drug analog library
was created for each system to enable automatic identification at the time of analysis. Both instruments have demonstrated the ability to detect fentanyl and its analogs and have value for use in the field for law enforcement and military personnel.
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Identification and Characterization of Microplastics and
Nanoplastics Using Raman Spectroscopy
Bridget A. O’Donnell, HORIBA Scientific, 20 Knightsbridge Rd.,
Piscataway, NJ 08854
The amount of plastic pollution has increased exponentially since the mid-20th century due to the large increase in commercial production of plastics and their long
lifetimes in the environment. Microplastics, which are defined as plastics less than
5 mm in size, have been demonstrated to have adverse effects on marine environments and potentially human health as well. To that end, legislation has been
enacted on a global scale to increase our understanding, and to address the problem, of microplastics. There are a number of different analytical methods that can
be used to characterize and identify microplastics. Raman spectroscopy has been
demonstrated as a powerful technique for complete characterization of microplastics including polymer, additive, and pigment/dye identification. In this presentation,
the microplastic characterization process will be discussed including sample collection, preparation and presentation, detection, and identification. Different sampling
methods will be highlighted based on the size of analyzed microplastics including
touch probe benchtop Raman systems, confocal Raman microscopes, and co-localized AFM-Raman microscopes. Optimization of experimental parameters, data
processing, and analysis methodology will also be addressed. Finally, high throughput automated measurements and sub-sampling schemes will also be discussed.
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Forensic Discrimination of Copper Metal by Laser Induced
Breakdown Spectroscopy (LIBS)
Chase Notari, University of New Haven, 300 Boston Post Rd., West
Haven, CT 07306, Brooke Kammrath
The purpose of this research was to evaluate LIBS to determine if it has the ability to
perform comparative analysis of copper, specifically the jacketed metal on different
bullets. Copper metal has great potential as forensic evidence due to its presence in
a range of cases from thefts of copper wiring and pipes, the use of copper wiring in
IEDs, and its common function as bullet jackets. Excellent discrimination of copper
metal has been demonstrated through trace element profiles collected using solution-based ICP-MS. Although ICP-MS has many advantages for elemental analysis,
including its low detection limits, high accuracy and excellent precision, alternative
methods that are faster, require less (or no) sample preparation, and require smaller
sample sizes are being investigated. LIBS is an advantageous tool for elemental
profiling due to the fact that it is rapid, requires no sample preparation, is able to
simultaneously provide information on multiple elements at once, and is less expensive than other instruments used for elemental analysis. LIBS has proven value for
the analysis of glass, paint, soil, ink, and other samples of forensic interest, and this
research investigated its capabilities for the discrimination of copper. The ability of
LIBS to perform comparative elemental analysis on copper-jacketed bullets has the
potential to provide a novel method for forensic scientists to use in comparing ballistic evidence. These results that can be extended to other sources of copper, such
as pipes and wiring, thus expanding the utility of LIBS instrumentation in forensic
laboratories to alternative evidence items.

113

Breakfast Lecture 2
The Unknown Toxicity of Microplastics
Phoebe Stapleton, Environmental and Occupational Health Sciences
Institute, Rutgers University, 170 Frelinghuysen Rd., Piscataway, NJ
08854
The production of synthetic polymers over the last half century has been astronomical, with plastic products integrated into our daily lives. Unfortunately, it is the disuse
and disposal of these items that may affect us the greatest. Plastic micro- and nanosized particles, likely from bulk degradation, have been identified in urban and rural
areas, air pollution and water sources, and most recently in consumable products.
As such, humans may be exposed to micro- and nanosized plastic particles through
inhalation, ingestion, and dermal routes of exposure. These plastics particles have
been shown to translocate from the primary site of exposure, depositing and accumulating in systemic organs. This bioaccumulation leads to secondary effects
impacting cellular, neurological, and reproductive functions. Particle physicochemical properties can greatly affect particle uptake and cellular toxicity. Furthermore,
questions pertaining to particle size, real-world indoor and outdoor concentrations,
surface chemistry associated with chemical adsorption or plasticizing chemicals
added in polymer development, and sustained tissue bioaccumulation persist. This
presentation will focus on the routes of human exposure to micro- and nanoplastic
particles, review the toxicological outcomes and concerns currently reported, and
provide consideration for future assessments. This work was supported by the
National Institute of Environmental Health Sciences (R01-ES031285) and Rutgers
Center for Environmental Exposures and Disease (P30-ES005022).
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Improving the Molecular Indicators of Abrus Precatorius
Christina Robb, The Connecticut Agricultural Experiment Station, 123
Huntington St., New Haven, CT 06511, Kirk Gaston
Abrus precatorius is a vine that grows invasively in the warmer climates of the USA
and other parts of the world. The plant expresses the abrin protein which is a ribosome inactivating protein akin to ricin and of similar toxicity. Abrin represents the
same threat profile as ricin as it is lethally toxic and highly available. Homeland
security chemists, forensic laboratories, public health analysts and toxicologists all
require good methodologies to indicate exposure to Abrus precatorius. The identification of abrin is traditionally performed directly by enzyme linked immunoassay (ELISA) or indirectly through the reverse phase HPLC determination of a small
molecule biomarker L-abrine. In this research project, some novel approaches to
detecting the small molecule and proteins have been developed. The ELISA assay
was replaced with protein digestion followed by LC-MS to identify peptide markers
of the abrin proteins. In this presentation, this novel approach is explained.
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Challenges in the Analysis of Emerging Drugs in Crime Labs
Thomas Brettell, Cedar Crest College, 100 College Dr., Allentown, PA
18104
For the past two decades the proliferation of novel psychoactive drugs (NPSs)
available in the United States has caused massive problems in society. More than
300,000 Americans have died from overdoses involving opioids since 2000. In addition to the dramatic rise in overdose deaths, there are many other community
consequences as a result of the drug epidemic. The socio-economic impact of this
disaster has placed a burden on local, state, and federal resources including crime
laboratories. These new psychoactive substances are often analogs or regioisomers that are structurally very similar and not present in chemical identification
libraries nor currently available as reference materials. These and other factors
challenge already strained forensic laboratory systems which face mounting caseloads as the epidemic continues to grow. Gas chromatography-mass spectrometry
(GC-MS) remains the gold standard for identification of seized drug materials in
forensic science laboratories and satisfies, at least in part, the Scientific Working
Group for Seized Drug Analysis (SWGDRUG) requirement for identification of a
drug unknown. Since many of these NPSs are so closely related in structure, often
the mass spectra are also very similar emphasizing the need for good chromatographic and separation methodology. This presentation will highlight the vast variety
of novel emerging drugs, the problems facing crime laboratories and some work
being done to overcome the challenges forensic drug practitioners are facing.
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Exploring Mars with Curiosity and Perseverance
Roger Wiens, Los Alamos National Laboratory, Space & Planetary
Exploration Team, ISR-2, Mail Stop C331, TA-00, SM1325, Los Alamos,
NM 87545
NASA is currently operating two 1-ton rovers on the red planet: Curiosity and Perseverance. Curiosity is a mobile laboratory equipped with a remote LIBS instrument (ChemCam), x-ray fluorescence (APXS), x-ray diffraction (CheMin), and an
organic lab with GCMS (SAM). Perseverance’s technology includes two fine-scale
techniques on the arm: microbeam XRF (PIXL) and micro-Raman/fluorescence
(SHERLOC), and remote sensing consisting of stand-off Raman, LIBS, infrared
spectrocopy, and imaging (SuperCam). It also has a weather station, radar, an O2
converter, and a drone. Percy’s main goal is to collect samples to be returned to
Earth on the next mission. Both rovers have revolutionized our understanding of
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etric methods. For there, students work through a problem set that examines some
of the same sets of biodiesel data generated in my research lab, gaining practical
experience applying both supervised and unsupervised techniques.

Why Understanding Fundamentals is Critical in Developing Sample
Preparation Devices
Janusz Pawliszyn, University of Waterloo, 200 University Ave. W.,
Waterloo, Ontario N2L 3G1, Canada
Recent world-wide efforts towards implementation of sustainable technologies will
have Impact on future practice of analytical chemistry including sampling and sample preparation steps. The main barrier to move towards “greener” alternatives is
poor understanding of scientific principles underlying the associated processes. The
situation produces hesitancy in adoption of new technologies as the practitioners of
analytical chemistry are concerned that the changes in sample preparation methods
would result in different (not correct) information compared to approved regulatory
protocols for particular task. This challenge can be effectively addressed by considering the fundamentals of processes occurring during sample preparation to better
understand the differences between analytical technologies and develop improved
devices and procedures leading to enhanced sustainable regulatory analytical technologies. In the presentation fundamentals of extraction of analytes from aqueous
and solid samples will be addressed leading to new improved approaches. Micro
formats of extraction technologies will be highlighted including recent developments
in Needle Trap Device (NTD), exhaustive technique and Solid Phase Microextraction (SPME), however the conclusions will have broader relevance.
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Maximizing Returns by USING Data in Manufacturing
Mary Beth Seasholtz, Dow Inc., East End Building, 715 Main St.,
Midland, MI 48674, Leo Chiang, Ryan Crowley, Anna Zink
A wide variety of data are collected in chemical manufacturing, ranging from engineering conditions like temperature, pressure, tank level, to chemistry conditions
like concentration of species of interest in raw materials, intermediates and final
products. The data can be incredibly useful in helping production personnel make
decisions to safely produce chemicals within the constraints of time and desired
quality. However, if not thoughtfully presented to the user, data can be overwhelming, confusing and hard to digest. This talk covers how univariate and multivariate
approaches are complimentary and can be used together to help users make excellent data-driven decisions during manufacturing.
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Targeted Anomaly Detection in Hyperspectral Imaging – Enhancing
Small Signals for Image Exploration and Forensics
Neal Gallagher, Eigenvector Research, Inc., 3905 W Eaglerock Dr.,
Wenatchee, WA 98801
Hyperspectral imaging is an important analytical tool in a growing number of areas
including the chemical sciences, process monitoring and forensics, cultural heritage, and remote and standoff sensing. Target detection uses known targets, often
library spectra, to locate signal in a hyperspectral image that matches the target
signal often using a matched filter [generalized least squares (GLS)]. In contrast,
anomaly detection is considered ‘non-targeted’ and instead finds unusual signal in
an image using empirical techniques such as principal components analysis (PCA)
and maximum difference factors (MDF). “Targeted anomaly detection” is defined as
the synergistic application of target and anomaly detection to achieve sensitive, image-specific detection of signal of interest. Targeted anomaly detection utilizes GLS
weighting strategies with PCA (or MDF) in a weighted principal components analysis
(WPCA) that highlights the information of interest. The math of GLS and WPCA are
similar but WPCA is applied to signal from an image, is image-specific and can capture multiple manifestations of the target signal. The idea behind targeted anomaly
detection is to first find pixels in an image that best match a known target using GLS
followed by using the detected pixels in the image as target with WPCA. The strategy improves detection sensitivity by a) utilizing target signal relevant for the image
under investigation and b) removing detected pixels iteratively to maximize ratio of
target-to-clutter signal. After introducing the techniques, examples will be shown for
chemical imaging and for stand-off sensing.
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Enhanced Fluidity Liquid Chromatography, EFLC: Current Scope
and Future Directions
Susan Olesik, The Ohio State University, Department of Chemistry and
Biochemistry, 100 West 18th Ave, Columbus, OH 43210, O’Donnell
Sylvester
Enhanced fluidity liquid chromatography uses conventional mobile liquid solvents
as mobile phase components combined with liquefied carbon dioxide. These mobile phases provide enhanced performance in terms of the chromatographic efficiency and speed of analysis. Recently, our research group illustrated that the
enhanced-fluidity liquid mixtures provides high ionization efficiency of biological
molecules using electrospray ionization mass spectrometry. This presentation will
discuss the optimization of the enhanced performance in terms of detection limits,
sensitivity and mechanism of the enhanced signal.
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Chromatography Providing Anti-Counterfeiting Solutions
Mary Ellen McNally, FMC Corporation, Stine Research Center, 1090
Elkton Road, Newark, DE 19711
Predictions of losses due to counterfeit and illegal products in the agricultural and
pharmaceutical industries suggest a staggering ten percent of global trade. Counterfeit and illegal material manufacture brings loss of sales but extends into brand
integrity damage and trademark dilution. There is also a high cost of enforcing
intellectual property rights and protection. For the agricultural industry, effects of
counterfeit products which are placed in our food chain and may not be manufactured correctly or used as registered have the potential to affect the environment as
well as the health and well-being of consumers. Most suspect samples found and
believed to be from counterfeit suppliers and illegal sources are formulated products. As such, the active ingredient is just a portion of the components making up
the marketed product, the rest of the ingredients are coformulating agents. Original
recipes of formulations are considered confidential information by the registered
manufacturers and by regulatory authorities. Consequently, counterfeit, and illegal
samples likely will have not only variability of the active ingredient but also differences in coformulant ingredients. There are more than 1055 active pesticide ingredients
authorized in the US, representing over 20,000 marketed products. When a counterfeit or illegal suspect sample is tested, chromatography is the most widely used
technology to prove or disprove the materials authenticity. Laboratory schemes for a
variety of authentic, counterfeit, and illegal materials will be discussed.
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Multivariate Lessons for the Analytical Chemist
Scott Ramos, Infometrix, Inc., 11807 North Creek Parkway South, Ste.
B-111, Bothell, WA 98011
The field of chemometrics is a relatively new discipline, with its genesis only about
40 years ago. Despite this relatively short history, it is now thriving as a vibrant area
of research and practice, finding place in a wide variety of chemical applications.
Some of the tools of the trade have found acceptance well outside of chemistry. For
example, PLS (Partial Least Squares Regression) has become popular in statistics which was lacking methods for data with highly correlated variables. Two main
thrusts have propelled the evolution of chemometrics: innovation and evangelism.
The toolkit available to practitioners is continually being augmented by improvements to current methods as well as creation of new algorithms. But, for the field to
succeed, it must reach the hands of those who can benefit: the many analysts who
utilize these tools in their daily work. Ideally, a company can hire a dedicated chemometrician, but practically they may decide to train one or more of staff members
in the use of chemometrics or contract an outside entity to provide chemometrics
services. Whichever pathway is chosen, getting started with implementation of chemometrics requires more than just an introduction; instruction must be included on
best uses regarding both the methods and relevant performance diagnostics. This
talk will review some of these concepts, covering issues that impact model quality,
and will reflect on the viability of automating these decisions.
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Utilizing Chemometric Tools in Undergraduate Education
Amber Hupp, College of the Holy Cross, 1 College St, Box C, Worcester,
MA 01610
Chemometric methods are often thought of as sophisticated mathematical tools
used to provide insight regarding complex chemical data. While often employed in
industrial settings and studied in graduate research groups, their use in undergraduate settings is far less common. With the right framework, however, undergraduate
students can gain important exposure to chemometric methods. In this talk, I will
focus on how I have utilized chemometric tools in both my own research lab, as well
as, how I have incorporated these techniques into an upper-level chemistry elective
course. In my research lab, undergraduate students analyze various combinations
of biodiesel-diesel blended fuels using gas chromatography. The resulting complex
data sets encourage natural clustering based on biodiesel feedstock, concentration,
or blending ratio, allowing students to approach the analysis using both unsupervised (PCA, HCA) and supervised (kNN, SIMCA, PLS) chemometric techniques.
In the classroom, my students encounter chemometric techniques from both a theoretical and practical angle. Students in this course have already been trained in
analytical instrumentation, so the next step is to train them on the theory of chemom-
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NIR A History of Success
Franklin Barton, Light Light Solutions Instruments, Inc., 101 Laurel
Springs Court, Watkinsville, GA 30677
The history of NIR Spectroscopy is long and can trace its origin to William Herschel
in 1800. Hershel established that there was electromagnetic energy beyond the
visible spectrum. NIR was put on a firm scientific footing by Wilbur Kaye in the early
1950’s when he published a series of papers that described the instrumentation,
the spectrum of diatomic molecules and the calculations for the frequency of absorbance for many common substances. This work set the stage for Karl Norris. Karl’s
early work developing chemometric models for protein in wheat and other grains
was the first of its kind and it led others to begin to apply the technique to other
commodities. At this time the petrochemical industries had been using NIR for qual-
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ity assurance measurements of moisture and other assays without fanfare. As one
pioneer put it “it works”. The 1970’s saw the creation of the USDA’s NIR Network
which for the next 20 years established the technology on a firm footing and saw
the wide use of monochromators and mini-computers and PC’s. The Network’s two
big accomplishments were the publication of Handbook 643 which summarized all
that was developed by the Network and the Official A.O.A.C. International methods
of moisture, protein and ADF by NIR. The 90”s and 00’s saw the emergence of the
pharmaceutical industry and process analytical chemistry with NIR as a major part
in the analysis scheme. The technology has matured and has a bright and engaging
future.

treatment to waste disposal. In all these developments, particular sources and spectrometers were often widely adopted, only to be replaced eventually by a superior
combination. In chemical analysis, for example, pioneering studies involving emission spectrometry were with primitive chemical flames, but electrical discharges
later proved to be better. In turn, the advent of atomic absorption favored improved
flames and, later, furnaces. More recently, rare-gas plasmas have found favor, as
have laser-induced plasmas. In all cases, a given method retains a place of prominence until an alternative proves decidedly superior. The question is whether the
current pantheon of sources, spectrometers, and methods is good enough to withstand likely future developments and, if not, what those developments might be.
This lecture will attempt to address this critical question.
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Mid-IR Spectroscopy - Still Useful after All These Years
David Schiering, RedWave Technology, 41E Eagle Rd., Danbury, CT
06810
In the 60 years since the inception of the Eastern Analytical Symposium, mid-infrared (IR) spectroscopic methods have evolved with significant technological innovation, performance enhancement, and expansion in applications. Mid-IR spectroscopy remains as a key technique for the characterization of materials and for certain
quantitative determinations. This presentation will review this evolution from the
1960s through the present time. We will concentrate on the development of Fourier
transform infrared (FT-IR), tunable laser, and other miscellaneous technologies and
where they are advantageous to use in specific applications. In the 1960s, mid-IR
spectrometers were scanning dispersive instruments, either prism or grating based.
FT-IR spectrometers became available for chemical applications in the 1970s, primarily for research applications. GC/IR methods were developed. The 1980s were
a boon to FT-IR technologies and applications. Cheaper instruments appeared in
analytical services and eventually, quality control and education laboratories. Diffuse reflection, photoacoustic, FT-IR microscopy, attenuated total reflection (ATR),
and other accessory techniques were developed or refined, specifically for FT-IR
instruments. Beyond the 1980s, hardened process FT-IR spectrometers, FT-IR
spectroscopic imaging, portable and handheld FT-IR spectrometers, and tunable
mid-IR lasers appeared. These methods have expanded the applications reach of
IR spectroscopy, opening new frontiers in nano-materials characterization, biology
and life sciences, and in-field forensics. Finally, new technologies and the potential
future of mid-IR spectroscopy will be presented.
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SMALL Things can make a BIG Difference: How Particle
Characterization can Improve the Quality of 3D Printed Parts
Deborah Huck-Jones, Malvern Panalytical Ltd., Grovewood Rd.,
Malvern, Worcestershire, WR14 1XZ, United Kingdom, Ben Pattison
Additive layer manufacture (ALM) is the process of creating a part by building up
a powder bed layer by layer. For each layer the powder is selectively melted or
fused with a laser or electron beam. After melting the platform is then lowered and
the process repeated continually until the build is complete. The unfused powder is
removed and ideally reused or recycled due to the significant cost of virgin powder,
and to minimize waste. However, it is essential that the reused powder is of the
appropriate quality to prevent flaws forming in the final part which could lead to a failure. The efficiency of powder bed processes and the quality of finished components
is largely influenced by the particle size and shape the powder materials as well as
their elemental or chemical composition and presence of contaminants. Characterizing these properties is therefore essential to: Optimize atomization conditions to
achieve desired powder properties; Ensure a consistent powder supply and prevent
variations in product quality; Predict and optimize powder packing density and flow
characteristics; Confirm that powders have the correct elemental or chemical composition and are contaminant free. In this presentation, we will describe several of
techniques used to characterize powders for ALM processes. We explain some of
the key parameters used and the importance of ensuring these SMALL characteristics are well understood and controlled since they can have a BIG impact on the
manufacturing process and final part quality.

127

124

Raman Shifts from Instrument Driven Applications to Application
Driven Instruments. A 60 Year History and Journey
Andrew Whitley, HORIBA Scientific, 20 Knightsbridge Rd., Piscataway,
NJ 08854, Bridget O’Donnell
When EAS was founded, in 1959, Raman spectroscopy was only 30yrs old. Developments in Raman instrumentation were driven mainly by adoption of new components, like sources and detectors, developed in unrelated industries. Raman
microscopy was still 15 years from being a reality, and CCDs were even further
away from being successfully adopted. These were still the years when instrument
improvements came first, followed by a search for applications. In many ways the
approach was “if you build it, they will come”. In the early 1990’s, however, there was
a paradigm shift, the catalyst for which was the invention of FT-Raman spectroscopy
in the late 1980’s. There was new excitement and interest in Raman spectroscopy
driven by reduced fluorescence with 1064nm lasers used with FT-Raman. It was not
long, however, before many of these new users realized the limitations of FT-Raman for many of their applications including, importantly, a lack of speed for Raman
imaging. The inherent lack of sensitivity of FT-Raman and the unavailability of a well
performing FT-Raman microscope prevented all but a few imaging applications. It
was at this point that dispersive Raman microscopy hit a developmental revolution
point, driven by the application needs in industries like pharma, polymers and semiconductors. Since that time, application needs have driven most advances in Raman instrumentation. In this presentation, we will review many of the major Raman
instrumentation developments of the past 60 years and discuss the key application
drivers for instrumentation improvements since the 1990’s.

Additive Manufacturing in Forensic Science
Corey Scott, United States Federal Bureau of Investigation, 4940 Fowler
Rd., Redstone Arsenal, AL 35898
Additive manufacturing, commonly referred to as “3D Printing,” refers to a group
of technologies that transform virtual designs into physical objects. Since additive
manufacturing technologies are becoming increasingly more affordable and prevalent, forensic laboratories should expect to see an increase in laboratory submissions involving 3D printed items that have been used for nefarious purposes. It is
increasingly important for the forensic examiners to understand the indicators that
may help them determine whether or not an item(s) was produced through an additive manufacturing process so that appropriate investigative leads can be produced,
while understanding the current limitations and future research efforts. This presentation will cover the current state of additive manufacturing in forensic science.
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Implementing Processing Strategies and Unique Hot Isostatic
Pressing Treatments to Control Grain Structure, Defect Content
and Mechanical Properties of Additively Manufactured Metals
Jake Benzing, National Institute of Standards & Technology, 325
Broadway, MS 647 Boulder, CO 80305, Nik Hrabe, Enrico Lucon, Tim
Quinn, Magnus Ahlfors
Materials of known, repeatable properties that are resistant to fracture are of prime
importance for structural applications, but additively manufactured parts often contain internal voids and heterogeneities at the microstructural level which reduces
strength and repeatability. Gas porosity is unavoidable for most powder-bed fusion
processes and less-than-optimal settings can cause lack-of-fusion; post-manufacture, hot isostatic pressing (HIP) treatments are commonly employed to seal the
internal porosity. The layer-by-layer build process inherently creates the microstructural heterogeneities such that the material’s properties parallel to the build direction
do not match the properties perpendicular to the build direction. In this work, titanium and nickel alloys are 3D-printed into parts using commercially available additive
manufacturing (AM) machines. By controlling scan strategies, the microstructure of
these parts can be manipulated to produce different mechanical responses when
static or cyclical loads are applied. Such material testing techniques are relevant to
the design process when qualifying a part to be used in aerospace or biomedical-device applications. The parts were also subjected to various HIP treatments that span
a range of temperatures, pressures, and cooling rates, which in turn change the
microstructure (grains and porosity) and mechanical response. The relationships
between these processing and post-processing strategies on defect content, grain
size, crystallographic texture, grain morphology, tensile properties, fracture toughness, and fatigue life were found. These relationships will help AM users intelligently
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Analytical Atomic and Plasma Spectrometry: Highlights from 1959
(the Birth of EAS) to the Present
Gary Hieftje, Indiana University, Chemistry Dept., Bloomington, IN
47405
It has been roughly 200 years since the invention and development of what might
be called “optical atomic spectrometry”. However, many of the most important advances, especially those involving instrumentation, have taken place in the 60 years
since the founding of EAS. Originally employed for fundamental characterization,
spectroscopic methods soon turned to chemical analysis. Since those days, a host
of different sources were used: flames, furnaces, electrical discharges, plasmas,
and laser-induced discharges. Similarly, spectrometers have evolved dramatically, from optical spectroscopes to monochromators, and from photographic-readout
spectrographs to multichannel array-detector systems. Further, it was realized early that sources ordinarily used for atomic spectrometry could be applied to many
sorts of problems, ranging from elemental to molecular analysis, and from surface
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incorporate processing or post-processing strategies to ensure satisfactory AM part
performance. An overview of efforts across the National Institute of Standards and
Technology will also be presented.

