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The 12th International Conference on “Instrumental Methods of Analysis”
www.ima2021.gr (accessed on 8 November 2021)), was organized by the Aristotle Uni-
versity of Thessaloniki and National Technical University of Athens, during 20-23 Sep-
tember 2021 as a virtual event, providing the opportunity for high-level analytical scien-
tists from all around the world to promote their relevant research.

IMA is a biannual series of conferences that started in 1999 and cover all areas of
Chemical Analysis, including the development of new techniques, modern trends, and
applications in a wide range of scientific disciplines. To date, several leading analytical
chemists from Greece and abroad have presented their research work at previous IMA
meetings. The 12th IMA conference (in a virtual format for the first time), had the ambition
to bring together some of the most talented and innovative analytical chemists from all
over the world for an excellent scientific online conference. The program of the 4-day
event attended by 260 participants from 23 countries, included 14 invited speakers, 73 oral
presentations, and 98 poster contributions.

Covered topics included: spectrometric and electrometric analysis; chromatographic,
mass spectrometric, microscopic, and thermal analysis methods; proteomics, metabolom-
ics, metallomics, and elemental speciation analysis; chemical and biosensors; field analy-
sis—muobile analytical instruments; miniaturized analytical systems (lab-on-a-chip), mi-
cro-, and nanofluidics; immunoassays and electrophoretic separation techniques; sam-
pling techniques and strategies; robotics and automation; quality control—quality assur-
ance in analysis; metrology; data processing and chemometrics; environmental analysis;
biomedical (ecotoxicological and clinical) and pharmaceutical analysis; food analysis; ma-
terials analysis (nanomaterials, smart/advanced materials, and surface analysis); archae-
ometry; and analytical chemistry markets and possibilities for commercialization. Special
sessions, focused on aerosol metrology (supported by EU Project AEROMET II), ad-
vanced X-ray techniques (supported by the European X-ray Spectrometry Association),
and application of chemical analysis in the study of virus spread analytics (airborne and
wastewaters), were also organized within the frame of IMA-2021.
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Monday 20 September 2021

1. Plenary Lectures: Virus Spread Analytics, Drug Research

1.1. COVID-19: The World’s First Environmental Disease— Integrative Analytical and
Computational Perspectives

D. A. Sarigiannis 12

! Environmental Engineering Laboratory, Department of Chemical Engineering,
Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece; sarigiannis@auth.gr
2 University Institute of Advanced Study IUSS, 27100 Pavia, Italy

COVID-19 challenges the way the global human community addresses public health
protection from infectious diseases and the factors that determine their prevalence. The
environmental dimension of the disease spread and of the associated health risk is an es-
sential part of the pandemic puzzle. Ambient air temperature, total humidity, and UV-B
radiation flux are key parameters determining the potency of the virus to “dock” itself
onto the human lung epithelium and thus influence the effective intrinsic transmissibility
of different SARS-CoV-2 variants. Prior exposure to immunotoxicants, such as perfluori-
nated compounds, has been elated to negatively influence the ability of the human im-
mune system to respond effectively to SARS-CoV-2 contamination. Alas, recent human
biomonitoring studies have demonstrated that most Europeans are exposed to PFCs at
non-negligible levels. Exposure to fine and ultra-fine particles through the air has been
shown to increase human susceptibility to SARS-CoV-2, resulting in a 9% increase in mor-
tality rate of vulnerable individuals for 1 pug/m? increase in ambient air PM2.5. Aerosol-
based dispersion of the virus has been deemed the second most important pathway of
exposure after direct exposure to biological droplets from sneezing or coughing. Our abil-
ity to detect and monitor continuously low levels of environmental pollution may well
prove to be an essential element for an effective strategy countering the spread of COVID-
19. Wastewater epidemiology has been a very important tool serving predictive models
of viral spread dynamics in humans with valuable information regarding the overall viral
load independently from the incidence rate of the disease in the community. Enhancement
of the current state-of-the-art with metagenomics-based pathochip microarrays may sig-
nificantly increase the applicability and reliability of waste and wastewater epidemiology
accounting explicitly for the total pathogenic load affecting humans. When it comes to
humans, there are two main methodological approaches for contamination detection: (i)
detection of genetic material (or proteins) from SARS-CoV-2 in respiratory-tract speci-
mens, or (ii) the detection of antibodies against the virus in blood samples. Detection of
viral RNA is the only accepted diagnostics to confirm active infection. Analytical science
is important to understand what is determined/detected in each type of assay and assess
and explain the limitations of each approach (limits of detection and quantification of the
existence and practical implications of false positives or false negatives). Integration of the
data gathered through these tools requires both a comprehensive framework for instru-
mental analysis that can cover efficiently all environmental compartments, human matri-
ces, and even waste and wastewater, and an intelligent multi-scalar dynamic computa-
tional platform that allows us to capture effectively the environmental and social dynam-
ics that govern the disease spread and severity. The COVID-19 Risk Evaluation (CORE)
system incorporates all these elements and, since the beginning of the pandemic in Eu-
rope, provides daily analyses of the pandemic dynamics and the time trends of the asso-
ciated health risk. CORE allows long-term predictions and scenario analysis, taking into
account non-pharmacological interventions and pharmacological solutions, while consid-
ering the evolutionary pressure on the virus leading to an extended number of mutations
that present partial immune escape features.
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1.2. Wastewater-Based Epidemiology during COVID-19 Pandemic

