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INTRODUCTION

Our highly technological society is strongly based on the extensive use of chemicals. About 140,000
chemicals are currently on the market and can be thus considered of common use by industry and
households"?, however, the number of available chemicals largely exceeds this quantity and is continuously
growing. Depending on both natural (physical-chemical properties or environmental physical conditions)
and anthropogenic factors (volumes produced, mode of use, and waste treatment technologies). these
chemicals may potentially reach the environment. As prescribed by the Second Principle of
Thermodynamics. even the best environmental practices such as waste treatment, reuse, and recycling
cannot avoid certain losses to the environment in the form of thermal and material entropy". This is
particularly true for those compounds, such as pesticides, whose mode of use consists of open-
environmental application.

Progress on environment pollution knowledge is tightly coupled to that of the analytical methods. In the
field of organic micropollutants, these are largely based on the joint evolution of separation techniques,
notably gas and liquid chromatography (GC and LC, respectively), and powerful identification methods
such as mass spectrometry (MS). Detection levels of nanograms or picograms are nowadays routinely
reached with the currently available instruments. Continuous lowering of detection limits
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Table 1. Environmental concerns associated with emerging contaminants (EC) and their transformation products

» Chemicals are regularly used by the population and the industry with a clear growing trend. The process is ubiquitous in space and continuous
along time and extends to some hundreds of thousands of available compounds

» Water treatment systems (if any) are not specifically designed to eliminate many ECs. Depending on each specific compound and
characteristics of the treatment, their elimination might not be complete. Further tertiary specific treatment steps may be necessary, but at a
certain economic cost that is not always affordable

« Even though many ECs may be degraded, their continuous input into the environment makes them behave as “pseudo-persistent”
* They are often polar compounds, which are difficult to extract and analyze

» The complex “cocktail” of many ECs, metabolites, and transformation products may have unexpected and hardly predictable mixture
interaction effects (i.e., synergistic, antagonistic, etc.)

* Legislation is limited to a list of a few compounds compared to the large number potentially present in the environment. Mixture effects are
overlooked

* Some ECs are, by design, biologically active compounds (i.e., pesticides, pharmaceuticals, etc.), targeted to specific organisms and having
precise modes of action. Possible side effects on other non-targeted, unintentionally exposed organisms found in the receiving ecosystem
biological communities are largely unknown

« Finally, the anthropogenic water cycle includes the safe supply of drinking water to the population. The occurrence of EC residues in drinking
water may pose a risk to human health, therefore their absence must be prevented in any case

(by a factor of ca. 10° in the last 40 years) has led to the “discovery” of more and more contaminants in the
environment that otherwise were overlooked, although they were obviously already present. These
contaminants have remained ignored as well by the legislation since they (apparently) did not meet the
requirements of “persistence, bioaccumulation, and toxicity (PBT)”. However, their continuous release to the
environment can qualify them as “pseudo-persistent”, their biological activity by design in some cases (i.e.,
pesticides, pharmaceuticals, etc.), their unknown effects resulting from the continuous and simultaneous
exposure to low doses of many of such contaminants, or the discovery of specific biological effects
associated (i.e., endocrine disruption) have been recognized as a relevant environmental threat, which has
led to coining the term “contaminants of emerging concern”, or in short “emerging contaminants” [Table 1].
Nowadays, under this broad definition, various families of contaminants are allocated (i.e., pesticides,
pharmaceuticals, personal care products, endocrine disruptors, perfluorinated compounds, flame
retardants, UV filters, etc.). This is a dynamic definition, and the list remains open to the continuous
incorporations of more candidates resulting from new findings.

Coping with chemical pollution is therefore of utmost relevance. Focusing on the anthropogenic water
cycle, the situation is particularly worrying if one considers that about 80% of the world’s wastewaters lack
any treatment, but even conventional processes are not able to remove many pollutants and further
advanced treatments are required". On the other hand, the current legislation has a limited scope, typically
setting environmental quality standard thresholds levels for a limited number of compounds and
overlooking any mixture effects.

POLLUTANTS IN THE WATER ENVIRONMENT: BRIDGING THE GAP BETWEEN
CHEMISTRY AND BIOLOGY

Once contaminants reach the aquatic environment, they may undergo biotic (i.e., biodegradation) and
abiotic transformations (hydrolysis, photolysis, redox processes, etc.) that give rise to a plethora of
environmentally generated by-products altogether broadly known as “transformation products (TPs)”. It
should be emphasized that the term “aquatic environment” must be understood in its broadest sense,
covering both natural (surface freshwaters, groundwaters, transitional, and coastal waters) and engineered
systems (potabilization and wastewater treatment), as well as different environmental compartments (water
phase, sediments, suspended solids, and biota).
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Parent compounds plus the resulting TPs constitute a “chemical universe” (chemosphere) whose
interactions with the different levels of biological organization, i.e., species, individuals, populations, and
ecosystems (ecosphere), are still poorly known, but many experimental pieces of evidence show that they
may result on harmful effects'*”. The interrelation between chemical exposure and their potential adverse
biological effects at different levels of biological complexity (including humans) compose altogether a chain
of events known in the current environmental toxicology literature as adverse outcome pathways whose
investigation appears to be crucial®.