Understanding Structure and Spatial Distribution of MultiComponent LNP Drug Delivery System Using Advanced ssNMR
and DNP
Anuji Abraham, Bristol Myers Squibb, 1 Squibb Dr., New Brunswick, NJ
08903
Solid-state Nuclear Magnetic Resonance (ssNMR) spectroscopy is a powerful tool
that can precisely characterize the structure and dynamics of complex molecules
and materials. The past decade has witnessed significant technical advancements
in the field of ssNMR for overcoming the challenges of low sensitivity and poor resolution, such as dynamic nuclear polarization (DNP), proton-detected spectroscopy,
ultrafast magic angle spinning (UF MAS), and the development of multi-nuclear and
multi-dimensional methods. These advances have opened new avenues for ssNMR
in application to emerging modalities in the pharmaceutical industry, especially for
understanding liposomal and liquid crystal formulations, lipid nanoparticles, amorphous dispersions, and lyophilized biologic products. ssNMR techniques can obtain
structural, dynamic, and spatial information at macroscopic and microscopic scales,
offering critical knowledge to help understand and optimize drug delivery, chemical
and physical stability, bioavailability, formulation composition, and manufacturing
processes for simple small molecule formulation to complex modalities and drug delivery systems. This talk will cover the recent advances in ssNMR for understanding
the structural and spatial distribution of multi-component LNP drug delivery systems
for a BMS asset.
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Atomic-Resolution Investigation of Pharmaceuticals and
Biomacromolecules by Ultrafast Solid-State NMR Spectroscopy
Ayyalusamy Ramamoorthy, University of Michigan, Biophysics,
Chemistry and Biomedical Engineering, Ann Arbor, MI 48108
Obtaining atomic-resolution structural and dynamical information from non-soluble
and non-crystalline solids has been a major challenge to all analytical and biophysical techniques. My group has been developing and applying cutting-edge solid-state
NMR techniques to some of these challenges. In my talk, I will present the development of some of the ultrafast magic-angle spinning solid-state NMR techniques that
are used to study the hydrates of pharmaceuticals. The development and high-resolution characterization of a variety of nanodiscs for drug delivery and to study the dynamical structures of membrane-bound protein-protein complexes that metabolize
more than 70% of drugs in the current market.
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NMR Based Similarity Metrics for Higher Order Structure
Assessment among U.S. Marketed Insulin Therapeutics
Deyun Wang, United States Food & Drug Administration, 158-15 Liberty
Ave., Jamaica, NY 11433
Protein or peptide molecules fold into higher order structure (HOS) that is critical to
therapeutic protein’s efficacy and safety. The HOS similarity should be demonstrated between a follow-on product and the reference listed drug (RLD) in biosimilar
development and in the process of its regulatory review. Determination of HOS similarity, particularly in quantitative manner, between the same drug substances (DS)
in two different formulations is challenging. In this presentation, we discuss the Mahalanobis distance (DM) as a measure for quantifying the HOS differences among
different brands of currently U.S.-marketed insulin drug products (DP) of insulin
lispro and insulin glargine. The DM value was calculated from principal component
analysis (PCA) of 1H-NMR spectra acquired directly on insulin formulations. The
calculated DM values between insulin analog RLDs and their recently approved follow-on products were less than 3.3. A larger DM value of 20.5 was obtained between
two approved insulin human DPs by different vendors. To verify whether drug substance of insulin human is equivalent between the two drug products, the approach
of mass-balanced and reversible dialysis to the same buffer were adopted, and the
resulting DM value was reduced to 1.19 or less. The calculated DM value of 3.3 by
NMR-PCA is proposed for insulin HOS similarity measurement. The suitability of this
DM value was further evaluated for assessing HOS similarity on different rituximab
formulations. In conclusion, the DM values of 3.3 for DP could be suitable similarity
metrics to demonstrate a biosimilar’s HOS equivalence to a reference drug.
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HRMS Applications in Pharma Industry: From Small Molecule to
Large Biomolecules
Wendy Zhong, Merck & Co., Inc., 126 E. Lincoln Ave., Rahway, NJ
07065
With the increased complexity of new and diverse modalities in the pharmaceutical
industry, there is a high demand to develop more sensitive and versatile analytical
tools. HRMS has become an important analytical technique due to its broad applications in small molecule structure identification, molecular imaging, and large
biomolecules such as protein and antibody-drug conjugate characterization. In this
presentation, I will discuss several unique/innovative approaches we developed and
applied to solve challenging problems in drug discovery and development. Protein
conjugation is an effective way to impart different functionalities to the original protein. A new software assistant structure identification workflow was developed for
the determination of modification sites and relative quantitation in large protein conjugation. This workflow can be easily adapted by any chemistry lab with minimum
investment. Long-acting injectable (LAI) implants can deliver a drug over several
weeks to years, reducing the dosing frequency and improving patient adherence. An
innovative approach of using MALDI-MSI to characterize the drug release process
from LAI implants was developed. This method provides definitive molecular-level
information about the chemical composition as well as the distribution of APIs simultaneously.
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Investigating Physical and Chemical Stabilities of APIs by Magnetic
Resonance Techniques
Shu-Yu Liao, Biogen, 225 Binney St., Cambridge, MA 02142, Haihong
Chen, Jean-Christophe Hus, Jianwei Li, Yiqing Lin, Rasika Phansalkar,
Kalina Ranguelova, Ivan Sergeyev, Rupa Sawant, Laura Silvian,
Jochem Struppe, Kenny Tran, Bo Wang, Fengmei Zheng
Understanding the degradation pathway is essential to proposing a formulation that
prevents long-term degradation. Often, the structures of the degradants are elucidated by LC-MS and NMR, which only reveal the final products but struggle to pinpoint individual degradation mechanisms. Electron paramagnetic resonance (EPR)
spectroscopy has been proven to be valuable in the determination of free radicals.
Solid-state nuclear magnetic resonance (ssNMR) is an indispensable technique
to characterize polymorphs and amorphous solid dispersion (ASD) of solid-phase
pharmaceuticals in drug substances and drug products. In this study, ssNMR 1D
13
C/ 15N cross polarization (CP) and relaxation experiments revealed the dynamics
and structural heterogeneity for a BTK inhibitor, BIIB91, for which a single crystal of
the pharmacologically active form, form G, was difficult to obtain. Furthermore, 1D
15
N CP experiments using dynamic nuclear polarization (DNP)-enhanced ssNMR
revealed its physical stability at various stressed conditions, was able to detect polymorph conversion with a limit of detection as low as 1 wt%. In a second example, the
chemical stability of glibenclamide, for the treatment of large hemispheric infarction,
is analyzed by EPR under UV-VIS and VIS photoirradiation. EPR spectra show
the presence of hydroxy and carbon-centered radicals, hinting at the mechanism
of degradant formation. At the same time, the sharp 13C linewidth from the glibenclamide drug product indicate no disruption to the crystallinity of glibenclamide in the
formulation. These complementary magnetic resonance techniques offer valuable
insights into the physical and chemical stabilities of APIs to advance drug product
development for the treatment of numerous diseases.
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High-Resolution Mass Spectrometry Assay for Monitoring
M-Proteins in Multiple Myeloma
Rasa Santockyte, Jianing Zeng, Bristol Myers Squibb, 3551
Lawrenceville Rd., Princeton, NJ 08540
Quantitative measurement of monoclonal antibody (M-protein) plays a central role
in the diagnosis and monitoring of plasma cell disorders such as multiple myeloma. Currently available M-protein biomarker assays predicting patient’s response
to therapy have several limitations, particularly with interferences from co-administered monoclonal antibody therapeutics. Recently, Mayo Clinic has demonstrated
the feasibility of using mass spectrometric methods to quantify M-protein with high
sensitivity and specificity. Moving forward from the pioneering Mayo Clinic studies,
we developed a high-throughput liquid chromatography-high resolution mass spectrometry (HT-LC-HRMS) assay to accurately determine t-mAb interference in multiple myeloma patients. This approach employs a fully automated immunocapture
(IC) step, significantly improved immunoglobulin recovery, simplified chromatography, and high throughput data processing. The deconvoluted peak heights of M-protein and therapeutic antibody light chain are conveniently used for quantitation. Biological reagents used for the immunoglobulin purification step are capturing not only
intact immunoglobulins, but also free light chains; therefore, the same assay can be
used for monitoring intact antibody as well as light chain disease in multiple myeloma. The novel HT-LC-HRMS assay was utilized to analyze clinical samples from
ELOQUENT-3 trial. Our data shows that the mass spectrometric approach removes
t-mAb interference, monitors disease with a better sensitivity than the standard diagnostic methods and captures M-protein increase up to six months earlier. With the
growing number of monoclonal therapeutics and their combinations being evaluated
in multiple myeloma, we anticipate that the novel assay may play an important role
in clarifying the current issue of therapeutic mAb interference with M-protein.
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Multi-Quadrupole ICP-MS Analysis of the Elemental Composition
in Raw Materials and Cell Culture Media
Aaron Hineman, PerkinElmer Inc., 710 Bridgeport Ave, Shelton, CT
06484, Brady Frill, Andrea Palpini
Controlling the composition and quality of raw materials and cell culture media as
well as understanding their impact on the production yield is becoming important
with an increase in the number of biologic modalities such as mAbs and vaccines as
therapeutics in the pharmaceutical end market. Inductively coupled plasma–mass
spectrometry (ICP-MS) for multi-element analysis is an excellent analytical tool for
understanding of the impact of elements in the biologics yield, and has the potential
to serve as a powerful technology in biopharmaceutical upstream process development and batch quality control in manufacturing. In this work we demonstrate a
validated methodology that can tolerate high-matrix samples while simultaneously quantifying the high- and low-level elemental species using the NexION 5000
multi-quadrupole ICP-MS in raw materials and cell culture media used in biologics
production. We discuss sample preparation, instrument optimization, and validation
data in various cell culture media and ingredients. Particular focus is presented on
difficult interferences where the resolving power of a multi-quadrupole, using two
<0.7 amu resolving quadrupoles, and taking advantage of the Dynamic Reaction
Cell to control ion-molecule reactions. These results show the capability of the NexION 5000 ICP-MS to monitor both trace and major elements with high sensitivity and
specificity in various industrial cell culture media.

Protein LC-MS: Advanced Tools for Next-Generation Assays in
Bioanalysis
John Kellie, GlaxoSmithKline, 527 Centennial Ave., Gilbertsville, PA
19525
Protein LC-MS assays have found utility in Bioanalysis and Biomarker workflows
for drug quantitation and biomarker monitoring from pre-clinical and clinical studies.
For decades, LC-MS analyses were used for small molecule concentration determination from serum, but only in the last 15 years has LC-MS been added alongside
LBAs to the analytical toolkit for biotherapeutics. The background and evolution of
LC-MS applied to biotherapeutics has been reviewed and summarized, and LBA
and LC-MS assays continue to develop with improved throughput and sensitivity as
time moves forward. Specifically, LC-MS assays have evolved in different manners
– branching out to immune-capture approaches (hybrid assays), dual-immunocapture/anti-peptide assays, high-resolution mass spectrometry, intact mass assays,
native MS assays, relative quantitation, PTM quantitation, and catabolite identification/quantitation. As intact protein LC-MS assays evolve and improve, new tools
may be required that extend beyond the scope of absolute quantitation or catabolite
detection. Previously established concepts for relative quantitation and confident
top-down mass identification are revisited here, in the context of bioanalytical assays for intact (or reduced) antibody masses. We present data from 3 assays of
similar formats which build on previous work to demonstrate the following: relative
quantitation calibration, relative and absolute quantitation calibration in the same assay, statistically-confident top-down identification of biotherapeutic catabolites, and
statistically-confident top-down identification of unknown observed masses.
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Simple Analytical Tools to Understand and Evaluate the Impact of
Lewis Acidity on the Catalytic Activity of Metal Oxyhydroxides
Venkata Swaroopa Datta Devulapalli, Temple University, Department
of Chemistry, Beury Hall, 1901 N 13 St., Philadelphia, PA 19122,
Melissandre Richard, Tian-Yi Luo, Mattheus DeSouza, Nathaniel Rosi,
Eric Borguet
Transition metal compounds, especially UiO-67 metal-organic frameworks (MOFs)
are potential candidates for the degradation of chemical warfare agents (e.g. Soman) as well as their simulants. A critical evaluation of the activity of the precursors,
e.g., metal salts (ZrCl4, HfCl4), under basic aqueous conditions reveals key mechanistic details of the hydrolysis of dimethyl nitrophenyl phosphate (DMNP), a simulant
of Soman, by UiO-67 MOFs. Using spectroscopic studies, we found that the metal
precursors of MOFs drive the hydrolysis. We hypothesized that the Lewis acidity of
the metal in the oxyhydroxide, formed via hydrolysis of the metal salts, impacts the
efficiency and kinetics of DMNP hydrolysis. Here, we present our results on DMNP
hydrolysis using ZrCl4 and HfCl4 and their corresponding MOFs, UiO-67(Zr) and
UiO-67(Hf). Based on the results obtained, we formulated and verified an “activity
hypothesis”, which relates the activities of MOF precursors and MOFs themselves.
This can lead to a paradigm for choosing the optimum metals and engineering better materials for various catalytic applications. We will also report on studies aimed
at expanding the metals (Zn, Ti, Fe etc) for DMNP hydrolysis as well as testing
the applicability of our “activity hypothesis” to other reactions (e.g. 4-nitrophenol
reduction).
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Hybridization LC-MS/MS: An Alternative Bioanalytical Method for
Antisense Oligonucleotide Quantitation in Plasma and Tissue
Samples
Pei Li, Vertex Pharmaceutical, 50 Northern Ave., Boston, MA 02210
Quantitative bioanalysis in plasma and tissues samples are required to study the
pharmacokinetic and pharmacodynamic properties of antisense oligonucleotides
(ASOs). To overcome intrinsic drawbacks in specificity, sensitivity and throughput
of traditional ligand-binding assay (LBA) and LC-MS/MS methods, an alternative
bioanalytical method was developed by combining oligonucleotide hybridization and
LC-MS/MS technologies. Target ASOs were extracted from biological samples by
hybridization with biotinylated sense-strand oligonucleotides coupled to streptavidin
magnetic beads. Using ion pairing chromatography and tandem mass spectrometry (MS/MS), this method demonstrated high sensitivity (0.5 ng/mL using 100 µL
of plasma), high specificity, wide linear range, complete automation and generic
applications in tests with multiple ASOs. The typical challenge of sensitivity drop in
traditional ion-pairing LC-MS/MS was for the first time overcome by the introduction of a ternary pump system. Due to the high specificity, quantitation in various
biological matrices was achieved using calibration standards in plasma, largely
improving efficiency and consistency. Another major advantage was the capability of simultaneous quantitation of ASO metabolites. The hybridization LC-MS/MS
was considered an improved alternative for quantitation of ASOs and metabolites
in plasma and tissue samples, showing a great potential to replace traditional LBA
and LC-MS/MS methods.
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Enabling Online Determination of the Size-Dependent RNA Content
of Lipid Nanoparticle-Based RNA Formulations
Xiujuan Jia, Merck & Co., Inc., 126 E. Lincoln Ave., Rahway, NJ 07065
The therapeutic potential of lipid nanoparticles (LNPs) as delivery vehicles has
been demonstrated in recent years, culminating in the emergency use approval
of mRNA-based SARS-CoV-2 vaccines in late 2020. Research has shown that the
tissue-penetrating ability and on-target effectiveness of LNPs are related to particle
size. The determination of RNA content relative to LNP size can be important to
the understanding of efficacy and adverse effects. Size-exclusion chromatography
(SEC) coupled with multi-angle light scattering (MALS) and UV and refractive Index
(dRI) detectors is often used for the characterization of large molecules or complex
macro-entities such as LNPs. However, for particles larger than 50 nm in diameter, size based RNA content determination with the MALS-UV-dRI multi-detectors
is confounded by the UV scattering of particles at 260 nm, characteristic absorption wavelength of RNA. This work presents the first description of a novel facile
and rapid analytical method for online, size-dependent RNA payload distribution
measurement using data from MALS, UV and dRI detectors following separation
of the LNPs by SEC. The analysis was validated by size-based fractionation of the
LNPs with subsequent offline analysis of the fractions. Four LNPs formulated with
different PEG-lipids and different molar compositions were tested. Good agreement
was observed between the online and offline size-based RNA distributions among
all four LNPs, demonstrating the utility of the online method for LNP-encapsulated
RNA in general.
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An Innovative Low Maintenance Nebulizer for ICP-MS
Sergei Leikin, Texas Scientific Products, 11941 Hilltop Rd., Ste. 15,
Argyle, TX 76226
Modern ICPMS instrumentation is claimed to be capable of handling samples with
high amount of total dissolved solids (TDS). This requires employing a combination of a carrier gas dilution module with a specially designed set of sampler and
skimmer cones. At the same time, the nebulizer - a basic component of the sample
introduction system - remains a critical part for this application. The most commonly used concentric type nebulizers are not designed to handle samples with high
amount of total dissolved solids and particulate content. Application of existing high
solids nebulizers to ICPMS analysis is limited due to its low efficiency at much smaller sample uptake rates which are standard for today’s ICPMS instruments. Newly
developed nebulizer has a non-concentric configuration: gas and sample channels
are separated. Relatively large internal diameter of the sample channel at about
0.75 mm provides good resistance to clogging and high solids capability. These design features - not typical for the commonly used ICPMS nebulizers - allow reliable
and consistent operation of the device with a minimum maintenance. Efficient aerosol generation at the small sample uptake rates is accomplished by a proprietary
technology. Performance evaluation showed that developed nebulizer offers robust
and reliable handling of the most difficult matrices while maintaining sensitivity, detection limits, oxide and doubly charged ratios comparable to the best performing
concentric nebulizers designed for ICPMS.
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significant variables to consider are pH, and ionic strength. These factors significantly influence the interactions or lack of interactions that occur with the molecular
pseudophase. By fully understanding the interactions the fate of ciprofloxacin in
aquatic environments can be understood.

Analysis of the Elemental Composition of Fine Particulate Matter
(PM2.5) Using ICP-MS
Sabrina Antonio, Thermo Fisher Scientific, 9074 East 29th Pl., Denver,
CO 80238, Tomoko Vincent, Daniel Kutscher
Particulate Matter (PM) contributes to environmental pollution globally. Especially
fine particulate matter, classified as PM2.5 (a fraction of dust with more than 50%
of all particles having a diameter below 2.5 µm), is of great concern. Whereas exposure to bigger particles (PM10) can be easily recognized, and avoided through
protective equipment, PM2.5 is more dangerous as the small diameter is invisible to
the human eye and has the potential to penetrate deep into the respiratory system.
Short- and long-term exposure may cause serious health risks. A maximum limit of
12 μg·m-3 was set by the USEPA in 2012. The chemical composition of these fine
particles may include organic and inorganic components. Depending on location,
PM2.5 can be contaminated with toxic elements, such as arsenic, cadmium, or lead.
With its high mobility, the presence of PM2.5 can be influenced by location, occasion,
or weather.
Inductively coupled plasma mass spectrometry (ICP-MS) is widely used the trace
elemental analysis of environmental samples as it allows fast, multi-element analysis with high sensitivity and unmatched detection limits. Besides the low concentrations detected after pre-treatment, other challenges render quantitative analysis
difficult: high ionization potentials for key analytes arsenic, selenium, and lead result
in low sensitivity. And, interferences (polyatomic and/or doubly charged ions) can
lead to false positive results. This study describes how interference free, low level
analysis of toxic elements as well as major elements in PM2.5 can be accomplished
using ICP-MS. Results of different sample locations will be presented and compared
against each other.
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Adapting and Chemically Modifying Nanopore Sensors for Glycan
Sensing and Sequencing,
James Hagan, The University of Rhode Island, 140 Flagg Rd., Kingston,
RI 02881, Brian Sheetz, Jason Dwyer,
Nanopore sensing is an emerging analytical technique offering all-electronic single-molecule analysis. Originally optimized for DNA sequencing, providing a platform to read each base pair in real time, our goal was to broaden the analyte scope
to include another widely abundant biopolymer: glycans. With a notable increase in
chemical complexity compared to DNA, from branching structures to a larger library
of possible monomers, glycans are pushing the abilities of conventional instrumentation leaving nanopores as a promising addition to current analytical techniques
available for this task. Fundamentally, a nanopore is an isolated molecular sized
channel separating two electrolyte reservoirs with a voltage potential providing a
characteristic baseline current. When a molecule interacts with or passes through
this pore, there is a temporary fluctuation in the measured current relating to characteristics of this molecule (e.g. molecular structure, charge). This work applies native
and chemically modified sensors to measure and readily differentiate naturally and
synthetically sourced neutral and anionic samples. Chemically tuning the surface
of a silicon nitride nanopore can facilitate increased selectivity, sensitivity, and stability. This was achieved either during fabrication with the addition of dilute bleach,
or directly after fabrication by photohydrosilylation resulting in covalently bonded
monolayers. While the first method provides superior baseline stability with reduced
non-specific “sticking” compared to untreated nanopores, chemical modification
results in customized surfaces for specific sensing applications, to this point only
being limited by our imagination and creativity.
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Solvent-Induced Degradation of Aqueous Per-Fluorocarbon
Surfactants
Jason Runyon, The Chemours Company, Chemours Discovery Hub,
201 Discovery Blvd., Office N1-106K, Newark, DE 19713, David
Orescan
Dimethyl sulfoxide (DMSO) is widely used as a solvent for environmental and toxicological analyses due to its favorable physical properties and high polarity. While
the use of DMSO has been employed in the analysis of a number of per-fluoroalkyl
substances, in some cases they have shown to have low recoveries in the presence
of DMSO, and in mixed aqueous-organic DMSO systems. A headspace GC-MS
analytical methodology used to measure major components of solvent-induced
per-fluoro carboxylic acid degradation will be discussed, along with the physical
parameters that influence the stability of fluorocarbon surfactants in these systems.
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Analytical Chemistry is Providing Key Information about Climate,
Past and Present, and is Enabling Progress in Modeling Future
Climate
Roland Hirsch, Retired, 13830 Metcalf Ave., Apt. 15218, Overland Park,
KS 66223
The Earth’s climate is a complicated system. Many key aspects are not well understood and information about past climate is limited. Analytical chemistry is the main
field being used to improve our knowledge about climate. This talk will briefly review
the overall situation and then provide examples of how various analytical techniques
are being used in climate science. The examples will include spectroscopy from
far infrared to X-ray, all forms of chromatography, mass spectrometry and electrochemistry. The importance of having sufficient metadata will be stressed, as such
information is often absent.

Spectroscopic Determination of Inorganic Phosphate in Eutrophic
Water Using Cerium-Based Metal-Organic Framework
Mohamed Hassan, Clarkson University, 8 Clarkson Ave., Potsdam, NY
13699, Silvana Andreescu
Phosphate-based fertilizers are in widespread use around the world to increase agricultural yields in areas that would otherwise be unable to sustain food production.
While phosphorus is an essential resource for agricultural production, its excessive
accumulation can cause overgrowth of harmful algal blooms that can affect water
quality, leading to eutrophication. Molybdenum blue (MB) test is one of the most
commonly used method for the spectroscopic determination of phosphate (p). However, this method is time consuming, labor intensive, requires fresh preparation of
multiple reagents, time sensitive, and have a narrow detection window. Effective
technologies are needed to find a fast, easy and reliable method that requires the
use of minimal number of chemicals, while offering a sensitive and selective determination of P. This poster describes the use of cerium-based microporous materials
that have exceptional stability, high surface area, highly porous structure and the
ability to bind to P in water. We have used cerium-based metal organic framework
(Ce 1,4-benzenedicarboxylate) as a fluorescence probe for the determination of P
due to the high binding affinity of P at the MOF’s defect sites, which results in a turnon fluorescence signal. Experimental results show a fast and sensitive P detection,
outperforming other porous materials. These results are expected to help establish
new design principles for developing the next generation sensors for monitoring P
levels to help mitigate their negative effects in the environment.
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Application of Guided-Ion-Beam Tandem Mass Spectrometry and
Near IR Emission Spectroscopy in Reaction Dynamic Investigation
of Radical Cations of 8-Oxo-2’-deoxyguanosine and Guanosine
with Singlet O2,
May Myat Moe, Queens College of the City University of New York, 6530 Kissena Blvd., Queens, NY 11367, Jianbo Liu
8-Oxo-2´-deoxyguanosine (OG) is a common DNA lesion resulting from oxidatively
generated damage. The formation of OG and its secondary reaction with electronically excited singlet oxygen (1O2 is a reactive oxygen species generated in vivo)
are involved in mutagenesis, apoptosis and photodynamic therapy for cancer. This
work focuses on the reaction dynamic for the concurrent ionization damage and 1O2
oxidation of DNA nucleobases capitalizing on guided-ion beam scattering, tandem
mass spectrometry and Near infrared spectroscopy. The formation of radical cations
of guanosine (G•+), 8-Oxo-2´-deoxyguanosine (OG•+), and their 9-methyl analogues
were realized in the gas phase by electrospray ionization (ESI) guided-ion-beam
tandem mass spectrometry, and 1O2 was generated by chemical reaction and its
concentration was determined via emission spectroscopy. Their reactions were
examined by guided-ion beam mass spectrometry including the measurement of
reaction product ions and cross sections as a function of collision energy (Ecol) from
which reaction thermodynamics was measured. It was found that oxidizability of
OG•+ is much higher than that of G•+, affirming the higher mutagenicity of OG com-