N. S. Thomaidis

Laboratory of Analytical Chemistry, Department of Chemistry, National and Kapodis-
trian University of Athens, Panepistimioupolis Zografou, 15771 Athens, Greece;
ntho@chem.uoa.gr

December 2019 will be remembered as the springboard of Coronavirus Disease 2019
(COVID-19), which causes viral pneumonia and many other health effects. However, the
measures taken to restrict the virus spread affected societies, economies, and, indirectly,
mental and physical health, habits, and lifestyle. Wastewater-based epidemiology became
a promising chemical tool for monitoring SARS-CoV-2 infection dynamics, as well as a
population’s chemical exposure, public health, lifestyle, and how the ongoing pandemic
affected the aforementioned parameters [1-3]. In the present study, the effects of COVID-
19 pandemic on the population of Athens, employing WBE, are presented. During the first
wave of the pandemic (March—April 2020), the analysis of wastewater revealed significant
increase in surfactants (+196%) and biocides (+152%), while a significant decrease was ob-
served for tobacco and industrial chemicals (-33% and -52%, respectively). For illicit
drugs, and especially for stimulants such as amphetamine, methamphetamine, and co-
caine, an increasing trend was observed from March 2020 to March 2021. In addition, dur-
ing March 2020, when there was no effective treatment for SARS-CoV-2, antiviral and an-
tibiotics demonstrated significant increases (+170% and +57%, respectively), while
NSAIDs use was decreased (—27%). Oxazepam, one of the most common benzodiaze-
pines, reached peak use levels during December 2020, remaining high during January to
March 2021. On 7th of November, when the 2nd total lockdown was announced, SARS-
CoV-2 viral load showed a stable trend until the end of January, when extremely high
viral loads were observed for the first time in Athens. For the following three months
(February to May), the observed increase was the result of the SARS-CoV-2 alpha-variant,
as revealed by NGS analysis of RNA extracts. After the end of the restrictions and lock-
down (May to June) SARS-CoV-2 viral load demonstrated a decreasing trend during June,
while the prevalence of delta-variant and the absence of restriction measures resulted in
a fourth wave with high viral load in wastewater in July and August 2021. The time—trend
analysis of viral load in the wastewater of Athens correlated with infections dynamics and
epidemiological variables, demonstrating the potential of WBE to be used as an early
warning system of the pandemic dynamics.

References

1. Ahmed, W.; Angel, N.; Edson, J.; Bibby, K.; Bivins, A.; O'Brien, J.W.; Choi, P.M,;
Kitajima, M.; Simpson, S.L.; Lj, J.; et al. First confirmed detection of SARS-CoV-2 in
untreated wastewater in Australia: A proof of concept for the wastewater surveil-
lance of COVID-19 in the community. Sci. Total Environ. 2020, 728, 138764.

2. Thomaidis, N.S.; Gago-Ferrero, P.; Ort, C.; Maragou, N.C.; Alygizakis, N.A.; Borova,
V.L.; Dasenaki, M.E. Reflection of socioeconomic changes in wastewater: Licit and
illicit drug use patterns. Environ. Sci. Technol. 2016, 50, 10065-10072.

3. Diamanti, K,; Aalizadeh, R.; Alygizakis, N.A.; Galani, A.; Mardal, M.; Thomaidis,
N.S. Wide-scope target and suspect screening methodologies to investigate the oc-
currence of new psychoactive substances in influent wastewater from Athens. Sci.
Total Environ. 2019, 685, 1058-1065.



Appl. Sci. 2021, 11, 11767

4 of 173

1.3. Biomimetic Chromatography to Predict In Vivo Distribution of Drug Discovery Compounds

K. Valko 12

1 School of Pharmacy, UCL, London WCIN 1AX, UK; k.valko@ucl.ac.uk
2 Bio-Mimetic Chromatography Ltd., Stevenage Herts SG1 2DX, UK

Chromatography is a powerful analytical separation technique which can also be
used to measure compound interactions with stationary phases. Biomimetic chromatog-
raphy is designed to mimic the biological partition processes of compounds by using spe-
cific protein and phospholipid stationary phases. The carefully standardized gradient
chromatographic retention times obtained on biomimetic stationary phases are used in
models of the in vivo distribution of compounds [1]. The volume of distribution, tissue
binding, and various toxicity parameters can therefore be estimated from the measured
biomimetic chromatographic properties of early drug discovery compounds. The non-
specific binding of compounds can be predicted by the sum of the albumin and phospho-
lipid binding which also showed an excellent inverse correlation with the drug efficiency
[2]. The HPLC based estimation of drug efficiency together with the in vitro potency can
be used to estimate the dose [3] that is required to achieve the desired free concentration
of the drug at the site of action (Figure 1). In this way, organic chemists are able to use
these data at early stages of the lead optimisation process, and the drug design and dis-
covery processes can be accelerated with reduced costs. The models have been success-
fully used in over 20 drug discovery programs ranging from CNS to respiratory targets.
More recently, the applicability of the method has been investigated for potential peptide
therapeutics where the traditional methods for lipophilicity determination and protein
binding could not be used.