Chemical status vs. ecological status

The relationships between chemical and ecological status may be regarded as one of the ultimate goals to be
achieved in our understanding of chemical pollution consequences”. Several factors complicate the overall
picture. First, chemical stressors entering watercourses co-occur in mixtures of many different compounds,
making the prediction of their joint effects more difficult’”. Second, these organic microcontaminants may
coincide with nutrients in excess or with abundant dissolved organic matter, especially in systems heavily
impacted by industrial or urban effluents, making up a number of co-occurring stressors with complex
effects on the biological communities that may confound the resulting outcome"". Finally, the effects of
these stressors on the biological compartments (i.e., from bacteria to fish) are often non-linear, and outputs
become increasingly uncertain through larger spatial and temporal scales of complexity in which other
factors such as hydrological, hydromorphological, climate (temperature), and land-use changes play their
role as well""'"?. Disentanglement of these complex scenarios remains a challenging task. Some approaches
aim to allocate the contribution of different co-occurring stressors based on variance partitioning, study
of macroinvertebrate traits"*, or the accumulation of different “lines of evidence”; sample chemical analysis
and bioanalysis, in situ functional responses, and field surveys"? may be highlighted, although the field
remains open to new findings.

Human health: wastewater-based epidemiology

Pollution of water resources may pose a risk to human health through the drinking water supply,
particularly in those areas where the potabilization treatment is poor or lacking. However, there is a second
aspect of water pollution that has arisen as a powerful tool regarding human health. The so-called
“wastewater-based epidemiology (WBE)”, or “sewage epidemiology”""
exposure to chemicals or pathogens by monitoring the substances excreted in the population’s wastewater,

, estimates collective consumption or

thus providing an overall picture of the population health which is complementary to that obtained from
clinical epidemiological surveys"”. WBE was originally focused on small molecules, but the scope has since
been enlarged to other biomarkers such as genetic biomarkers, large molecules, viruses, infection diseases,
resistance genes, etc. Many successful studies using small molecules have been carried, out mostly on the
chemical exposure side, namely, the consumption of illegal drugs, pharmaceuticals, and personal care
products, tobacco and alcohol use, pesticide exposure, etc. Conversely, studies on the biological response
side are less common. In this respect, the recent use of reverse transcription polymerase chain reaction and
other related genomic methods for the monitoring of COVID-19 outbreak prevalence deserves to be
mentioned"”". Contrastingly, studies aimed at characterizing wastewater metabolomics and proteomics are
lacking. Several biomarkers have been proposed for that purpose, notably protein biomarkers”’, but no
systematic studies on wastewater proteomics had been published until very recently®. In that context, the
possibility of using WBE mass spectrometry tools [LC-electrospray (ESI)-MS/MS and MALDI-TOF-MS]
for characterization of SARS-CoV-2 proteins and peptides have been suggested, although the few examples
analyzed reported for now in the literature correspond only to human clinical samples with none from
wastewater!7??,
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ANALYTICAL CHALLENGES

The effects posed by chemical pollution on the water environment involve the quantification
(measurement) of both exposure to chemicals and their effects on the biological receptors. Whereas
exposure-oriented approaches tend to ignore data gaps (i.e., missing contaminants), effect-based
approaches penalize them with increased uncertainty factors. For that reason, current monitoring
approaches tend to emphasize either exposure or effect detection. However, it can be argued that their joint,
complementary, and wise use paves the way to a better understanding of the causal chain connecting
exposure and effects'".