Noncovalent Binding of Ciprofloxacin with Sodium Dodecyl Sulfate
and Perfluorooctanesulfonic Acid Molecular Pseudophase:
Fluorescence and pH Studies
Carol Ajjan, George Mason University, 4400 University Dr., Fairfax, VA
22030, Abul Hussam
Pseudophases are self-assembled molecular aggregates produced synthetically or
naturally e.g., in natural aquatic environments. The pseudophase aggregates can
exist in the form of nanoparticles, colloids, micelles, and microemulsions that cannot be physically separated to assess binding constants. The goal of the present
study was to determine noncovalent binding constants of the antibiotic ciprofloxacin
(CPF) in preaggregate (K11) and postaggregate (Kn1) phases produced by sodium
dodecyl sulfate (SDS), and perfluorooctanesulfonic acid (PFOS). To fully understand the pseudophase interactions, key equations were developed to explain the
fluorescence enhancement (FE) or fluorescence quenching (FQ). The equations
were evaluated experimentally using both static and continuous-flow fluorometric
titrations. The influence of pH on CPF fluorescence was rigorously evaluated at
pH 1-11 where CPF speciation was calculated based on CPF as a tetraprotic acid.
FE was observed when CPF interacted with SDS while overall FQ was observed
with PFOS. The highest interactions occurred with CPF- SDS in the postaggregate
pseudophase with a Kn1 of 1780 ± 71 M-1. The highest binding in the preaggregate
phase occurred with the CPF-PFOS complex where K11 was 160 ± 3 M-1. The most
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Breakdown of the Stokes-Einstein Equation in Reverse Micellar
Solutions
Matthew Too, SUNY Brockport, 350 New Campus Dr., Brockport, NY
14420, Markus Hoffmann
The well-known Stokes-Einstein equation relates the size of a moving particle in
solution to its self-diffusion coefficient and the solution viscosity. The Stokes-Einstein equation is applicable for many liquids and solutions. However, there are also
systems where the Stokes-Einstein equation “breaks down.” These systems include
supercooled water, metal alloys, solutions of ionic liquids, and certain polymers. Prior studies in our lab have observed the breakdown of the Stokes-Einstein equation
in solutions of poly(ethylene oxide) alcohol (C10E6) nonionic surfactant in cyclohexane. Specifically, unreasonably small aggregate radii were observed with varying
C10E6 concentration in cyclohexane. This study considered whether an observable
breakdown of the Stokes-Einstein equation would also occur in varying water content solutions of fixed concentration of C10E6 in cyclohexane. Therefore, corresponding new experimental results on self-diffusion coefficients and solution viscosity
will be presented. Self-diffusion coefficients were found by NMR diffusion-ordered
spectroscopy, and viscosities were measured by a rolling-ball viscometer. These
data show that the Stokes-Einstein equation breaks down also in these water-in-oil
reverse micellar solutions, resulting in unreasonably small average radii and aggregation numbers. However, the ratio of solvent and C10E6 self-diffusion coefficients
provided average radii and aggregation numbers consistent with results published
by others in the literature. In addition to these main findings, other interesting observations were made. For example, the ethylene oxide functional group of the C10E6
appears to diffuse at a slower rate than its alkyl chain functional group, and the cyclohexane self-diffusion coefficients appear to be independent of the water content.

pared to its parent guanosine even in the ionized state. Corroborated by static reaction potential energy surface and molecular dynamics simulation, the C5-O2 addition
for OG•+ and C8-O2 addition for G•+ were pinpointed as the most thermodynamically
feasible and kinetically favorable reaction pathways in each system.
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Developing Novel Infrared Matrix-Assisted Laser Desorption
Electrospray Ionization Mass Spectrometry Imaging Methods for
the Analysis of Underivatized Biomolecules
Crystal Pace, Molecular Education, Technology, and Research
Innovation Center, North Carolina State University, 2620 Yarbrough Dr.,
Raleigh, NC 27606, Jared Simmons, Peggi Angel, Richard Drake, Ryan
Kelly, David Muddiman
Mass spectrometry imaging (MSI) is a useful tool for visualizing spatial distributions
of molecules in biological tissues. It is especially powerful when using high mass
measurement and spectral accuracy, with which high specificity can be achieved.
Infrared matrix-assisted laser desorption electrospray ionization (IR-MALDESI) is
an ambient ionization technique commonly used with MSI applications. This technology combines two widely used soft ionizations sources, matrix-assisted laser
desorption ionization (MALDI) and electrospray ionization (ESI). By combining both
MALDI and ESI aspects, IR-MALDESI can achieve high throughput, spatial information, and tolerate high salt concentrations while also producing multiply charged
species and operating at atmospheric pressure. In a typical IR-MALDESI MSI experiment, a thin ice layer is deposited on top of the tissue sample allowing for endogenous and exogenous water/ice to act as a matrix due to its IR absorption at 2.94
µm. A mid-IR laser (2.97 µm) is fired perpendicular to the sample, ablating sample
material into neutral gas-phase molecules which are post-ionized in an ESI-like process by the orthogonal electrospray plume. Previous work has demonstrated the
effectiveness of IR-MALDESI for deeply investigating biospecimen metabolomes
and lipidomes with soft ionization and reduced background interference from lack
of chemical matrices. In this presentation, we present the breadth of our newest
developments for investigating a wide array of biomolecules, including enhanced
metabolomic/lipidomic analyses, N-linked glycans in biological tissues, and creation
of multimodal approaches to analyze proteins in adjacent tissue sections.
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Structural and Electrochemical Heterogeneity Assessment of
Ti3C2Tx MXene Materials by AFM-SECM
Qingquan Ma, New Jersey Institute of Technology, Department of Civil
and Environmental Engineering, 331 Chestnut St., Newark, NJ 07102,
MengQiang Zhao, Wen Zhang, John A. Reif, Jr.
MXenes represent an emerging family of conductive two-dimensional materials.
Their representative, Ti3C2Tx (T stands for surface terminations and X denotes the
number of elements of function group), has been recognized as an outstanding material for energy storage, electromagnetic interference (EMI) shielding, superb contenders, half-semiconductors, optoelectronic devices, light to heat conversion, gas
separation, and water desalination. Structural defects and heterogeneities affect
local surface reactivity in these 2D materials. Raman spectroscopy has been used
to probe defects in carbon-based materials with high sensitivity.1, 2 In this study, we
employ Raman mapping and Scanning Electrochemical-Atomic Force Microscopy
(SECM-AFM) to spatially map the defects and identify local reactive sites on titanium carbide (Ti3C2Tx) MXene. Several Ti3C2Tx flakes having different sizes, layer
numbers and defects or vertical heterojunctions were prepared for local chemical
and electrochemical mapping. The results demonstrate that the defects and heterogeneities of MXene flakes are highly affected by its sizes and layer numbers due to
the presence of line defects. This study provides a guideline for how a better understanding of the structure−property−processing correlations and further optimization
of the synthesis routes could improve the lifetime, safety, and operation limits of the
MXene-based devices.
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Boronitride Based Energy Harvesting Devices
Maximillian Card, Clarkson University, 8 Clarkson Ave., Potsdam, NY
13699
As the climate crisis continues to intensify, alternative methods of generating energy
are becoming a top priority for development. Of these, Boron Nitride (BN) based
materials show the potential to generate power from a common resource, salt water. Cost effective and environmentally benign BN based devices were designed
to generate power from their interactions with high ion concentrated water. By first
applying graphene ink strips, followed by a layer of the BN and a binding agent,
this was achieved. This device makes use of the BN sheet’s pores to trap ions from
solution. As the water evaporates, power is generated as these ions travel within
the pores of the BN. These devices have been used to produce up to 120 mV and
15 μA, and generated power throughout a concentration range of 0.2 – 0.6 M NaCl.
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Application of Mammalian Peptide Substrate Reporters for Protein
Kinase B to Cell Signaling in an Evolutionarily Distant Organism
Dictyostelium Discoideum
Mengqi Jonathan Fan, Trinity College, 300 Summit St., Hartford, CT
06106, Michelle Kovarik
Peptide substrate reporters are fluorescently labelled peptides that are designed
to be a substrate for an enzyme of interest. Combined with electrophoretic separations, they have proven to be a useful analytical tool to quantitatively measure
the net enzyme activity in intact single cells and lysates. Several peptide substrate
reporters have been widely used to study mammalian protein kinase B (PKB, also
known as Akt). The PI3K-PKB pathway is involved in cell migration, proliferation,
and stress response and is highly expressed in cancer cells. This pathway is
also highly conserved, even in the less complex single-celled eukaryotic species
Dictyostelium discoideum. However, it remains unclear whether reporters optimized
for mammalian cells accurately reflect homologous enzymatic activity in this evolutionarily distant species. In this work, three fluorescently labelled peptide substrate
reporters, Crosstide, AP-I, and VI-B, were used to study PKB activity in D. discoideum. Capillary electrophoresis with laser-induced fluorescence (CE-LIF) was used
to separate the unmodified reporters from their phosphorylation products. In general, phosphorylation activity toward all three peptides reflected known physiological
trends from Western blotting data. The difference in PKB activity in wild type and
pkbA- mutant cells merits further investigation. These results suggest high transferability of peptide reporters between species.
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Determining the Effects of Tetrathiomolybdate on the Copper
Levels in Amyloid Aggregates of Cerebral Amyloid Angiopathy
Using X-ray Fluorescence Microscopy
Ashwin Ambi, Stony Brook University, 516 Jayne Blvd, Port Jefferson,
NY 11973, Tiffany Victor, Aleksandra Stanisavljevic, William Van
Nostrand, Lisa Miller
Cerebral amyloid angiopathy (CAA) is a neurodegenerative condition that is characteristic of amyloid β-protein (Aβ) accumulation on the walls of blood vessels. Recent
reports have shown elevated Cu levels bound to the Aβ aggregates and this interaction may produce neurotoxic species. In this study, we administered a Cu-specific
chelator, tetrathiomolybdate (TTM), through IP injection to a transgenic rat model of
CAA (rTgDI) to lower the Cu content in the Aβ deposits. We hypothesize that the copper levels bound to amyloid will be potentially sequestered and attenuated using TTM.
The Cu and molybdenum concentrations were determined using synchrotron-based
X-ray fluorescence microscopy (XFM). The results surprisingly showed (1) the Cu levels in the Aβ aggregates and the healthy unaffected blood vessels in the TTM-treated
rTgDI rats were elevated by 1.5x and 2x relative to the untreated rTgDI rats, respectively and (2) there were molybdenum hotspots (< 5 ppm) colocalized with sequestered Cu in the TTM treated rTgDI and WT rats. The results signify that TTM was
ineffective with reducing the levels of Cu present in the Aβ deposits and increased the
Cu levels bound to the amyloid and the blood vessels in rTgDI. Furthermore, the TTM
administration led to the formation of Mo-Cu complexes by potentially sequestering
labile copper from the bloodstream. Overall, the study highlights the ineffectiveness of
TTM stems from the inability of TTM to access the amyloid aggregates. Additionally,
TTM exacerbates the situation by carrying excess Cu in the cerebral blood vessels.
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characteristics throughout processing. Four morphological characteristics of these
dispersed samples were analyzed at three points on the analytical plate. The results
from this research, optimized PCRS analysis parameters, will next be applied to a
large collection of soil samples to create a robust database combined with statistical
analysis to support the evidentiary significance of soil.

Product Compliance and Brand Discrimination of Water-Based
Personal Lubricants with a Handheld NIR Spectrometer
Matthew Eady, FHI 360 - Product Quality Compliance, 2810 Meridian
Parkway, Suite 160, Durham, NC 27513, Chayanee Changpim, Morakot
Sangworatham, David Jenkins
The United States Agency for International Development (USAID) supplies male
and female condoms through global distribution chains to reduce the spread of
sexually transmitted diseases. Personal lubricants are also supplied to reduce the
chances of condom breakage. A low-cost handheld NIR spectrometer (900 – 1700
nm) was used to collect data from four water-based lubricant brands. Product A consisted of 60 samples from 12 lots, while three negative controls (different brands)
consisted of 100 samples from 20 lots. A 3D printed vial sleeve (polylactic acid) was
used to cover glass vials containing the lubricant and capped with a piece of Teflon. Multivariate data analysis was conducted with a principal component analysis
(PCA), followed by calculating the Mahalanobis distances from PCA scores. A product similarity threshold distance method was established. A calibration dataset for
product A was used (n = 48), and an independent validation dataset of 12 positive
control samples, and 100 negative control samples. Eight principal components explained 99.07% of the dataset’s variance, and a distance threshold was established
at 4.53. All 48 reference samples and 11 positive controls were below the threshold,
while all 99 negative controls resulted in values above 4.53, suggesting that they are
dissimilar, and resulting in an overall classification accuracy of 98.75% (N = 160).
Using a handheld and low-cost spectrometer, custom printed 3D vial cover, and
open-source multivariate software showed that compliance screening of lubricants
can be achieved on product that is predominately water, and potentially carried out
in resource limited areas.

158

Electrochemical Sensors for PFAS Detection Using MXenes
Alexis Alexander, Clarkson University, 10 Clarkson Ave., Box 7722,
Potsdam, NY 13699, Reem Khan, Silvana Andresscu
Per- and poly-fluoroalkyl substances (PFAS) are industrial anthropogenic chemicals
that have been recently found to accumulate within aqueous environments, causing
the deterioration of all life reliant on affected waterways. Current methods of detecting PFAS involve the utilization of high-performance liquid chromatography (HPLC)
and tandem mass spectroscopy (MS/MS). However, PFAS analysis using these
conventional methods is costly and inaccessible to smaller labs. Moreover, these
techniques are not sustainable for continuous environmental monitoring and testing
of PFAS due to these limitations. In this research, a newly synthesized 2D material
of metal carbides and carbonitrides known as MXenes has been explored for developing a low cost portable sensing platform for field detection of PFAS. The presentation will describe the properties and characterization of MXenes composites and
their use as a material for electrochemical detection of PFAS. These sensors would
be relatively low-cost and easy to use at various locations where monitoring PFAS
contamination is needed.
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Development of a Portable Sensor for the Onsite Detection of
Perfluoroalkyl Substances
Abd Ur Rehman, Clarkson University, Department of Chemistry and
Biomolecular Science, Box 5810, 8 Clarkson Ave., Potsdam, NY 13699,
Silvana Andreescu
Per and poly-fluoroalkyl substances (PFASs) are an emerging class of harmful organic pollutants that adversely affect the environment because of their bioaccumulation. Their toxic effects have been reported in humans, animals, and the aquatic
environment, raising significant concerns across the globe. PFASs have strong
carbon-fluorine bonds, which makes them resistant to degradation and difficult to
detect. Conventional techniques for measuring PFAS compounds are chromatographic procedures, e.g. LC-MS/MS, GC-MS, etc. Despite their high reliability and
accuracy, these laboratory-based techniques are expensive and can analyze only
a limited number of samples. Alternative lower-cost methods are needed so that
communities, industries, and organizations can assess PFAS exposure more effectively and on-site. This poster presentation will describe the development and
characterization of a portable sensor for inexpensive large-scale detection of PFOS
at levels that meet the EPA imposed regulations. In this method, electrodes modified
with electropolymerized films with specific binding activity for PFAS, are used as
a detection platform. This method can be used as a screening tool for the onsite
quantification of PFAS. Additionally, sensors can serve as early warning systems for
PFAS breakthroughs where intervention or treatment strategies are implemented.
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Comparing Color Measurement Tools for use in Art Conservation
Jessica Walthew, Cooper Hewitt Smithsonian Design Museum, 2 E.
91st St., New York, NY 10128, Sarah Barack, Maia Curran, Kate Wight
Tyler, Natalya Swanson
Color change is a topic of major concern for caretakers of art museum collections,
especially those featuring modern materials like plastics. Polymeric materials are
particularly susceptible to color changes (darkening and/or fading) caused by light
damage, which is cumulative and irreversible. In the conservation field, materials
like 3d-printed polymers that are more recent additions to museum collections present concerns about the unknown lightfastness of dyed plastics. While many different
measurement tools exist in industry, reproducible color measurements over real
timeframes in the museum field are logistically difficult to achieve. This poster compares baseline measurements taken of dyed 3d-printed sample tags produced by
Shapeways for the Cooper Hewitt conservation reference collection. The tags are
made of a uniform polyamide (nylon) material printed by Selective Laser Sintering
(SLS), but represent a variety of different colors. The poster presents a comparison
of CIE L*a*b* measurements from a Nix Colorimeter, a Konica Minolta CM600D
Spectrophotometer, and an Ocean Optics FLAME-S-UV-VIS-ES spectrometer.
These measurements and procedures provide the baseline for a planned evaluation
of differences in color change across the differently colored samples after natural
and accelerated ageing. The research project is a collaboration between Cooper
Hewitt Smithsonian Design Museum and the Brooklyn Museum as part of a twoyear high school advanced science curriculum initiative at Columbia High School
(Maplewood, NJ).
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Matrix Isolation Spectroscopy: The Exploration of Weakly-Bound
Complex Formation in Space
Emily Hockey, University of Maryland College Park, 8051 Regents Dr.,
College Park, MD 20742, Korina Vlahos, Leah G. Dodson
Matrix isolation spectroscopy is an essential technique when exploring the nature
of complex formation. Although this technique has been around for over 70 years,
it remains paramount because of its wide range of advantages and applications.
Our lab is developing matrix isolation techniques specifically to study weakly-bound
complex formation in interstellar dust grains and dense molecular clouds. Information as to where weakly-bound complexes form, their binding energies, and their
structures are crucial when exploring complex formation. In tandem with quantum
chemistry calculations, our matrix isolation instrument provides: 1) characterization
of complexes, 2) parameterization of deposition and diffusion techniques, and 3) an
ideal environment to explore exotic complex formation.
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Soil Mineral Analysis by Particle Correlated Raman Spectroscopy
(PCRS): Optimized Dispersion and Double-Pass Raman Analysis
Savannah Brown, University of New Haven, 300 Boston Post Rd.,
West Haven, CT 06516, Gabrielle Messe, Hannah Garvin, Nicholas
Gogola, Chase Notari, Virginia Maxwell, John Reffner, Peter De Forest,
Christopher Palenik, Peter Harrington, Deborah Huck-Jones, Bridget
O’Donnell, Andrew Whitley, Brooke Kammrath
The analysis of soils has become a neglected field in forensic science due to the
perception of current practices as being overly time-consuming, subjective, and ineffective. The potential value of soil evidence is incontrovertible, therefore, emerging analytical approaches may revitalize the use of soil as forensic evidence. Particle Correlated Raman Spectroscopy (PCRS) is a novel, non-destructive, rapid, and
automatable technique that may provide more detailed information than traditional
methods. Previous research performed on 10 minerals identified optimized parameters for their identification via PCRS. Having expanded now to the 60 most commonly encountered minerals, it was concluded that a double-pass Raman analysis
using two laser wavelengths is needed to identify the majority of the soil minerals.
These parameters will allow for a large number of mineral grains to be identified
in a reasonable time period to create a robust dataset for statistical analysis. Prior
research also began the process of parameter optimization for the vacuum dispersion of soil samples so data can be accurately obtained for individual particles.
Each sample was analyzed using various preparation and vacuum dispersion parameters. Dispersions were assessed microscopically via PCRS for reproducibility, uniformity, dispersion density, and the maintenance of particle morphological
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Evaluation of Partial Least-Squares Regression with Multivariate
Analytical Figures of Merit for Determination of 10 Pesticides in
Milk
Farnoosh Koleini, East Carolina University, 3291 E 10th St., Apt. 102D,
Greenville, NC 27858, Parvaneh Balsini, Hadi Parastar
A multi-residue method using gas chromatography coupled with flame ionization
detection has been developed for the simultaneous determination of 10 pesticides
in milk. The methodology involved a sample clean-up procedure using “quick, easy,
cheap, effective, rugged and safe’’ extraction method followed by a preconcentration step based on dispersive liquid–liquid microextraction. Acetonitrile was added
to milk samples at a specific pH and ionic strength, and the mixture was rigorously
shaken. The extracts were centrifuged, and the organic phase (acetonitrile) was
transferred to a test tube and was mixed with deionized water. The mixture was
sonicated, and chloroform was added as an acceptor phase in an ultrasonic bath.
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The Normal Phase and Reversed Phase Separations of ±-Catechin
on Daicel Chiral Columns
Weston J. Umstead, Chiral Technologies,1475 Dunwoody Dr., Ste. 310,
West Chester, PA 19380, John J. Ferraro, William L. Watts Jr.
Flavonoids and flavanols are known to have powerful antioxidant properties, and
have been shown to exhibit other beneficial health indications. One specific example is catechin. Containing two chiral centers, catechin has four possible isomeric configurations, (+)-catechin, (-)-catechin, (+)-epicatechin, and (-)-epicatechin.
This work highlights the separation of ±-catechin under normal phase and reversed
phase conditions on several Daicel polysaccharide-based chiral columns. In some
unique cases, a reversal of elution order is also highlighted, which is a known, but
uncommon observation to take place for a chiral separation.

Partial least squares (PLS) regression was used to build a multivariate calibration
model in the concentration range of 0.5–100 ng mL−1 and then multivariate analytical figures of merit including analytical sensitivity, limit of detection and limit of
quantitation were calculated for PLS model. The range of values of relative recovery
rates (RR) and relative standard deviations were satisfactory (77.69–147.69% and
1.6–9.7%, respectively). Method validation was performed in accordance with European Union guidelines. The European Union criteria (RR 70–120% with a relative
standard deviation <20%) were met for most of the pesticides. The limits of detection and limits of quantitation ranged from 4.16–27.41 ng mL −1 and 11.89–82.23 ng
mL −1, respectively. The above method was successfully applied to the analysis of
milk samples. Pesticide concentrations in real-milk samples (2.49–10.48 ng mL −1)
were compared with the maximum allowable residue limits. It is concluded that this
comprehensive chemometric-based strategy is a reliable and easy method for the
determination of pesticides in milk.
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Low-Cost Platform to Assay Bacterial Biofilm Formation in Flow
Dylan Winkens, Rowan University, Department of Chemistry & Biochemistry, 201 Mullica Hill Rd., Glassboro, NJ 08028, Tajrian Khan,
Christopher Piccolo, Hyder Alikhan, Joshua Davis, Samuel Foster, Lark
Perez, James Grinias
Bacterial biofilm formation is a serious consequence of a number of human diseases. The increasing prevalence of antibiotic-resistant bacteria strains makes understanding the fundamental processes behind this formation a critical aspect in
designing new strategies for limiting biofilm growth. Existing methods to measure
biofilm formation suffer from lengthy assay times (48-72 hours) and limits on the
ability to study the process under flow conditions that better replicate in vivo conditions. By employing low-cost 3D printing and open-source microcontrollers, a new
microfluidic platform for real-time monitoring of biofilm formation under flow conditions has been developed. 3D printed molds are used to cast PDMS microfluidic devices that contain a parallel array of replicate serpentine channels with dimensions
on the order of 200 µm. The inlet of the device is connected to a reservoir of cell
culture media containing Pseudomonas aeruginosa, which is delivered to the device
using gravity flow. The outlets of the device are connected to a droplet counter array
(controlled by an Arduino Mega) as a simple method of tracking decreases in flow
rate that occur due to biofilm formation within the microfluidic channels. Approaches
to using this device to identify a “time-to-clog” marker that can serve as a key attribute of biofilm formation studies are described here.
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Flow Cytometric Analysis of Murine Pulmonary Macrophages with
ACAT1 Inhibition
Emily Stevenson, Rutgers, The State University of New Jersey, 160
Frelinghuysen Road, William Levine Hall 009, Piscataway, NJ 08854,
ML Wilkinson, E. Abramova, CJ Guo, AJ Gow
Macrophage (MΦ) activation and persistence play a role in inflammatory injury,
leading to the proposal that MΦ phenotype modulation is a rational target for therapeutic intervention. Accurate identification of changes in MΦ count and phenotype
is an obstacle in the assessment of pharmacological targets. This study aimed to
generate and test an immunostaining protocol for the quantification of these populations. A mouse model of acute lung injury (ITB) in combination with intratracheal administration of K604, a selective ACAT1 inhibitor, was utilized to examine changes in
macrophage phenotype and function using flow cytometry. A Gallios 10-Color Flow
Cytometer (Beckman Coulter) was employed to analyze bronchoalveolar lavage
(BAL)-derived MΦs from male and female C57BL6/J mice 7 days after intratracheal
administration of PBS, K604, bleomycin (ITB), or ITB +K604. Kaluza software and
a targeted gating strategy was utilized to identify BAL-derived alveolar MΦs (Viable/CD45+/Siglec F+/F4/80+), from which resident (CD11c+/CD11b-), migratory
(CD11c+/CD11b+), and recruited (CD11c-, CD11b-) populations were identified.
Lung tissue digest samples were immunostained for interstitial MΦs (IMΦs) (Viable/CD45+/Siglec F-/F4/80+) and the expression of maturity (CD11c) and pro-fibrotic (CD206) markers. ITB caused significant and quantifiable reduction in the
alveolar MΦ (CD45+/Siglec F+/F4/80+) population (17.92±4.05%* v 95.22±0.66%)
compared to control. CD11c and CD206 expression in the IMΦs indicated changes in phenotype in response to K604. K604 significantly reduced the percentage
of CD11c+/CD206+-expressing IMΦs produced in response to ITB (5.89±2.15# vs
19.72±1.93). This analytical method and gating strategy represent a viable method
for assessing pulmonary MΦ phenotype (p<0.05 = *(PBS), #(ITB)).
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Impact of Metal Ions from Stainless Steel Brewing Equipment on
the Quality of a Light Lager
Jesse Bischof*, SilcoTek Corporation, 225 PennTech Dr., Bellefonte, PA
16823
Metal ion contamination is of interest in a variety of industries. Biopharmaceutical
producers need to control oxidation of their products, the semiconductor industry
fears unwanted metal ions on chip as they can destroy devices, food and beverage are concerned with metals due to potential toxicity as well as shelf-life stability.
Stainless steel is commonly used in these industries as the chromium oxide surface
helps protect the metal alloy. Regardless of the chromium oxide, metal ions such
as iron and nickel can still leach into the flow path in these industries. CVD coatings
have been shown to eliminate trace levels (ppb to ppm) of metal ions into solution.
Here we investigate the brewing of a light lager beer in a stainless steel system
and a CVD coated stainless steel vessel. ICP-MS is used to analyze the metal ion
content and UV-Vis is utilized to measure key beer characteristics such as color,
bitterness, polyphenolic content, and antioxidant activity. Preliminary findings suggest that the reduced metal ion content facilitates clearer beer, higher polyphenol
content, and great antioxidant activity. Future works includes impact on shelf-life
stability, the use of HPLC analysis of flavor compounds that are prone to oxidation,
and brewing of a hop-forward beer to investigate impact on hop flavor retention.
Some of these studies may be available for this poster.