10 °+ K.*P;::._ Y o e
T BN e el
MO —-“-'-fj; LE;LL;
sesesdl —

MEMBRANE BLAYER AN LG Colemn

1AM

Estimate tissue distribution, free concentration and dose

Pancreatic Kadney Liver Salivary *
Small
intestine

Bone tissue Adrenal gland

Harderian
!1|:trl-d

L

ITRITOW, L s

Figure 1. The chemically bonded Human Serum Albumin (HSA), Apha-1-acid glycoprotein (AGP)
and Immobilized Artificial Membrane HPLC stationary phases can model the in vivo tissue distri-
bution, free concentration, and dose of compounds without using animal experiments.
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1.4. Magnetoliposomes for Efficient AC-Magnetic Field Remote Controlled Drug Release

M. E. Fortes Brollo, M. C. Concepcidon Serrano and M. d. P. Puerto Morales *

Instituto de Ciencia de Materiales de Madrid, ICMMY/CSIC, Sor Juana Inés de la Cruz 3,
28049 Madrid, Spain
* Correspondence: puerto@icmm.csic.es

Magnetic hyperthermia is an interesting alternative for some kinds of cancer which
are difficult to remove, such as brain tumours, or especially resistant to other therapies,
such as triple-negative breast cancer [1]. However, there are still a limited number of ap-
proved nanoformulations and clinical trials due to some drawbacks of this therapy, i.e., a
lack of effective accumulation of nanoparticles in the tumour after intravenous injection,
alteration of heating due to agglomeration of nanoparticles in lysosomes inside the cell,
and uncertainty and lack of control of the temperature at the nanoscale.

Here, we will show that by combining liposomes, magnetic nanoparticles, and a
drug, we were able to prepare a nanocarrier (<200 nm) for directing drugs to specific tis-
sues or organs, avoiding side effects [2]. It is possible to control the spatial distribution of
the nanoparticles in the liposome by controlling the nanoparticle surface charge (Figure
1). Magnetoliposomes accumulate in the cell cytoplasm, reaching 100% labelling efficiency
and maintaining cell viability above 80%. Finally, by adjusting the field conditions, drug
delivery can be triggered by overcoming the melt transition temperature of the lipid bi-
layer by remote control using an alternating magnetic field.

100 nm e

Figure 1. From left to right: TEM images of liposomes and magnetoliposomes having magnetic nanoparticles inside the
lipid bilayer (coated with oleic acid), attached to the liposome surface (coated with dimercaptosuccinic acid), and encap-
sulated inside its aqueous volume (coated with aminopropylsilane).
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Magnetoliposome Formation and Drug Loading in One Step for Efficient AC-Mag-
netic Field Remote Controlled Drug Release. ACS Appl. Mater. Interfaces 2020, 12,
4295.

2. Aerosol Metrology, Advanced X-ray Techniques I

2.1. Traceable Analysis of Aerosols and Advanced Materials at the Nano- and Microscales by
X-ray Spectrometry

B. Beckhoff *, K. Bzheumikhova, P. Honicke, Y. Kayser, C. Stadelhoff,
R. Unterumsberger, A. Wihlisch, N. Wauschkuhn, J. Weser and C. Zech

Physikalisch-Technische Bundesanstalt (PTB), AbbestrafSe 2-12, 10587 Berlin, Germany
* Correspondence: Burkhard.Beckhoff@PTB.de

The development of new materials and the assessment of aerosols require the corre-
lation of the materials’” functionality or particle toxicity with their chemical and physical
properties. To probe these properties, analytical methods that are both sensitive and se-
lective at the nano- and microscales are required. The reliability of most analytical meth-
ods is based on the availability of reference materials or calibration samples, the spatial
elemental composition of which is as similar as possible to the matrix of the specimens of
interest. However, there is a drastic lack of certified reference materials, in particular at
the nanoscale. PTB addresses this challenge by means of a bottom-up X-ray analytical
method where all instrumental and experimental parameters are determined with known
contributions to the uncertainty of the analytical results. This first-principle based ap-
proach does not require any reference materials but a complete characterization of the
analytical instruments’ characteristics and, in addition, of the X-ray fundamental param-
eters related to the elements composing the sample. X-ray spectrometric methods allow
for the variation of the analytical sensitivity, discrimination capability, and information
depth needed to effectively reveal the spatial, elemental, and chemical specimen parame-
ters of interest. Examples of aerosols characterization, interfacial speciation, and elemental
depth profiling, as well as layer composition and thickness characterizations in advanced
materials, will be given. Recent instrumental achievements provide access to beam pro-
files in the nanometer range to qualify heterogeneous materials as well as towards the
operando speciation of battery materials. X-ray spectrometry (XRS) under grazing inci-
dence or detection is capable to reveal analytical and dimensional information from lay-
ered 2D and 3D systems as well as aerosols or particles deposited on flat substrate sur-
faces. The SI traceable XRS approach of PTB allows for the qualification of calibration
samples for surface contamination as well as for nano- and micro-scaled layers to be em-
ployed in laboratory XRF instruments for the establishment of chemical traceability re-
lated to quality management purposes [1-12].
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2.2. Element Mass Concentrations in Ambient Aerosols, a Comparison of Results from Filter
Sampling/ICP-MS and Cascade Impactor Sampling/Mobile Total Reflection X-ray Fluorescence
Spectroscopy
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Quantitative chemical analysis of airborne particulate matter (PM) is vital for the un-
derstanding of health effects in indoor and outdoor environments, and required by EU air
quality regulations. Typically, airborne particles are sampled on filters, followed by lab-
based analysis, e.g., with inductively coupled plasma mass spectrometry (ICP-MS).
Within the EURAMET EMPIR AEROMET project [1,2], cascade impactor aerosol sam-
pling was combined with on-site total reflection X-ray fluorescence (TXRF) spectroscopy.
The study aimed at a proof of principles for this new mobile and on-size tool for the quan-
tification of aerosol element compositions and element mass concentrations within short
time intervals of less than 12 h. In a field campaign, the method’s technical feasibility could
be demonstrated [3]. The TXREF results were traced back to a stationary, reference-free XRS
setup in the laboratory of the German national metrology institute PTB at the BESSY 1I
electron storage ring in Berlin, Germany. Simultaneous PM10-filter sampling, followed by
standardized lab-based analysis, allowed for a comparison of the field campaign data of
both methods. As Figure 1 shows, the correspondence between PM10 filter sampling and
ICP-MS and, on the other hand, cascade impactor sampling and TXREF, is quite encourag-
ing. However, for some of the analysed elements, e.g., V and Pb, the observed deviations
are higher than expected, and this highlights the fact that spectral deconvolution strate-
gies for TXRF on cascade impactor samples still need some improvement.
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Figure 1. Comparison of element mass concentrations in the PM10 fraction during three runs of a field campaign. Absolute

