CREST: Center for Aquatic Chemistry & the Environment (CACE)

Subproject 1: Advanced Sensing of Environmental Exposure to Anthropogenic Contaminants,
Pollutants and Other Natural Stressors: Developing Cutting Edge Technologies for
Tomorrow’s Environmental Quality Challenges

Project Summary

During the past three decades, incidents involving pesticides, industrial chemicals, oil, pharmaceuticals,
nutrients and metals have attracted worldwide attention and greatly affected environmental conditions
(e.g., the Gulf of Mexico Deep-water Horizon Oil spill). These events demonstrate a regional, national
and international need for enhanced research on the effects of toxic substances in the environment. The
proposed CREST Center for Aquatic Chemistry & the Environment (CACE) at Florida International
University (FIU) will transform the institution by integrating discrete campus-wide programs across 10
departments and 4 colleges in fields from environmental chemistry through computer intensive data
analysis and visualization, in order to tackle one of the regions most complex challenges: environmental
contamination. CACE will create innovative opportunities for students, especially encouraging those
from underrepresented minorities (URM), to participate in authentic research and foster their development
as future STEM professionals. FIU CACE will unify this talented pool of researchers into a cohesive
Center that will enhance collaborations, partnerships and synergies. The Center will bridge academic
programs that exist across campuses by integrating graduate and undergraduate students into all
research subprojects, emphasizing evidence-based educational approaches, technology advances, and
analytical chemistry infrastructure, while providing authentic research experiences and solutions. CACE
will transform cutting-edge research into technological and science-based solutions for various forms of
water contamination using a framework that includes detection/identification, transport and fate in
complex ecosystems, and data analytics and visualization. CACE will develop a modeling platform that
will enable policy makers and managers to make informed decisions. FIU's CACE will work in
collaboration with governmental and private sector partners in S. Florida to develop practical solutions to
problems related to water quality in a natural-agricultural-urban setting. This partnership includes the
South Florida Management District, the National Park Service, The Miccosukee Tribe of Indians, the
Environmental Protection Agency, Everglades National Park, Department of Interior, and others.

Intellectual Merit

FIU CREST CACE will increase opportunities for graduate and undergraduate students, especially
encouraging those from URMs, to conduct authentic research while advancing aquatic and environmental
chemistry research and data analytics, methodologies, ecological risk assessments. CACE will generate
significant new knowledge regarding contaminants and pollutants in aquatic environments, as well as
produce innovative new methodologies for detecting and assessing contaminant quantities and impacts,
including the use of molecular detection techniques. Using new data analytic approaches for visualization
and synthesis of complex data, CACE will provide managers and policy makers, including governmental
and private sector partners in S. Florida, real-time, accessible decision tools. The proposed program will
advance current efforts on the biological effects, transport, transformation and distribution of
contaminants in the environment into new collaborative research areas that investigate the sources and
transport of contaminants and pollutants in aquatic systems. The research conducted by the Center will
inform the economic, environmental, societal, policy, regulatory, and legal implications of water quality
issues.

Broader Impacts

CACE will build on the success of FIU’s evidence-based transformation of STEM instructional practices to
provide enhanced support for students to pursue and complete STEM graduate degrees, both at FIU or
elsewhere. Through an innovative program that spans the graduate school to high school spectrum,
CACE will increase the success of students in graduate programs, especially supporting participation of
underrepresented students in aquatic chemistry and environment (ACE) fields and future professions.
CACE will develop technologies for improving water quality analysis and contaminant detection, as well
as translate research findings into actionable information for decision-makers and stakeholders. By
providing potential scenarios for understanding the risks, sources, transport and impacts of chemical
contaminants that threaten aquatic ecosystems and human wellbeing, CACE can impact global water
quality.



Subproject Relevancy Statement

Subproject 1: Advanced Sensing of Environmental Exposure to Anthropogenic Contaminants,
Pollutants and Other Natural Stressors: Developing Cutting Edge Technologies for
Tomorrow’s Environmental Quality Challenges

Technological advances in instrumentation and analytical approaches have significantly augmented the
capacity of chemists and environmental scientists to quantify ultra-trace amounts of organic and inorganic
substances with enormous precision, and characterize these substances on the molecular level. In
addition, advanced fingerprinting using molecular biology methodologies such as gene expression, have
significantly enhanced the conditions needed to sense environmental stress on aquatic organisms with
high sensitivity and specificity. The combination of both approaches now allows scientists to conduct
research to address complex challenges of environmental contamination and risk assessment. The
CREST Team will not only enhance existing pollutant sensing methodologies, but also apply them to field
studies across land-use boundaries (Subproject 2), and interface analytical data-intensive methodologies
with advanced computational modeling and visualization, designed for the development of transformative
and scalable methods for data mining and management (Subproject 3). As such, the research conducted

by this Subproject will facilitate collaboration with the other two Subprojects and support researchers at
the proposed CREST Center to better detect and understand the sources, transport, transformation and
ecosystem responses to contaminants, pollutants and other natural stressors in the aquatic systems of
south Florida. Using advanced analytical and molecular biology methodologies, researchers will be able
to: 1) Develop sensing technologies to determine known traditional or emergent pollutants at
environmentally relevant concentrations; 2) explore the relations between chemical stressors and
biological responses through advanced molecular biology approaches, 3) generate products through
collaboration efforts with the other Subprojects to communicate more effectively with decision and
policymakers. The ultimate goal of Subproject 1 is to advance and enhance the effectiveness of
existing analytical approaches for the analysis of traditional pollutants, develop novel analytical
methodologies and approaches for the identification, characterization and quantification of novel,
previously unknown contaminants of concern, enhance and extend the applicability of molecular
biology methodologies to assess environmental stressors to aquatic organisms across land-use

boundaries.