Abstract withdrawn by the author.
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Development of Immunosensing Platform for Detection of
Serotonin: Monophasic Molybdenum Selenide-Reduced Graphene
Oxide Nanocomposite Sheets
Chhaya Chaudhary, University of Delhi, Drug, Discovery and
Development Lab, Department of Chemistry, Delhi, India 110007,
Suveen Kumar, Ramesh Chandra
Biosensors are devices used to detect the presence or concentration of a biological
analyte like biomolecule, a biological structure or microorganism. Our laboratory is
involved in the fabrication of sensitive and selective electrochemical biosensing platform for the detection of serotonin using monophasic (rhombohedral) nanoparticle
molybdenum selenide (zero dimension with size < 24nm) and reduced graphene
oxide. The synthesis of Mo3Se4-rGO was carried out via a low-temperature hydrothermal process at 120° C for 12 h and further functionalization was carried out using 3-aminopropyl triethoxy silane (APTES). Deposition of functionalized moiety i.e.,
APTES/n-Mo3Se4-rGO onto the prehydrolyzed indium tin oxide (ITO) coated glass
electrode was carried out using electrophoretic deposition (EPD) technique at a
potential of 15V for 60s. The monoclonal anti-Ser (50µg mL-1) was drop-casted onto
the obtained uniform thin film of APTES/n-Mo3Se4-rGO/ITO via EDC-NHS coupling
chemistry. The non-specific binding sites were blocked using bovine serum albumin
(BSA, 1mg dL-1). X-ray diffraction (XRD), Raman spectroscopy, X-ray photoelectron
spectroscopy (XPS), Energy-dispersive X-ray spectroscopy (EDX), high-resolution
transmission electron microscopy (HR-TEM) and Fourier transforms infrared spectroscopy (FT-IR) were used for characterization of synthesized materials and electrodes. The electrochemical characterization and sensing response studies were
investigated using cyclic voltammetry (CV) and differential pulse voltammetry (DPV)
techniques. The fabricated biosensing platform (BSA/anti-ser/APTES/n-Mo3Se4rGO/ITO) displays better sensing ability for serotonin over a linear range of 10-1200
nM with a sensitivity of 18.4 µA log(nM)-1 cm-2 and a lower detection limit of 10 nM.
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Surface-Enhanced Raman Spectroscopy, a Sensitive and LabelFree Technique for Drug Discovery: Ligand and RNA Specific
Binding
Lamyaa Almehmadi, University at Albany, State University of New York,
Chemistry Department, 1400 Washington Ave., Albany, NY 12222,
Vibhav Valsangkar, Ken Halvorsen, Qiang Zhang, Jia Sheng, Igor Lednev
The field of drug discovery relies on sensitive, specific, and fast methods to identify
hits. The ultra-high sensitivity and rich information obtained using Surface-enhanced
Raman spectroscopy (SERS) render it an emerging technique for drug discovery.
Previously, we have developed a SERS platform with single-molecule sensitivity
to detect a protein-linker adduct at a single-molecule level. This platform has also
shown the possibility of differentiating the proteins’ spectral contribution from the
linker’s via visual inspection and statistical analysis. Therefore, we extended the
application of this platform to detect the binding of a peptide ligand to a targeted
RNA repeats at a nanomolar concentration. The selected ligands are potential drug
molecules that interact with disease-related RNA repeats. The binding trends found
using SERS detection correlated with the binding affinity studies of different ligands.
Furthermore, the binding ligand was also differentiated from the non-binding ligand
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Exploring the Lipid Raft Hypothesis Using a Lipidomic Approach
Samuel Krug, University of Maryland, 20 N Pine St., Baltimore, MD
21201, Praveen Kumar, Ludovic Muller, Maureen Kane
Lipid rafts that act as microdomains in cell membranes remain incompletely understood. In vitro and proteomic data exists that support the lipid raft hypothesis, however, there is debate whether artificial membranes and indirect analysis of proteins
demonstrate the existence of lipid rafts. Our study examines lipid raft and non-lipid
raft domains through a lipidomic approach to define lipid composition and characterize the alteration to that composition upon a biological stressor. Here, the biological
stressor was hypoxic ischemia (HI) as effected in the Rice-Vannucci model of brain
damage in postnatal day 10 rat pups; HI is a birth injury that causes oxidative stress
to the brain. We have putatively identified nine different lipids that show a preference
for the lipid raft that significantly decrease in the HI model. Three of these species
were triglycerides [TG 16:0/16:0/18:1, TG 16:0/18:0/18:1, TG 16:0/18:1/18:2], and
conversely, we saw an increase for several diglyceride species in the HI non-lipid raft fraction. Several unsaturated and monounsaturated phosphatidylcholine
(PC) and phosphatidylethanolamine (PE) were seen to decrease in the lipid raft
fraction after HI [GPCho(16:0/16:0), GPCho(16:0/14:0), GPEtn(17:0/17:0), PE(P18:0/17:0), PE(P-16:0/18:1), and GPEtn(16:0/18:1)]. Phospholipases will cleave different lipid species, resulting in characteristic lysophospholipids (LPs) that correlate
with brain injury in patients. However, we observed that none of the LPs identified
had a significant change after the HI event. Future research should investigate the
possibility that LPs created from the inner leaflet of the plasma membrane move to
the extracellular space.

and the RNA based on the analysis of the collected SER spectra. These differentiations were possible via visual inspection and statistical analysis.
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Novel MXene Based Cytochrome C Biosensor for Superoxide
Detection
Tyler Bechard, Clarkson University, 8 Clarkson Ave, Potsdam, NY
13699, Aaditya Deshpande, Reem Khan, Silvana Andreescu
Superoxide measurement is of great importance due to its implication in general
tissue and DNA damage in high concentrations as well as its role in signaling in
several biological systems. Superoxide is included in a group of molecules known
as Reactive Oxygen Species (ROS). ROS are difficult to measure due to their short
lifespan, high reactivity, and existence within an already complex system. The primary advantage an electrochemical sensor offers is acquiring real time, quantitative
signals with spatial and temporal distribution both in vitro and in vivo. MXenes are
a new class of materials consisting of two-dimensional metal nitrides or carbines.
They have been gaining attention in the field of sensing for their useful properties
like high conductivity and surface area which suggest their use as transducers, good
hydrophilicity, and biocompatibility. Mxenes have already seen use in enzymatic
biosensors for the detection of hydrogen peroxide, so a novel biosensor based on
the redox reaction between cytochrome C and superoxide with an MXene based
transducer is explored. The sensor was constructed on a glassy carbon electrode
and was tested via enzymatic generation of superoxide as a proof of concept, with
the final goal being the production of a system that is capable of fabrication on an
inkjet printed electrode for the purpose of easy customization, use in biological systems, and widespread production. Initial testing produced a signal, demonstrating
the attachment of cytochrome C to the electrode, but further tests for stability are
being performed with respect to differing fabrication strategies.
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Culture and Identification of Airborne Bacteria Using Mass
Spectrometry at Clarkson University
Yashveen Rai, Clarkson University, 8 Clarkson Ave., Box 5810,
Potsdam, NY 13699, Sean Harrison, Steve Dunckel, Costel Darie
The importance of air quality has been thrust into the forefront of society in recent
months due to the occurrence of a global pandemic. Highly pathogenic bacterial
species including Legionella pneumophila and Mycobacterium tuberculosis and less
pathogenic species including Haemophilus influenza and Bordetella can be present
in both indoor and outdoor air, necessitating the requirement of proper monitoring
and filtering of the air. In a university setting, people may be confined in the same
space such as classrooms, allowing them to be exposed to improper ventilation and
filtration at once. A small percentage of bacteria are opportunistic pathogens, and an
even smaller percentage are parasitic species such as Mycobacterium tuberculosis
or Bordetella Pertussis. It is still an important goal to characterize the bacteria that
may be present in the event there is a breakout of a particular infectious agent.
Here, we cultured the airborne bacteria in a liquid media and isolated on solid agar.
The bacterial cells were lysed, and the internal proteins were extracted. The proteins were further purified and fractionated using HPLC. The peptide sequences
were identified in the LC-MS/MS and data processing was done using Mascot 2.4
software. Several bacterial species were identified. The detection of bacteria such
as Staphylococcus using an in-house equipment allowed the creation of an internal
test for bacteria. It further enabled the regular screening of academic rooms for
potential pathogenic bacteria creating a safer environment for the student body.
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Characterization of Different Biotherapeutic Modalities with
Vibrational Spectroscopy: mAbs, ADCs, mRNA, ssDNA and AAV
Yelena Pyatski, BioTools Inc., 17546 BeeLine Hwy, Jupiter, FL 33478,
Kimberly Quinn, Juanita Rubio Sanchez, Rina K. Dukor
Currently, the most common biotherapeutics are antibodies. In USA there are now
over 100 approved antibodies, employed to treat diseases such as rheumatoid
arthritis, multiple sclerosis, psoriasis and many forms of cancer. After successful
development and commercialization of mRNA based COVID-19 vaccines, mRNA
now represents one of the most researched new class of biotherapeutics. Synthetic
mRNA resembling natural mRNA can be engineered and encapsulated for more
effective delivery to express proteins of interest. And on Gene Therapy front, adeno-associated virus (AAV) is now being used as an effective delivery system for
therapeutic genetic material, such as ssDNA into living tissues or as an effective
treatment for a vast array of diseases. Vibrational spectroscopy FTIR, Raman and
Raman Optical Activity (ROA) have recently been shown as sensitive and specific
techniques for the characterization of all types of biologics, including mRNA, DNA,
antibodies and AAV. The specificity stems from availability of a large spectral range
(compared to such techniques as UV, MMS (IR with QC laser) and enabling detection of all critical functional groups: amides, sidechains, disulfide bonds for peptides/
proteins and base stacking, phosphate backbone and other features for nucleic
based molecules. In this presentation, we will showcase examples of different modalities and the incredible power of FTIR, Raman/ROA, together and individually, for
structural characterization of biologics in R&D and QC.
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Mass Spectrometric Based Approach for Lysosomal Storage
Diseases Diagnostic in Newborns
Bailee Underwood, Clarkson University, 8 Clarkson Ave., Box 5810,
Potsdam, NY 13699, Laura Ion, Cristina Dimitriu, Michael Przybylski,
Costel Darie, Brindusa Alina Petre
The activity loss or lack of specific lysosomal enzymes is a characteristic for a group
of genetic metabolic disorders called lysosomal storage disorders (LSDs). The majority of LSDs result from defective lysosomal acid hydrolysis of endogenous macromolecules and their consequent accumulation, leading to multiple organ failure
(e.g., skeletal malformations, pulmonary deficits, short stature, retarded growth etc.)
and finally death. Therefore, an early diagnosis represents a critical step during the
patient’s clinical stage. Currently, LSDs diagnostic uses in first stage biochemical
tests, such as enzymatic determinations by fluorimetry or by mass spectrometry
(limited cases) with the aid of dry blood spots (DBSs) based on different enzymatic
substrates-structures. Here we describe highly specific and sensitive diagnostics
on DBSs for (i) molecular determinations of LSDs, by simultaneous fluorimetric and
mass spectrometric analysis using newly synthesized enzymatic derivatives; (ii)
clinical diagnostics of LSDs by multiplex-MS-MRM analysis using specific substrate.
The data obtained suggest that the new mass spectrometric assay is fast, reliable
and can be successfully used in clinical trials for quantification of umbelliferone derivatives as products of enzymatic reactions either by fluorimetry or mass spectrometry. In conclusion, the established method for enzyme activity determinations
can be easily validated and used for neonatal screening in specialized laboratories,
leading for a genetic confirmation only for the cases with low enzyme activity.
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Automated Sample Cleanup for the Analysis of Residual Pesticides
in Food Using In-Line Sample Preparation (ILSP) and LC-MS/MS
Jamie York, Restek Corporation, 110 Benner Circle, Bellefonte, PA
16823, Sharon Lupo, Connor Flannery
In-line sample prep (ILSP) provides an automated sample cleanup procedure for
the analysis of multiresidue pesticides in food by LC-MS/MS. ILSP cartridge selectively retains matrix components from the sample extract and can be utilized as a
standalone workflow or integrated into an existing QuEChERS workflow. In these
experiments, ILSP was applied to six diverse food commodities including spinach
(high water), soy meal (high lipid/low water), avocado (high lipid/intermediate water),
whole orange (high acid/high water), black tea (difficult/unique), and hibiscus tea
(difficult/unique). This solution provides a novel, automated approach to reduce the
abundance of matrix components entering the analytical column and MS source resulting in a decrease in instrument contamination and an improvement in data quality. To demonstrate the broad applicability of ILSP, a recovery study was performed by
fortifying 61 pesticides representing a variety of compound chemistries and depicting
a wide elution profile. Three samples of each commodity were spiked at 10 ng/g
and 200 ng/g levels. Acceptance criteria were average recovery of 70-120% and
precision ≤ 20% RSD as outlined in SANTE/12682/2019. Acceptable results were
achieved for 94% of pesticides in spinach, 98% in soy meal, 95% in avocado, 98% in
black tea, 82% in hibiscus tea, and 87% in whole orange at the 10 ng/g concentration
level. The automation of the methodology reduces error, simplifies sample preparation, and increases throughput compared to traditional extraction and cleanup techniques for a streamlined approach for the analysis of pesticide residues in food.
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Rapid Detection System of Escherichia Coli (E. coli) Using Printed
Paper-Based Assay
Jafar Sannie, Clarkson University, 8 Clarkson Ave., Potsdam, NY 13676,
Aqsa Khan, Oluwatosin Popoola, Silvana Andreescu
Pathogens are considered one of the major public health threats and financial burden, causing most food related outbreaks around the world. Continuous interest
in human health has driven research and innovation towards the rapid detection
of these pathogens. Despite the sensitivity and reliability of conventional detection
methods, these methods are laborious and time-consuming. Their continued perseverance in food has increased their demand for rapid detection systems of primary
pathogens especially Escherichia coli (E. coli). The present research is focused to
design a rapid, sensitive, portable, and easy-to-use sensing system based on a
colorimetric paper-based assay for rapid detection of E. coli in a short period of time.
A novel enzyme-induced colorimetric assay is developed to monitor and measure
β-galactosidase (β-gal), enzymatic release from the bacterial cells of E. coli. Au@
CeO2 core-shell nanocomposites are utilized as an instant colorimetric signal generating probe due to the catalytic oxidation reaction and binding of the substrate to
the Au@CeO2 surface. The proposed assay providing a user-friendly, one-step, and
portable detection platform of E.coli quantification that will be adapted on a printed
paper sensing strips for practical applications.

Analysis of the Lake Trout Heart and Blood Proteome Using
Evolutionary Proteomics
Shelby Alwine, Clarkson University, 8077 Gnatstown Rd., Hanover, PA
17331, Emmalyn Dupree, Bernard Crimmins, Thomas Holsen, Costel
Darie
Salvelinus namaycush (lake trout) is a top-predator fish in the Great Lakes region.
The Great Lakes Fish Monitoring and Surveillance Program (GLFMSP) uses lake
trout as bioindicators of the presence of persistent, bioaccumulative and toxic (PBT)
chemicals. Elevated levels of PBTs can cause changes in transcribed genes, translated mRNAs, proteins produced, and post-translational modifications of these
proteins in aquatic species. Though lake trout has been used as a bioindicator of
PBTs for five decades, there is currently no well-developed proteome database. In
this study, heart and blood samples from lake trout were analyzed by SDS-PAGE,
followed by in-gel trypsin digestion and analysis by nanoLC-MS/MS. The data was
searched against different NCBI and UniProtKB databases in Mascot Daemon and
the output was analyzed by Scaffold 4.3 software. Databases used include Actinopterygii, Salmonidae, Salvelinus, as well as the highly studied species Oncorhynchus mykiss and Danio rerio. Using these better developed protein databases, we
were able to identify many novel proteins for the lake trout, as well as explore evolutionary relationships for the lake trout species. This ongoing project will potentially
lead to a more developed, comprehensive proteome database for lake trout that can
be used for further proteomic studies on the effects of legacy PBT chemicals in the
Great Lakes ecosystem.

179

LC Analysis of New Drug Modalities: Oligonucleotides, siRNA and
mRNA
Martin Gilar, Waters Corporation, 34 Maple St., Milford, MA 01757,
Jennifer Nguyen, Catalin Doneanu, Maissa Gaye, Matthew Lauber
We describe liquid chromatography methods for analysis of nucleic acid therapeutic modalities, such as antisense oligonucleotides (AON), short interfering RNA
(siRNA) and messenger RNA (mRNA). The molecules are analyzed in their intact
form or after digestion with T1 RNase to shorter oligonucleotides. We show that
ion-pairing reversed phase liquid chromatography (IP RP LC) or hydrophilic interaction chromatography (HILIC) are effective techniques for resolution of the target
molecules from their digested products or impurities. LC methods were combined
with mass spectrometry for identity confirmation of the target molecules and their
truncated products.
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An Assessment of Bisphenol Compounds in Beer Cans: Quantitative
Approaches for Determining Variation Related to Brand & Lining
Michael W. Willig, University of Connecticut, Center for Environmental
Sciences and Engineering Institute of the Environment, 3107 Horsebarn
Hill Road, Storrs, CT 06269, Christopher Perkins, Anthony Provatas,
James Stuart, Sarah Ayers, Steven Preseley
Bisphenols (BPis) represent a group of organic compounds with the potential to
negatively affect human health. BPis are a precursor of plastic materials used to
line containers (e.g., plastic bottles, aluminum cans, steel cans) that are associated
with products manufactured by the food industry (e.g., soft drinks, alcoholic drinks,
canned food). Depending on the nature of the container’s contents (e.g., pH,
alcohol concentration) and storage temperature, BPis may disassociate from their
parent plastic compound, and become dissolved in liquid of food or beverage
contents, thereby exposing consumers to their acute and chronic effects. This
study examined the leachability of BPis from, as well as a chemical
characterization of, the linings associated with the lateral walls and tops of 20
different brands of beer. The beers were selected based on a diversity of
considerations including sales profile, variety (e.g., lager, ale, stout), alcohol
content, and bitterness. The inner plastic linings of the lateral walls and tops of
each can were subjected to analysis by Infrared Spectroscopy to establish the
identity of plastics contained. A sample of the can wall and top was mixed with 20
mL of methanol, extracted over 240 hours at 40®C and underwent targeted and
untargeted analysis using liquid chromatography quantitative time of flight
spectroscopy (QToF). Eight of the beer can linings were comprised of an epoxy
resin containing BPis, including cans obtained from California. BPis were detected
in all of the incubated extracts and concentrations were correlated with the can
lining type.
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PFAS Concentration in Food Containers and Their Effect on Food
and Diet: A Review of Findings
Noah Liguori-Bills, The University of Connecticut, 55 N. Eagleville Rd.,
Storrs, CT 06269, James Stuart, Anthony Provatas
One commonly manufactured type of fluorocarbon are Per- and Poly-fluorinated
Alkyl Substances (PFAS). PFAS are human manufactured chemicals that are water
and oil proof, and resistant to heat. These properties have made them commonplace
in many everyday items such as clothing, furniture, food packaging, and kitchenware. Another important application has been their use as flame retardant. Of note,
animals and humans are often exposed to PFAS through food, water, and even
air. Despite their common use, there is a growing body of research linking PFAS
to various health complications. It is important to understand the specific routes of
PFAS exposure so that policy and practice can be created to mitigate exposure.
This study summarizes the findings of several papers on the concentration of PFAS
in food packaging and their entry into food and the human body. Widespread use of
PFAS in food containers has been found that causes PFAS contamination of food
and then can enter into the human body. The packaging to food route is one of the
primary reasons that PFAS is nearly universally found in high concentrations within
human blood. Since 2006 the U.S. EPA and the European Food Safety Authority
(EFSA) have instituted guidelines to reduce human PFAS exposure, especially the
short chain and more polar PFAS. Yet these PFOS and their conversion products
still pose a significant health risk. These facts highlight the need for elimination of all
PFAS in food containers, not just a ban on specific PFAS.

Overcoming the Challenges of Hand Sanitizer Analysis
Cathy Hetrick, Restek Corporation, 110 Benner Circle, Bellefonte, PA,
16823, Chris English, Tyler West, Bobby Polak, Michael Ratkovich, Brian Sloat, Mike Sandoval

The U.S. Food and Drug Administration has placed methanol containing hand sanitizers on an import alert. These products do not list this ingredient and some are
incorrectly labeled “FDA approved.” Nearly 100 hand sanitizers have been found
to contain methanol. Methanol, known as wood alcohol, is commonly found in solvents, and windshield washer fluid. Ingestion of 10 mL can cause permanent blindness and 15 mL is considered a lethal dose. Transdermal methanol poisoning has
been well documented and may result in optic nerve necrosis with permanent eye
damage. Denatured alcohol is ethanol mixed with other alcohols and can contain
50% methanol, along with dozens of other possible contaminants. The separation
and analysis of these active and inactive compounds is challenging and finding the
correct column and conditions to implement and validate a robust test method is
difficult for any method development team. We started with computer software capable of modeling these compounds on a variety of stationary phases which allows
us to adjust; flow, temperature, film thickness, column diameter and column length.
Using the column recommendation, an independent laboratory was able to transfer,
qualify, optimize and validate a GC-MS published FDA method. The method parameters, chromatograms, and challenges encounter in developing this method, will be
presented in addition to an introduction to novel modeling software.

181

Unique Absorbance and Fluorescence Fingerprints of Dietary
Supplements Revealed by A-TEEM Spectroscopy
Ashley Pokhai, Rutgers University, 323 W Broad St., Richmond, VA
23220, Gene Hall
Identification and authentication of Dietary Supplements (DS) is a challenging
problem due to the wide variety of sources and preparation methods used during
their manufacturing. In this study, the molecular fingerprints for >5 dozen different
DS products were undertaken using Absorbance-Transmittance fluorescence Excitation-Emission (A-TEEM spectroscopy). A-TEEM spectroscopy provides quantitative information on colored and fluorescent components including cases where
colored species may have very low fluorescence yields and vice versa. Multivariate
analyses of A-TEEM data can include a multi-block approach to leverage the statistical significance of the absorbance and fluorescence components to facilitate
accurate discrimination of different products. For the purposes of this study, various fish, salmon, cod, shark, krill, purified astaxanthin, and even vegetarian/vegan
DS products were evaluated and assigned class groupings based on their reported
source and composition. Several of the DS products exhibited complex EEM finger-
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Chemical Footprinting of Membrane Proteins
Michael Gross, Washington University-St. Louis, 1 Brookings Dr, St.
Louis, MO 63130
No abstract submitted by the author.

prints including UV components likely associated with aromatic organic compounds
while the overall dominant fluorescence component in the data set was a chlorophyll
degradation-like component. Furthermore, many of the DS products exhibited highly colored Vis components, which included astaxanthin and other carotenoid-like
compounds. Astaxanthin and the other carotenoid-like materials had low fluorescence yield contributions; noting purified astaxanthin products primarily exhibited
only the fluorescent chlorophyll degradation-like component mentioned earlier. It
can be concluded that the A-TEEM method can provide distinctive quantitative and
qualitative information for the purposes of identifying and potentially authenticating
a wide variety of DS products.
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Top-Down MS of CEACAM-1 Glycoforms
Jonathan Amster, University of Georgia, Department of Chemistry,
Athens, GA 30602
Carcinoembryonic antigen-related cell adhesion molecules (CEACAMs) are heavily
glycosylated cell surface receptor proteins that exist as integral membrane proteins
with cytosolic domains or as glycosylphosphatidylinositol (GPI)-anchored proteins.
They play an important role in cell communication necessary for the formation of
tissues and for providing a defense against invading organisms. To better understand the mechanism of signal transduction by CEACAM1, we have undertaken a
detailed study of the pattern of glycosylation in CEACAM1 extracellular domains,
and its effect on altering protein conformation and dimerization. Top-down mass
spectrometry provides the means to examine correlations in glycosylation at the
various N-linked glycosylation sites. Glycosylation at N-linked sites can occur
co-translationally or post-translationally via two related oligosaccharyltransferases
(OSTs). We have examined the role of the two pathways by using an inhibitor of the
co-translational OST. The inhibition study reveals a significant change in the pattern
of glycosylation of CEACAM1. These studies provide essential data for NMR measurements of protein conformation and oligomerization.
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MXene-ceria Nano-Hybrid: Synthesis, Characterization, and
Application in Biosensor Development
Reem Khan, Clarkson University, Department of Chemistry & Biomolecular Science, Box 5810, 8 Clarkson Ave., Potsdam, NY 13699, Kadija
Legagneur, Silvana Andreescu
MXenes are an emerging class of 2D layered nanomaterials that provide large
surface area, hydrophilicity, high ion transport properties, low diffusion barrier, biocompatibility, and ease of surface functionalization. Due to their unique features,
MXenes have gained substantial attention in fields such as batteries and super capacitors and their application in chemical and biological sensors is growing. Their
composition and layered structure make MXenes particularly attractive for biosensing applications. This presentation is focused on the synthesis and characterization
of a MXene based nano-hybrid for biosensing applications. The developed MXene-nanoparticles hybrid was then used as a transducer surface and supporting
material for the immobilization of the enzyme in an electrochemical biosensor. The
incorporation of MXene hybrid into the sensor design enhanced the efficiency of
the developed biosensor in terms of charge transfer kinetics, biomolecule loading
capacity, and amplification of the biomolecular recognition phenomenon. Opportunities for developing wearable sensors and systems with integrated biomolecule
recognition will be highlighted

183

188

Sixty Years of NMR Spectroscopy
Cecil Dybowski, University of Delaware, Department of Chemistry and
Biochemistry, Newark, DE 19716
NMR spectroscopy has become one of the premiere analytical tools used by chemists since the discovery of the connection between NMR spectroscopic features and
chemical structure in the early 1950s. In this presentation, I describe the sequence
of major developments over that time that have had a significant effect on how
chemists (and other scientists) use the technique in solving real-world problems.