errors determined by respe

ctive spectroscopy software.

This work was supported by the EMPIR programme, co-financed by the Participating
States and from the European Union’s Horizon 2020 research and innovation programme,
through grant agreements 16ENV07 AEROMET and 19ENV08 AEROMET II.
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2.3. X-ray Fluorescence and Absorption Methods for Identifying Sources of Urban Aerosol
Pollution Episodes
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European countries have made progress in reducing particulate air pollution in re-
cent decades due to concerns about their effect on heath. In particular, submicron particles
can be detrimental due to their ability to reach alveolar region of the lung. Ultrafine par-
ticles (d <100 nm) can even enter directly to the blood circulatory system. Although the
number concentration and size distribution of particulates can be readily investigated by
scanning mobility particle sizers, the chemical composition and speciation of particles are
of high importance. The size distribution of elemental concentrations has a time variation
dependent on sources and meteorological conditions. Both natural and anthropogenic
sources can be strongly variable in time. Identifying unique pollution episodes is a diffi-
cult task as the presence of emitted particles could be limited to only a couple of hours.

Size fractionated urban aerosol samples were collected using a May-type cascade im-
pactor onto seven stages, covering a 70 nm-9 pm diameter range. Sampling onto silicon
wafers enables the application of multiple non-destructive analytical methods such as to-
tal-reflection X-ray fluorescence (TXRF), X-ray absorption near edge structure (XANES),
or even scanning electron microscopy (SEM). Using a low-power, laboratory TXRF spec-
trometer, a 0.1 ng/m?3 detection limit could be reached for transition metals at individual
impactor stages from 4 m? of air sampled [1]. By the combination of cascade impactor
sampling and TXRF analysis, the particle size dependence of concentrations was obtained
for both major (S, K, Ca, and Fe) and trace elements (Cu, Zn, Br, and Pb). Pollution epi-
sodes were identified based on elemental size distribution determined by TXRF. Samples
with elevated Cu and Br concentrations were subjected to XANES measurements at the
XRF beamline of Elettra (Trieste, Italy). The XANES spectra were analyzed through linear
combination fitting of spectra from reference compounds.

With the combination of TXRF and XANES, Cu present in the samples of most epi-
sodes studied could be successfully linked to exhaust and non-exhaust type traffic related
sources. For a unique short episode with co-existing elevated Cu and Br in the fine frac-
tion, the ratio of organic/inorganic Br species could be determined. Both Cu and Br
XANES results underlined that this pollution episode was caused by a local anthropo-
genic source.

This work was supported by the European Structural and Investment Funds jointly
financed by the European Commission and the Hungarian Government under grant no.
VEKOP-2.3.2-16-2016-00011 and the EMPIR programme co-financed by the Participating
States and from the European Union’s Horizon 2020 research and innovation programme,
through grant agreement 19ENV08 AEROMET IL
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2.4. NPL Studies into Dental Surgery Airborne Particulates for COVID-19 Mitigation

J. T. Tompkins *, D. M. Butterfield and A. S. Brown

Air Quality and Aerosol Metrology Group, National Physical Laboratory,
Teddington TW11 OLW, UK
* Correspondence: jordan.tompkins@npl.co.uk

The National Physical Laboratory (NPL) has conducted two studies into the meas-
urement of aerosols produced by dental Aerosol Generating Procedures (AGPs) at a
MyDentist dental surgery. The first study was a feasibility study in July 2020 using an
Optical Particle Counter (OPC) in a surgery where AGPs were performed on real patients.
This attempted to recreate the conditions found in a dental surgery (including both high
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speed and 3-in-1 AGPs), in line with the UK’s COVID-19 guidance at the time. This in-
cluded the mitigations in use in dental surgeries across the UK: pumped ventilation, an
open window, high-bore suction in the mouth, and four-handed dentistry.

Peak Duration (min)

The first study suggested that in this specific mitigated clinical environment:

OPC particle number concentrations in the size range 0.2-10 pm were driven by non-
AGP background effects.

The impact from the range of 41 AGPs on particle number concentrations was limited
(Figure 1).

The duration of significantly increased particle number concentration events meas-
ured by the OPC did not exceed 20 min (Figure 1). The mean event duration time was
approximately 10 min.

