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ABSTRACT: This study introduces a simplified purification
method for analyzing *2Se/”*Se isotope ratios in diverse natural
samples using hydride generation MC-ICP-MS. Unlike the thiol
resin method, which is time-consuming and sensitive to the ‘ i *

concentrations of reagents used at individual stages, our proposed }

alternative is quicker, simpler, and robust. The procedure involves * {

coprecipitation of selenium with iron hydroxide and dissolution in

hydrochloric acid. Combining hydride generation and a second

cleanup stage achieves sufficient purification for Se isotope ratio

measurements. The method is efficient, taking 3—4 h after sample

decomposition, utilizing common reagents [HCl, Fe(NOjy);,

NH,Cl] without evaporation or clean lab conditions. Results on *Se/’*Se isotope ratios in various matrices are presented,
comparing them with literature data. All isotopic results have been subjected to a newly proposed state-of-the-art approach to
uncertainty estimation dedicated to isotope ratio measurements. The approach is based on applying Monte Carlo simulations with
consideration of different samples’ results normalized by the expected value. By doing that, we obtained estimated uncertainty for
any Se sample with the influence of particular measurements on the final estimation included. We employ a Monte Carlo simulation-
based uncertainty estimation approach for isotope ratio measurements, providing estimated uncertainty for each selenium sample.
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Abstract

The Bronze and Early Iron Ages witnessed a significant
increase in trade relations driven by the search for valu-
able metals. This paper presents new insights into the
use of galena from the Silesia and Krakow Upland
region in southern Poland, known as the ‘Olkusz ore
deposits’, within the context of metal ores in prehistoric
Europe. Eleven lead-based ornaments from Lusatian
Urnfield Culture cemeteries were examined using lead
isotope analysis. The majority of these ornaments were
found to be made from local ore, which provides evi-
dence for the early exploitation of Olkusz lead deposits
dating back 1,000 years earlier than previously known
from archaeological artefacts.
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B INTRODUCTION

Selenium (Se) is an essential trace element for many
organisms, playing a direct role in promoting healthy growth
and maintaining normal physiological functions. Notably,
selenium exhibits both poisonous and beneficial influences,
with a narrow range between them.' Recently, Se has gained
attention also in the fields of geoscience,2 environmental
science,’ paleontology,4 botany,S zoology,6 micro‘bio]ogy,7’8
mec:}jzcine,9 animal husbandry,'”"" food, and nutrient scien-
ces.

Selenium has six natural isotopes of masses 74, 76, 77, 78,
80, and 82 with mole fractions in naturally occurring samples
of 0.889, 9.366, 7.635, 23.772, 49.607, and 8.731%,
respectively. For a long time, thermal ionization mass
spectrometry (TIMS) was considered a gold standard for
highly precise measurements of Se isotope ratios, particularly
in the exploration of natural fractionation of Se isotopes. This
method was endorsed by the International Union of Pure and
Applied Chemistry (IUPAC) for determining Se isotopic Received: September 18, 2023
abundances.'® Nowadays, most investigations of Se fractiona- Revised:  February 6, 2024
tion in natural objects are carried out by using multiple Accepted: February 9, 2024
collector inductively coupled plasma mass spectrometry (MC- Published: February 19, 2024
ICP-MS), which offers better precision and higher sensitivity
in comparison with TIMS, especially for elements with

relatively high ionization potential.'* That is why MC-ICP-
MS has found numerous apg]jcations for various samples,
including ye:asts,15 chondrites,'® seawater,'” urban top soils,”
and different geological samples.”"*

A critical problem in the measurement of isotope ratios
using the MC-ICP-MS technique is the purification of the
sample. Prior to undertaking isotopic analysis by MC-ICP-MS,
it is mandatory to separate the analyte from the sample matrix
components that can affect the mass bias on the instrument
and can form complex compounds, thereby causing an
interference with the element of interest.'” It is crucial to
ensure unification of the effects occurring during sample
introduction (e.g, formation of hydrides). Only then it is
possible to properly use the Standard Sample-Bracketing
(SSB) method to correct isotopic fractionation in the
instrument and thus obtain results of sufficient trueness and
precision. SSB involves measuring the isotope ratio of an

See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

PROJEKTY NAUKOWE | BADAWCZO0-WDROZENIOWE

o S, AN % =

B — location of the region under consideration (c) against the contour map of Poland with
marked areas (b1 and b2) of the BA and EIA artefacts submitted so far to LIA. C — the studied
region with marked cemeteries in "Swibie and Jankowice (c1), other sites with EIA lead
artefacts (c2), Roman period Jakuszowice site (second—fourth century CE) (c3), major cities
and towns of the region (c4), and the distribution of geological deposits of Pb ores (c5). Maps
by K. Dziegielewski.