Abstract withdrawn by the author.
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Sixty Years of Development in Mass Spectrometry
Barbara Larsen, International Flavors & Fragrances (retired), 465
Chambers Ln., West Chester, PA 19382
The field of mass spectrometry has seen an unprecedented development in the
technology in the past 60 years. The field has its beginning with the Nobel prizes
awarded to J.J. Thomson for recognizing the conduction of electricity by gases and
F. Aston for his discovery of isotopes by means of his mass spectrograph. Instruments were commercialized for use in the petroleum industry and were common
place in the industrial laboratories by 1960’s. Instrument development has improved
acquisition, resolving power, and sensitivity and the ionization techniques to include,
field ionization, field desorption, electrospray, MALDI and atmospheric ionization.
Interfacing the instrumentation with variety of separation techniques widened the
various fields of science applying the technologies. The addition of robotics has
increased the analysis throughput as well as providing avenues for at line derivatization. The application of the technology is applied in a variety of fields such
as non-targeted analysis in petroleomics, metabolomic and proteomics. The instrument development and applications will be discussed in this presentation.
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Mass Spectrometry Au Naturel: A Tool for Structural Biology
Joseph Loo, University of California-Los Angeles, Department of
Chemistry and Biochemistry, Los Angeles, CA 90095
Native mass spectrometry (MS) of proteins and protein assemblies reveals size and
stoichiometry. But elucidating their structures to understand their function is more
challenging. What “structures” are really being probed by native MS? As defined by
Leney and Heck (J. Am. Soc. Mass Spectrom. 2017), the term “native” in “native
MS” refers only to the biological status of the protein/biological assembly in solution
prior to mass analysis. But to what extent are native protein structures preserved
in the gas-phase (and are being measured by MS)? We show that native MS and
native top-down MS can be effective for deriving structural information for soluble
and membrane protein complexes, and much of this information can be correlated
to the solution-phase structure. Native top-down MS generates information on the
surface topology, ligand binding sites, and post-translational modifications (PTMs)
of protein complexes. We use native MS/MS to investigate the molecular action
of compounds that prevent amyloid fibril formation in neurodegenerative diseases such as Alzheimer’s and Parkinson’s disease. Electrospray ionization’s gift for
transforming solution-phase macromolecules into gas-phase ionized counterparts
without disrupting weak non-covalent interactions is key for applying MS to study
protein complexes. But questions remain, including whether the measurement of
gas-phase protein ions relate to the structure of proteins in solution? And as posed
nearly 25-years ago (Loo, Mass Spectrom. Rev. 1997), “Is there any utility in studying the structure of the gas-phase protein complex?”
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Sixty Years of Gas Chromatography, EAS, and Harold McNair
Nicholas Snow, Seton Hall University, Department of Chemistry and Biochemistry, 400 South Orange Ave., South Orange, NJ 07079
For the 60 years of the Eastern Analytical Symposium (EAS), gas chromatography
(GC) and EAS have been synonymous. The recent passing of Professor Harold
McNair, an icon of GC and who was an early supporter of EAS points to this in
an especially poignant manner. Beginning with Prof. McNair’s thesis work in 1959,
coincidentally the first year of EAS, and concluding with his last lecture at EAS in
2019, coincidentally our more recent in-person meeting, we will trace significant
developments and ideas that have led to the GC that we practice today. We will
compare and contrast thinking about stationary phases, sample introduction, gas
flows, detection and data analysis that began with pioneers such as McNair and
inform method development today. We will critically examine assumptions and ideas
that demonstrate that, while GC and EAS are now 60 years mature, they both have
a bright and exciting future.
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Using Mass Spectrometry to Probe Interactions at the Cell Surface
Catherine E. Costello, Boston University School of Medicine, Center for
Biomedical Mass Spectrometry, 670 Albany St., Rm 511, Boston, MA
02118
Communication between cells and between cells and their environment is largely
regulated by the interactions of biopolymers at the cell surface. Both proteins and
lipids are usually modified as they pass through the Endoplasmic Reticulum and the
Golgi before they are transferred to the cell surface, and some further processing
may take place even after they are positioned there. Mass spectrometry is a particularly valuable technique to probe these modifications and to correlate them with the
biological processes in which they take part. We are particularly interested in glycosylation but also investigate other cell surface interactions that underlie infection,
disease and development. Advanced methods for mass spectrometry analyses are
coupled with cell and tissue studies. Examples will be presented that include testing
of candidate anticancer drugs and other therapeutic interventions, as well as the
interactions that are involved in SARS-CoV-2 virus attachment and entry.
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Sixty Years of Liquid Chromatography: Instrumentation and
Columns
Ron Majors, ChromPrep Consulting, 253 Caleb Dr., West Chester, PA
19382
When HPLC was “discovered” nearly 60 yrs ago, it revolutionized analytical chemistry. Major developments seemed to occur almost yearly in ‘70s & early ‘80s, ranging from revolutionary to evolutionary. During the period, LC grew from a manual
large-particle, gravity-fed, large-bore glass column technique to an automated,
small-particle, high-pressure, narrow-bore stainless steel column technique. In
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HPLC development, column and instrument were intertwined--both playing pivotal
roles in increasing separation speed, efficiency and improving quantitation. In this
presentation, I will attempt to identify, with help of noted HPLC and Mass Spectrometry (MS) experts, developments that truly made a difference. On the instrument
side, I will provide key products that were first to be introduced to the market, not
necessarily best sellers, which paved the way for further developments. Originally, I
focused on top “10” but it would be remiss if I didn’t cover the “honorable mentions”
that set up competitive technologies allowing for more rapid improvements to move
HPLC forward. Improvements in hardware were followed by those in software not
only to operate instruments but to take output information and make it easier to obtain reliable data more quickly & accurately. Improvements in automation and detector technology such as diode array and mass spec came about along the way. HPLC
columns changed from larger to smaller sizes in particles and column dimensions.
Superficially porous particles had several rebirths along the way. Reversed phase
chromatography almost unknown at the onset quickly became to “go-to” mode in
most any application. Lots to discuss in 30 minutes.

MS/MS acquisition mode which enabled collection of quantitative high resolution full
mass spectral data and confirmatory HR MS/MS data in a single run. The method
provided excellent selectivity in both full MS and dd-MS/MS mode. Under optimized
collision energy settings, product ion spectra containing both precursor and two or
more product ions were obtained for most of the analytes. Limits of detection (LODs)
and limits of quantification (LOQs) for the method differed significantly for the examined matrices. LODs ≤ 10 µg kg–1 and LOQs ≤ 50 µg kg–1 were obtained for 48 to
81% of target compounds across five different matrices. With the exception of highly
polar analytes, the optimized QuEChERS extraction procedure provided acceptable
recoveries in the range 70–120%. The precision of the method, characterized as the
relative standard deviation (RSD, n = 5), was ≤ 25% and ≤ 18% at spiking concentrations of 50 µg kg–1 and 500 µg kg–1, respectively. The procedure was used to
examine commercial dietary supplements for the 96 analytes of interest.
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Characterization of PDE-5 Inhibitor Analogs by LC-TIMS-MS/MS
Artem Filipenko, Bruker Scientific, LLC, Travis Falconer, David Skelton,
United States Food and Drug Administration,
Travis Falconer, David Skelton, Birgit Schneider, Carsten Baessmann,
Karin Wendt, Bruker Daltonics
Undeclared PDE-5 inhibitors in dietary supplements marketed for enhancement of
sexual performance continue to pose a health concern. Manufacturers of such supplements may attempt to evade detection of the illegal ingredients by using analogs
of the PDE-5 inhibitors that have been approved for erectile dysfunction treatment.
Many such analogs have been reported, including multiple sets of isomers with
subtle structural differences that may pose a challenge for the analysis of potentially
adulterated supplements. Trapped ion mobility spectrometry (TIMS) was used in
conjunction with liquid chromatography (LC) and tandem mass spectrometry (MS/
MS) to separate and characterize several PDE-5 inhibitor isomers, revealing that
distinct regions of the molecules were responsible for chromatographic retention,
ion mobility, and fragmentation pattern. Two groups of PDE-5 inhibitor isomers were
studied: Group 1 consisted of acetildenafil, acetylvardenafil, and dimethyl acetildenafil; Group 2 consisted of dimethyl sildenafil, homosildenafil, propoxyphenyl sildenafil, sildenafil impurity A, and vardenafil. Solutions of these reference materials
were analyzed by reversed-phase LC-ESI-TIMS-MS/MS. Most co-eluting isomers in
both groups were readily separated by TIMS and yielded an experimental Collisional Cross-Sections (CCS) very close to the predicted values. The only pair of co-eluting isomers that was not separated by either LC or TIMS, could be distinguished by
MS/MS spectra. The results revealed that specific substructures of these molecules
determine whether they can be distinguished from one another by LC, TIMS, and/or
MS/MS, which is useful in the identification of analogs.

192

Characterization of Counterfeit, Adulterated, or Misbranded Dietary
Supplements by Atmospheric Solids Analysis Probe (ASAP) Mass
Spectrometry
Gene Hall, Rutgers University, Department of Chemistry and Chemical Biology, 610 Taylor Rd., Piscataway, NJ 08854, Yizhen Chen, Alexi
Ermakov
The United States is the world’s cesspool of dietary supplements. Anyone from
anywhere on planet Earth can dump their counterfeit, adulterated, or misbranded
dietary supplements onto the US marketplace without any pre-market approval.
The only requirement is self-policing under the US Code of Federal Regulations
(CFR) 21 CFR 111 in that the dietary supplements are manufactured under good
manufacturing practices (GMP). In addition, labeling requirements under 21 CFR
101.36 must be followed for declaring the contents of dietary ingredients declared
on the nutrition facts panel, i.e. the supplement facts panel. With the above in mind,
we developed a dip and stick nontargeted temperature program atmospheric solids
analysis probe (ASAP) workflow method that requires no sample preparation to
characterize dietary supplements. The dietary supplements specifically discussed
will be those supplying omega-3 fatty acids mainly eicosapentaenoic acid (EPA),
docosapentaenoic acid (DPA), and docosahexaenoic acid (DHA) from krill, fish,
or algae oil. We will show that more than 99% of the dietary supplements analyzed were either misbranded (wrong labels), adulterated (contained FDA approved
drugs), or counterfeit (were generic drug knockoffs). Details on optimization of the
ASAP method under atmospheric pressure chemical ionization using a corona pin
and different solvents acting as Bronstead acids to induce proton transfer will be
discussed. In addition, optimization of and calibration of the high-resolution mass
spectrometer will also be emphasized.
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Exciting Moments of Science in ICP-OES
Erica Cahoon, PerkinElmer, 710 Bridgeport Ave., Shelton, CT 06484
Since the 1970s the benefits of ICP-OES technology were obvious and applications
crossed numerous industries including: environmental, geochemical, metallurgical,
agricultural, pharmaceutical, petrochemical and many others. Shortly after scientists were able to maintain an induction plasma, the inductively coupled plasma
(ICP) source was generated by a high-power generator for analytical purposes. It
is common for analytical developments in science to take time before they are accepted by the scientific community, however, shortly after the development of the
ICP, publications quickly followed. There is no question that ICP-OES emerged as
a dominant analytical technique for the determination of trace to minor multielement
analysis. Early instruments where challenged by resolution and speed. However,
advancements in technology led to fast analysis times, improved resolution, and
detection limits, commonly at the part per billion level. These developments opened
the ICP-OES market to a variety of applications. This presentation will cover ICPOES applications from early stages to today.
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“What You Don’t Know CAN Hurt You!” High Resolution Mass
Spectrometry with DART and Ambient Ionization to Identify
Counterfeit and Adulterated Products
Robert Cody, JEOL, 11 Dearborn Rd., Peabody, MA 01960
Counterfeit or adulterated products present a huge problem for law enforcement
and consumer safety. The worldwide black market for counterfeit drugs alone is
estimated to be $200 billion. Ambient ionization mass spectrometry is a rapid and
highly informative tool to identify “problem” products. As early as 2006, DART mass
spectrometry was used for the detection of counterfeit drugs. Some of the published
applications of DART have included detection of adulterated olive oil, counterfeit
liquor and tobacco, and melamine added to milk powder. A comprehensive review of
applications of ambient ionization to food fraud was published in 2016. Counterfeit
or adulterated consumer products and dietary supplements can have dire consequences. In 2009, DART was used to identify the ingredients in dietary supplements
that resulted in the death of a woman in Thailand. DART and ambient ionization
have often revealed surprising ingredients. Synthetic antidiabetics, ephedrine, and
even erectile dysfunction drugs have been detected in herbal supplements. Synthetic cannabinoids were discovered in commercial cannabidiol formulations. A “workout supplement” analyzed in our own lab identified a dangerous mixture of legal and
banned stimulants. DART has also been applied to examine the relative potency of
herbal supplements, and to study the effect of preparation methods on traditional
Chinese medicine.
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Pushing the Boundaries of Pharmaceutical XRF
Sharla Wood, Bristol Myers Squibb, 1 Squibb Dr., New Brunswick, NJ
08901, Lydia Breckenridge
As sample matrices in the pharmaceutical industry evolve in complexity, so does the
growing need for solid analysis techniques. Analytical techniques that can be performed on solids are highly desirable owing to reduced sample preparation, reduced
consumption of solvents and reagents, and rapid analysis times. For many analyses
routinely performed in the pharmaceutical industry, including foreign matter investigations, synthetic chemistry process optimization, and elemental component characterization, the advantages of solid analysis techniques far outweigh the disadvantages to more conventional liquid-based techniques. X-ray fluorescence (XRF)
is one such solid analysis technique. Examples of the use of XRF as an alternative
to traditional approaches for metals and counter-ion analysis in a pharmaceutical
laboratory will be discussed, including XRF as an open-access tool for screening
of effective metal catalyst scavengers during the pharmaceutical development process and analysis of common counter-ions used in the synthesis and formulation of
pharmaceutical products. Case studies where XRF was used during foreign matter
investigations will also be presented.
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Analysis of Active Pharmaceutical Ingredients Found in Botanical
Dietary Supplements by LC-MS/MS and HRMS
Alex Krynitsky, Symbiotic Research, 4902 Cumberland Ave., Chevy
Chase, MD 20815
In this study, an ultra-high performance liquid chromatography–quadrupole-orbital
ion trap mass spectrometry (U-HPLC–Q-orbitrap MS) method was developed and
validated for simultaneous determination of 96 pharmaceuticals, plant toxins, and
other plant secondary metabolites in herbal dietary supplements. Target analytes
were extracted from samples using the QuEChERS (quick easy cheap effective
rugged safe) procedure. The instrument was operated in full MS–data dependent
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Looking for Laser-Induced Breakdown Spectroscopy Signatures
of Cancers and Neurological in Biomedical Fluids: Progress and
Challenges
Noureddine Melikechi, University of Massachusetts-Lowell, Olney
Science Center, One University Ave., Rm 524, Lowell, MA 01854
Cancer is a lethal disease that affects millions of people around the world. Despite
much effort and progress in cancer diagnosis and treatment, the human cost of
this disease remains very high. Alzheimer’s disease (AD) is a progressive incurable
neurodegenerative disease and is one of the main health problems in aging population. Currently available procedures for the early diagnosis of AD are inadequate
as they rely mostly on brain imaging and cerebrospinal fluid collection to detect
its pathological protein biomarkers. I will present progress made in the application
of laser-induced breakdown spectroscopy and multivariate analysis to classify and
differentiate biomedical fluid samples of cancerous and healthy controls, and of AD
and healthy controls. Although in its infancy and the challenges that it presents,
could lead to the development of rapid, unbiased, and minimally invasive techniques
for screening, early diagnose, and improve the management of cancer and neurological diseases.

of the principles and applications of diverse techniques and methods for the characterization of NBs on hydrophobic surfaces in water. The methods for visualization of
surface NBs can be divided into two categories: scanning probe microscope such
as atomic force microscopy (AFM) and non-invasive imaging by reflection, refraction
and transmission of light such as total internal reflection fluorescence technique
(TIRF), and liquid environmental transmission electron microscope (LETEM) and
transmission electron cryomicroscopy (CryoTEM). AFM can be used not only to
measure bubble size but also to generate the Young’s modulus, stiffness and other
physicochemical/electrochemical properties of NBs. For example, the combination
of AFM and scanning electrochemistry microscope (AFM-SCEM) enables quantitative assessment of local surface activity or reactivity with higher resolution of surface
mapping. TIRF has been used to detect and visualize the growth of the bubbles in
the direction normal to the substrate. Characterization of the surface bubbles will
provide essential evidence for the development and testing of new theories of NBs.
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Abstract withdrawn by the author.
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Application of Molecular Rotational Resonance for Rapid and
Direct Authenticity Analyses of Essential Oils
Alexander Mikhonin, BrightSpec, Inc., 770 Harris St., Ste. 104B,
Charlottesville, VA 22903, Donald Cannon, Reilly Sonstrom, Justin Neill
According to multiple recent studies, economically motivated adulteration is an
escalating problem in the essential oil industry. Conventional analyses capable
of essential oil composition profiling and authenticity verification include various
types and combinations of achiral and chiral gas chromatography (GC) and mass
spectrometry (MS). As essential oils often contain numerous isomeric species with
highly similar elution times and mass spectra, confident oil composition analysis
using conventional GC or GC-MS based methods can become a challenging and
time-consuming task. In contrast, molecular rotational resonance (MRR) spectroscopy provides unique spectral signatures for all types of isomers to enable their unambiguous identification and accurate quantitation directly out of essential oils within minutes. Regioisomers and diastereomers can be discriminated by MRR directly,
whereas the enantiomers can be resolved using an automatable chiral tagging technique. We present several case studies to demonstrate that MRR can directly detect
essential oil adulteration by means of compositional and chiral analysis capabilities,
available within a single instrument. In addition to its extraordinary isomer selectivity,
MRR implementation benefits include fast analysis, low operation costs, no sample
preparation, and little training required to operate an MRR instrument. As a result,
MRR can not only complement conventional techniques to provide an extra layer
of protection for consumers but also evolve into an alternative core method in the
natural product analysis field.
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Exposure to Geogenic Arsenic by Ancient Andeans: Determination
of Hair Arsenic in Mummies Using LA-ICP-MS
Dulasiri Amarasiriwardena, Hampshire College, 893 West St., Amherst,
MA 01002, Moheeb Ahmed, Bernardo Arriaza
Pre-Columbian Andeans, who practiced an intricate system of mummification of the
dead lived in the highly arid Atacama Desert on the northern tip of present-day
Chile. The drinking water and river water in this region is rich in leached geogenic
arsenic. Many of the mummies were found in these high endemic arsenic areas
within these river valleys. Hair can offer a unique archival record of past exposure
to toxic elements such as arsenic. The bulk of hair strand is composed of sulfur
containing protein called α-keratin. The purpose of this study is to investigate exposure to environmental As in antiquity by ancient Andeans (n =145) from three
river valleys (i.e. Lluta, Azapa and Camarones) using laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS). The single strand hair samples were
cleaned thoroughly, dried and mounted on a mounting tape before laser ablation.
The instrument was calibrated with pressed pellet certified reference human hair
standard (CRM GBW7601) and 14C was used as an internal standard. Triplicate,
1000 µm linear ablation scans were made along the medulla at the root, middle, and
distal end of the hair. The average accuracy for arsenic concentration measurement
was 7.5%. Children and old adults had the high level of As in hair. Results among
the burial sites in the Atacama Desert demonstrated that mummies from Camarones had the highest hair arsenic (average: 26.6 μg/g; range:1.0-117.2 μg/g; n=28),
reflecting the reported high arsenic concentrations found in the Camarones River
water which was likely consumed by the ancient Andeans.
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Analysis of Electromagnetic Adsorption of Novel Microwave
Responsive Catalysts for Water Treatment
Fangzhou Liu, New Jersey Institute of Technology, 132 Chestnut St.,
Kearny, NJ 07032, Wen Zhang
Microwave catalysis has increasingly been used for water treatment and disinfection
because of the heating and non-thermal (chemical) activity caused by the interaction between microwave irradiation and microwave-responsive materials. To develop chemically reactive microwave catalysis, the dielectric properties of the catalyst
materials and microwave absorption capabilities must be properly characterized
under different microwave frequency or power. In this study, V2O5/Co3O4@rGO
nanoparticles with different molar ratios were prepared as novel microwave responsive catalysts for water contaminant degradation (e.g., PFAS) and disinfection. The
microwave network analyzer (PNA-N5244A, Agilent, USA) was used to reveal the
key parameters of electromagnetic adsorption, such as complex permittivity, complex permeability, and reflective loss (RL), to analyze the microwave absorption
performance under different microwave irradiation. According to the equation of RL,
the materials with higher impedance matching values (Zin) absorb greater incident
electromagnetic energy. When Zin is close to 1, the microwave-absorbing materials
with certain molar ratios exhibited a minimal RL value. The more negative value
of RL, the better performance of its microwave absorption. This research will aid
in the comparisons and designs of V2O5/Co3O4@rGO catalyst series to develop
functional and durable microwave catalysis for chemical reactions.

Effect of Detection Mode and Draw-Out Lens Diameter on GC-MS
Analysis of Essential Oils Using Hydrogen Carrier Gas
Sara Japoni, Peak Scientific Inc., 19 Sterling Rd, Ste. 1, Billerica, MA
01862, Ed Connor, Iain Carrick, Carlos Fidelis
The qualitative and quantitative analysis of essential oils from plant material is often
conducted via gas chromatography coupled with electron impact mass spectrometry (GC-MS) using helium carrier gas and a standard 3mm draw-out lens. Here
we investigate essential oil analysis using hydrogen as an alternative carrier gas to
determine whether potential reactivity between hydrogen and analytes along with
lower reported sensitivity when using hydrogen for GC-MS analysis could be mitigated by changing the mode of data acquisition and/or diameter of the draw-out
lens within the MS ion source. By testing three different carrier gas flow rates, two
different draw-out lens diameters and two different modes of data acquisition we assessed the relative performance of hydrogen and helium carrier gas for essential oil
analysis. Results showed that samples analyzed using hydrogen carrier gas with a
6mm diameter draw-out lens and acquisition in Selected Ion Monitoring (SIM) mode
resulted in chromatogram peaks with similar signal-to-noise (S/N) ratios compared
with samples analyzed using helium carrier gas and a standard 3mm draw-out lens.
Furthermore, at optimal linear velocity, SIM detection of peaks resulted in improved
resolution using hydrogen carrier gas and a 6mm draw-out lens, compared with
helium carrier gas with a 3mm draw out lens. The results of this study show that researchers using GC-MS for volatile analysis can make relatively simple changes to
their GC-MS setup to overcome some of the difficulties that can be observed when
using hydrogen carrier gas for volatile analysis.
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Software-Assisted Chromatographic Method Development for
Characterization of Therapeutic Proteins
Szabolcs Fekete, Waters Corporation, CMU - Rue Michel Servet, 1
Geneva 4, 1211, Switzerland
Biopharmaceuticals, such as monoclonal antibodies (mAbs), antibody-drug-conjugates (ADCs) and other related products, are first-line medicinal tools in treating various immune-disorders, cancer and other rare «orphan» diseases. They have been
in the main focus of scientific interest and are recognized as one of the fastest-growing market segments of pharmaceutical business. Among others, these large mole-

Formation Detection and Stability Assessment of Nanobubble at
Solid-Liquid Interface during Membrane Bubbling
Shan Xue, New Jersey Institute of Technology, 132 Chestnut St.,
Kearny, NJ 07032, Taha Marhaba, Wen Zhang
Nanobubbles (ΝΒs) demonstrate unique physicochemical properties and potential
applications in engineering and health industries. However, it remains elusive why
or how NBs are stabilized in water and particularly, the behavior (e.g., nucleation,
growth, dissolution, and detachment) of NBs is difficult to measure due to the lack
of proper methodologies or instruments. This presentation will provide an overview

30

2021 EAS Abstracts

November 2021

cules can be characterized using traditional liquid chromatography techniques – reversed phase, ion-exchange and hydrophilic interaction chromatography. However,
as this molecule-class represent exceptionally sensitive, dynamic systems with
complex chromatographic behavior and inherent heterogenicity, sound analytical
characterization of these compounds becomes often a difficult, laborious work. Employing low-dispersion, bio-inert UPLC systems with newest generation of stationary
phases can benefit to reducing sample use, while increasing sample throughput
and improving overall method performance. Finding the best method condition,
however, can still remain a tedious task, which can be greatly alleviated by using
software-assisted modeling tools. Based on several intact antibody, sub-unit and
released glycan analysis case studies, merits of using both modeling software (DryLab) and modern instrumentation to achieve streamlined method development for
therapeutic proteins will be demonstrated. The presentation will also highlight several practical advantages, including (1) the automation of experiments, (2) systematic
comparison of different chromatographic columns and (3) studying the possibilities
of serially coupled columns for improved separation of large solutes. Finally, new,
state-of-the-art column formats, allowing for sub-minute protein separations in both
RP-, IEX-modes; and novel elution approaches – multi-isocratic and negative gradient segment – to maximize selectivity (to nearly infinite) will be discussed.