= High speed AGP
3in | AGP

20

1 2 3 45 6 7 8 91011121314151617 1819202122 2324252627 2829

w

=}

Significant Aerosol Peaks

Figure 1. Significant aerosol peaks from AGPs in the first study.

A follow-on study was conducted in February 2021. This study was much larger,

with five different OPC instruments in two differently sized rooms with AGPs performed
on both dental patients and a surgical manikin. The second study observations supported
the first:

Manikin tests showed a significant increase in OPC-measured particle mass concen-
trations when the surgery was unventilated (air filtration off and window closed).
The real patient study found little impact on in-surgery particle concentrations from
the range of 19 AGPs where listed mitigations were used. This was true for both par-
ticle mass concentrations and particle number concentrations.

The study highlighted the difference between OPC-measured particle number con-
centration and particle mass concentration measurements, in relation to aerosol con-
centrations in the room.

We present the results from both studies and examine the effectiveness of using OPCs

in dental studies. We also highlight the importance of the OPC calibration standardisation
work in projects such as the AEROMET II EMPIR project.

2.5. X-ray Photoelectron Spectroscopy and Scanning Auger Microscopy and Spectroscopy:
Theory and Applications

D. Karfaridis * and G. Vourlias

AMDe Lab, Department of Physics, Aristotle University of Thessaloniki,
54124 Thessaloniki, Greece
* Correspondence: dkarfari@physics.auth.gr
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X-ray photoelectron spectroscopy (XPS) is an analytical method for material identifi-
cation and structural and chemical state analysis. The analysis is performed when the
sample’s surface is irradiated with soft X-rays to ionize atoms and release photoelectrons
from the nucleus. The kinetic energy of the escaped photoelectrons is limited by the depth
that can be obtained, giving the technique a high surface sensitivity by limiting the sam-
pling depth to a few nanometers (~5 nm). Photoelectrons are collected and analyzed by
the instrument giving spectra of the emitted intensity as a function of the kinetic or beam
energy of the electrons. As each element has a unique set of binding energies, this tech-
nique can be used to determine the quality of elements. Furthermore, the peak regions in
the nominal bond energy can quantify the concentration of the respective elements. Small
changes in the binding energy (chemical shifts) provide vital data on the chemical state of
the sample, enabling chemical analysis of the surface (short-range) without destroying the
sample (Figure 1). In addition, Auger electron scanning electron microscopy combines
scanning electron microscopy (SEM) and Auger electron spectroscopy (AES) techniques.
An electron beam scans the surface, and the collected electrons are energetically analyzed
to detect Auger peaks. The intensity of the Auger peaks as a function of the position of the
incident electron beam allows us to visualize (spatially) the element from the matching
peaks. The depth of information of the technique corresponds to the depth of information
offered by Auger electron spectroscopy which typically means the first two or three
atomic layers of the surface.
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Figure 1. Spot #1 indicates an excellent quality of CNTs due to the nano-scale Ni particles as a sub-
strate for the growth of CNTs (a). Spot #2, on the other hand, shows bad quality CNTs. (b) AES
spectra from the two spots.
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2.6. Technological Advantages in Photoelectron Spectroscopy: Near Ambient Pressure
(NAP-XPS) Instrumentation and Applications

L. Socaciu-Siebert *, P. Dietrich and A. Thissen

SPECS Surface Nano Analysis GmbH, Voltastr. 5, 13355 Berlin, Germany
* Correspondence: liana.socaciu-siebert@specs.com

Over the last decades, Near Ambient Pressure (NAP)-XPS has demonstrated its
promising potential in a wide variety of applications. Starting from operando studies of
surface reactions in catalysis, the applications have quickly been enhanced towards stud-
ies of processes at liquid surfaces. For more than 15 years, the need for basic studies of the
fundamental chemistry at solid-liquid interfaces has attracted growing interest. Dip-and-
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pull experiments at synchrotrons finally demonstrated that in situ and operando XPS in
electrochemical experiments can be realized, mainly using synchrotron beams, signifi-
cantly contributing to the basic understanding of modern energy converting or storing
devices, such as batteries, fuel cells, etc.

The development of pure laboratory NAP-XPS systems by using small spot and high
photon flux density monochromatic X-ray sources, together with the development of op-
timized sample environments such as Peltier coolers and operando liquid cells, opens the
possibility for the preparation and analysis of a multitude of liquid samples or solid-lig-
uid interfaces on a reliable daily basis. Furthermore, the combination of various analysis
methods (NAP-SPM, IRRAS, NAP-HAXPES, etc.) allows us to gain insights into the fun-
damental processes that take place during a chemical reaction. Most sophisticated exper-
iments to date have been operando electrochemistry in a classical three-electrode setup.

Existing solutions for NAP-XPS will be presented, with an emphasis on latest devel-
opments of instruments and material analysis methods. Examples and results will be
shown, as well as future perspective of applications and scientific contributions of routine
operando NAP-XPS.