FIGURE 2 The studied lead artefacts from Swibie (1-3) and Jankowice (4-11) cemeteries (for detailed context
information see corresponding nos. In Table 1). 1 - headband originally made of 14 openwork discs (reconstruction),
2 headband made of 21 buttons in the shape of cones (photo showing current state, drawing according to archive
documentation), 3 - discs from a headband made of eight openwork discs, now heavily corroded (drawing after
Michnik, 2022); 4 - wire spiral ring, 5 - tube bead, 6-7  tube beads, 8,9 - a necklace made of tube beads, 10 -
triangular pendant, 11 - spectacle pendant. Image by R. Czech-Bloriska, K. Dziegielewski.
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ARTICLE INFO ABSTRACT

In recent years, machine learning (ML) has gained significant importance in the field of cultural heritage ABSTRACT
research. Its advanced data analysis techniques have become a crucial tool in many areas of heritage
science. This literature review intends to discuss the applications of ML to studies on cultural heritage
objects using the analytical chemistry methods. The analysis of large datasets obtained from complex
Keywords: measurements with the use of ML algorithms has been demonstrated to result in a deeper understand-
Machine learning ing of the studied objects. Such analyses have also been shown to provide new perspectives on many
Cultural heritage research problems. The article outlines studies on varied materials such as pigments, paper, metals, and ceramics.
Analytical chemistry technigues It presents analyses that use diverse ML methods, including unsupervised and supervised technigues, uti-
lizing both traditional algorithms and neural networks. It also provides an introduction to understanding

ML, its principles and methods, with the focus on practices applicable to heritage science.
D 2024 Consiglio Mazionale delle Ricerche (CNR). Published by Elsevier Masson SAS. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

Article histary:
Received 11 March 2024 D ——————————————————————————————————————————————————————
Accepted 26 August 2024 The paper presents a comprehensive review of the literature that assesses various instrumental techniques
applicability to investigate airbormne particulate matters chemical composition inside museum environments. This
study includes a range of techniques (XRF, SEM-EDS, LA-ICP-MS, FTIR, Raman, GC-MS) and emphasizes the
importance of utilizing matrix-matched reference materials for precise analysis. Each technique provides a
valuable approach to understanding the chemical nature of airborne particles. XRF allows for fast determination
of elemental compasition, while SEM-EDS allows for observation of particle morphology and elemental detec-
tion. LA-ICP-MS facilitates the identification of major, minor, and trace elements present in collected samples.
Both Raman spectroscopy and FTIR provide insight into the chemical compounds present. Identification of
volatile compounds is achieved using GC-MS. This review presents a cohesive understanding of the diverse
methodologies used to understand the multifaceted composition of airbome particulate matter in musewm
seftings.
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Metal leakage from orthodontic
appliances chemically alters enamel
surface during experimental in vitro
simulated treatment

Justyna M. Topolska'*’, Agata Jagielska?, Sylwia Motyl?, Gabriela A. Kozub-Budzyn*,
Luiza Kepa?, Barbara Wagner? & Katarzyna Wator®

W) Check for updates A new concept for correction of instrumental
e tis 3 At Specrom. 2094 isotopic fractionation in MC-ICP-MS using a pair of
39, 3142 monoisotopic elements: a critical evaluationt

Andrii Tupys,? Klaudia Tetfejer,? Ludwik Halicz,®® Ewa Bulska ©?
and Jakub Karasinski © *@

In this research work, we investigated the possibility of using mixtures of monoisotopic elements (**Nb/%°Y,
185H0/139Tb and 2°°Bi/**’Au) as calibrators for accurate determination of isotope ratios by multicollector
mass spectrometry (MC-ICP-MS). The potential advantage of using monoisotopic elements for
calibration lies in their significantly lower uncertainty in atomic masses. This would certainly affect the
uncertainty of a measured isotope ratio after data processing, particularly if absolute isotope ratios are

Human enamel is composed mainly of apatite. This mineral of sorption properties is susceptible to being  evaluated.  Model  isotopic  systems  (¥/Sr/®6Sr—23Nb/®%Y,  92zr/°Zr-3Nb/%Y,

chemical changes, which in turn affect its resistance to dissolution. This study aimed to investigate

208pyy /207p _2098/197Ay and 1¢7Er/**CEr-19°Ho/*>°Tb) were selected and the Internal Standard method
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whether metal leakage from orthodontic appliances chemically alters the enamel surface during

an in vitro simulated orthodontic treatment. Totally 107 human enamel samples were subjected

to the simulation involving metal appliances and cyclic pH fluctuations over a period of 12 months
in four complimentary experiments. The average concentrations and distribution of Fe, Cr, Ni,