Chemical analysis

Environmental samples contain a complex mixture of many constituents, including substances that can
interfere with the analysis of emerging organic compounds. As mentioned, the advances achieved by high-
resolution mass spectrometry (HRMS), together with big data treatment tools (chemometric,
bioinformatics, and databases) provide the suitable toolbox necessary to successfully cope with such a
challenging analytical task®. MS target methods aimed at the quantification of certain groups of organic
contaminants are often not sufficient to fully characterize such real mixtures. Up to a few hundred analytes
can be simultaneously evaluated by current multi-residue targeted MS methods. Detection of unknowns has
become more accessible with the advent of affordable, benchtop HRMS, among other tools, with improved
selectivity, such as those based on time-of-flight (TOF) or Orbitrap-based mass spectrometry. In the
standard target approach, once a particular compound is detected (i.e., its molecular peak m/z), a
corresponding standard should be used to corroborate the identity and structure of the compound and to
quantify it. As an alternative, the compound under consideration can be synthesized (in the case of TPs), or
its identity can be confirmed using diverse spectral libraries. Structural elucidation of TPs is still one of the
most employed procedures to assess the fate of emerging contaminants and is essential for the
characterization of their transformation pathways. However, this is still a complex and challenging task
requiring an array of instrumental techniques, such as gas chromatography-tandem MS (GC-MS) and
liquid chromatography-tandem MS (LC-MS). A more comprehensive picture could be drawn using modern
suspect and non-target analytical approaches to solve this challenge. The clear advantage of the non-target
approach is the mining of the compounds present in the sample without resorting to direct but lengthy
target analysis (provided that they are detectable). A drawback to consider is that the implementation of
non-target approaches requires extensive use of data processing workflows (computational tools and
software) to extract information from the massive amount of data generated by LC-MS in full-scan
acquisition modes.

In summary, target analysis is limited to known analytes for which standards are available, thus allowing the
development of multi-residue methods for their exact identification and quantification. In contrast, in
suspect and non-target analysis, the number of analytes detected (and identified at different degrees of
certitude) can be substantially broadened. However, since standards are not always available, they can only
be semi-quantified. Moreover, suspect and non-target analysis strongly depend on compiled analytical
information contained in external databases, and in the non-target analysis, even the structures of the
compounds detected maybe are not necessarily previously known.

Bioassays

The number of bioassays and ecotoxicity tests available cover a vast range of possibilities, including in vivo
vs. in vitro tests, apical effects (organisms) vs. specific effects (endocrine disruption, genotoxicity,
mutagenicity, neurotoxicity, oxidative stress, etc.), acute (short-term) vs. chronic (long-term) exposures,
different end-points, commercially available (Microtox®, CALUX?, etc.) vs. research models, or even in silico
methods for toxicity prediction for those compounds for which standards are not available®. There is a
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consensus on the convenience of using a battery of different bioassays covering different modes of action
and endpoints to get a more comprehensive picture of the toxicity associated with a mixture of water
pollutants.

Conventional ecotoxicological approaches typically make use of whole-organism in vivo bioassays to assess
the toxicity of wastewater effluents. However, such bioassays exhibit some important drawbacks®: (1) a
limited sample throughput processing capability; (2) the inability to distinguish the effects of pollutants
from those of the matrix (i.e., salinity, pH, etc.); and (3) making unnecessary use of living organisms. This
limitation was overcome with the development of cell-based in vitro bioassays with high-throughput
processing capacity”. The application of such in vitro bioassays in ecological risk assessment is just at its
beginnings but appears to be a promising tool for routine environmental surveys and reducing animal
testing"””.

Considering that every constituent in a mixture can potentially contribute to its overall toxicity, the use of
bioassays allows characterizing the joint effect of all the chemicals present. This can be contrasted with an
estimation of the toxicity of the contaminants measured in the sample (known after chemical analysis)
using aggregation models such as concentration addition or independent action'**. The difference between
measured and compound-based calculated toxicities would indicate that the chemical analysis is incomplete
and further investigations are needed. This iterative process aiming to improve the explanation in the
differences between measured and calculated toxicities drives the coupling between chemical and
ecotoxicological monitoring and constitutes the underlying principle of the so-called

15,29]

effect-directed analysis">**.

BROADENING THE SCOPE OF WATER CONTAMINANTS: MICRO- AND NANO-PLASTICS

Plastics have become essential materials in our modern society owing to their affordability and multitude of
applications. This has led to an increase in the worldwide production to ca. 359 million tons in 2018,

Despite their undeniable advantages, the indiscriminate use of plastics as disposable material together with
inadequate waste management has resulted in a source of environmental pollution of global concern.
Noteworthy, the situation has substantially worsened as a consequence of the COVID-19 outbreak™*".

