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Fig. 4. Detail of the altarpiece of Paciano. The Holy Mother imaging at different energies

[2] RIDOLFI, S., EDXRF results, in “Caravaggio, La Cappella
Contarelli”, 2011, Munus, “L’Erma” di Bretschneider ISBN
978-88-8265-615-7

References
[1] MARKOWICZ, A., Quantification and Correction Procedures, in “Portable X Ray Fluorescence Spectrometry”, 2008,
Edited Potts, West, RCS

[3] Work to be presented at ART’14 11th International Conference on Non-Destructive Investigations and Microanalysis for
the Diagnostics and Conservation of Cultural and Environmental Heritage, June 2014, Madrid Spain.

Spain
Main activities related to the use of XRF techniques at the Analytical
and Environmental Chemistry Research Group of the University of
Girona (UdG)
Contributors: Eva Marguí, Manuela Hidalgo
Analytical and Environmental Chemistry Research Group, Department of Chemistry, Faculty of Sciences
(University of Girona), Campus Montilivi s/n, 17071-Girona (Spain)
eva.margui@udg.edu
manuela.hidalgo@udg.edu
From the beginning of the 2000’s, one of the research
focuses of the group, is the use of X-ray fluorescence
spectrometry (XRF) for the determination of trace
amounts of metals and metalloids mostly in samples related to the environmental and industrial fields. For instance, in collaboration with the Institute of Earth Sciences “Jaume Almera” (ICTJA-CSIC, Spain), we have developed and successfully applied several analytical approaches based on the use of EDXRF (Energy dispersive
XRF), WDXRF (Wavelength dispersive XRF) and PEDXRF (Polarised EDXRF) for the determination of
metals at trace levels in complex liquid samples such as

Introduction
The Analytical and Environmental Chemistry Group
(QAA) is a consolidated research group of the Department of Chemistry of the University of Girona (NorthEast Spain). The main research topics of the group are
related to the development and application of analytical
methodologies for the determination of inorganic and
organic species in different kind of environmental, clinical and industrial samples.
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(Barcelona, Spain), CFAUL (Lisbon, Portugal), MiTAC
(Antwerp, Belgium) and the Institute of Chemistry (University of Silesia, Poland). During the last four years, scientific collaborations with reference research groups in
the field of TXRF have also been consolidated (i.e,
Atominsitut, TU Wien).
With regards to educational activities, it is important to
remark the co-organization of the biannual “Theoretical
and Practical X-ray fluorescence spectrometry workshop”
(see Figure 1). This workshop is devoted to the exchange
of merging and inventive X-ray spectrometry techniques
and their important applications. The program consists on
several theoretical conferences, carried out by international and distinguished speakers, and practical sessions.
Different XRF instruments are usually available for the
later purpose. In the framework of the workshop, assistants (students and professionals working in the field of
X-rays) have the opportunity to bring up concrete problems to be solved during the workshop.

sea water or electroplating waters [1-3] in vegetation
samples collected around mining environments [4-5] or
in active pharmaceutical ingredients [6-7]. At present, the
evaluation of the analytical possibilities of TXRF (Total
reflection XRF) in the chemical analysis field is also one
of the research topics of QAA. In this sense, several contributions related to the use of this technique for element
determination in liquid and solid samples have been developed. A summary of these contributions is summarized in the last section of this review.
Instrumentation
As in any analytical chemistry laboratory, our installations are equipped with all the materials and apparatus for
sample treatment procedures and pre-concentration strategies for the analysis of solid, liquid and air samples.
In addition to chromatographic techniques (including
high-performance liquid chromatography (HPLC), ultra
performance liquid chromatography (UPLC) and gas
chromatography (GC)), QAA laboratories are also
equipped with atomic spectroscopic techniques including
inductively coupled plasma mass spectrometry (ICPMS), inductively coupled plasma atomic emission spectroscopy (ICP-AES), flame atomic absorption spectroscopy (FAAS) and electrothermal atomic absorption spectroscopy (ETAAS).
In the field of X-rays, we acquired a commercial benchtop TXRF system (S2 PICOFOX, Bruker AXS) in 2009,
in collaboration with the ICTJA-CSIC (Spain). One of
the major advantages of this spectrometer is that it is
equipped with an air cooled low power X-ray tube (50
W) and a Peltier cooled silicon drift detector and thus, no
cooling media and gas consumption are required. These
facts make the system very attractive for implementation
in the industrial field and research laboratories. In this
instrument, the use of a W X-ray tube allows performing
TXRF analysis using K lines of high atomic elements
such as Cd and Sb.
In addition, in the framework of a consolidated research
unit between CSIC-UdG, some other XRF systems such
as a benchtop EDXRF system (S2 Ranger, Bruker AXS)
and a EDXRF spectrometer with primary beam focusing
capability to perform analysis of small regions, determination of layer thickness and elemental mapping (XDVSD model, Helmut Fischer GmbH including W target
tube and motorized XYZ stage; spatial resolution 0.1-3.0
mm) are also available.