Links between
CACE subprojects

Subproject 2: Quantifying the Fate and
Transport of Contaminants across
Natural, Agricultural and Human
Systems

Subproject 3: Data Analytics for
Effects Assessment and Decision
Making

Subproject 1:

Advanced
Sensing of
Environmental
Exposure to
Anthropogenic
Contaminants,
Pollutants and
Other Natural
Stressors:
Developing
Cutting Edge
Technologies for
Tomorrow’s
Environmental
Quality
Challenges

Generate robust, environmentally
relevant analytical chemistry and
molecular biology data on
contaminants, pollutants and other
stressors in support of fate and
transport process assessment
through land-use boundaries

Provide spatially distributed water,
sediment, soil and organism samples
collected along land-use boundaries
for pollutant and molecular biology
analysis

Provide feedback on analytical and
molecular biology methods’ needs for
adequate assessment of
environmental risk and pollutant flux
determinations

* Provide feedback on techniques
for managing complex analytical
data

* Provide feedback on techniques
for managing complex molecular
biology data

* Design and development trans-
formative and scalable
computational methods for sensor
data mining and management

* Generate robust, environmentally
relevant analytical chemistry and
molecular biology datasets on
contaminants, pollutants and other
stressors in support of the data
mining, prediction and modeling
efforts.




Subproject 1: Advanced Sensing of Environmental Exposure to Anthropogenic Contaminants,
Pollutants and Other Natural Stressors: Developing Cutting Edge Technologies for
Tomorrow’s Environmental Quality Challenges

l.-Introduction:

Advanced Sensing of Environmental Exposure to Anthropogenic Contaminants, Pollutants and
Other Natural Stressors: Developing Cutting Edge Technologies for Tomorrow’s Environmental
Quality Challenges.

Despite a constant growth in numbers, the identity and nature of human-derived environmental
contaminants have changed from traditional pollutants such as nutrients, trace metals, DDT and PCBs to
other biologically active compounds such as endocrine disruptors, antibiotics and, more recently, a wide
range of chemicals broadly classified as emergent chemicals of interest. Chemicals such as mercury,
natural and synthetic estrogens, antibiotics, high use pharmaceuticals and even natural toxins produced
as the result of algal blooms are now recognized as having significant effects both directly, in receiving
ecosystems, and indirectly, to humans. Processes such as eutrophication, produce a direct and striking
visual response for water quality degradation often evidenced by microorganism blooms, drastic changes
of water color and in some cases animal deaths. The causes, however are often hidden in more subtle
changes of the chemical ecology of an ecosystem triggered by chemicals (present in treated domestic
effluents), contaminants (e.g. the combination of mercury and sulfate leading to mercury methylation) or
natural stressors (wildfires, climatic disturbances and others) whose introduction affects the delicate
balance of natural systems, particularly those in the direct path of urban development. The first signs of
impact are often presented in water streams where small concentrations of these chemicals are
constantly introduced and transported through multiple boundaries (air, water, soil, and organisms).
Water quality is not only the most critical driver in ecosystem sustainability but also a major limiting factor
for human development due to its effects on water scarcity. As a result, water tends to be progressively
laced with anthropogenic signatures from components that elude treatment as it continues its journey
from release to recharge to reuse. With few exceptions, in surface water bodies used as sources for
drinking water, contamination is largely affected by dilution, so “exposure” needs to be characterized at
very low concentrations for early intervention to be effective. The remaining challenges beyond the
characterization of the environmental stressor, are establishing the links between the chemical indicator
(Cl) and its receptors, and determining the biological conduits and physiological events that will result in
an adverse outcome pathway (AOP). Addressing these two key issues is essential in producing
meaningful, population-based science in support of the decision making and regulatory processes.

The CREST team has taken on these challenges using multiple approaches creating new technologies,
developing analytical methods, implementing extensive environmental assessments and characterizing
the processes and mechanisms that control the “exposome” using engineering, chemistry, biology,
statistics and molecular and traditional ecotoxicology. The principle behind the work of the sensing group
is to understand nature, one molecule at a time.

Il.-Research Plan:
Goals and Objectives:

The driving hypothesis for the sensing group is that detection of environmentally relevant levels of
pollutants, contaminants or stressors using high throughput technologies with high degree of specificity
and at ultra-low concentrations will lead to the recognition of important pathways, interactions, changes
and transport along environmental gradients and across land-use boundaries, that could negatively affect
ecosystem functioning through anthropogenic activities, natural forces and altered biogeochemical cycles.



Our research will:

1) Develop sensing technologies to determine known traditional or emergent pollutants at
environmentally relevant concentrations (parts per billion to parts per-trillion) in multimedia
samples (biotic and abiotic).

2) Take advantage of recently developed cutting-edge analytical chemistry tools to assess changes
of the overall molecular composition of target, suspect and unknown components present in
environmental samples through a relevant ecosystem boundary.

3) Apply molecular biology know-how to simultaneously assess the genetic and functional
responses of relevant organisms or receptors to identify the role of these pollutants or stressors in
the creation of adverse outcome pathways that may influence ecosystem functioning.

Methodologies and strategies developed in Subproject 1 will be applied in field studies along relevant
land-use boundaries defined by Subproject 2 to generate information to feed the activities of Subproject
3. The availability of high resolution “big data” sets from the sensing group will greatly influence the
capabilities of the ecosystem links and prediction and forecasting groups to create and fine-tune the
management tools needed to assure South Florida’s ecosystems future sustainability.
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Figure 1. Major land-use and coastal areas of south Florida. Pollutant flux arrows represent three
example transects investigated in this research: 1) EAAENP: Everglades Agricultural Area (EAA) to
Everglades National Park (ENP) including the managed Water Conservation Areas (WCA); 2) MIABB:
urban Miami (MIA)to Biscayne Bay (BB) via the Miami River; and 3) RUBB: the Redland Agricultural
District across the suburban landscape of Miami and eventually to BB.

Experimental Approach:

Within this context, the research team has contributed to the advance of scientific inquiry in the following
concentration areas and such expertise will be used to address processes described for the land-use
transects described in Figure 1 as the basis for studies in Subproject 2 (EAAENP, MIABB and RUBB).