for each analyte was found more than 0.99. The reported method is precise, accurate, and robust in estimating active substances, preservatives, and impurities. To
the best our knowledge, the proposed method is the first report of a single stability
indicating HPLC method for the simultaneous determination of active substances,
preservatives and impurities in Acetaminophen, Chlorpheniramine Maleate OTC
syrup formulation throughout the product shelf-life
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The Importance of Titrations in Pharmaceutical Analysis: From the
Basics to the Modern Method
Kerri-Ann Blake, Metrohm USA, 9250 Camden Field Pkwy, Riverview,
FL 33578
Titration plays an important role in pharmaceutical analysis. Despite the recent attention given to chromatographic methods, several applications are only feasible by
titration, making it a fit-for-purpose method for many analytes. For example, distinguishing between carbonate and bicarbonate or monobasic and dibasic phosphate
salts can only be accomplished by titration. Another example for the importance
of titration in pharmaceutical analysis is water determination by Karl Fischer (KF)
titration. This technique is highly selective for water and sensitive enough to reach
to the ppm level. While the industry is already utilizing modern Karl Fischer titration
instruments, many USP monographs still refer to the manual visual endpoint titration
methods for other applications. Attend this session, to learn the benefits of converting to a modern, autotitration analysis method.
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Chemical Residual Analytical Method Development in
Biopharmaceutical R&D
Lee Oliver, GlaxoSmithKline, 709 Swedeland Rd., King of Prussia, PA
19406, Katie Carnes, Kaitie Grinias
The biopharmaceutical process is constantly evolving, and it is profoundly beneficial for any organization to optimize and increase total yield from the upstream
process. To facilitate this, certain components are added at various steps during
the protein expression process. These added compounds must be removed from
the final product. Chemical residuals are an underrepresented but diverse class of
compounds that are intentionally introduced or produced as byproducts during routine upstream biopharmaceutical process development. Residuals have temporally
beneficial functions including acting as reducing agents, surfactants, and cell aggregation inhibitors. A significant portion of chemical residuals are inherently toxic, and
a regulatory need exists to demonstrate residual clearance to ensure product safety.
This paper will highlight several qualitative and quantitative analytical methods for
chemical residual analysis were developed using such technologies as HPLC-UV,
HPLC-CAD, and SoloVPE. Methods were verified and qualified, permitting method
transfer to quality control laboratories for routine testing.
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Accurate Moisture Determination in Pharmaceutical Products
Kerri-Ann Blake, Metrohm USA, 9250 Camden Field Pkwy, Riverview,
FL 33578
The quality, efficacy, and shelf life of pharmaceutical products and ingredients often depend on water content. Karl Fischer titration is the prescribed technique for
measuring residual moisture content to monitor manufacturing, ensure samples are
within Pharmacopeial specification, and optimize freeze-drying processes for lyophilized products. Attend this session to hear applications experts explain special
techniques and reagent considerations when testing pharmaceutical samples for
moisture. Additionally, learn how to properly use standards and unique extraction
techniques to greatly improve the repeatability and accuracy of Karl Fischer titrations.
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Automating Calibrations for Optical Spectroscopy
Brian Rohrback, Infometrix, Inc., 11807 North Creek Pkwy S, Ste. B-111,
Bothell, WA 98011
This talk represents a summary of a multi-industry consortium established eight
years ago to re-evaluate how the calibration process in optical spectroscopy could
be managed more efficiently. The idea is to enable a shift from current practices
to approaches that take better advantage of the computational power and some
newer concepts supplied by research into machine learning algorithms. The result
is a solution that is not disruptive of any legacy instruments or software already in
place and lessens the workload rather than laying on additional requirements. The
approach uses all readily available components and can be assembled easily for
any specified purpose. The use of commercial components reduces the cost of
deployment and assembling pieces in a plug-and-play manner minimizes the impact
of any previous selections of hardware and software.
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Assessment of 250-mL Volume Vessels for Use in Biorelevant
Dissolution
Angela Hu, Bristol Myers Squibb, 1 Squibb Dr., New Brunswick, NJ
08903, Wei Chen, Xujin Lu
In-vitro biorelevant dissolution is an important tool used in drug development to predict in-vivo performance of drug products. As a part of an overall biopharmaceutics
development assessment, it speeds up prototype formulation screening, identifies
potential in-vivo/in-vitro relationships, and saves animal resources. Biorelevant dissolution normally use 250 mL of biorelevant media to simulate gastrointestinal fluids
in the body with current methods typically using 500-mL or 1-L sized vessels on an
USP 2 apparatus. Challenges has been encountered when in-situ UV-fiber optics
(UVFO) is used for the dissolution finish as conventional dip-in probes cannot be
placed in the medium due to the low level of medium in the vessel. When j-shaped
probes are placed under the paddle, however, the placement is inconvenient and
increases measurement variability. Recently, a 250-mL vessel has been accepted in
the Chinese Pharmacopeia and is now commercially available. These 250-mL Chinese Small Volume (CSV) vessels are designed for low dosage drug product applications. Straight dip-in probes can be easily placed above the paddle in these vessels with better repeatability. In this presentation, the adaptation of using the CSV
vessel for biorelevant dissolution analysis using prednisone tablets is demonstrated.
Further, Computational Fluid Dynamics (CFD) modeling was applied to compare the
hydrodynamics in the CSV and the USP 1-L vessels. CFD predicted stirring speeds
for the CSV vessels were evaluated and showed comparable biorelevant dissolution
profiles compared to USP 1-L vessels.
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Field Analysis of Low-Dose Fentanyl Mixtures by Portable IR
Kaitlin Farrell, University of New Haven, 300 Boston Post Rd., West
Haven, CT 07306, Anthony DiDomenico, David W. Schiering, Pauline E.
Leary, Brooke W. Kammrath, Koby Kizzire
Although used historically as a powerful pain reliever, fentanyl has recently become
extensively abused. The availability of fentanyl in street samples poses a risk to
users and to law-enforcement personnel who are responding to scenes of illicit manufacture, selling, or overdoses. The availability of fentanyl in pressed tablets poses
a unique issue, as it is commonly present in very low amounts (~1%) and therefore
not easily identified by traditional field means. Due to this, a need to develop more
effective methods of analysis has arisen. This research was conducted by making
and analyzing mixtures of various percent compositions of fentanyl in additives,
ranging from 50% to 1% (w/w) fentanyl in combination each with acetaminophen,
lactose, mannitol, and heroin. Each mixture was analyzed on a next generation portable infrared (IR) spectrometer equipped with a diamond internal reflection element
(IRE) for attenuated total reflection (ATR) analysis. Fentanyl was identifiable down
to 1% (w/w) in sugar mixtures using this new portable IR spectrometer. The major
fentanyl peaks overlap with those of acetaminophen, preventing detection at low
levels, and therefore requires extraction. Two base-extraction protocols were evaluated using the 1% (w/w) fentanyl with acetaminophen: (1) 1N sodium hydroxide
and chloroform and (2) 1N sodium hydroxide and hexane. Both extraction methods
were able to remove all detectable acetaminophen and enable easy identification of
low-dose fentanyl base. This research demonstrated that portable IR spectroscopy
is a valuable tool for law enforcement and other first responders for the field identification of low-dose fentanyl mixtures.
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Simultaneous Estimation of Acetaminophen, Chlorpheniramine
Maleate, Methyl Paraben, Propyl Paraben, Sodium Benzoate and
their Related Impurities in Over-the-Counter Syrup Formulation
Ashok Kumar Palakurthi, Aurex Laboratories LLC, 10 Lake Dr,
Hightstown, NJ 08520, Thirupathi Dongala
Acetaminophen, chlorpheniramine maleate syrup is an over-the-counter non-compendial syrup dosage form. Compendial monograph methods are not available for
this product. Therefore, a single stability indicating method for the estimation of
acetaminophen, chlorpheniramine maleate and possible degradation products has
been developed and validated. The chromatographic separation was achieved on
Phenomenex Phenyl hexyl, (150 * 4.6) mm, 5.0µm HPLC column and the detection
was made at 225nm with a flow rate of 1.0 mL min 1. The correlation coefficient (r)
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Targeted Raman Analysis of Nasal Sprays
Sarah Shidler, Renishaw Inc., 1001 Wesemann Dr., West Dundee, IL
60118, Lucy Grainger, Tim Prusnick
Raman spectroscopy is a highly powerful, non-contact, non-destructive technique,
ideal for determining the identity of small organic and inorganic particles. With a
Raman microscope system, particles on the order of 1 µm can be quickly identified
using their spectroscopic signature and comparison to reference spectra or library
databases. Recently, new guidance has brought attention to the importance of
counting and identifying the particulate matter present in pharmaceutical injections
and parenteral infusions. One of the methods described is the Microscopic Particle
Count Test for particles deposited on a filter. Raman microscopy is an ideal method
for finding and characterizing small, nonmetal, particulates that are deposited on
filters or on a slide and can provide both the physical characteristics of the particles
along with the material identification. In this presentation we will discuss new software capabilities for the automation of a workflow to characterize small particles of
API in nasal sprays. Dark field and polarized light microscopy were used to identify
the particle locations via image analysis. The Raman spectra were then collected
from the particles of interest. The identified pharmaceutical ingredients can then be
characterized according to their physical characteristics as well as material identification. We also compare the results generated from collecting a Raman image versus the targeted approach of collecting single Raman spectra from particles meeting
certain size and morphology criteria.

The Nitrogen-Vacancy Center in Diamond: A Magnifying Glass to
See the Invisible
Carlos Meriles, Center for Discovery and Innovation, CUNY - City College of New York, 85 St. Nicholas Terrace, New York, NY 10031
Over the last decade, color centers in wide-bandgap semiconductors have emerged
as versatile nanoscale probes of exquisite sensitivity. Arguably the most representative example is the nitrogen-vacancy (NV) center in diamond, a paramagnetic
system whose spin can be readout optically through the use of laser pulses. Here,
we review some of the principles guiding NV-based sensing, with emphasis on spinbased magnetometry. We focus on spin-enabled scanning microscopy – where the
NV sits at the apex of an AFM tip – and discuss recent applications to material
sciences including nanoscale measurements of thermal conductivity under ambient
conditions and the observation of the superconductor-insulator transition in high-Tc
nanostructures.
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Electron Spin Control for Improving the Spatial Specificity and
Sensitivity of NMR
Claudia Avalos, New York University, 32 Waverly Pl., New York, NY
10003
In this presentation I will review advances in the detection of surfaces and interfaces with NMR and how some of these methods have been applied in analytical
chemistry. In particular, I will discuss methods of electron spin control in the context
of cross-effect dynamic nuclear polarization (DNP), nitrogen-vacancy (NV) center
magnetometry and molecular design.
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UVVIS Simplification in Regulated Environments
Neil Schaefer, Mettler Toledo, 660 Ocean Ave., Apt. 326, Revere, MA
02171
Quality control workflows in regulated environments are often complicated by adherence to regulatory requirements which dictate instrument validation, data collection,
and data integrity. METTLER TOLEDO can aide in the clarification and simplification
of these workflows in UV/VIS validation. Here, workflows are outlined and critical
points for adherence to USP and 21 CFR 11 compliance are highlighted. With simple and sophisticated solutions for instrument qualification, SOP adherence, and
data integrity, METTLER TOLEDO can help any lab to work more efficiently and
effectively. Specific topics to be highlighted are: automated UV/VIS instrument qualification according to USP for stray light, wavelength range, wavelength accuracy,
photometric accuracy, photometric linearity, and resolution; measurement UV/VIS;
and compliance to 21 CFR 11 for collected results on UV/VIS and other laboratory
instruments.
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Enhancing the ‘Vision’ of NMR Spectroscopy by Dynamic Nuclear
Polarization
Songi Han, University of California - Santa Barbara, Mesa Road, Dept.
of Chemistry and Biochemistry, Santa Barbara, CA 93106
My group uses advanced magnetic resonance tools and precise manipulation and
detection of electron and nuclear spin probes located on biomolecular and materials
surfaces to uncover their design rules for molecular recognition, including the surface structuring and dynamics of hydration water. Visualizing molecular interactions
and materials interfaces, previously “invisible”, fundamentally transform our ability
to discover solutions, and almost as importantly, ask new questions. The study of
local features at the nanometer and sub-nanometer scale is achieved through the
use of strategically placed or intrinsically located electron spin probes and sites, and
orders of magnitudes in NMR signal enhancements, achieved through the polarization transfer from the electron spin probes to the surrounding nuclear spins, relying
on processes broadly termed dynamic nuclear polarization (DNP). I will present conceptual and hardware tools of DNP-amplified nuclear magnetic resonance (NMR)
and electron paramagnetic resonance (EPR). I will also discuss applications of DNP
and other advanced magnetic resonance tools to decipher the mechanism behind
the assembly, precise stacking and propagation of fibrils made of the protein tau;
the molecular underpinning of this process considered a hallmark of many neurodegenerative diseases.
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An Embarrassment of Riches: Developing Potency Assays for a
Diverse Biologics Portfolio
Scott Umlauf, AstraZeneca, One MedImmune Way, Gaithersburg, MD
20878
While the diversity of product formats in the portfolios of modern Biotechnology
and Pharmaceutical Companies is a boon for patients and sales, it can present
challenges for Bioassay Departments that support clinical development and commercial implementation. Product candidates in current biologics pipelines include:
mAbs, fusion proteins, viral vectors, nucleic acids, and cell therapies. While the
principles and regulatory requirements of developing, validating and transferring
MOA-reflective assays are substantially the same for different product modalities,
unique aspects of the product types can require broad skill sets and knowledge as
well as different types of equipment, including appropriate EH&S controls. A survey
of common, and not so common, product formats, reveals opportunities for both
adaptable “platform” approaches as well as control system strategies that are tailored to specific product categories. In addition to the challenges of a broad portfolio,
case studies show advantages and disadvantages of different method types with
regard to CQA coverage, complexity, robustness, regulatory acceptance and “QC
friendliness”.
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Characterization of mRNA Based Vaccines
Huijuan Li, Moderna, 2 Moderna Way, Norwood, MA 02062
No abstract submitted by the author.

Still Looking for Ways to Make Raman Spectroscopy Relevant
Fran Adar, HORIBA Scientific, 20 Knightsbridge Rd., Piscataway, NJ
08854
The environment of an instrument manufacturer in which I work is quite different
from an academic position, because our work is usually initiated by the interest of
a scientist acquiring a piece of equipment. The innovation of my work evolved from
the use of a new technology – the Raman microscope, which had had very few successful applications reported before I started. In this talk I will briefly survey some of
the applications that I opened up, but will focus more on current topics of research.
In the first case I will discuss how Raman microscopy can be useful in analyzing
extractables and leachables from polymer containers used by the pharmaceutical
industry, which will be the additives used to engineer the polymeric properties. I will
show some results of a study done in collaboration with Mark Witkowski, one of the
other speakers in this session. The second topic that I will discuss will be the use of
2D-COS analysis of the crystallization of PHA (polyhydroxyalkanoate) polymers, a
collaboration done with Isao Noda, another speaker in this session. These polymers
are being developed because their biological source avoids petroleum, and they are
biodegradeable. But because the successful final use of these materials depends
on their crystallinity, I will show how the 2D-COS algorithm, working on spectra
including the low frequency region, provides information on the crystallization process, enabling the manufacturer to produce product fit-for-purpose.
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Use of Novel and Platform Analytical Technologies for Rapid
COVID-19 Vaccine Development
David Cirelli, Pfizer, 875 Chesterfield Parkway West, Chesterfield, MO
63017
No abstract submitted by the author.
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Studies of Excited Protein Conformational States by Solution NMR
Lewis Kay, University of Toronto, 27 King’s College Circle, Toronto,
Ontario M5S 1A1, Canada
No abstract submitted by the author.

Extracting More Information from Spectra Using Two-Dimensional
Correlation Analysis
Isao Noda, University of Delaware, 201 DuPont Hall, Newark, DE 19716
Generalized two-dimensional correlation spectroscopy (2D-COS) has gained wide
popularity in both academic and industrial laboratories since its innitial intoroduction
almost three decades ago. This versatile spectral data analysis technique is nowadays used in so many different fields, including inorganic and organic chemistry, life
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science and medicine, as well as polymers and materials science applications. In
2D correlation spectroscopy, spectral maps defined by two independent variables,
such as Raman shifts, are generated by applying a form of cross correlation analysis to the variations in spectral intensities induced by an external perturbation, such
as temperature, pressure, concentration, or even electromagnetic field. Notable
features of 2D correlation spectra are: the simplification of complicated spectra consisting of many overlapped peaks, enhancement of spectral resolution by spreading
peaks over the second dimension, and establishment of unambiguous assignment
through correlation of bands selectively coupled by various interaction mechanisms.
Subtle spectral features not apparent in the original set of 1D spectra often become
observable. In this presentation honoring Fran Adar for receiving her Gold Medal Award, some classic examples are discussed first, where useful information is
indeed extracted from spectral datasets using 2D-COS as an essential tool. They
include: the different responses of submolecular moieties within a same polymer
structure undergoing mechanical deformation; intricate structural evolution of associated aliphatic alcohols upon heating; and orientation dynamics of liquid crystal
in an electric field. Finally, the applications of 2D-COS toward the in-depth analysis
of bioplastics, which this presenter has been involved over 30 years, is discussed.

incorporated into diagnostic assays to detect disease-related biomarkers. However,
despite the technique’s many positive attributes its is often overlooked in point-ofcare (POC) diagnostics, which favor colorimetric, electrochemical, or fluorimetric
approaches. In our lab, we are taking a holistic approach to SERS assay development and its incorporation into POC devices. In this talk, I will describe my vision
for SERS usage at the POC and give some examples of how we are developing
diagnostic devices to detect emerging nucleic biomarkers associated with cardiovascular diseases, HIV, and pre-eclampsia.
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Targeting the Oncogene HPV16 E7 with Affibody Molecules in Head
and Neck Cancer
Sheryl Roberts, Memorial Sloan Kettering Cancer Center, 171 E 89th
St., Apt. 9B, New York, NY 10128, Cien Huang, Tara Viray, Thomas
Reiner, Kishore Naga Vara Pillarsetty
Cancers associated with the human papillomavirus (HPV), including oropharyngeal,
anal canal, cervical, and vulvar carcinomas are responsible for 5% of all cancers.
HPV-positive patients are strongly correlated with superior outcome than HPV-negative patients. E7/E6 are known potent drivers of malignancy and expression exists
in patient with head and neck squamous-cell carcinomas of (HNSCC). HPV16/18
subtypes are high-risk, detected in 26% of all HNSCC. Hence, oncogene E7/E6 with
HPV16/18 subtypes is a valuable biomarker for non-invasive imaging and potential
therapy. Here, we introduce a novel E7-specific affibody (HPV16 E7-affibody) for the
fluorescent imaging of HPV-positive HNSCC. To synthesize the affibody, we cloned
the genes into pET21b(+) plasmid, transformed, expressed and purified the recombinant protein using bacterial expression system with excellent yields of ∼50 mg/L of
culture. We confirmed purity with HPLC (>99%). In vitro studies showed uptake in
HNSCC cell lines but not HPV-negative cell lines which were blockable (20×). This
represents the first step towards the development of companion imaging agents for
HPV-positive HNSCC..
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Forensic Sample Analysis Using Optical Microscopy and Raman
Spectroscopy
Mark Witkowski, United States Food & Drug Administration, Office of
Regulatory Affairs, Office of Regulatory Science, Forensic Chemistry
Center, 6751 Steger Dr., Cincinnati, OH 45237
The U.S. Food and Drug Administration (FDA) is responsible for the regulation of
many different products including foods, pharmaceuticals, biologics, medical devices, and cosmetics. As a result, the types of samples submitted to the FDA’s Forensic
Chemistry Center (FCC) for analysis are very diverse. The different types of analyses performed at the FCC include tampering examination, suspect counterfeit and
unapproved products analysis, diversion analysis, product adulteration, analysis of
illegal medicines, and analysis of unknown materials. Due to the complex nature of
many of these samples, the FCC uses a multidisciplinary approach utilizing many
different types of instrumentation, methods, and expertise. Two techniques which
are used in the analysis of many of these samples are optical microscopy and vibrational spectroscopy. Optical microscopic techniques, stereo light microscopy (SLM)
and polarized light microscopy (PLM), can be used to effectively characterize a
sample (e.g., number of particle types, particle morphology). It can also be used to
help the analyst physically separate material from a matrix or help highlight areas
for further analysis. Vibrational spectroscopic techniques, Fourier transform Infrared (FT-IR) and Raman, provide unique chemical information to help determine the
composition of a sample. Combined the techniques can provide the analyst with
a very powerful way to characterize and identify materials. This presentation will
discuss the use of optical microscopy and Raman spectroscopy and how both techniques have been used over the years at the FCC to analyze different sample types.
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Stimulated Raman Scattering (SRS) Imaging: The Next Frontier of
Light Microscopy
Wei Min, Columbia University, Department of Chemistry, 3000 Broadway, New York, NY 10027
All molecules consist of chemical bonds, and much can be learned from mapping
the spatiotemporal dynamics of these bonds inside cells, tissue and animals. Since
its invention in 2008, stimulated Raman scattering (SRS) microscopy has become
a powerful modality for imaging chemical bonds with high sensitivity, resolution,
speed and specificity. The past dozen years have witnessed the blossoming of SRS
microscopy, where advances in both optical instruments and imaging probes have
found broad applications in life sciences. Here I will present the exciting development in our group along single-molecule vibrational imaging, metabolic imaging in
animals, and super-multicolor tissue imaging and cell profiling [1-5].
References:
[1] L. Wei, Z. Chen, L. Shi, R. Long, A. V. Anzalone, L. Zhang, F. Hu, R. Yuste, V.
W. Cornish and W. Min. “Super-multiplex vibrational imaging”, Nature, 544, 465
(2017).
[2] F. Hu, L. Shi and W. Min. “Biological imaging of chemical bonds by stimulated
Raman scattering microscopy”, Nature Methods, 16, 830 (2019).
[3] L. Zhang, L. Shi, Y. Shen, Y. Miao, M. Wei, N. Qian, Y. Liu and W. Min. Spectral
tracing of deuterium for imaging glucose metabolism. Nature Biomedical Engineering, 3, 402 (2019).
[4] H. Xiong, L. Shi, L. Wei, Y. Shen, R. Long, Z. Zhao and W. Min. Stimulated Raman excited fluorescence spectroscopy and imaging. Nature Photonics, 13, 412
(2019).
[5] C. Chen, Z. Zhao, N. Qian, S. Wei, F. Hu and W. Min. “Multiplexed live-cell profiling with Raman probes”, Nature Communications 12, 3405 (2021).
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Application of Raman Spectroscopy for Advanced Materials
Sergey Mamedov, HORIBA Scientific, 20 Knightsbridge Rd, Piscataway,
NJ 08854
The structure of metal oxide nanopowders and 2D materials are examined in Raman scattering. Raman scattering shows that the band’s peak and width are very
sensitive to the local structure. Besides, phonons’ behavior at the nanoparticles
boundary strongly depends on the particle size and is critical in creating efficient
material. For TiO2 nanopowders, the Raman peak at 142.9 cm-1 shifted to a high-frequency region with a decrease in the nanoparticles’ size and became asymmetric.
Nanopowders of Y2O3 show only a broadening of the main peak at 377.6 cm-1 with
a decrease in the size of particles, but no shift of this band is observed. The Raman
bands of WO3 show different behavior. Bands at 270.4 cm-1 and 715.7 cm-1 shift
to high energy but the band at 805.8 cm-1 shifts to low energy while the position
of the bands at 131.6 cm-1 and 237.3 cm-1 remains unchanged. The model of phonon confinement was used to describe the experimental data. As2S3 is a layered
crystal with a similar structure to the metal chalcogenides, such as MoS2. In such a
crystalline structure, the molecular unit is extended in two dimensions indefinitely.
Experimental data show strong polarization dependence of Raman bands in the ac
plane for internal mode. It is critical evidence for the dominance of layer symmetry. It
was found that for MoS2, there is a difference in low-frequency mode between a few
layered materials and a crystal. The data are discussed in the frame of the model
with weak interlayer interaction.
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Phosphorescent
Metalloporphyrins
for
Monitoring
Skin
Oxygenation during Hyaluronic Acid Induced Vascular Occlusion
Haley Marks, Massachusetts General Hospital / Harvard Medical
School, 149 13th St, Boston, MA, 02129
Improper injection of hyaluronic acid (HA) dermal fillers can lead to vascular compromise and complications have become increasingly prevalent as filler popularity
rises. Currently there are no formal training requirements to administer filler and
without a proper understanding of facial anatomy, HA can unintentionally be injected
into the vasculature, causing ischemia, necrosis, infection, or in severe cases, blindness. Tissue oxygen and perfusion monitoring may assist in predicting the onset of
a facial ischemia during soft tissue augmentation and help to mediate complications
from improper HA injection. We evaluated optical monitoring methodologies in a
rabbit model, where vascular occlusion was induced in each ear’s outer marginal
artery upon injection of 0.25 cc HA filler (Juvaderm). After a 3 hours, 750 IU hyaluronidase was injected to reinstate perfusion. The occlusion and reperfusion events
were monitored via transillumination imaging, infrared thermal imaging (FLIR), stO2
hyperspectral imaging (Hypermed), and a novel oxygen-sensing phosphorescent
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SERS-Based Biosensing at the Point-of-Care
Samuel Mabbott, Texas A&M University, Health Technologies and Innovations Building, 600 Discovery Dr., 3006 TAM, College Station, TX
77843
Surface-enhanced Raman scattering (SERS) is an extremely sensitive spectroscopic technique that combines nano-roughened substrates with Raman scattering
to significantly enhance analyte-associated vibrations. SERS has been successfully applied to the study of biological and chemical systems and has even been
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bandage to assess skin oxygen partial pressure (pO2). The FLIR images revealed
a decrease in skin temperature while the Hypermed visualized a decrease in blood
oxygenation within ten minutes post-occlusion. However due to the heterogeneity
of the vasculature and the low resolution of both devices, regional temporal quantitative analysis was not informative. The phosphorescent bandage was sensitive to
regional changes in local tissue oxygenation, and proved robust in its flexibility, thermal stability, humidity insensitivity, and photostability. Phosphorescence was visible
by eye and quantified using a DSLR camera, demonstrating a cost effective means
for monitoring HA filler-induced vascular occlusion.

introduce liquid samples from microtiter plates into the mass spectrometer through
an open port interface (OPI), it is now possible to achieve the ultrahigh throughput
(1 second/samples) and adequate data quality required by early discovery screening applications. In this presentation, we report the evaluation and implementation
of a prototype acoustic ejection mass spectrometer as an ultrahigh-throughput, label-free detection method for parallel synthesis, HTS and HT-ADME in drug discovery.
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References:
[1] M. W. Dong and K. Zhang, UHPLC in method development, Trend in Anal.
Chem. 63, 21-30, 2014.
[2] M.W. Dong, A Three-Pronged Template Approach for Rapid HPLC Method Development, LCGC North Am. 31(8), 612-621, 2013.