3. Aerosol Metrology. Advanced X-ray Techniques II

3.1. The Role of Aerosol Science on Understanding and Preventing SARS-CoV-2 Transmission
in the Community

K. Eleftheriadis

NCSR “Demokritos”, 15310 Ag. Paraskevi, 104 31 Athens, Greece;
elefther@ipta.demokritos.gr

The worldwide spread of the SARS-CoV-2 virus is partly due to the fast and uncon-
strained mechanism or mechanisms of transmission. Infection is usually present in the
upper respiratory tract, which is typically the initial site of infection and source of repli-
cation for transmission for influenza viruses [1]. Despite the well-known potential for air-
borne spread of coronavirus disease (COVID-19) the mechanical properties, airborne be-
haviour, transport, and capture as inhaled micro-nano particles by human subjects pre-
sent in the same area as the host, has not been adequately recognized. However, there is
well documented evidence for the significant potential for inhalation exposure to viruses
in microscopic respiratory droplets (aerosol) at short to medium distances (up to several
meters, or room scale). Before the current pandemic, airborne infectious disease transmis-
sion was found not only to occur by coughing and sneezing, but also during normal
speech, which also yields large quantities of particles that are too small to see by eye, but
are large enough to carry a variety of communicable respiratory pathogens [2].

This work will demonstrate examples of the aerosol properties governing residence
time and transmission in indoor space and explore the use of preventive measures to mit-
igate this route of airborne transmission. Studies have demonstrated beyond any reason-
able doubt that viruses are released during exhalation, talking, and coughing in aerosol
particles small enough to remain aloft in air and pose a risk of exposure at distances be-
yond 1-2 m from an infected individual
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3.2. Total Reflection X-ray Fluorescence Reference Materials for Cascade Impactor Air Quality
Monitoring Systems

(Awarded with the Best Oral Presentation Related to X-ray Spectroscopy by EXSA)

L. Vigna 1*, M. Gottschalk 2, E. Cara 3, F. Ferrarese-Lupi 3, A. Verna 1, S. L. Marasso 4,
S. Seeger 2, L. Boarino 3, N. De Leo 3, F. C. Pirri * and M. Cocuzza 14

1 Politecnico di Torino, 10129 Torino, Italy

2 Bundesanstalt fiir Materialforschung und -priifung (BAM), 12489 Berlin, Germany
3 Istituto Nazionale di Ricerca Metrologica (INRiM), 10135 Torino, Italy

4+ CNR-IMEM, 43124 Parma, Italy
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10144 Torino, Italy
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The development of traceable methodologies to measure particulate matter concen-
tration and monitor air quality in polluted areas of Europe is an important challenge to be
addressed in order to reduce health and environmental backlashes. The use of cascade
impactor sampling methods coupled with total reflection X-ray fluorescence (TXRF) spec-
troscopy for elemental mass concentration measurements is an accurate way with a fast
response and low level of uncertainty [1]. Certified reference materials are being devel-
oped to mimic the cascade impactors patterns with known quantities and distribution of
target elements.

To this goal, a new method has been developed to obtain flexible, reusable, and low-
cost parylene C shadow masks by using photolithographic steps. After the fabrication
(Figure 1a), the obtained micro stencils are applied to 30 mm acrylic substrates in order to
evaporate different metals and thus replicating the Dekati patterns (Figure 1b).

Another type of reference samples can be obtained by directing the self-assembly of
block copolymers (BCPs) nanotemplates inside pre-lithographed Dekati patterns and by
infiltrating the BCPs with metallic oxide (Figure 1c,d). The absolute quantification of in-
filtrated materials by means of reference-free GIXRF allows tuning the process for the re-
quired metallic mass deposition.
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Figure 1. (a) Sequence of steps for micropatterning using reusable parylene C shadow masks and
(b) sketch of the fabrication steps used to obtain the parylene C stencils. (c) Scheme of the sequential
infiltration synthesis of BCPs cylindrical nanotemplates and SEM image of the resulting metallic
oxide replica. (d) Microtemplate on silicon used to direct BCPs’ self-assembly in the Dekati pattern.

Reference

1. Seeger, S.; Osan, J.; Czompoly, O.; Gross, A.; Stosnach, H.; Stabile, L.; Ochsenkuehn-
Petropoulou, M.; Tsakanika, L.; Lymperopoulou, T.; Goddard, S.; et al. Quantifica-
tion of Element Mass Concentrations in Ambient Aerosols by Combination of Cas-
cade Impactor Sampling and Mobile Total Reflection X-ray Fluorescence Spectros-
copy. Atmosphere 2021, 12, 309, d0i:10.3390/atmos12030309.

3.3. Experimental Measurement Protocol of Aerosol Deposition Relating to a Bend in a Large
Ventilation Network with Rectangular Ducts

D. Costa 12*, J. Malet ! and E. Géhin 2
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Aerosol deposition in ventilation plays a key role in particulate pollution transfers
inside buildings, but has been mostly studied in ventilation systems by applying models
developed on the basis of experimental results obtained mainly on aerosol sampling lines.
The size of these lines differs greatly with the size of industrial ventilation ducts whose
cross-sections are larger than 50 centimeters. Additionally, in the literature, few experi-
mental studies focused on singularities, such as bends, mostly at a medium scale with
circular or square cross-sections. By applying these models, aerosol deposition measure-
ments are affected by a scale effect and possibly by airflow patterns specific to rectangular
ducts due to secondary flows.

In this study, we focus on aerosol deposition relating to a bend, in rectangular ducts
(600 x 400 mm?) of the DIESE research facility, a new ventilation network of industrial size
built at IRSN. We present the corresponding experimental protocol and aerosol deposition
velocity measurements.