Analytical Environmental Chemistry approaches:

Analytical Chemistry of Emergent Pollutants at Trace Levels. The use of advanced high resolution MS
coupled with online solid phase extraction (SPE) and UHPLC has extended our interpretation of
environmental exposure from trace analysis of critical compounds (Wang and Gardinali, 2013; Ramirez et
al., 2014) to the detailed analysis of metabolites and degradation products so that a more accurate mass
balance of the releases of emergent contaminants could be constructed (Wang and Gardinali, 2014). In
addition, assay automation has produced high-throughput analysis of specific wastewater intrusions using
recalcitrant tracers such as sucralose (Batchu et al., 2013), linking the traditional water quality approach,
using non-specific nutrient and pathogen analysis, to a human-derived signature at costs which allow us
to use the novel water tracer in large scale projects. Moving a step forward, the application of full scan
mass spectrometry at resolution powers above 100K followed by all-ion fragmentation or specific
(MS/MS) mass spectrometry experiments has greatly expanded the frontier of chemical characterization
of the exposome by allowing retrospective identification of known-unknown or even unknown-unknown
chemicals. Using these tools we can now identify suspect compounds, such as drugs of abuse and their
transformation products, with the potential for molecular epidemiological studies targeting consumption at
population levels without intrusive monitoring (Heuett et al., 2014). The same principle could be easily
expanded to characterize the unknown recalcitrant portions of wastewaters in an effort to improve and
redesign treatment technologies or even track previously undetected biological stressors in archived
samples.

Analysis of emissions and byproducts from energy consumption in urban areas and intermediates during
environmental transformation.

Resolving the transformation steps of energy consumption sources and byproducts to their molecular
composition is a great challenge to analytical and environmental chemists because of the complex nature
of the samples (Marshall and Rodgers, 2004; Qian et al., 2001a, 2001b). Moreover, commonly used
energy sources (e.g., fossil fuel samples) and their transformation byproducts are composed of
thousands of individual molecules derived from highly diverse populations of compound types (Labadibi
et al., 2013; Gaspar et al., 2012; Panda et al., 2011; Altgelt and Boduszynski, 1992; Boduszynski,
1987,1988). Numerous approaches have been utilized to fully characterize energy sources and
byproducts, but no single technique is fully descriptive, and some analyses generate conflicting data for
the same sample (Aske et al., 2001; Zadro et al., 1985; Wang et al., 2005). As a result, complete
description of the transformation of energy sources is often difficult, if not impossible. Identification and
quantification of a limited number of a priori selected compounds have been used for their identification
and fingerprint (Daling et al., 2002). Ultrahigh resolution MS (e.g., Fourier transform ion cyclotron
resonance, FTICR- MS) has shown potential to resolve components from energy sources (e.g., fossil
fuels) and identify the elemental composition, double bond equivalents (DBE = rings plus double bonds to
carbon), and carbon number, based on accurate mass measurements at the required resolving power
(Marshall and Rodgers, 2004; McKenna et al., 2014; Hughey et al., 2002; Qian et al., 2001a, 2001b).
More recently, it has been shown that coupling fast, gas-phase post-ionization techniques (e.g., ion
mobility spectrometry mass spectrometry, IMS-MS) provides an extra, orthogonal separation dimension
for the analysis of fossil fuels (Fernandez-Lima et al., 2009; Ahmed et al., 2010,2014). In particular, ion
mobility spectrometry (IMS) when combined with theoretical modeling, has proven to be the most
versatile technique for conformational analysis of intermediate and equilibrium structures of molecular
ions (Dugourd et al., 1997; Scott et al., 2007; Becker et al., 2008; Fernandez-Lima et al., 2008). That is,
high resolution IMS-MS provides rapid separation of isomers (Kanu and Hill, 2007; Schenk et al., 2014a3;
Pierson et al., 2013; Merenbloom et al., 2009), conformers (Sawyer et al., 2005; Schenk et al., 2014b;
Molano-Arevalo, 2014), and species of differing chemical class (Ruotolo et al., 2002; May et al., 2014)
(based on differences in functional groups, polarities, and atomic compositions), which is advantageous
for the rapid characterization and screening of intermediates and end products of the transformation of
fossil fuel samples. lon mobility measurements have been used to explore molecular dynamics and follow
structural changes occurring on the millisecond time scale by comparison to CCS of candidate structures
under controlled conditions (e.g., reactive/inert, polar/nonpolar bath gas at different temperatures, Kanu



and Hill, 2007; Zilch et al., 2007, Fasciotti et al., 2013). With the advent of new variants of IMS analyzers
with higher resolving power and the recently coupling to FTICR-MS in our laboratory, (Schenk et al.,
2014a, 2014b, 2015 Hernandez et al., 2014; Castellanos et al., 2014; Fernandez-Lima et al., 2011a,
2011b) our efforts in CREST will be on the development of SA-TIMS-FTICR-MS (Benigni et al., 2015)
methods to better understand and characterize at the molecular level the transformation intermediates
and end products from energy consumption in urban areas during environmental transformation.

Black Carbon (BC) an overlooked source affecting global carbon dynamics. BC results from the partial
combustion of organic matter during events such as wildfires and fossil fuel burning (Goldberg, 1985). A
significant portion of BC is incorporated into soils, potentially affecting long-term carbon cycling in the
environment. It has been estimated that BC comprises between 2 — 45% of soil organic carbon
(Skjemstad et al., 1999; and others), and was initially thought to be refractory, persisting in soils for
thousands of years. Recent studies however, have shown that turnover rates can occur on much shorter
timescales (Singh et al., 2012 and references therein) and a significant portion of BC (char) is solubilized
and exported as dissolved BC (DBC) (Jaffé et al., 2013; Ding et al., 2013). The environmental effects
and implications of these chemicals remain undetermined to a large extent due to the lack of structural
information. However, evidence for the effects of land-use on the distribution of DBC compounds has
recently been observed (Wagner and Jaffe, unpublished). Thus, to gain a better understanding of the
driving forces behind BC stability and mobility, a deeper knowledge of its chemical characteristics is
necessary. While FT-ICR/MS characterizations have resulted in a series of potential DBC structures, their
identity has not been confirmed as isolation from the bulk dissolved organic matter (DOM) has not been
achieved. Heteroatomic compounds within the DBC pool may also be significant, such as dissolved black
nitrogen (DBN) (Maie et al., 2006; Jaffé et al., 2012; Ding et al., 2014) and dissolved black sulfur (DBS)
(Jaffé et al., unpublished) have been discovered, but very little is known about the molecular structure of
these compounds (Wagner et al., 2015). While significant progress has been made in assessing the
environmental dynamics of dissolved pyrogenic products, much work is still needed to constrain the
molecular structures and reactivity of these molecules. This is needed to better assess their sources,
transport and fate in the environment and predict their roles in global biogeochemical cycles and climate
change. Through CREST we will focus on the physical isolation of DBC, DBN and DBS to enhance our
capacity to fully characterize the molecular structures of these substrates.

