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Welcome letter

It is our honor and pleasure to welcome you to the 15" Rio
Symposium on Atomic Spectrometry.

Once again, we have the opportunity of joining together
scientists, students and professionals from Latin America
with distinguished researchers from different parts of the
world to present and discuss our latest works in a very
friendly environment.

The 15" Rio Symposium on Atomic Spectrometry is held in
Mendoza city. In the middle of the mountains, Mendozais one
of the great wine capitals of the world and a great place to
explore high quality wines and food. You will enjoy an
amazing time in a sunny climate while discovering the Andes
Mountains, drinking some of the best wines of the world,
tasting our delicious food, and living memorable experiences
that will make very special this edition of the Rio Symposium.

So, be welcomed to Mendoza! We are sure this symposium
will meet your expectations and you will have a great
opportunity for discussion of your achievements, evaluation
of ongoing projects and the exchange of views on novel
initiatives. We also assure you all a memorable touristic
experience and friendly social events so you will return home
with the feeling that your visit was not only productive and
worthwhile but enjoyable.

Organizing Committee
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Local Organizing Committee

Rodolfo G. Wuilloud — Chairman

Instituto Interdisciplinario de Ciencias Basicas — ICB
Facultad de Ciencias Exactas y Naturales
Universidad Nacional de Cuyo/CONICET

Mendoza, Argentina

Patricia Smichowski
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CONICET

Buenos Aires, Argentina

National Organizing Committee

Leticia Belén Escudero
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Pamela Yanina Quintas
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Currency

Argentina’s currency is the
Argentinean peso. Notes: 1000, 500,
200, 100, 50, 20, 10 and 5 pesos.
Coins: 1, 2 and 5 Pesos and 50 and
25 cents.

Time
Mendoza's standard
UTC/GMT -3 hours.

time zone is

Weather
In general, the climate in Mendoza is
known for its sunshine. It is dry and
temperate continental with significant
temperature fluctuations between day
and night.

Useful numbers

- Emergencies: 911

- Firefighters: 100

- Mendoza Police: 101

- Federal Police: 1049, Peru street.
Telephone: +54-0261-423-8710

- Lost Documents: 0800-2222-999 /
+54-0261-449-9024 (from 8 to 17hs)

- Coordinated Health Emergencies:
107

City Transport

Public transport runs from 06:00-
01:00. The journey, either bus, trolley
or metrotranvia, is paid through a
machine located inside each vehicle,
which only receives coins and doesn’t

give change back. Another form of
payment is by Redbus card, which is
purchased in kiosks and shops
offering this service. (You can ask for
further information in the bus station
or:
http://www.transportes.mendoza.gov.a
r/mi-red-bus/)

Taxis

Taxis are always metered. The fare
depends on where you're going, but a
short ride will cost about 100 Pesos
while a longer one could cost about
300 Pesos. Taxis are generally safe,
but if you're staying in a hotel, you can
ask the concierge to call one for you.
Uber and Cabify services are
operative in the city as well.

Touristic activities

Below follows a list of Tourist
Information Centers (TIC) in Mendoza
and major tourist destinations that may
be contacted for information on hotels,
restaurants and excursions:

Tourism Ministry: San Martin St,
1143. Phone: 0810-666-6363/ +54-
0261-4132101

E-mail:
turismo@ciudaddemendoza.gov.ar

TIC I: 9 de Julio St, 500. Floor 7.
Municipality of Mendoza Capital.
Phone: +54-0261-4495185/6 Opening
hours: Monday to Friday from 08:15-
13:30.