Experimentally, we need to generate enough aerosols to compensate the dilution due
to high airflows. Furthermore, monodisperse aerosol generators are generally lab-scale
devices, leading to detection challenges: we need to come to a compromise and find a
measurement technique with a low enough limit of detection. Consequently, we used a
fluorescent aerosol and verified (a) the aerosol size distribution and the injected mass
flow; (b) the repeatability of the volume concentration in the bulk, sampled on filters, and
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(c) the repeatability of aerosol deposition measurements, carried out by wiping wall sur-
faces and completed by fluorescence spectroscopy analyses. Additionally, we carried out
aerodynamic measurements, such as velocity measurements with hot wire anemometry
and PIV.

3.4. Inter-Laboratory Comparison of ED-XRF/PIXE Analytical Techniques in the Elemental
Analysis of Filter-Deposited Multi-Elemental Certified Reference Materials Representative of
Ambient Particulate Matter

M. Gini ¥*, M. I. Manousakas 123, V. Kantarelou 2, A. G. Karydas 2, M. Chiari ¢,
A. Migliori %, N. Civici ¢, B. Veleva 7, K. gega 8, L. Samek 9, C. Samara 10, Z. Kertesz 1, J.
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7 National Institute of Meteorology and Hydrology, 1784 Sofia, Bulgaria

8 Institute for Medical Research and Occupational Health, Ksaverska cesta 2, p.p. 291,
10001 Zagreb, Croatia
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The quantification of the elemental concentration of ambient particulate matter is a
challenging task as the observed elemental loadings are not well above the detection limit
for most analytical techniques. Although non-destructive nuclear techniques are widely
used for the chemical characterization of ambient aerosol, only one multi-element stand-
ard reference filter material that mimics ambient aerosol composition has become recently
available in the market. To ensure the accuracy, reliability, and comparability of instru-
ments’ performance, multiple reference materials with different elemental mass loadings
are necessary. In this study, an intercomparison exercise was performed to evaluate the
measurement uncertainty and instruments performance using multi-element dust stand-
ard reference samples deposited on PTFE filters. The filter samples, produced by means
of dust dispersion, were tested in terms of homogeneity, reproducibility, and long-term
stability. Eight laboratories participated in the exercise. The evaluation of the results re-
ported by the participants was performed by using two sets of reference values: (a) the
concentrations reported by the Expert Laboratory and (b) the robust average concentra-
tions reported by all participants. Most of those reported on the certificate of analysis ele-
ments were efficiently detected in the sample loadings prepared as representative for at-
mospheric samples by the Expert Laboratory. The average absolute relative difference be-
tween the reported and the reference values ranged between 0.1% (Ti) and 33.7% (Cr)
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(CRM-2584). The participants efficiently detected most of the elements, except those ele-
ments with atomic number lower than 16 (i.e., P, Al, and Mg). The average absolute per-
centage difference between the participants results and the assigned value as derived by
the expert laboratory was 17.5 + 18.1 % (CRM-2583; Cr and Pb excluded) and 16.7 + 16.7
% (CRM-2584; Cr and P excluded).

3.5. Evaluation of Bone and Joint Quality in Mice Employing X-ray Microtomography

P. Giannoutsou !, A. Kaspiris 2, P. Kastana 2, C. Kontoyannis 13, E. Papadimitriou 2 and
M. Orkoula *

1 Laboratory of Instrumental Analysis, Department of Pharmacy, University of Patras,
26504 Patras, Greece

2 Laboratory of Molecular Pharmacology, Department of Pharmacy, University of Pa-
tras, 26504 Patras, Greece

3 Institute of Chemical Engineering Sciences, FORTH, 26504 Patras, Greece

Correspondence: malbie@upatras.gr

The quality of femur bone, lumbar vertebra, and hip joint of aging mice was evalu-
ated in the present study. Male and female mice of a wide range of ages (7 to 80 weeks),
strain Black6, were scanned using X-ray microtomography. Parameters such as mineral
density were calculated to assess bone quality.

The parameter values and the images recorded reveal that bony and cartilage tissues
remain in healthy condition until the age of 1 year. From this point, decay takes place in
bone (osteoporosis) and joints (osteoarthritis). Mineral density of femur and vertebra tra-
becular bone decreases, while the free space between bone rods increases. The spongy
architecture is maintained with wider gaps. The trabecular bone becomes less (Figure 1).

The cartilage covering the femoral head in hip joints mineralizes. It converts to a thick
bony layer, losing the elastic properties of the chondral tissue (Figure 2). Osteoarthritis is
installed. On the other hand, subchondral bone remains dense until the age of 80 weeks.

Figure 1. X-ray microtomographic section of a 7 weeks (left) and 80 weeks (right) lumbar vertebra.
Trabecular bone is declining.
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Figure 2. (Left): 7 weeks (healthy) femoral head section. Outer cartilagenous layer is evident.
(Right): 80 weeks (osteoarthritic) femoral head section. Cartilage has completely mineralized.

3.6. Aethalometer Multiple Scattering Correction in an Arctic Environment

S. Vratolis * and K. Eleftheriadis

ERL, Institute of Nuclear & Radiological Sciences & Technology, Energy & Safety,
National Centre for Scientific Research “Demokritos”, 15310 Athens, Greece
* Correspondence: vratolis@ipta.demokritos.gr

In this work, measurements of aerosol optical properties at Zeppelin station, near
Alesund, Svalbard, are reported. The station is located at 78.907° N and 11.889° E (Figure
la), at 474 m above sea level (a.s.]) in the untouched Arctic environment, far away from
substantial contamination sources, and is therefore an ideal place for monitoring global
atmospheric gasses and long-transported contaminants. Spectral absorption properties of
atmospheric aerosol have been continuously monitored at the station since 1998.