Mercury in the Everglades. Mercury (Hg), a long recognized notorious pollutant, poses severe health risks
to millions of people worldwide. The most recent global response, the signing of the Minamata
Convention on Mercury by over 140 United Nation (UN) member states in Oct 2013, prompts the
immediate needs for an advanced understanding of Hg biogeochemical cycling. Elevated levels of Hg
have been found in fish, wading birds, and large predators in the Florida Everglades (Ware et al., 1990).
Efforts have been made to investigate the scope and magnitude of Hg contamination and to understand
Hg biogeochemical cycling in this subtropical wetland ecosystem (Gilmour et al., 1998; Krabbenhoft et al.,
1998; Cai et al., 1999; Liu et al., 2008, 2009, 2011; Li et al., 2010, 2012). Several important aspects of Hg
biogeochemical cycling, including source, transport, transformation (especially
methylation/demethylation), and bioaccumulation have been investigated to various degrees. However,
Hg cycling and the corresponding biogeochemical controls in this complicated ecosystem are not fully
understood. In the CREST program, we will address a key issue that currently hampers our
understanding of the mass budget and fate of mercury, i.e. the role of photochemical processes played in
overall mercury cycling in the Everglades. One of our long-term research goals is to identify the
importance, mechanism, and system-diversity of Hg photoreactions (oxidation, reduction, methylation,
and demethylation) in aquatic environments (Li et al., 2012; Yin et al., 2014). The work proposed here is
not only an expansion of our previous studies on methylmercury (MeHg) photodemethylation in the
Florida Everglades, but also an essential step toward our long-term goal of producing a complete
conceptual model of the Hg biogeochemical cycle. Photodemethylation was found to be a critical process
for MeHg cycling in the Florida Everglades (Li et al., 2010; Tai et al., 2014), and could be driven by DOM.
Our previous work further suggests that mechanisms of MeHg photodemethylation in aquatic systems
may be system-specific (Li et al. 2010). Thus, a fundamental understanding of environmental chemical
processes involved in MeHg photodemethylation is required to reveal the mechanisms of this process



and its overall role in the cycling of MeHg (and Hg in general). This research aims to validate the relative
importance of DOM, among other factors, in MeHg photodemethylation, to identify the major fractions and
functional groups of DOM that are involved in the photodemethylation of MeHg, and to elucidate the
pathways through which DOM is involved in MeHg photodemethylation in aquatic systems. Successful
accomplishment of this proposed research will help us achieve our goals, providing essential information
on understanding the fundamental chemistry of MeHg photo-demethylation and the role of this
photochemical process in the overall Hg biogeochemical cycling.

Organismal and molecular biology approaches:

Organismal and molecular sensing: the roadmap from exposure to management. Aquatic ecosystems,
especially coastal areas, can be subject to a variety of anthropogenic and natural stressors (e.g.
nutrients, turbidity, pollutants, hypoxia, altered habitat/hydrologic cycles). Ultimately, the biotic responses
to stressors manifest as changes in survival, growth, development, and reproduction (SGDR), affecting
individuals, communities and populations. Given the complex nature of aquatic systems, a variety of
molecular and biological endpoints are needed to understand the receptors, pathways and mechanism(s)
of adverse outcomes and, more importantly, their environmental significance and prediction value. Among
the levels at which single chemical contaminants and mixtures operate (Figure 2), molecular alterations
stand out as being significant indicators of exposure and effect, and are also typically more sensitive than
those at higher levels of organization. Furthermore, changes at the molecular level underlie the effects at
higher levels of organization and, depending on the system affected and the type of response, can
represent surrogates for effects at the organ and whole organism level.

Current advances in ‘omics’ research, and our basic toxicological understanding of molecular events,
have increased the information available to make informed decisions. Accordingly, molecular biology
tools can be applied to monitor the impact of contaminants in ecosystems (Fig. 2).
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Fig. 2 High-Th hput Bi ical Analysis of Envi tal s: Since the function of an ecosystem can be viewed in the context of gene function rather than organism
function, molecular biology tools such as high-throughput ‘omics’ technology that include genetic, epigenomic, and protein expression profiling can be applied to monitor the impact of
environmental stressors on populations of diverse species and interacting communities at different strata of the ecosystem. Using high-throughput technologies to measure the molecular
effects of stressors on biological indicator species, we will generate complex datasets to be analyzed computationally to identify key molecular pathways altered in response to stressors.

We propose to use a three-tier approach. In the first tier, we will evaluate DNA damage using a high
throughput variant of the single cell gel electrophoresis assay (the comet assay; Karbaschi and Cooke,
2014) to identify the dose, mixtures of, and target organs for, environmental stressors causing DNA
damage to biological indicator species. Single cell gel electrophoresis is widely used to evaluate DNA
damage in regulatory toxicity testing, and therefore a perfect intermediate assessment between traditional
primary ecotoxicology endpoints (SGDR), and the emerging ‘omics approaches (see below). The comet
assay has been applied to the detection of damage in cells of tissues such as gills, liver, and digestive



glands, as a biomarker of deleterious effects of pollutants on fish and other aquatic organisms (e.g.
Mitchelmore and Hyatt, 2004; Sullivan et al., 2007; Kang et al., 2014). Additionally, assessments of DNA
damage at the single nucleotide resolution (using Damaged DNA Immuno-precipitation-seq, DDIP-seq,
Hu et al. 2015; Yoshihara et al., 2015), have the potential to identify new genes important in the cellular
response to environmental insult, and classify genotoxins based upon the distribution of damage.