Micro Sampling Applications for THC: Multi-Dimensional LC/MS/
MS Analysis of Dried Plasma Spots vs. LC/MS Screening of Breath
Samples
Jack Henion, Henion Enterprises, 435 Iradell Rd., Trumansburg, NY
14886, Changtong Hao, Peter Stambeck, Olof Beck
Tetrahydrocannabinol (THC) can be measured in a variety of biological matrices.
These include blood/plasma, urine, oral fluids, breath, and hair. The chemical complexity of these matrices as well as the need to detect and quantify trace level constituents challenges our ability to develop simple, rapid analyses. Hence there is
developing interest in effective analytical methods for clinical as well as forensic
analysis of biological samples for cannabinoids and in particular tetrahydrocannabinol (THC) due to its known psychoactive effects. Sample collection is a challenge
for blood collection because subjects do not enjoy needle venous puncture which
also requires a licensed phlebotomist. Micro sampling to collect dried blood spots
(DBS) led us to the collection of dried plasma spots (DPS) which circumvents some
of the issues of hematocrit with whole blood common to DBS. In this presentation,
a description of a novel dried plasma spot card made via 3D printing will be shown
along with the fully automated direct elution of the dried plasma spot with multi-dimensional LC/LC/MS/MS for the quantitative determination of THC in the finger
prick of known marijuana smokers. An alternative, simpler approach for the determination of THC in marijuana smokers is the collection of exhaled breath followed
by the SIM LC/MS analysis of an ethanol extract of the breath aerosol in a novel
second-generation breath collection device. This approach may offer a potentially
attractive method for monitoring drivers under the influence of post-marijuana smoking via a mobile laboratory.
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A Novel Multi-Segment Gradient Generic HPLC Method Strategy for
New Chemical Entities
Michael Dong, MWD Consulting, Cranbury Rd, Norwalk, CT 06851
HPLC method development is an arduous and time-consuming process. It is particularly challenging for stability-indicating methods to support the early development
of new chemical entities (NCEs) when a cocktail sample containing all the impurities and degradants is generally unavailable. “Wouldn’t it be nice if one single
generic method can be used to support multiple new drug candidates?” Advances
in HPLC column technology and compact mass spectrometry have recently turned
this dream scenario into a potential reality. This presentation will describe a 2-minute generic reversed-phase method that works well for cleaning verification of multiple NCEs and providing a helpful starting point for the development process of
ICH-compliant stability-indicating assays. This approach is particularly useful during
early-phase drug development when a reasonable HPLC method is needed to evaluate forced degradation studies. The rationales in selecting the column and operating parameters are presented with the strengths and limitations of this generic
approach. A case study on applying this strategy for a complex NCE with multiple
chiral centers is described.

On-Line UHPLC as PAT for Continuous Process Development and
Manufacturing
Grace Russell, Snapdragon Chemistry, 300 2nd Ave., Waltham, MA
02451
Reliable reaction sampling is known to be challenging due to the wide range of reaction conditions such as temperature, pressure and the physical nature of the mixture
which causes data collected from organic reactions to be inconsistent or inaccurate.
These obstacles make developing a method for reaction analysis and optimization
non-trivial. At Snapdragon Chemistry we have created a system for both traditional
batch and continuous flow reaction sampling that is compatible with a wide range of
reaction conditions allowing reliable sampling and optimization.

New Chromatographic Approaches to Small Molecule
Pharmaceutical Analysis
James Grinias, Rowan University, 201 Mullica Hill Rd., Glassboro, NJ
08028, Samuel Foster, Sangeeta Kurre, Michelle Pham, Deklin Parker,
John Boughton, Joshua Davis, Christopher Piccolo, Kyle Morrow, Dylan
Winkens
The importance of UHPLC in pharmaceutical analysis continues to grow, although
many applications still rely upon outdated column/instrument technology that is
slow and generates larger amounts of chemical waste. In this presentation, technical strategies designed to reduce the cost and/or volume of various aspects of
pharmaceutical workflows will be described. Compact liquid chromatography instrumentation that utilizes capillary-scale columns enables effective analysis with
a 1000-fold reduction in solvent consumption relative to standard HPLC methods.
This methodology has been applied to impurity, metabolite, and dissolution testing
in both over-the-counter and prescription analgesic drugs. Progress towards coupling this compact instrumentation directly to reagent flasks for real-time synthetic
reaction monitoring will also be described. Automated workflows have simplified
many of the aspects related to pharmaceutical drug testing. However, most commercial platforms are extremely expensive and require significant laboratory space.
The advent of open-source microcontrollers and single-board computers, along with
low-cost robotic hardware enabled through the expansion of 3D printers, has provided an opportunity for simplified systems that are smaller and more affordable. An
autosampling mechanism, various pumping strategies, an antibiotic screening tool,
and open-source approaches to components of chromatographic separations have
all been designed and will be presented.
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Road to Laboratory of the Future with Integration of PAT into
Modular Flow Platform
Frederic Buono, Boehringer-Ingelheim Pharmaceuticals, 900 Ridgebury
Rd., PO Box 638, Ridgefield, CT 06877
To enable the implementation of flow chemistry processes to produce pharmaceutical intermediates in large scale, process analytical techniques (PAT) were integrated to our process development. The integration of these analytical techniques into
our reactor set-ups enables the characterization of the intermediates and products
of reaction, and facilitates the optimization of the reaction conditions of the process
in real-time. For example, FT-IR was used as a convenient, specific, inline monitoring technique to obtain kinetic data and to get a more complete process understanding through kinetic analysis. By combining continuous flow reaction screening
with design of experiment and process analytical tools, we were able to rapidly
develop processes on multikilogram scale for several chemical reactions. For these
examples, specific kinetic experiments were designed to get a better understanding
of mechanistic pathways and the operational parameters range, as well to demonstrate the benefits of running the processes in flow mode vs. batch mode on pilot
plant scale.

232

Ultra-High-Throughput Analysis in Drug Discovery Using Acoustic
Ejection Mass Spectrometry
Wilson Shou, Bristol Myers Squibb, Route 206 & Provinceline Rd.,
Princeton, NJ 08543
High-throughput and ultrahigh-throughput (seconds/sample) analysis by mass
spectrometry is desirable in many areas in early drug discovery where thousands
of samples can be generated daily. These areas include the reaction monitoring
of synthetic molecules from micro- or nano-scale parallel chemistry, the readout
for high-throughput screening (HTS) assays that are intended to identify active
compounds against therapeutic targets of interest, and the sample analysis for
high-throughput absorption, distribution, metabolism, and elimination (HT-ADME)
assays to optimize drug-like properties of discovery compounds. Traditionally, liquid
chromatography – mass spectrometry (LC-MS) approaches are commonly used
to support the sample analysis of these areas. However, they typically have slow
cycle times (minutes/sample) and struggle to meet the throughput requirement of
these assays. By using a novel approach that employs acoustic ejection to directly
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Deep Dive into Optimization of PAT for a Continuous Direct
Compression Platform
Elyse DiMaso, Bristol Myers Squibb, 1 Squibb Dr., New Brunswick, NJ,
08901, Dongsheng Bu, Kevin Macias
Process development is on-going for a continuous direct compression platform at
BMS to increase process robustness with a leaner system. Real-time assurance
provided through process analytical technology is a key part of process development and deployment. At the core of the PAT strategy is a near infrared spectrometer (NIR) that measures blend potency prior to compression. This presentation will
explore issues encountered during method development and potential solutions to
ensure PAT readiness for continuous manufacturing process development.
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Sampling Optimization for Blend Monitoring of a Low Dose
Formulation in a Tablet Press Feed Frame Using Spatially Resolved
Near-Infrared Spectroscopy
Andreas Roman, Rutgers University, 98 Brett Rd., Piscataway, NJ 08854,
Yukteshwar Baranwal, Jingzhe Li, Jenny Vargas, Benoît Igne, Simon
Bate, Davinia Brouckaert, Fabien Chauchard, Rohit Ramachandran,
Ravendra Singh, Douglas Hausner, Fernando Muzzio
In-line measurements of low dose blends in the feed frame of a tablet press were
performed for API concentration levels as low as 0.10% w/w. The proposed methodology utilizes the advanced sampling capabilities of a Spatially Resolved Near-Infrared (SR-NIR) probe to develop Partial Least-Squares calibration models. The
fast acquisition speed of multipoint spectra allowed the evaluation of different numbers of co-adds and feed frame paddle speeds to establish the optimum conditions
of data collection to predict low potency blends. The interaction of the feed frame
paddles with the SR-NIR probe was captured with high resolution and allowed the
implementation of a spectral data selection criterion to remove the effect of the paddles from the calibration and testing process. The method demonstrated accuracy
and robustness when predicting drug concentrations across different feed frame
paddle speeds.

sexual assaults and missing persons. By visiting the details in a few case studies,
we will unlock information about how the sensitivity of DNA testing continues to
improve and how next generation sequencing will advance the forensic field in the
upcoming years.
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The Role of Analytical Chemistry in Forensic DNA Analysis
John Butler, National Institute of Standards and Technology, Special
Programs Office, 100 Bureau Dr., MS 4701, Gaithersburg, MD 20899
Since its introduction in the mid-1980s, forensic DNA testing has played an important role in the criminal justice community through aiding conviction of the guilty and
exoneration of the innocent. Remains from missing persons and victims of mass
disasters have been re-associated and identified through linking reference samples
to recovered remains. New technologies are regularly introduced and validated to
expand the capabilities of laboratories working to recover DNA results from challenging samples with improved sensitivity and informativeness. Forensic laboratories have embraced automation for sample preparation and data interpretation in
order to meet increasing throughput demands. Short tandem repeat (STR) typing
with capillary electrophoresis continues to be the primary workhorse in forensic DNA
analysis although rapid DNA testing, next-generation sequencing methods and new
genetic markers have been used for specific applications. This presentation will
discuss the important role of analytical chemistry in forensic DNA analysis and review where the field of forensic DNA testing has come over the past 35 years and
where it is likely headed over the next decade. Challenges and opportunities that will
impact the future of forensic DNA methodology and interpretation will be explored
including the need for education and training to improve interpretation of complex
DNA profiles.
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The Use of Synthetic DNA in Forensic Science
Jillian Conte, MicroGEM, 1127 Gasparini Dr., Peckville, PA 18452
‘Touch DNA’ is commonly defined as the DNA from the skin cells left behind when
a person comes into contact with a surface. More recently, scientists have come
to learn that these ‘touch DNA’ samples are comprised of DNA from sources other
than skin cells and are better termed ‘low copy number DNA’ or ‘trace DNA’. Much
research has been done in comparing collection techniques and processing methods for trace DNA to determine which workflow produces the best DNA profile. Yet,
all studies have been limited by never knowing how much DNA or celled material
is deposited and/or collected in the first place. With large variations in depositing
trace DNA, one can never truly determine which methods are best. Synthetic oligonucleotides are double-stranded DNA fragments that are used commonly for gene
modification, genome editing, and qPCR standards. The product is purchased and
lyophilized upon arrival. Once reconstituted, the concentration can be calculated,
and thus, the number of copies of DNA is determined in a volume. Known concentrations of synthetic oligonucleotides provide the researcher a starting point to an
experiment that helps forensic scientists overcome a large limitation in trace DNA
research. This research aims to determine if synthetic DNA can be used to mimic
trace DNA for use in forensic research endeavors. Synthetic DNA recovery rates
from swabs and common forensic substrates will be presented.

242

Realtime and Retrospective Applications of MVDA/Empirical
Modelling
Cheryl Morris, Merck & Co., Inc., 770 Sumneytown Pike, West Point,
PA 19486
The primary goal of any Process Analytical Technology (PAT) group within an organization is to provide a means of measuring process parameters and critical
quality attributes (CQA’s) in a timely manner. This may be achieved via two main
avenues: 1) Analyzer-based PAT and 2) Multivariate Data Analytics (MVDA) platforms (real-time and retrospective process monitoring). Utilizing these two avenues
simultaneously provides a holistic approach towards process monitoring and understanding which in turn may provide insight into more efficient production controls,
with minimized in-line manufacturing cost. For the purposes of this presentation the
focus will largely remain on MVDA applications (both real-time and retrospective).
MVDA provides powerful, simple, fault detection and isolation, assuring batch consistency by preventing catastrophic faults. It allows for early alerting of potential
impending deviations which can result in saved batches – many impending deviations can be resolved before true deviations occur. MVDA tools provide a means
of intuitive, interactive real-time run charts which can simplify decision making and
also allows for merging of process parameter data and PAT analyzer data. This
means that in real time, MVDA may take into account interactions not only among
process parameters, but also among predicted outputs from PAT analyzers and
process parameters. These tools can be applied across a variety of applications/unit
operations in both the small and large molecule business areas and also vaccine
manufacturing. This presentation will demonstrate some examples of applications
of MVDA for real time process monitoring and approaches to leveraging MVDA for
retrospective investigational analysis.
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Achieving Total Weights of Evidence by Relieving Reliances on
Boundaries and Assumptions
Catherine Grgicak, Rutgers University, 315 Penn St., Camden, NJ
08505, Desmond Lun
Forensic DNA signal is notoriously challenging to assess, requiring computational
tools to support its interpretation. Over-expressions of stutter, allele drop-out, allele drop-in, degradation, differential degradation, and the like, make forensic DNA
profiles too complicated to evaluate subjectively. In cases where an overly narrow
number of contributors, n, range is assumed, the downstream strength of evidence
may be incomplete insofar as the evidence is evaluated with an inadequate set of
forensically relevant propositions. In response, Bayesian methods that evaluate the
A Posteriori Probability on n (i.e., APP(n)) have been developed. Bayesian methods
that determine an APP(n) are powerful tools since they can incorporate information
on peak heights (including degradation and differential degradation), forward and
reverse stutter, noise, and allelic drop-out, while being cognizant of allele frequencies in a reference population. In recent work, we implement, test and report effects
to the APP(n) when changing context and conditioning on an assumed contributor.
We found that the mode of the APP(n) distribution can shift to one greater when
compared with the circumstance where no contributor is assumed, and that occurred most often when the assumed contributor was the minor constituent to a DNA
mixture. Estimating APP(n), therefore, is an important addition to the forensic DNA
interpretation catalog since it not only provides information on probable n, but also
affords the ability to estimate weights of evidence across all relevant n and contexts,
while using the entirety of the signal.
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Visualizing UMAP for Data Compression and Classification
Barry M. Wise, Eigenvector Research, Inc., 196 Hyacinth Rd., Manson,
WA 98831, Manuel A. Palacios, Sean Roginski, Donal O’Sullivan
Uniform Manifold Approximation for Projection and Dimension Reduction (UMAP) is
getting increasing attention in the machine learning community. It is used both as a
visualization tool and as a dimension reduction tool. This dimension reduction is often used as a preprocessing step for classification. The mathematics involved in the
development of UMAP is beyond all but the most mathematically savvy. However, it
is possible to show how UMAP maps the original data space into its own embedding
space. This visualization helps users understand what UMAP is doing, even if they
don’t understand exactly how it gets there. This visualization is also useful going
forward when developing classifiers based on UMAP compression. We illustrate this
with several classification examples.
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A Forensic DNA Case Study - Past, Present, and Future?
Amber Carr, United States Federal Bureau of Investigation Laboratory,
2501 Investigation Pkwy, Quantico, VA 22135
Over the past year, due to COVID, the term PCR has made its way into everyday
casual conversation as a result of its use in testing for the coronavirus. However,
PCR has been part of every DNA scientist’s vocabulary and daily life for well over
twenty years. To understand where we are going in the field of DNA, we must take a
peek at both the progression of the science over the last two decades as well as the
advancements on the horizon with upcoming technologies. DNA evidence can hold
critical information in all types of cases ranging from bank robberies, homicides,
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ChemMLometrics. Perform. Repeat.
Brian Rohrback, Infometrix, Inc., 11807 North Creek Pkwy S, Ste. B-111,
Bothell, WA 98011
Doing a one-off research project can be very satisfying, but in industry the money is
made when the results of such a project can be placed into routine quality assessment. There is much discussion today revolving around machine learning and some
of this discussion has invaded the space that has been occupied by chemometrics
over the last few decades. There is a large overlap as these techniques are applied

35

2021 EAS Abstracts

November 2021

in instruments aimed at process quality control. To a large extent, any differentiation
will simply be a question of the jargon chosen. An on-line Stanford University class
on machine learning covers Principal Components Analysis, Principal Components
Regression, Partial Least Squares, K-Nearest Neighbor, and other mainstays of the
chemometrics toolbox. However, there are techniques that are new in the machine
learning realm that can be employed for targeted tasks, improving the traditional
chemometrics regime of supervised learning. The key is to narrow the focus for
each component in a system and to understand the extent to which you can control
the inputs. This talk highlights examples in optical spectroscopy calibration particularly for the identification of outliers, and in chromatography for both signal processing and the management of chromatographic libraries. The emphasis is to highlight
both the similarities and the uniqueness of machine learning and chemometrics and
show how they combine to form robust solutions for industry.

sonicating with varying times and steps. The peptides mixtures were then analyzed
by nanoLC-MS/MS using a NanoAcquity UPLC coupled with a QTOF Xevo G2 MS
and the raw data was analyzed using Mascot Daemon (v. 2.5) server. Both the protein score and type of protein found was taken into consideration with data analysis.
Variations in the parameters (digestion time, extraction time and volume, extraction
method, etc.) for protein digestion and peptide extraction allowed us to determine
which method is the fastest and the less labor-intensive and gives us acceptable
protein identification. This study is still underway.
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Investigation and Characterization of the Jumping Translocation
Breakpoint (JTB) Protein Using Mass Spectrometry Based
Proteomics
Madhuri Jayathirtha, Clarkson University, Box 5810, 8 Clarkson Ave,
Potsdam, NY 13699, Danielle Whitham, Devika Channaveerappa,
Costel C. Darie
Human JTB (hJTB) is a gene located on the human chromosome 1 at q21 which
is involved in the unbalanced translocation in various types of cancer. JTB protein
is ubiquitously present in normal cells and is found to be overexpressed in various types of cancer including prostate and breast cancer. Hence this protein could
be a biomarker for tumor malignancies and a potential target for their treatment.
However, the biological function and the pathway through which this protein causes
increased cell growth and proliferation is not entirely clear. Investigation and comparison of the proteomes of cells with upregulated and downregulated JTB can be a
good approach to understand the function of the protein and also its contribution to
tumorigenesis. In this study, MCF7 breast cancer cell lines were transfected with the
sense orientation of the JTB cDNA in HA, His and FLAG tagged CMV expression
vector as well as with shRNA plasmids. Proteins extracted from transient and stable
transfected cells were separated using SDS-PAGE. The expression of JTB was
confirmed by western blotting technique. In gel digested peptides were analyzed
by a Nano Acquity UPLC coupled with QTOF Xevo G2 Mass Spectrometer. Data
processing was done using Mascot 2.4 server and Scaffold 4.1 software. We found
several proteins that were dysregulated. Furthermore, we will do Immunoprecipitation to look at JTB protein interacting partners. These studies could help us elucidate the mechanism through which JTB induces cell proliferation and test the JTB
protein as a potential drug target for malignancies.
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Perspectives on the Interdisciplinary Nature of Chemometrics and
the Future of its Identity as a Discipline
Paul Gemperline, East Carolina University, The Graduate School, MS
570, Greenville, NC 27858, Maryanne Cuellar, Paul Trevorrow
Chemometrics as an identifiable discipline is about 45 years old. It is characterized
by its specialized jargon and distinctive mathematical methods. In the pioneering
years it was identified as a sub discipline of analytical chemistry. It experienced
rapid growth during the 1990’s and 2000’s, during which time publications grew at a
linear rate while citations grew nearly exponentially, a dramatic indication of chemometrics’ growing impact in a broad range of multidisciplinary fields. By these measures, chemometrics has been highly successful as a discipline. However, as the
use of data analytics has become ubiquitous in the past two decades, is research
in chemometrics at risk of becoming sidelined? Has the pace of innovation and development of new chemometric methods stalled or will discipline of chemometrics
be subsumed by data science? If chemometrics is to remain a viable discipline,
what kind of training is needed, what kind of multidisciplinary collaborations must be
embraced and where will the next innovations come from? This perspective will examine the impact of chemometrics in three specialized research areas as bellwether indicators of the discipline and its future, including variable selection methods,
metabolomics and the use of Raman spectroscopy for monitoring bioprocesses.
The perspective will end with an examination of human creativity and innovation
and speculate on some of the possible roles that the multidisciplinary approach of
chemometrics might play in helping to solve some of the grand challenges facing
the human race and our planet.
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Proteomic Analysis of Human Breast Milk to Reveal Potential
Protein Biomarkers for Breast Cancer
Danielle Whitham, Clarkson University, 8 Clarkson Ave., Box 5810,
Potsdam, NY 13676, Roshanak Aslebagh, Devika Channaveerappa,
Brian Pentecost, Kathleen F. Arcaro, Costel C. Darie
Breast cancer (BC), one of the most common cancers, is a leading cause of death
for women in the United States. An estimated 1 in 8 women in the United States
will develop BC in their lifetime. Early diagnosis and treatment of BC is crucial, and
protein biomarkers for this disease could make this possible. Mass spectrometry
(MS)-based proteomic methods are ideal for the investigation of protein biomarkers.
This study employs MS-based proteomics to study the protein differences in human
breast milk from women with BC and matched controls. If significant protein dysregulations are revealed, they could be considered potential future protein biomarkers
of BC for diagnosis and treatment. In this study, six human breast milk samples were
analyzed by performing a 2D-SDS-PAGE and further analyzed via nanoLC-MS/MS.
The human breast milk samples consisted of three comparison pairs of BC vs. control. There were one Coomassie blue-stained gel (6 total gels) and two replicate
silver-stained gels (12 total gels) for each sample of breast milk. The silver-stained
gels were scanned using a laser densitometer and the images were analyzed using
Progenesis Same Spots and Progenesis PG240 software. The spot percentages
were measured for each dysregulated spot, An in-gel trypsin digestion was performed for each spot with statistically significant dysregulation. This was followed
by nanoLC-MS/MS, data processing, database search and statistical analysis. The
dysregulated proteins found in this study can be investigated as BC biomarkers for
future clinical methods for early diagnosis and treatment of BC.
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Proteomics Investigation of Ugandan Mothers for the Presence of
Plasmodium and Viral Proteins in Breast Milk
Panashe Mutsengi, Clarkson University, 10 Clarkson Ave., Box 6766,
Potsdam, NY 13699, Danielle Whitham, Thomas Egwang, Tonny Jimmy
Owalla, Costel C. Darie
Tetrahydrocannabinol (THC) can be measured in a variety of biological matrices.
These include blood/plasma, urine, oral fluids, breath, and hair. The chemical complexity of these matrices as well as the need to detect and quantify trace level constituents challenges our ability to develop simple, rapid analyses. Hence there is
developing interest in effective analytical methods for clinical as well as forensic
analysis of biological samples for cannabinoids and in particular tetrahydrocannabinol (THC) due to its known psychoactive effects. Sample collection is a challenge
for blood collection because subjects do not enjoy needle venous puncture which
also requires a licensed phlebotomist. Micro sampling to collect dried blood spots
(DBS) led us to the collection of dried plasma spots (DPS) which circumvents some
of the issues of hematocrit with whole blood common to DBS. In this presentation,
a description of a novel dried plasma spot card made via 3D printing will be shown
along with the fully automated direct elution of the dried plasma spot with multi-dimensional LC/LC/MS/MS for the quantitative determination of THC in the finger
prick of known marijuana smokers. An alternative, simpler approach for the determination of THC in marijuana smokers is the collection of exhaled breath followed
by the SIM LC/MS analysis of an ethanol extract of the breath aerosol in a novel
second-generation breath collection device. This approach may offer a potentially
attractive method for monitoring drivers under the influence of post-marijuana smoking via a mobile laboratory.
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Development of a Rapid Drug Detection Method for Insects Using
Paper Spray Ionization Mass Spectrometry (PSI-MS)
Alexandria Plyler, Duquesne University, 7188 Wildwood Dr., Brookfield,
OH 44403, Michael Van Stipdonk
Insects have the ability to reflect the chemical environment that they have developed in. Thus, necrogenous insects can reflect the chemical environments of the
cadavers they have fed on. In cases where cadavers are skeletonized, burned,
or otherwise too badly damaged for tissues to be collected, forensic scientists can
potentially utilize insect larvae as an alternate toxicological matrix to detect drugs
in cadavers. Traditional techniques for drug detection by GC-MS and/or LC-MS often involve lengthy sample preparation and utilize expensive reagents. This poses
a problem for crime labs who do not possess the time, funding, or resources to
perform such techniques. Analysis of insects using paper spray ionization mass
spectrometry (PSI-MS) could provide a rapid and cost-effective form of toxicolog-
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Optimization of the In-Gel Trypsin Digestion for Proteomics
Applications
Hannah Yorkey, Clarkson University, 8 Clarkson Ave, Potsdam, NY
13699, Danielle Whitham, Madhuri Jayathirtha, Costel C. Darie
The current protein digestion and peptide extraction method from an SDS-PAGE
is time consuming. Optimization of this method could save time and effort while
yielding similar or acceptable results. To optimize the digestion protocol, we used
two model proteins: bovine serum albumin and lysozyme. Both proteins vary in their
molecular weights and number of disulfide bonds, which make them ideal proteins
for this experiment. The trypsin digestion variations include various digestion times
and temperatures. Peptide extraction optimization variations include shaking and
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ical analysis. To validate a PSI-MS method for insects, several different extraction
techniques for drug detection in the model insect T. molitor were explored. T. molitor larvae first fed on substrate spiked with phenethylamine (PEA), a surrogate for
illicit monoamine drugs such as methamphetamine. Ethanol extraction, methanol
extraction, and QuEChERS extraction were then investigated as possible rapid
sample preparation techniques. In addition, a novel “bug-spray” technique which
bypassed insect sample preparation entirely was investigated. By employing each
extraction method and analyzing the insect samples using PSI-MS with collision
induced dissociation (CID), the most time-efficient, cost-effective, and reliable detection method was developed. The successful implementation of PSI-MS in a forensic setting can pose a useful tool for combating the evidence backlog due to its
rapid nature.

in vivo metabolism. Experimental samples were prepared using HLMs, NADPH,
phosphate buffer (pH 7.4), and a 2F-Viminol standard, and the subsequent mixtures were incubated with light shaking for two hours. Metabolite mixtures were
analyzed via a Sciex TripleTOF 5600+ liquid chromatograph quadrupole time-offlight mass spectrometer (LC-QTOF-MS). The generated metabolic structures were
elucidated using Sciex MetabolitePilot software (version 2.0). Overall, 7 metabolites
of 2F-Viminol were discovered, including N-dealkylated and hydroxylated species.
The proposed primary metabolites of 2F-viminol were N-dealkylation (sec-butyl) +
Hydroxylation (M3) and N-dealkylation (sec-butyl) (M2), however, they should be
confirmed in authentic samples, and Forensic laboratories should consider adding
2F-viminol metabolites to screening protocols to help in extending the window of
detection for the parent drug in toxicological samples.
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Microscopic and Elemental Analysis of Archaeological and Modern
Buried Hair Compared to Soil Composition: A Case Study of a Male
Child and Adult Female from the Arch Street Project, PA
Gabrielle DiEmma, Arcadia University, 450 S Easton Rd., Glenside, PA
19038, Jillian Conte, Kimberlee Moran, Karen Scott
Several hundred human remains were recovered from the site of the former First
Baptist Church of Philadelphia (FBCP) following a 2016-2017 construction project.
Hair recovered on the skulls of two individuals, a male child (G-009) and an adult
female (G-033), provided a unique opportunity to conduct a case study of the morphology and elemental composition of archaeological hair from the FBCP cemetery.
Simulated burials of modern hair provided insight on the degradative effects of the
environment and the efficacy of hair washing procedures. Archaeological and modern hair were studied visually using light microscopy and chemically using inductively coupled plasma optical emission spectroscopy (ICP-OES) and mass spectrometry (ICP-MS) multi-elemental analyses. ICP-OES analysis focused on the parts per
million (ppm) level of 14 elements including major and trace elements in hair and
soil (Ca, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Zn). Heavy metal toxins (As, Cd, Pb) were
found at low levels or below detection limits. The simulated burials yielded significant differences (t-tests and ANOVA, p<0.05) across experimental conditions for
some of the elements studied. The archaeological G-009 and G-033 hair samples
were chemically distinct from each other and the soil. ICP-MS re-analysis required
additional dilutions due to matrix suppression considerations and further method
development is needed. Results indicate that burial has a significant effect on the
mineral content of hair and the surrounding soil composition should also be investigated. Even after centuries of soil exposure, archaeological hair retains elemental
distributions unique to the individual.