Ti and Cu within the enamel before and after the experiments were examined using ICP—MS and
LA—ICP—MS techniques. The samples exposed to the interaction with metal appliances exhibited
asignificant increase in average Fe, Cr and Ni (Kruskal-Wallis, p <0.002) content in comparison to
the control group. The outer layer, narrow fissures and points of contact with the metal components
showed increased concentrations of Fe, Ti, Ni and Cr after simulated treatment, conversely to the
enamel sealed with an adhesive system. It has been concluded that metal leakage from orthodontic
appliances chemically alters enamel surface and microlesions during experimental in vitro simulated
treatment.
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Abstract: In this work, we synthesized and conrmed the structure of several alkaloid N-oxides
using mass spectrometry and Fourier-transform infrared spectroscopy. We also investigated their
reduction mechanisms using voltammetry. For the rst time, we obtained alkaloid N-oxides using an

oxidation reaction with potassium peroxymonosulfate as an oxidant. The structure was established
based on the obtained fragmentation mass spectra recorded by LC-Q-ToF-MS. In the FT-IR spectra of
the alkaloid N-oxides, characteristic signals of N-O group vibrations were recorded (bands in the

range of 928 cm !0 971 cm 1), conrming the presence of this functional group. Electrochemical
reduction studies demonstrated the reduction of alkaloid N-oxides at mercury-based electrodes back

to the original form of the alkaloid. For the rst time, the products of the electrochemical reduction
of alkaloid N-oxides were detected by mass spectrometry. The ndings provide insights into the
structural characteristics and reduction behaviors of alkaloid N-oxides, offering implications for
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Figure 1. The alkaloids employed in this study were utilized for the synthesis of alkaloid N-oxides.

pharmacological and biochemical applications. This research contributes to a better understanding of
alkaloid metabolism and degradation processes, with potential implications for drug development
and environmental science.
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The synthetic-derivatived alkaloid
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tabacum

(Russell's law) and optimized regression model (ORM) for isotope measurements, using the mentioned
mixtures of monoisotopic elements as calibrators, were applied. The precision and trueness of the
obtained results were assessed. For example, the ®”Er/*®°Er isotope ratio in a certified reference material
of erbium was measured using a gravimetric mixture of Ho and Tb as well as a **°Gd/**®Gd pair (NRC
GADS-1) as instrumental isotopic fractionation (IIF) calibrators in ORM. Although the average result for
both approaches was in the range of instrumental error (0.68223 + 0.00351 with *°*Ho/**°Tb and
0.68236 + 0.00034 with °°Gd/**®Gd), the precision was ten times lower when a mixture of
monoisotopic elements was used for correction. Based on the results obtained, it was assessed that
Russell's law does not provide a correct description for systems with a mixture of two monoisotopic
elements, probably due to the assumption of equal IIF for the analyte and internal calibrator. In our
opinion, such an assumption is not true in a system when the internal calibrator is a pair of two different
elements. A new mathematical description of such a system could enable the introduction of a suitable
correction. The ORM method is free from assumptions about the same IIF for individual chemical entities
and for this reason it looks more encouraging and shows the potential to be useable even with a mixture
of monoisotopic elements as calibrators. In this paper we present experimental results confirming this
assumption, although the current challenge is to ensure a sufficiently high precision of calibrator ratio
rsc.li/jaas measurement and, consequently, better regression linearity and higher precision of the obtained results.
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Comparison of **Pb/”'Pb isotope ratio determination using
2Bi/*"Au and “*/*Tl as calibrators. The red line represents the
average value from the GeoReM database.

Comparison of “Zr/*Zr isotope ratio determination using “Nb/*Y
and *Sr/*Sr isotope pairs as calibrators. The red line represents
the certified value.
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PS Used methods: SWV voltammetry, UV-Vis , CD, fluorescence spectroscopy,
<« 24-48h PS —3> PS*

fluorescence microscopy

Photodynamic therapy (PDT) involves the use of a photosensitizer PS, which, as
a result of absorbing a portion of radiation, changes from the ground singlet state
to the excited singlet state. Through an intersystem transition, a triplet state is
excited. During these reactions, reactive singlet oxygen species (10,) are produced,
which cause damage and death of cancer cells through apoptosis.
Six porphyrin derivative compounds were tested. The structures and results shown
concern two porphyrin derivatives, the results of which appeared to be the most
promising. The first one was the reference compound - Foscan, a popular PS that
has been used in medicine since 2001. The second one is the porphyrin derivative
MM17.

Mang T, Lasers and light sources for PDTT: past, present and future. Photodiagnosis Photodyn Ther, 1: 4348, 2004, DOI: 10.1016/S1572-1000(04)00012-2

RESULTS

SWV voltammograms of temoporfin (Foscan) and MM17 solutions and solutions with d(AT),
oligonucleotides
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Fluorescence spectra of the temoporfin solution and MM17 in the aerated AcB solution
(in the deoxygenated AcB, the fluorescence maximum decreased approximately twice)
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Absorption spectra of temoporfin and MM17 solution in aerated AcB buffer
(there were no significant differences in the deoxygenated solution)

Photos a) SPE, with AcB solution

b) SPE with temoporfin solution,

) SPE with MM17 solution from
a fluorescence microscope
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CD spectra of temoporfin solution and MM17 with d(AT), oligonucleotides

° PSs show greater changes in fluorescence than in absorption spectra after interaction with light ° MM17 is more fluorescent than Foscan
a Changes in the CD spectrum indicate interactions with oligonucleotides

° The SVW method can be used to examine the interactions of compounds with DNA
g SWV results show a stronger effect of MM17 than Foscan, while lighting causes DNA destruction
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