Second, we will assess the impact of stressors on gene networks and damage at single nucleotide
resolution. For that purpose we will develop the microarray characterization of gene expression
responses to genotoxic compounds. Since these changes constitute the earliest response to adverse
outcomes, the identification of specific group of genes involved in such process constitutes a highly
sensitive biomarker of insult exposure (Venier et al. 2006; Steinberg et al. 2008). Additionally, the study of
the epigenetic mechanisms mediating exposure-response relationships can elucidate how environmental
factors influence phenotypic variation (Baccarelli and Bollati 2009; Bolatti and Baccarelli, 2010). The
dynamic and potentially reversible nature of epigenetic changes has outstanding potential for the
development of rapid and sensitive environmental biomonitoring programs in diverse ecosystems
(Dolinoy and Jirtle, 2008; Huang et al., 2012; Suarez-Ulloa et al., 2015). DNA damage, determined by
single cell gel electrophoresis, is widely used in regulatory toxicity testing, and therefore a perfect
intermediate assessment between traditional primary ecotoxicology endpoints (SGDR), and the emerging
‘omics’ approaches. In the third-tier, we will take these large and complex gene datasets to construct
ecologically relevant gene regulatory networks by computational model building and predict ecological
impacts by model analysis methods. Accordingly the above experimental information will feed into our
systems biology approach to develop mathematical models, visualization tools and prediction algorithms
that could be expressed through the environmental gradients explored in Subproject 2 using the methods,
techniques and technologies developed in Subproject 3. In addition, the large amounts of data resulting
from molecular analyses will be organized into data warehouses providing full access to reads,
consensus sequences and unigenes linked to gene ontology information (function, process and
subcellular compartment).

In summary, the research focus from the organismal and biomolecular sensing group will (1) apply
innovative, interdisciplinary approaches of genotoxicity profiling in biological indicator species, (2)
determine the relationship between molecular effects/responses and effects in traditional ecotoxicological
endpoints (i.e. SGDR); (3) develop a sophisticated and informative molecular ecological network
modeling system to predict ecological impacts from complex mixtures; and (4) support a creative and
integrated education program to attract and educate underrepresented students from our feeder magnet
high-schools and throughout FIU’s undergraduate and graduate education programs.

Broader Impacts

Subproject 1 pursues developing and applying a set of innovative molecular sensing technologies
following a 3-tier approach. In doing so, this subproject will provide unique hands-on research and
discovery experiences for minority students (undergraduate and graduate) and postdoctoral researchers,
exposing them to state of the art research in analytical chemistry, genetics, toxicology and molecular
biology. Additionally, as one of the major goals of this subproject is to trace relationships between
stressors and biological responses using these tools, this work will set a framework for applying these
results in environmental biomonitoring, improving quickness and sensibility of pollution detection.
Therefore, an obvious societal impact of this subproject will be the transfer of these technologies, and the
vast information they generate, to end-users and stakeholders, fostering the collaboration with industry
partners and helping the decision making for managers and policy makers.



Subproject 1 References:

Ahmed, A., Y. Cho, K. Giles, E. Riches, J.W. Lee, H.I. Kim, C.H. Choi, S. Kim, 2014. Elucidating
Molecular Structures of Nonalkylated and Short-Chain Alkyl (n < 5, (CH2)n) Aromatic Compounds
in Crude Oils by a Combination of lon Mobility and Ultrahigh-Resolution Mass Spectrometries and
Theoretical Collisional Cross-Section Calculations, Analytical Chemistry 86 3300-3307.

Ahmed, A., Y.J. Cho, M.-h. No, J. Koh, N. Tomczyk, K. Giles, J.S. Yoo, S. Kim, 2010. Application of the
Mason—-Schamp Equation and lon Mobility Mass Spectrometry To Identify Structurally Related
Compounds in Crude Oil, Anal. Chem., 83, 77-83.

Altgelt, K.-H., M.M. Boduszynski, 1992. Composition of heavy petroleums. 3. An improved boiling point-
molecular weight relation, Energy & Fuels, 6, 68-72.

Aske, N., H. Kallevic, J. Sjoblom, 2001. Determination of Saturate, Aromatic, Resin, and Asphaltenic
(SARA) Components in Crude Oils by Means of Infrared and Near-Infrared Spectroscopy, Energy
Fuels, 15, 1304-1312.

Baccarelli A., V. Bollati, 2009. Epigenetics and environmental chemicals. Current Opinions in Pediatrics,
21, 243-51

Batchu, S.R., N. Quinete, V.R. Panditi, P.R Gardinali, 2013. Online solid phase extraction liquid
chromatography tandem mass spectrometry (SPE-LC-MS/MS) method for the determination of
Sucralose in reclaimed and drinking waters and its photo degradation in natural waters from
South Florida” Chemistry Central Journal. 7, 141

Becker, C., K. Qian, D.H. Russell, 2008. Molecular weight distributions of asphaltenes and deasphaltened
oils studied by laser desorption ionization and ion mobility mass spectrometry. Analytical
chemistry, 80(22), 8592-8597.

Benigni, P., C.J. Thompson, M.E. Ridgeway, M.A. Park, F. Fernandez-Lima, 2015. Targeted high-
resolution ion mobility separation coupled to ultrahigh-resolution mass spectrometry of endocrine
disruptors in complex mixtures, Analytical Chemistry 87, 4321-4325.

Boduszynski, M.M., 1987. Composition of heavy petroleums. 1. Molecular weight, hydrogen deficiency,
and heteroatom concentration as a function of atmospheric equivalent boiling point up to
1400.degree.F (760.degree.C), Energy & Fuels 1, 2-11.

Boduszynski, M.M., 1988. Composition of heavy petroleums. 2. Molecular characterization, Energy &
Fuels 2, 597-613.

Bollati V, A. Baccarelli, 2010. Environmental Epigenetics. Heredity (Edinb) 105, 105-112.