Here, we report absorption data from AE-31 and MAAP for the period between July
2015 and December 2017. Observations of the aerosol light absorption at 637 nm from the
Multiangle Absorption Photometer (MAAP, Model 5012 Thermo Scientific) were used as
reference. The instrument is described in detail in [1].

The multiple scattering correction factor C for the Aethalometer is derived from the
equation:

C = bam (637 nm)/(bavsret (637 nm) * R@637 nm) (1)

bamnis the aerosol attenuation coefficient measured by the Aethalometer, babsreris the
aerosol absorption coefficient measured by the MAAP, and R is the filter loading effect
correction factor [2].

In Figure 1b, we present the histogram of C values for the AE31 aethalometer and its
lognormal fit.
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Figure 1. (a): Zeppelin Station, (b): Lognormal frequency distribution of the multiple scattering correction factor for the

AE31.
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4. Spectroscopy and Applications

4.1. Timelines in Atomic Spectrometry

G. M. Hieftje

Department of Chemistry, Indiana University, 980 Cape Marco Drive, #1205, Marco Is-
land, FL 34145, USA; hieftje@indiana.edu

Compared to fields such as art, philosophy, and mathematics, atomic spectrometry
is a very young discipline. The foundations of atomic spectrophysics and atomic spectro-
chemistry can be traced back to such scientific giants as Newton, Bunsen, and Kirchhoff.
However, it can be argued that many aspects of current practice in analytical atomic spec-
trometry were introduced in the 19th, 20th, and 21st centuries. Such developments include
modern ways of producing and detecting atomic optical and mass spectra, the introduc-
tion of alternative sources for generating neutral atoms and atomic ions, advanced under-
standing of fundamental events that affect analytical figures of merit, an almost continu-
ous improvement of such figures of merit, the melding of atomic and molecular spectrom-
etry, and the application of atomic spectrometric methods to an almost unfathomable
range of contemporary problems. However, even the most up-to-date methods, applica-
tions, and instrumentation for atomic spectrometry exhibit shortcomings. In this presen-
tation, some of these limitations will be outlined, and possible means to overcome them
offered. These considerations will in turn suggest future directions that research in atomic
spectrometry might profitably take.

4.2. Analytical and Structural Perspectives of NMR in Natural Products Research: From
Mixture Analysis to In-Cell Investigations

I. P. Gerothanassis

Section of Organic Chemistry and Biochemistry, Department of Chemistry,
University of loannina, 45110 Ioannina, Greece; igeroth@uoi.gr
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A critical overview of recent analytical developments of NMR spectroscopy in natu-

ral products will be provided, with emphasis in the following applications:

(i)

(i)
(iii)

chemical analysis of extracts without isolation or derivatization steps [1], ‘in situ” di-
rect monitoring of dynamic changes of metabolites [2], investigation of enzymatic
reaction products [3], real time biotransformation monitoring [4], and metabolomics
analysis [5];

“in-cell” NMR studies of the apoptotic activity of flavonoids [6] and polyunsaturated
fatty acids with the Bcl-2 family of proteins;

quantum chemical calculations of high-resolution structures of analytes in solution
based on NMR chemical shifts [7-21].

Acknowledgments: The research work was supported by the Hellenic Foundation for Research and
Innovation (H.F.R.I.) under the “First Call for H.F.R.I. Research Projects to support Faculty members
and Researchers and the procurement of high-cost research equipment grant” (Project Number:
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4.3. Optimising the Workflow for Microplastics Analysis Using FTIR Microscopy
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Analysis of environmental samples containing microplastics is essential to determine

their prevalence and their impact. A range of analytical techniques have been applied to
the analysis of microplastics. Of the techniques adopted, infrared (IR) spectroscopy, more
specifically, IR microscopy, has established itself as a primary analytical technique for the
detection and identification of microplastics.
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The microplastics analysis workflow for IR microscopy consists of several steps in-
volved in progressing from the raw sample to answers, including the initial sampling
through to data analysis. The steps involved may be different depending on the type of
initial sample and the amount of sample cleanup required to prepare the sample for in-
frared (IR) analysis. This paper describes the different types of environmental samples,
the sample collection methods, and the range of different sample cleanup methods, then
deals more specifically with the best ways to optimise sample filtration for measurement
by IR microscopy.

The principles of IR microscopy and the different sample measurement modes will
be described, comparing and contrasting each type. IR microscopy and imaging experi-
ments can generate significant quantities of data that need to be analysed to obtain the
required information. The different methods for extracting data and information will be
explained and suggestions made for best practice.

4.4. Introduction to FTIR Techniques for Materials Characterization

L. Malletzidou *, T. Zorba and G. Vourlias

Advanced Materials and Devices Laboratory, School of Physics, Aristotle University of
Thessaloniki, GR-54124 Thessaloniki, Greece
* Correspondence: labrinim@auth.gr

Fourier transform infrared spectroscopy (FTIR) has been established as one of the
fundamental techniques for materials’ molecular characterization [1]. Using infrared irra-
diation—from Near IR to Far IR —information can be acquired from both organic and in-
organic matter, with applications varying from determination and observation during
synthesis, up to recording of ageing processes.

Among its well-known techniques of examination (transmittance for powders or