Fig. 1. Assistants of the Theoretical and Practical X-ray
fluorescence spectrometry workshop held in Girona
(Spain) from 28-30 June 2011.
On the other hand, at present, QAA is also cooperating
with the IAEA in the training of fellows from the Member States on the use of TXRF for analytical purposes

Recent XRF applications carried out at QAA
(UdG)
The use of TXRF in the field of chemical analysis
has been reduced in the last years mostly due to the
increasing use of ICP-MS instrumentation. Although
ICP-MS presents sufficient sensitivity and multielement capability for the determination of elements
at trace and ultratrace levels, the complexity of most
environmental matrices significantly hampers the
analysis. An additional shortcoming is that several
mL of liquid solution are needed to perform analyses
and thus, the application to mass-limited samples is
restricted. For this reason, in some applications,
above all concerning to the analysis of complex liq-

R+D and Educational Activities
Since the creation of the new research line focused on the
use of X-ray fluorescence spectrometry techniques, the
QAA has actively participated in multidisciplinary collaborative projects and has established close collaborations with different research groups of high national and
international prestige in the field of X-rays: ICTJA-CSIC
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In this context, it is worth mentioning the development of
faster, simpler, inexpensive and more environmental preconcentration procedures within the framework of the socalled green analytical chemistry such as liquid-phase
microextraction (LPME). LPME is a solvent minimized
sample pre-treatment procedure of the conventional liquid-liquid extraction (LLE) in which only several L of
solvent are required to concentrate analytes from the
sample rather than tenth or hundreds of mL needed in
conventional LLE. Taking into account the microanalytical capability of TXRF spectrometry, the combination with LPME procedures is an interesting approach to
improve analytical performance of trace and speciation
metal analysis by using this technique. For instance, we
demonstrated the applicability of LPME procedures
combined with a transportable TXRF system for the determination of Cd and Sb species at trace levels in different kinds of water samples [8-9]. In Figure 2, the benefits
of using LPME+TXRF for the determination of Cd and
Sb species at the low g L-1 is shown.

uid samples, mass-limited samples and suspensions,
TXRF spectrometry is still unique.
As commented in the introduction, in this last section, a
few selected examples of the recent activities and results
from QAA research group in the field of TXRF are presented.
A. Determination of environmentally important elements at trace levels in water samples by TXRF
Contributors: Eva Marguí1, Manuela Hidalgo1, Ignasi
Queralt2, Rafal Sitko3, Beata Zawisza3
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Despite the advances in the development of highly efficient analytical instrumentation for the end point of determination of analytes in environmental samples, sample
treatment is usually necessary to extract, isolate and concentrate analytes of interest from target samples.
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Fig. 2. (A) Comparison between TXRF spectra obtained for the direct analysis of an aqueous standard containing 100 gL-1 of Cd (grey straight
line) and of an aqueous standard containing 3 g/L of Cd after the DLLME procedure (black straight line) and (B) Spectra obtained for the analysis of a river water sample spiked at 2.5 g L-1 Sb(III) and 2.5 g L-1 Sb(V) using the DLLME+TXRF system.

Figure 3, a schematic setup for the pre-concentration procedure and the benefits of using it for the determination
of Cd (II) and Pb (II) ions in the low g L-1 range is
shown.

Due to the microanalytical capability of TXRF and the
possibility of analysing suspensions, the use of nanomaterials (such as multiwalled carbon nanotubes,
MWCNTs) as solid sorbents is also an interesting preconcentration strategy to be combined with TXRF spectrometry. The very small particle size of MWCNTs made
this solid sorbents adequate to prepare a representative
suspension to be analyzed by TXRF. In a recent contribution, we evaluate the parameters affecting the extraction
process (amount of MWCNTs, pH of the aqueous sample, use of a complexing agent) and TXRF analysis (volume of deposited suspension on the reflector, drying
mode and measuring time) for the determination of low
levels of Cd (II) and Pb (II) ions in water samples. In

Under optimized conditions, the detection limits were 1.0
g L-1 and 2.1 g L-1 for Cd(II) and Pb(II) ions, respectively. Both of the examined elements can be determined
with quantitative recoveries (ca. 100%) and with an adequate precision (RSD~ 6.0% and RSD~ 10.5% for Cd(II)
and Pb(II), respectively) in different types of environmental waters [10].
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Fig. 3. (A) Schematic setup for pre-concentration procedure using MWCNTs combined with TXRF analysis and

Fig. 3 (B) Comparison between TXRF spectra obtained for the direct analysis of an aqueous standard solution containing 20g L-1 (red line) and
after the DMSPE+TXRF procedure (blue line).
4