Cai, Y., R. Jaffé, R.D. Jones, 1999. Interactions between dissolved organic carbon and mercury species
in surface waters of the Florida Everglades. Appl. Geochem. 14, 395-407.

Castellanos, A., P. Benigni, D.R. Hernandez, J.D. DeBord, M.E. Ridgeway, M.A. Park, F.A. Fernandez-
Lima, 2014. Fast Screening of Polycyclic Aromatic Hydrocarbons using Trapped lon Mobility
Spectrometry — Mass Spectrometry, Analytical Methods 6, 9328-9332.

Daling, P. S., L.G. Faksness, A.B. Hansen, S.A. Stout, 2002. Improved and standardized methodology for
oil spill fingerprinting. Environmental Forensics, 3(3-4), 263-278.

Ding, Y., A. Watanabe, R. Jaffé, 2014. Dissolved black nitrogen (DBN) in freshwater environments.
Organic Geochemistry 68, 1-4.

Ding, Y., Y. Yamashita, W.K. Dodds, R. Jaffé, 2013. Dissolved black carbon in grassland streams: Is
there an effect of recent fire history? Chemosphere 90, 2557-2562.



Dolinoy D.C., R.L. Jirtle, 2008. Environmental epigenomics in human health and disease. Environ Mol
Mutagen 49, 4-8.

Dugourd, P., R.R. Hudgins, M.F. Jarrold, 1997. High-resolution ion mobility studies of sodium chloride
nanocrystals, Chemical Physics Letters 267, 186-192.

Fasciotti, M., P.M. Lalli, G. Heerdt, R.A. Steffen, Y.E. Corilo, G.F.d. Sa, R.J. Daroda, F.d.A.M. Reis, N.H.
Morgon, R.C.L. Pereira, M.N. Eberlin, C.F. Klitzke, 2013. Int. J. lon Mobil. Spec., 16, 117.

Fernandez-Lima, F., C. Becker, A.M. McKenna, R.P. Rodgers, A.G. Marshall, D.H. Russell, 2009.
Petroleum Crude Oil Characterization by IMS-MS and FTICR MS, Analytical Chemistry 81, 9941-
9947.

Fernandez-Lima, F., D.A. Kaplan, J. Suetering, M. Park, 2011. Gas-phase separation using a trapped ion
mobility spectrometer, Int. J. lon Mobility Spectrometry 14, 93-98.

Fernandez-Lima, F.A., D.A. Kaplan, M.A. Park, 2011. Note: Integration of trapped ion mobility
spectrometry with mass spectrometry, Rev. Sci. Instr. 82, 126106.

Fernandez-Lima, F.A., C. Becker, K. Gillig, W.K. Russell, M.A.C. Nascimento, D.H. Russell,
2008.Experimental and Theoretical Studies of (Csl)nCs+ Cluster lons Produced by 355 nm Laser
Desorption lonization, The Journal of Physical Chemistry A 112, 11061-11066.

Gaspar, A, E. Zellermann, S. Lababidi, J. Reece, W. Schrader, 2012. Impact of Different lonization
Methods on the Molecular Assignments of Asphaltenes by FT-ICR Mass Spectrometry, Analytical
Chemistry, 84, 5257-5267.

Gilmour, C.C., G.S. Riedel, M.C. Edrington, J.T. Bell, J.M. Benoit, G.A. Gill, M.C. Stordal, 1998.
Methylmercury concentrations and production rates across a trophic gradient in the northern
Everglades. Biogeochemistry 40, 327-345.

Goldberg, E., 1985. Black carbon in the environment. John Wiley and Sons, New York.

Hernandez, D.R., J.D. DeBord, M.E. Ridgeway, D.A. Kaplan, M.A. Park, F.A. Fernandez-Lima, 2014. lon
dynamics in a trapped ion mobility spectrometer, Analyst 139, 1913-1921.

Heuett, N., S. Rani, P. R. Gardinali, 2014. Understanding the magnitude of emergent contaminant
releases through target screening and metabolite identification using high resolution mass
spectrometry: illicit drugs in raw sewage influents. Journal of hazardous Materials.
http://dx.doi.org/10.1016/j.jhazmat.2014.08.009.

Hu, J., S. Adar, C.P. Selby, J.D. Lieb, A. Sancar, 2015. Genome-wide analysis of human global and
transcription-coupled excision repair of UV damage at single-nucleotide resolution. Genes &
development, 29, 948-960.

Huang H.S., J.A. Allen, A.M. Mabb, I.F. King, J. Miriyala, B.Taylor-Blake, N. Sciaky, J.W. Dutton JW, Jr.,
H.M. Lee, X. Chen, J. Jin, A.S. Bridges, M.J. Zylka, B.L. Roth BL, B.D. Philpot, 2012.
Topoisomerase inhibitors unsilence the dormant allele of Ube3a in neurons. Nature 481, 185-189.

Hughey, C.A., R.P. Rodgers, A.G. Marshall, 2002. Resolution of 11 000 Compositionally Distinct
Components in a Single Electrospray lonization Fourier Transform lon Cyclotron Resonance
Mass Spectrum of Crude Oil, Analytical Chemistry 74, 4145-4149.

Jaffé, R., Y. Ding, J Niggeman, A.V. Vahatalo, A. Stubbins, R.M. Spencer, J. Campbell, T. Dittmar, 2013.
Global charcoal mobilization from soils via dissolution and riverine transport to oceans. Science
340, 345-347.

Jaffé, R., Y. Yamashita, N. Maie, W.T. Cooper, T. Dittmar, W.K. Dodds, J.B. Jones, T. Myoshi, J.R. Ortiz-
Zayas, D.C. Podgorski, A. Watanabe, 2012. Dissolved organic matter in headwater streams:
Compositional variability across climatic regions of North America. Geochimica et Cosmochimica
Acta 94, 95-108.

10



Karbaschi, M., M.S. Cooke, 2014. Novel method for the high-throughput processing of slides for the
comet assay. Scientific reports, 4.

Kang N., H.I. Kang, K.G. An, 2014. Analysis of fish DNA biomarkers as a molecular-level approach for
ecological health assessments in an urban stream. Bull Environ Contam Toxicol 93, 555-560.