Racing Through Separations Unhindered: The Use of Monolithic
UHPLC Columns for High-Throughput and Robust Analyses
Cory Muraco, MilliporeSigma, 595 North Harrison Rd., Bellefonte, PA
16823, Petra Lewits, Benjamin Peters
Silica monoliths have been employed for high performance liquid chromatography
applications since the early 2000’s. These columns have specific advantages over
traditional, particle packed columns including enhanced matrix tolerance, lower
equilibration times, and high flow rate tolerance due to low, overall backpressure. In
addition, recent advances in the synthesis of these monoliths has lead to monolithic
columns being more compatible with mass spectrometry instrumentation in addition to being compatible with large molecule (protein) separations. As separation
challenges become more demanding due to the need for high-throughput and/or
automation-compatible methods, methods for characterizing complex analytes like
monoclonal antibodies and antibody-drug conjugates, and stationary phases that
are reliable even with the most demanding, matrix-loaded samples, monoliths are
a useful addition to any chromatographer’s toolbox. This paper will examine a few
different case studies where monolithic columns were a unique solution to a difficult
separation challenge. After a brief overview of what monoliths are, case studies
involving different separation challenges in food and beverage and pharmaceutical environments will be discussed. How the challenge was solved, in addition to
method development strategies will be presented. Finally, some unique applications
of monolithic UHPLC columns will be presented that showcase the higher degree
of flexibility these columns have over more traditional chromatographic columns.
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High-Throughput Chiral Screening Using HPLC and SFC with 3and Sub-2-µm Fully Porous Particles and 2.7-µm Superficially
Porous Particles
Edward Franklin, Regis Technologies, Inc., 8210 Austin Ave., Morton
Grove, IL 60053, Melissa Wilcox, Scott Anderson
Chiral chromatography is an effective means to separate enantiomers at the analytical- and preparative-scales in many laboratory settings. Because it is difficult to
predict which chiral stationary phases (CSPs) will best resolve enantiomers of interest, it is often necessary to screen compounds on many different columns in different chromatographic modes with several different mobile phases before proceeding
with further method development. This screening process can be time consuming
but is aided by advanced techniques and state-of-the-art instrumentation. Modern
column technologies using small fully porous particles (FPPs) or superficially porous
particles (SPPs) have also helped to accelerate the screening process and identify
appropriate column chemistries. In this study, practical approaches to fast chiral
screening in both high-performance liquid chromatography (HPLC) and supercritical
fluid chromatography (SFC) with polysaccharide-based and Pirkle-type CSPs are
discussed. The influences of instrument volume and hardware constraints are considered in the selection of column dimensions for fast chiral screening. Experimental
results obtained using columns packed with 3- and sub-2-µm FPPs and 2.7-µm
SPPs are examined, and advantages and disadvantages of these particle-types
are also highlighted.
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Exploring Bodily Fluid Stain Identification Using Raman and IR
Microspectroscopy
Morgan Maddock, Cedar Crest College, 3320 Center St., Apt. 170,
Whitehall, PA 18052, Megan Dunkle, Lawrence Quarino, Lisa Mertz,
Marianne Staretz
Current serological tests for body fluid stain identification in crime laboratories often
are limited by specificity and sensitivity. Furthermore, many rely on the purchase of
commercial kits which are often resource dependent, particularly for a high throughput laboratory. Recently, methodologies for body fluid stain identification employing
Raman spectroscopy have been described in the literature. One drawback of many
of these methods is spectral interference which can affect interpretation. The goal of
the research to be described is to develop sensitive and specific tests for body fluid
stains without the problem of substrate interference. To accomplish this goal, microcrystalline tests for specific body fluid identifying markers and protein precipitation
of aqueous extracts of the four most common body fluids in forensic investigation
(semen, blood, saliva, and urine) are being employed prior to Raman microspectroscopy. The basis of this study is that these isolated components, whether in the
form of microcrystals or a precipitate, will create signature spectra with Raman microspectroscopy. At present, a method for urine stain identification has been developed which consists of the detection of ammonium resulting from the enzymatic
breakdown of urea. Ammonium crystals formed by complexing with iodic acid or
chloroplatinic acid give a characteristic Raman spectra. Currently, Raman spectra of
inorganic complexes with heme and hemoglobin isolated by precipitation are being
investigated for the identification of blood with similar approaches being used on
semen and saliva stains. Infrared microspectroscopy may also be investigated to
help further the body fluid stain identification methods in this study.
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Streamlined
Online/Offline
Two-Dimensional
Liquid
Chromatography for Facile Selection of Stationary Phases and
Mobile Phases in Both Dimensions
Heather Wang, Merck & Co., Inc., 126 E Lincoln Ave., Rahway, NJ
07065, Hayley Lhotka, Miraslava Potapenko, Imad Haidar Ahmad, Erik
Regalado
Baseline separation and analysis of multicomponent mixtures of closely related
pharmaceuticals using a single column selectivity can often be challenging, requiring the combination of orthogonal stationary and mobile phase methods to monitor
all the species and optimize reaction outcomes. In recent years, two-dimensional liquid chromatography has become a valuable tool for improving peak capacity
and selectivity. Though powerful, standard 2D-LC instrumentation and software can
often lead to tedious method development and has a requirement for specific expertise that is poorly suited for a fast-paced industrial environment. In this regard,
the introduction of an automated online 2D-LC setup that could screen multiple
columns in both dimensions without manual intervention will undeniably serve to
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Metabolic Profile Determination of 2F-Viminol – A Novel Synthetic
Opioid (NSO) Identified in Forensic Investigations
Aracelis Velez, Arcadia University, 510 S Charles St., Baltimore, MD
21201, Alex Krotulski, Donna Papsun, Karen Scott
The novel synthetic opioid (NSO), 2F-Viminol, was identified in casework at the
Center for Forensic Science Research and Education through its NPS Discovery
program in 2019. Little information and published literature were available for this
new opioid at the time To address this, human liver microsomes (HLMs) were used
to perform in vitro metabolism studies with a drug standard. The goal was to predict
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streamline column/mobile phase selection and secure the viability of 2D-LC as a
mainstay instrument for industrial applications. Herein, we introduce and investigate
a multicolumn online 2D-LC approach that simplifies column screening and method
development. This setup incorporates 6-position column selection valve technology whose functionality enables us to combine multiple columns in the first and
second dimensions. This strategy in conjunction with diode array detection in both
dimensions and mass spectrometry acquisition in the second dimension serves to
explore different columns and mobile phases as a framework for screening targeted
compounds in multicomponent mixtures without having to perform chromatographic
purification. Multiple achiral – achiral and achiral – chiral online 2D-LC-DAD-ESI-MS
methods combining several stationary phase selectivity in an automated fashion are
successfully applied to the separation and analysis of mixtures of drug substances,
where in many instances, traditional 1D-ultra-high performance liquid chromatography (UHPLC) fails or delivers sub-optimal results. This automated online multicolumn 2D-LC workflow enables rapid identification of column/eluent combinations, as
well as sample analysis across multiple columns in both dimensions overnight with
a single click.

The developed BioSPME method is able to prepare 96 samples simultaneously
in as short as 1 hour using volumes of samples as low as 100 µL. These 96-pin
BioSPME C18 devices have also shown the ability to produce desorbed samples
ready for analysis which are free of proteins and phospholipids. The percent protein
binding obtained using these devices for a series of analytes with molecular mass
between 200 – 750 Da with log P between 1.5-5 corresponded with values previously reported. These pin devices showed consistent performance across a total of 54
devices from 3 different lots with an RSD of less than 3% in the protein binding value
obtained. These devices may be incorporated into automated or manual workflows.
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Strategies for Modality Agnostic MALDI-MS Method Development
Debopreeti Mukherjee, Merck & Co., Inc., 2000 Galloping Hill Rd.,
Kenilworth, NJ 07033, Timothy Nowak, Vladimir Shchurik, Gregory
Pirrone, Benjamin Mann, Alexey Makarov
High-throughput experimentation (HTE), a tool that allows the identification of diverse, pharmaceutically active compounds in the early stages of drug discovery,
allows chemists to screen reactions at micromole/nanomole scales in an ultra-high
throughput manner. To eliminate the bottleneck arising from slow data acquisition,
Matrix-Assisted Laser Desorption/Ionization-Mass Spectrometry, commonly known
as MALDI-MS, can be utilized as a compatible, ultra-fast, label-free, analytical tool.
This technique is integrated to suitable liquid handling robots that can accurately
spot matrices and analytes on a target plate and can therefore screen reactions at a
sampling rate of <1 second per sample. While earlier efforts to improve MALDI-HTE
applications were geared towards the development of automation and data processing tools, a systematic method development study, across modalities, was needed
to understand the different parameters associated with matrix and sample preparation steps. This investigation could then lead to an improvement in the analyte signal
intensity and could thus enrich the performance of the MALDI-MS technique. Thus,
this work will demonstrate a MALDI-MS method development study on commercially available small molecules, peptides and antibodies, where the roles of – 1) MALDI
matrices, and 2) the parameters associated with preparation of MALDI matrices
including solvent compositions and ionization enhancers, will be highlighted. The
above-mentioned study is designed to provide guidance towards MALDI-MS signal
optimization and can eventually pave the path for the development of effective MALDI-HTE methods for various modalities.
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Microextraction Methodologies for the Analysis of Perfluoroalkyl
Substances
Emanuela Gionfriddo, The University of Toledo, 2801 West Bancroft
St., Toledo, OH 43606, Aghogho A. Olomukoro, Ronald V. Emmons,
Nipunika H. Godage, Erasmus Cudjoe
Per- and polyfluoroalkyl substances (PFAS) are toxic and bioaccumulative compounds that are persistent in the environment due to their water and heat resistant
properties. They have been discovered in various environmental matrices such as
water, soil, sediments and air; PFAS have also been detected in biological matrices,
for instance in human serum, blood and animal tissue. In this work, Solid Phase
Microextraction, an extraction method that combines sample preparation, preconcentration and clean-up into a single step was evaluated for selective extraction of
PFAS from water. Initial studies used four model analytes (GenX, PFBS, PFOA,
PFOS) selected among legacy and new generation PFAS. The mechanism of interaction of the model analytes with extraction phases of different chemistry was
investigated and results revealed that hydrophilic-lipophilic balance- weak anion
exchange (HLB-WAX) sorbent provided not only enhanced extraction efficiency but
also a balanced coverage among short and long chain PFAS. The optimization of
desorption conditions revealed that pH and ion displacement played a critical role in
the quantitative removal of the analytes from the extraction phase prior to analysis
by UPLC-MS/MS. This microextraction method was validated according to the Environmental Protection Agency (EPA) guidelines and achieved limits of quantitation
between 1 and 2.5 ng/L. Moreover, the effect of preconcentration was evaluated
and compared to EPA method 8327 based on dilute-and-shoot LC-MS/MS. This
methodology was further applied to an extended list of PFAS and the occurrence of
matrix effects in various environmental samples was assessed.
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Metal Ion Leaching of Stainless Steel, Titanium, MP35N and
Hastelloy in Pure HPLC Solvents (Water, Methanol, and Acetonitrile)
and its Potential Impact on HPLC Analysis
Jesse Bischof, SilcoTek Corporation, 225 PennTech Dr., Bellefonte, PA
16823
Bio-inert and bio-compatible HPLC systems have been increasing in popularity, especially with the rise of biopharmaceuticals over the past decade. Many instrument
manufacturers take the approach of replacing the ferrous materials (stainless steel)
with other metal alloys such as titanium or MP35N as plastic materials like PEEK
cannot handle the high pressures necessary for UHPLC instrumentation. While
those materials may be non-ferrous, they do not solve the issue many scientists
encounter in having metal active sites and metal ions potentially leached into the
analyte flow path. Others have found these metals can cause peak tailing as well
as missing peaks, especially at trace levels. Here we investigate the extent of metal
ion leaching from four metal alloys: 316 stainless steel, titanium, MP35N, and C-22
Hastelloy. Samples are placed in pure methanol, acetonitrile, or water for a month,
and the resulting solution is analyzed via ICP-MS. We find that all combinations
of alloys and solvents cause some amount of ion leaching (ppb up to ppm levels)
except for titanium in water and acetonitrile. We also explore if commercial CVD
coatings of amorphous silicon and hybrid silica can stop the metal ion leaching. We
find that a thin (<100 nm thick) coating of either material is capable of stopping all
metal ions from leaching into solution.
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A New Rapid, Simple, and Efficient Extraction Method of PFAS from
Soil
Benedict Liu, CEM Corporation, 3100 Smith Farm Rd., Matthews, NC
28106, Alicia Stell, Candice Cashman
There is increasing concern of Per- and Polyfluoroalkyl Substances (PFAS) in our
soil, and environment as a whole, due to their persistent nature. More and more
regulation regarding PFAS is being implemented. Having a harmonized method to
accurately determine the PFAS content in soil as well as other matrices is important
to this industry. The extraction of PFAS can be challenging given the susceptibly to
contamination and the low levels in which these compounds are present. Existing
techniques are predominately manual methods that are not rapid, simple, and efficient. In this study, a new automated extraction system, the EDGE, combines the
processes of pressurized fluid extraction and dispersive solid phase extraction is
explored. This new method offers efficient extraction of PFAS from soil in less than
10 minutes in one simple process, where the final extract is filtered and ready for
analysis. Excellent extraction recovery and reproducibility of spike soil as well as
a soil certified reference material (CRM) is presented. The EDGE method offers a
rapid, simple, and efficient solution for PFAS testing.
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Direct Analysis of Native N-Linked Glycans by Infrared MatrixAssisted Laser Desorption Electrospray Ionization (IR-MALDESI)
Crystal Pace, North Carolina State University, 2620 Yarbrough Dr., Raleigh, NC 27607, Peggi M. Angel, Richard R. Drake, David Muddiman
N-linked glycans are polysaccharides that pose many analytical challenges affecting their detection even in soft ionization techniques by mass spectrometry. For
example, the labile nature of sialic acid results in dissociation from glycans during
sample preparation and ionization conditions. Additionally, the negative charge on
the carboxylic acid of sialic acid indicates a preference for negative mode ionization.
These challenges have reportedly been reduced by electrospray ionization therefore suggesting IR-MALDESI would be a transformative platform for N-linked glycan
profiling due to its ionization mechanism. A well-characterized and heavily sialylated
glycoprotein, bovine fetuin, was chosen for the first analysis by IR-MALDESI. Bovine fetuin was prepped using a filter-aided N-glycome separation procedure where
the glycoprotein is denatured, alkylated, and enzymatically cleaved by PNGase F
before direct analysis by IR-MALDESI. Results from this analysis showed significant detection of sialylated species in negative mode where most detected gly-
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High-Throughput BioSPME Method for Determination of Plasma
Protein Binding
Martin Ross, MilliporeSigma, 595 N. Harrison Rd., Bellefonte, PA 16823,
Olga Shimelis, Hugh Cramer, Teresa Marsala, Yong Chen, Candace
Price
When it comes to the pharmacologic effectiveness of a drug, it is the free or unbound fraction of a drug that is generally responsible for drug activity as described
by the free drug hypothesis. Traditional methods to measure protein binding include equilibrium dialysis (ED) or ultracentrifugation filtration (UF). In this work,
high-throughput C18 bioanalytical solid phase microextraction devices (BioSPME)
were used to extract the free fraction and to produce reliable protein binding results
consistent with literature.
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Edita Botonjic-Sehic, Pall Corporations, 770 Sumneytown Pike,
West Point, PA 19486
No abstract submitted by the author.

cans contained 3-4 sialic acid residues. Overall, 12 underivatized N-linked glycans
were detected which is a significant increase compared to previous reports of native
N-linked glycan analysis. Bovine lactoferrin and hen ovalbumin were also analyzed
to show the ability to detect hybrid and high mannose structures by IR-MALDESI.
Current efforts are focused on developing mass spectrometry imaging (MSI) methods for investigation of N-glycosylation as a result of the ischemic stroke in mouse
brain, where preliminary data revealed the detection of multiply-charged N-linked
glycans in negative mode by IR-MALDESI-MSI. This work demonstrates the fundamental ionization of N-linked glycans by IR-MALDESI indicating its ability to investigate complex and diverse biomolecules.
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In Situ Machine Learning and Chemical Imaging to Elucidate
Enzyme Immobilization for Biocatalysis
Nicole Ralbovsky, Merck & Co, Inc., 770 Sumneytown Pike, WP173257, West Point, PA 19486, Joseph Smith
Biocatalysis has rapidly become an essential tool in the scientific and industrial
communities for development of efficient, safe, and sustainable chemical syntheses. Immobilization of the biocatalyst, typically an engineered enzyme, offers significant advantages, including increased enzyme stability, resistance to environmental
change, control of the enzyme, and enhanced reusability. Determination and optimization of the spatial and chemical distribution of enzymes immobilized to inert resins
is critical for proper functionality; however, analytical methods currently employed
for doing so are inadequate. Machine learning, in the form of multivariate curve resolution, applied to Raman hyperspectral imaging is presented herein as a potential
method for in situ investigation of the spatial and chemical distribution of evolved
pantothenate kinase immobilized onto diverse, microporous resins. An exhaustive
analysis indicates this method is able to successfully resolve, both spatially and
spectrally, the chemical species involved in enzyme immobilization, including the
enzyme, both resins, and other key components. Optimal analytical parameters for
analyzing these data sets were determined through evaluation of two different excitation wavelengths and quantitative estimation of spatial coverage of enzyme immobilization, a key parameter used for process development. Lastly, an exploratory
machine learning approach, principal component analysis, was utilized to investigate the chemical species within the data sets and their relationships. The totality
of this information can be utilized for in situ understanding and optimization of the
enzyme immobilization process and will allow for further implementation of these
biocatalytic reactions to improve pharmaceutical product development.
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Microdroplet Ultrafast Reactions Speed Antibody Characterization
Hao Chen, New Jersey Institute of Technology, Department of Chemistry & Environmental Science, 161 Warren St., Newark, NJ 07102
Recently, microdroplet reactions have aroused much interest because the microdroplet provides a unique medium where organic reactions could be accelerated
by a factor of 1000 or more. However, microdroplet reactions of proteins have
been rarely studied. We report the occurrence of multiple-step reactions of a large
protein, specifically, the digestion, reduction, and deglycosylation of an intact antibody, which can take place in microseconds with high reaction yields in aqueous
microdroplets at room temperature. As a result, fast structural characterization of
a monoclonal antibody, essential for assessing its quality as a therapeutic drug,
can be enabled. We found that the IgG1 antibody can be digested completely by
the IdeS protease in aqueous microdroplets in 250 microseconds, a 7.5 millionfold
improvement in speed in comparison to traditional digestion in bulk solution (>30
min). Strikingly, inclusion of the reductant tris(2-carboxyethyl)phosphine in the spray
solution caused simultaneous antibody digestion and disulfide bond reduction. Digested and reduced antibody fragments were either collected or analyzed online by
mass spectrometry. Further addition of PNGase F glycosylase into the spray solution led to antibody deglycosylation, thereby producing reduced and deglycosylated
fragments of analytical importance. In addition, glycated fragments of IgG1 derived
from glucose modification were identified rapidly with this ultrafast digestion/reduction technique. We suggest that microdroplets can serve as powerful microreactors
for both exploring large molecule reactions and speeding their structural analyses.
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Comparison of Common Spatial Filtering Methods in Hyperspectral
Imaging – Comparison of MAF, MNF, MDF and PCA with Implications
for Global Anomaly Detection
Neal Gallagher, Eigenvector Research, Inc., 300 Bella Strada Ln., Manson, WA 98831
Hyperspectral imaging is an important analytical tool in forensics, chemical sciences, cultural heritage, remote sensing and standoff sensing. It is often confusing how
to efficiently extract information from the sizeable, multi-wavelength images and
data compression techniques such as principal components analysis (PCA) are often used for exploratory analysis. Other analysis algorithms utilize spatial filtering
to compliment PCA. These methods include maximum/minimum noise fractions
(MNF), maximum autocorrelation factors (MAF) and maximum difference factors
(MDF). This talk will provide a short theoretical comparison of these methods and
show that they can all be viewed under a common framework of “weighted” PCA,
and all the algorithms can be easily combined with spectral de-cluttering tools. It will
also be shown how the methods can be used to find minor anomalous signal within
hyperspectral images using practical examples from remote sensing (LANDSAT 8),
cultural heritage and chemical infrared-imaging. The intent is to demonstrate that
the different analysis methodologies can be used in a complimentary fashion for
efficient exploratory analysis of information-rich hyperspectral images.
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Simultaneous Monitoring Multiple Product Quality Attributes for
Cell Culture Processes Using a LC/MS Based Multi-Attribute
Method
JC Chen, GlaxoSmithKline, 700 Swedeland Rd., King of Prussia, PA
19406, Chi Zhang, Yang Liu, Justin Shearer
For facilitating Quality by Design (QbD) based bioprocess development to assure
drug safety and efficacy, it is important to understand the correlation of critical quality attributes (CQA) with critical process parameters (CPP). In this work, a liquid
chromatography-mass spectrometry based multi-attribute method (MAM) has been
applied to the monitoring and trending of multiple CQAs of a monoclonal antibody
product. In GSK, Yang Liu etc. have applied MAM to both a 3-liter development
mini-bioreactor (3L bioreactor) and a 2000-liter GMP single use bioreactor (2000L
SUB). In this presentation, we will demonstrate the robustness of MAM workflow
with a different batch of in-process samples from 2000L SUB following previous
publication (Journal of Pharmaceutical Sciences, 109(11), 3319-3329). MAM was
demonstrated to be a great analytical tool for monitoring product quality attributes
throughout the time course of the cell culture process and could also provide critical
product quality information in order to understand potential process performance
differences during scale-up and/or technology transfer. The successful monitoring
and trending of the multiple CQAs throughout the 17-day cell culture process lays
a solid foundation for possible real time in-process control and release of biotherapeutics using MAM.
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Evaluation of Classification Algorithms for Speciation of Dalbergia
spp. Using Handheld Laser Induced Breakdown Spectroscopy
(LIBS)
Caelin Celani, University of Delaware, 175 The Green, Newark, DE
19716, Rachel McCormick, Amelia Speed, William Johnston, James
Jordan, Karl Booksh
Handheld laser induced breakdown spectroscopy (LIBS), coupled with multivariate
chemometrics / machine learning classification techniques, is shown to speciate
and establish provenance of Dalbergia spp. and other tropical hardwoods. The
illegal timber trade has significant impact on the survival of endangered tropical
hardwood species such as Dalbergia spp. (rosewood). Due to increased threat to
Dalbergia spp., a world-wide protected status from The Convention on International
Trade in Endangered Species of Wild Fauna and Flora (CITES), and lack of action
from governments at the source of this problem, port of entry analysis methods are
required. To address this problem, the present work investigates five well-known
algorithms – Partial Least Squares Discriminant Analysis (PLS2-DA), Classification
and Regression Trees (CART), k Nearest Neighbors (k-NN), Random Forests (RF),
and Support Vector Machines (SVM) and data collection at two signal-to-noise (S/N)
ratios to assess the potential for hand-held LIBS analyses. It was found that SVM
and RF yield near identical results (though RF takes nearly 100 times longer to
compute), - S/N ratio has a significant effect on model success assuming all else is
equal, and that SVM and RF are able to correctly classify even with highly imbalanced class sizes.
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Non-invasive, Continuous, Quantitative Detection of Powder Level,
Mass Holdup and Moisture Fraction in Pharmaceutical GMP
Vessels
William Blincoe, Merck & Co., Inc., 126 E. Lincoln Ave., RY80B-2760A,
Rahway, NJ 07065, Michel Louge, Jasdeep Mandur, Anthony Tantuccio,
Robert Meyer
We describe a quantitative, non-invasive, GMP-compatible capacitance technique
that enables implementation of continuous processing control in pharmaceutical
metallic vessels. To illustrate the technique, we describe a probe producing a rapid
signal that varies continuously with powder level and/or mass holdup in the metal
feed tube of a tablet press. We outline the principle of the processing electronics,
provide an algorithm for the accurate interpretation of its signals, pose general design guidelines for embedding the instrument in metal vessels, and show how the
technique can be paired with another non-invasive reference probe to operate with
varying powder blend and moisture. In this example, we illustrate a control strategy
that keeps powder level constant in the feed tube. We also show how the same technique can be used to monitor concentration of water or other solvents by exploiting
the corresponding changes in dielectric properties of pharmaceutical blends.
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