B. Application of TXRF for element determination in
samples related with geochemical studies

The selenium (Se) around volcanoes has implications for
human health given the high population density close to
volcanoes and the narrow range between essential and
toxic Se intake. To study the Se mobility during interactions between volcanic derived acid rain and volcanic
ash, new analytical approaches are required. Fresh vol-
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0.4-8 µg/L depending on the sample characteristics)
showed that the anions present play a key role in the selenite adsorption on volcanic ash by competitive behaviour and/or changes in the pH conditions promoted by
glass dissolution processes (see Figure 4).
Our experiments show the high potential of TXRF in
such applications. Similarly, TXRF can be used as an
analytical tool to study the mobility of trace elements in
other geochemical studies [11].

available in low mass amounts. As a result, for kinetic
adsorption experiments of mass-limited samples, where
aliquots have to be extracted several times in order to get
the trends of Se concentration over time, an analytical
technique with micro-analytical capabilities is essential.
In a recent contribution, we explored Total Reflection XRay Fluorescence (TXRF) spectrometry for Se determination using sorption processes on volcanic ashes as a
geochemical application. Kinetic adsorption experiments
using direct TXRF with as little as 10 µL solution (LOD

Fig. 4. Kinetics of selenite adsorption on volcanic ash from Sakura-jima volcano. (A) Experiment 1: The influence of rainwater pH on selenite
adsorption. Synthetic acid rain: H2SO4 at pH = 2.3 and 4.5. (B) Experiment 2: The influence of competitive anions on selenite adsorption. Synthetic acid rain: diluted HF, HCl and H2SO4 at pH = 2.3 – 2.5.

commercial edible clams in a simpler and economic way.
We compared the direct analyisis of powdered
suspensions with the analysis of the digested samples for
trace determination. As it is shown in Figure 5, acceptable results were in general obtained when using the simpler sample preparation procedure (sample suspension).
Moreover, the digestion procedure of the reference material did not lead to a noteworthy improvement of the accuracy of the results except for some specific elements
(Zn, Se and Fe). The calculated detection limits for most
elements (from 0.5 to 5 mg/kg) were also similar using
both analytical methodologies. Therefore, TXRF using a
suspension of the biological powdered sample can be an
interesting approach for minor and trace elements determination in bivalves in a simple, fast and economic way
[12].

C. Determination of trace metals and essential elements
in commercial edible clams by XRF
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Bivalves have been widely used as bioindicators to assess
coastal aquatic environments, since they can accumulate
trace metals and other substances. For instance, it has
been demonstrated that shellfish can accumulate trace
elements up to 100 times higher than the concentration
levels found in the water they live in. Iron, copper and
zinc are considered important nutritional trace elements
which must be part of the human daily diet to ensure
normal biological functions but other elements such as
Cr, Pb, As and Cd can be toxic even at low concentration
levels. For this reason some organizations and agencies
such as the Food and Agricultural Organization (FAO) of
the United Nations stablished legal limits for metals and
other contaminants in fishery products.
In a recent study, we evaluated the analytical capabilities
of total reflection X-ray spectrometry (TXRF) for the
determination of trace and essential elements in

D. Possibilities and drawbacks of TXRF for the determination of metal residues in active pharmaceutical
ingredients
Contributors: Eva Marguí1, Manuela Hidalgo1, Ignasi
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new and simple procedures to control metals in pharmaceuticals.
Recently, an analytical methodology based on benchtop
total reflection X-ray fluorescence spectrometry (TXRF)
has been developed by our research group for the rapid
and simple determination of some PGMs catalyst impurities (Rh, Pd, Ir and Pt) in different types of API samples.

The control of metal catalysts residues (i.e., platinum
group metals (PGMs)) in different stages of the manufacturing processes of the active pharmaceutical ingredients
(APIs) and, especially, in the final product is crucial. For
API specimens, there are strict guidelines to limit the levels of metal residues based on their individual levels of
safety concern. For PGMs, the concentration limit has
been established at 10 mg/kg in the API. Therefore great
effort is currently being devoted to the development of

Fig. 5. Schematic setup for analytical methodologies used for edible clam analysis. Element concentrations (mg/kg) for the certified reference
material CBW08571 (Mussel muscle tissue) after different sample treatment procedures and subsequent TXRF analysis (sample volume: 10 L,
measuring time: 1000 s, n=2).

current legislation. As an example, in Figure 6, TXRF
spectra obtained for the direct analyses of an API dissolution (150mg/2mL MilliQ water) containing increasing
amounts of PGMs is displayed.
From the obtained results it is shown that the developed
TXRF method can be implemented in the pharmaceutical
industries to increase productivity of the laboratory; of-

An evaluation of different sample treatments (dissolution
and digestion of the solid pharmaceutical samples) was
carried out and the developed methodologies were validated according to the analytical parameters to be considered and acceptance criteria for PGMs determination according to the United States Pharmacopoeia (USP). Limits of quantification obtained for PGMs metals were in
the range of 2-4 mg/kg, which is satisfactory according to
22

XRF Newsletter, No. 26, April 2014

fering an interesting and complementary analytical tool to

other

atomic

spectroscopic

methods

[13].

Fig. 6. TXRF spectra obtained for the direct analyses of API dissolutions (150mg/2mL MilliQ water) containing increasing amounts of PGMs.
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