Kanu, A. B., H.H. Hill, 2007. Identity confirmation of drugs and explosives in ion mobility spectrometry
using a secondary drift gas. Talanta, 73, 692-699.

Krabbenhoft, D., J. Hurley, M. Olson, L. Cleckner, 1998. Diel variability of mercury phase and species
distributions in the Florida Everglades. Biogeochemistry 40, 311-325.

Lababidi, S., S.K. Panda, J.T. Andersson, W. Schrader, 2013. Direct Coupling of Normal-Phase High-
Performance Liquid Chromatography to Atmospheric Pressure Laser lonization Fourier
Transform lon Cyclotron Resonance Mass Spectrometry for the Characterization of Crude Oil,
Analytical Chemistry, 85, 9478-9485.

Li, Y. Y. Mao, G. Liu, G. Tachiev, D. Roelant, X. Feng, Y. Cai, 2010. Degradation of Methylmercury and
Its Effects on Mercury Distribution and Cycling in the Florida Everglades. Environ. Sci. Technol.
44, 6661-6666.

Li, Y, Y. Yin, G. Liu, G. Tachiev, D. Roelant, G. Jiang, Y. Cai, Y., 2012. Estimation of the Major Source
and Sink of Methylmercury in the Florida Everglades. Environ. Sci. Technol. 46, 5885-5893.

Liu, G., Y. Cai, P. Kalla, D. Scheidt, J. Richards, L.J. Scinto, E. Gaiser, C. Appleby, C., 2008. Mercury
Mass Budget Estimates and Cycling Seasonality in the Florida Everglades. Environ. Sci. Technol.
42 1954-1960.

Liu, G., Y. Cai, Y.Mao, D. Scheidt, P. Kalla, J. Richards, L.J. Scinto, G. Tachiev, D. Roelant, C. Appleby,
2009. Spatial Variability in Mercury Cycling and Relevant Biogeochemical Controls in the Florida
Everglades. Environ. Sci. Technol. 43, 4361-4366.

Liu, G., M.G. Naja, P. Kalla, P., D. Scheidt, E. Gaiser, Y. Cai, 2011. Legacy and Fate of Mercury and
Methylmercury in the Florida Everglades. Environ. Sci. Technol. 45, 496-501.

Maie, N., K.J. Parish, A. Watanabe, H. Knicker, R. Benner, T. Abe, K. Kaiser, R. Jaffé, 2006. Chemical
characteristics of dissolved organic nitrogen in an oligotrophic subtropical coastal ecosystem.
Geochimica et Cosmochimica Acta 70, 4491-4506.

Marshall, A.G., R.P. Rodgers, 2004. Petroleomics: The Next Grand Challenge for Chemical Analysis,
Acc. Chem. Res., 37, 53-59.

May, J.C., C.R. Goodwin, N.M. Lareau, K.L. Leaptrot, C.B. Morris, R.T. Kurulugama, A. Mordehai, C.
Klein, W. Barry, E. Darland, G. Overney, K. Imatani, G.C. Stafford, J.C. Fjeldsted, J.A. McLean,
2014. Conformational Ordering of Biomolecules in the Gas Phase: Nitrogen Collision Cross
Sections Measured on a Prototype High Resolution Drift Tube lon Mobility-Mass Spectrometer,
Analytical Chemistry, 86, 2107-2116.

McKenna, A.M., J.T. Williams, J.C. Putman, C. Aeppli, C.M. Reddy, D.L. Valentine, K.L. Lemkau, M.Y.
Kellermann, J.J. Savory, N.K. Kaiser, A.G. Marshall, R.P. Rodgers, 2014. Unprecedented
Ultrahigh Resolution FT-ICR Mass Spectrometry and Parts-Per-Billion Mass Accuracy Enable
Direct Characterization of Nickel and Vanadyl Porphyrins in Petroleum from Natural Seeps,
Energy & Fuels, 28, 2454-2464.

Merenbloom,S.I., R.S. Glaskin, Z.B. Henson, D.E. Clemmer, 2009. High-Resolution lon Cyclotron Mobility
Spectrometry, Analytical Chemistry, 81, 1482-1487.

Mitchelmore, C.L., S. Hyatt, 2004. Assessing DNA damage in cnidarians using the Comet assay. Marine
Environmental Research, 58, 707-171.

11



Molano-Arevalo, J.C., D.R. Hernandez, W.G. Gonzalez, J. Miksovska, M.E. Ridgeway, M.A. Park, F.A.
Fernandez-Lima, 2014. Flavin Adenine Dinucleotide Structural Motifs: From Solution to Gas
Phase. Analytical chemistry, 86, 10223-10230.

Panda, S. K., K.J. Brockmann, T. Benter, W. Schrader, 2011. Atmospheric pressure laser ionization
(APLI) coupled with Fourier transform ion cyclotron resonance mass spectrometry applied to
petroleum samples analysis: comparison with electrospray ionization and atmospheric pressure
photoionization methods. Rapid Communications in Mass Spectrometry, 25, 2317-2326.

Pierson, N.A., L. Chen, D.H. Russell, D.E. Clemmer, 2013. Cis—Trans Isomerizations of Proline Residues
Are Key to Bradykinin Conformations, Journal of The American Chemical Society, 135, 3186-
3192.

Qian, K., W.K. Robbins, C.A. Hughey, H.J. Cooper, R.P. Rodgers, A.G. Marshall, 2001a. Resolution and
identification of elemental compositions for more than 3000 crude acids in heavy petroleum by
negative-ion microelectrospray high-field Fourier transform ion cyclotron resonance mass
spectrometry. Energy & Fuels, 15, 1505-1511.

Qian, K., R.P. Rodgers, C.L. Hendrickson, M.R. Emmett, A.G. Marshall, 2001b. Reading chemical fine
print: Resolution and identification of 3000 nitrogen-containing aromatic compounds from a single
electrospray ionization Fourier transform ion cyclotron resonance mass spectrum of heavy
petroleum crude oil. Energy & Fuels 15, 492-498.