Land dumped plastic waste is transported by the river network"” with an annual estimated amount of 1.2-
2.4 million tons in 2016". Under business-as-usual scenarios, these emission rates could be doubled by
2025, Plastic debris accumulates in the rivers, lakes, and the ocean (ranging from 9 to 23 million metric
tons/year)®**.. Plastics are generally chemically stable; however, under weathering, they undergo
fragmentation and give rise to microplastics (< 5 mm in any dimension) and nanoplastics (< 100 nm),
although this division is somewhat arbitrary. Such plastic particles are potentially harmful and may cause
adverse effects on ecosystem biodiversity, changes in the carbon and nutrient cycles, habitat alterations, and
harm human health®”. However, the majority of the ecotoxicological studies carried out up to now are
laboratory studies not using samples collected in the environment. On the other hand, plastics act as carriers
of other emerging contaminants adsorbed in their surface (“Trojan effect”), thus facilitating their
incorporation into the trophic chain. Even though plastics have already been ubiquitously reported in
almost all of Earth’s aquatic habitats, from the open seas to deep oceans, rivers, and lakes, either in the water
column or the sediments, the environmental detection of MP/NP is still pending and remains an urgent
research task to be undertaken in the forthcoming future®. In this context, Raman and Fourier-transform
infrared spectroscopies (FT-IR and FT-Raman) and their microscopy versions, pyrolysis and thermal
desorption gas chromatography coupled to mass spectrometry (Pyr-GC-MS and TED-GC-MS respectively),
imaging techniques, or thermogravimetry coupled to differential scanning calorimetry deserve to be
mentioned as the most prominent analytical methods and instrumentation for MP/NP characterization.
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Table 2. Subject areas of specific interest include (but are not limited to)

« Studies of any aspect related to the occurrence, partition, transport, fate, and effects of the different families of emerging contaminants, such as pharmaceuticals, personal-care products, UV filters, pesticides,
flame retardants, perfluorinated compounds and other industrial chemicals, disinfection by-products, persistent organic pollutants, endocrine disruptors, as well as their metabolites and environmental
transformation products

« Novel analytical methods, including new data treatment approaches (chemometric studies), suspect, and non-target screening methods
» Novel sampling methods (use of passive sampling devices, etc.)
* New emerging contaminants.

* Modeling studies on the occurrence, partition, transport, and fate of emerging contaminants in the aquatic environment (surface and groundwater), including the different involved phases and their validation
using field data

« Studies about nanomaterials, nanocomposites, microplastics, and other related contaminants in the aquatic environment

« Studies (field, mesocosm, and microcosm) combining the occurrence and effects of emerging contaminants with other disciplines such as microbiology, ecology, genomics, hydrology, hydromorphology, etc.
« Studies related to the joint effects of water pollution by emerging contaminants and other environmental stressors on the receiving ecosystems

« Environmental determinants of both communicable and non-communicable water-borne diseases under the prism of climate change and its manifestations

« Risk assessment studies of emerging contaminants and their health and ecosystem risks

« Studies on contaminant (bio)monitoring and their environmental effects, such as the generation of resistance (antibiotic resistance genes, etc.)

« Studies on human and environmental biomonitoring of contaminants and their effects on individuals and populations, including the environment

« Metabolomic studies related to the response of aquatic living organisms to exposure to emerging contaminants

« Studies of Environmental Proteomics

* "One Health" or “exposome” approaches with emphasis on epidemiological studies about the combined effects of chemicals on human and ecosystem health

« Studies of advanced treatment methods used along the anthropogenic water cycle (i.e., drinking and wastewater treatment) for the elimination of emerging contaminants

« Studies related to new regulatory and policy aspects of broad concern related to the occurrence and effects of pollution by emerging contaminants and their mixtures in the water environment

With the analytical developments currently available, the environmental occurrence of MP/NPs can be conveniently accomplished (i.e., sampling, isolation,
and characterization). However, there are some methodological needs concerning the analytical process still requiring further work, i.e., standardization and
homogenization to enable the comparison of different studies, guidelines for methods validation, reference materials, or interlaboratory exercises™.

CONCLUDING REMARKS: WHY A NEW JOURNAL ON EMERGING CONTAMINANTS AND NANOPLASTICS?

Throughout the foregoing lines, we outline the most prominent areas of research within the field of water contaminants and nanoplastics. Indeed, it is a hot
topic that has experienced tremendous growth, as reflected in the exponential number of scientific literature that appeared in the last 30 years [Figure 1]. It
encompasses many areas of knowledge and research topics, which we aim to cover in our new journal “Water Emerging Contaminants & Nanoplastics”, as
summarized in Table 2. We emphasize this multidisciplinary character since it is in the cross-boundary between different disciplines where new scientific ideas
and approaches can flourish. In conclusion, we firmly believe that the journal comes at the right time and will definitely contribute to filling a scientific need.
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Figure 1. Evolution of the number of publications related to (left) “emerging contaminants in water” (right) and “micro- and nano-
plastics” appearing in the last 30 years (1990-2021): (top) total aggregated number of publications and (bottom) number of
publications in the main journals (source of data and graphs, SCOPUS; date downloaded, 29 November 2021).
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