Ramirez, C., C. Wang, P. Gardinali, 2014. Fully automated trace level determination of parent and
alkylated PAHSs in environmental waters by online SPE-LC-APPI-MS/MS”. Analytical and
Bioanalytical Chemistry, 406, 329-344.

Ruotolo, B.T., G.F. Verbeck IV, L.M. Thomson, A.S. Woods, K.J. Gillig, D.H. Russell, 2002. Distinguishing
between phosphorylated and nonphosphorylated peptides with ion mobility-mass spectrometry.
Journal of Proteome research, 1, 303-306.

Sawyer, H.A., J.T. Marini, E.G. Stone, B.T. Ruotolo, K.J. Gillig, D.H. Russell, 2005. The Structure of Gas-
Phase Bradykinin Fragment 1-5 (RPPGF) lons: An lon Mobility Spectrometry and H/D Exchange
lon-Molecule Reaction Chemistry Study, J. American Society of Mass Spectrometry, 16, 893-905.

Schenk, E.R., M.E. Ridgeway, M.A. Park, F. Leng, F.A. Fernandez-Lima, 2014a. Isomerization kinetics of
AT hook decapeptide solution structures. Analytical chemistry, 86, 1210-1214.

Schenk, E.R., V. Mendez, J.T. Landrum, M.E. Ridgeway, M.A. Park, F.A. Fernandez-Lima, 2014b. Direct
observation of differences of carotenoid polyene chain cis/trans isomers resulting from structural
topology. Analytical Chemistry 86(4), 2019-2024.

Schenk, E.R., R. Almeida, J. Miksovska, M.E. Ridgeway, M.A. Park, F.A. Fernandez-Lima, 2015. Kinetic
intermediates of holo- and apo- myoglobin studied using HDX-TIMS-MS and molecular dynamic
simulations, Journal of the American Society for Mass Spectrometry 26, 555-563.

Scott, C.D., M. Ugarov, R.H. Hauge, E.D. Sosa, S. Arepalli, J.A. Schultz, L. Yowell, 2007.
Characterization of Large Fullerenes in Single-Wall Carbon Nanotube Production by lon Mobility
Mass Spectrometry, J. Phys. Chem. C. 111, 36-44.

Singh, N., S. Abiven, M.S. Torn, M.W.I. Schmidt, 2012. Fire-derived organic carbon in soil turns over on a
centennial timescale. Biogeosciences 9, 2847-2857.

Skjemstad, J.O., J.A. Taylor, L.J. Janik, S.P. Marvanek, 1999. Soil organic carbon dynamics under long-
term sugarcane monoculture. Australian Journal of Soil Research 37, 151-164.

Steinberg C.E., S.R. Sturzenbaum, R. Menzel, 2008. Genes and environment - striking the fine balance
between sophisticated biomonitoring and true functional environmental genomics. Sci Total
Environ 400,142-161.

12



Suarez-Ulloa, V., R. Gonzalez-Romero, J.M. Eirin-Lopez, 2015. Environmental epigenetics: a venue for
developing next-generation biomarkers of marine pollution. Marine Pollution Bulletin, in press.

Sullivan C., C.L. Mitchelmore, R.C. Hale, P.A. Van Veld, 2007. Induction of CYP1A and DNA damage in
pressthe fathead minnow (Pimephales promelas) following exposure to biosolids. Science of the
Total Environment 384, 221-228.

Tai, C., Y. Li, Y. Yin, L.J. Scinto, G. Jiang, Y. Cai, 2014. Methylmercury photodegradation in surface
water of the Florida Everglades: Importance of dissolved organic matter-methylmercury
complexation. Environmental Science & Technology, 48, 7333-7340.

Venier P., C. De Pitta, A. Pallavicini, F. Marsano, L. Varotto, C. Romualdi, F. Dondero, A. Viarengo, G.
Lanfranchi, 2006. Development of mussel mRNA profiling: can gene expression trends reveal
coastal water pollution?. Mutation Research/Fundamental and Molecular Mechanisms of
Mutagenesis, 602, 121-134.

Wagner, S., T. Dittmar, R. Jaffé, 2015. Molecular characterization of dissolved black nitrogen via
electrospray ionization Fourier transform ion cyclotron resonance mass spectrometry. Organic
Geochemistry, 79, 21-30.

Wang, C., P. R. Gardinali, 2013. Detection and occurrence of microconstituents in reclaimed water used
for irrigation—a potentially overlooked source. Analytical and Bioanalytical Chemistry. 405, 5925-
5935.

Wang, F., K.N. Wan, L.A. Green, 2005. GCxMS of diesel: A two dimensional separation approach, Anal.
Chem. 77, 2777-2785.

Wang, J., P.R. Gardinali, 2014. Identification of phase Il pharmaceutical metabolites in reclaimed water
using high resolution benchtop Orbitrap mass spectrometry. Chemosphere, 107, 65-73.

Ware, F., H. Royals, F. Lange, 1990. Mercury contamination in Florida largemouth bass. Proceedings of
Annual Conference of Southeastern Association of Fish & Wildlife Agencies 44, 5-12.

Yin, Y., Y. Li, C. Tai, Y. Cai, G. Jiang, 2014. Fumigant methyl iodide can methylate inorganic mercury
species in natural waters. Nature Communications, 5.

Yoshihara, M., L. Jiang, S. Akatsuka, M. Suyama, S. Toyokuni, 2014. Genome-wide Profiling of 8-
Oxoguanine Reveals lts Association with Spatial Positioning in Nucleus. DNA Research, 21, 603-
612.

Zadro, S., J.K. Haken, W.V. Pinczewski, 1985. Analisis of Australian crude oils by high-resolution capillary
gas-chromatography mass-spectrometry J. Chromatog. 323, 305-322.

Zilch, L.W., D.T. Kaleta, M. Kohtani, R. Krishnan, M.F. Jarrold, 2007. Folding and Unfolding of Helix-Turn-
Helix Motifs in the Gas Phase, J. Am. Soc. Mass Spectrom. 18, 1239-1248.

13