TIC II: San Martin and Garibaldi St.
Phone: +54-0261- 4201333 / 4238745
Opening hours: Every day from 09:00-
21:00

TIC Ill: Las Heras St.,700. Phone:
+54-0261-4296298 Opening hours:
Monday to Saturday from 09:00-20:00

TIC General San Martin Park: Av Los
Platanos s/n San Martin Park. Phone:
+54-0261-4205052 ext. 22

LOCATION OF THE VENUE

For pre and post Congress tours
please contact:

SB Division Turismo

E-mail: turismo@sbcongresos.com
Phone and Whatsapp: +54 9 261
5793166

Banks

Banks are open from Monday to
Friday from 8:00 - 13:00. However,
you can make cash withdrawals and
other transactions at ATMs, which
operate 24 hours.

Voltage
The electrical supply in Argentina is
220 volts, 50 Hz.

HOTEL INTERCONTINENTAL MENDOZA

Blvd Perez Cuesta esq. Acceso Este: Mendoza.
ZIP code: M5521AAR
Tel: +54 0261 5218800

Secretariat

Registration and general information will be available at our secretariat stand on
every day of the conference, from 09:00 to 18:00

Restaurants

The INTERCONTINENTAL HOTEL has a restaurant and is also located next to
Mendoza Plaza Shopping, the city’s largest shopping mall. Several lunch and
dinner options are available at the mall; open all day up to around 01:00 am.

o
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General Conference Information

Lectures and Oral Presentations

The Plenary Lecture (PL) will be 60 min including discussion. Invited Lectures (IL)
will be 30 min including discussion and Oral Presentations (OP) will be 15 min
including discussion. All speakers are requested to respect their allotted time and
chairpersons are advised to avoid delays to the daily program. Files for oral
presentations should be saved as *.ppt or *.pptx, since the organization cannot
assure the well-functioning or projection quality of any other format/s.

Morning session speakers are kindly requested to provide their presentations in a
USB flash drive before the day previous to their lecture. Meanwhile, afternoon
speakers are kindly requested to provide their presentation in a USB flash drive
before the lunch break of their corresponding presentation day.

E-poster Presentation

Each e-poster will be projected for 30 minutes in a screen during the
corresponding daily session, during which the author must be present in order to
be eligible for the corresponding award. The presentation should include at least
20 minutes of exposition and 10 minutes of discussion. During the rest of the
daily activities, the e-posters will be sequentially projected (author presence not
required). The daily e-poster presentation schedule will be:

Monday, Oct. 7 | Tuesday, Oct. 8 | Thursday, Oct. 10 | Friday, Oct. 11

AASO1 — AAS08 | AAS09-AAS17 AESO07-AES11 ChemS01-ChemS06

AESO01-AES06 MS01-MS10 XR06-XR10 SMet01-SMet08
XR01-XR05 SP08-SP15 MS11-MS20 SP16-SP22

LIBSO1-LIBSO3 CS01 CVG1-CVG8 MS21-MS29
SP01-SP07

Special issue

Selected papers from the 15" Rio Symposium on Atomic Spectrometry will be
published as a Special Issue of Spectrochimica Acta B: Atomic Spectrometry.
Please, follow instructions about abstract submission and deadlines available in
our official webpage: www.15riosymposium.com.
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Sunday, October 6, 2019

9:00 — 18:00

11:30 — 13:00
13:00 - 14:00
14:00 - 18:00
18:15-19:00
19:00 - 19:30
19:30 — 20:30
20:30

Registration & Materials | Hotel Intercontinental

Thermo Scientific seminar | Salon Sol A-B

Discover the right tools for elemental analysis: key
technologies to expand the border of your applications

Ana Rita Cristiano

Lunch

Short Course | Salon Sol A-B

Automation of atomic spectroscopy methods using flow
techniques

Victor Cerda
Opening Ceremony | Salon Sol A-B
Tribute to Bernhard Welz | Salon Sol A-B
Marco Aurélio Zezzi Arruda — UNICAMP, Brazil

Plenary Lecture | Salén Sol A-B

Analytical atomic spectrometry and the arrow of time

Gary M. Hieftje — Indiana University - USA

Opening Cocktail | Hotel Intercontinental
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Monday, October 7, 2019

Chairperson: Marco Zezzi Arruda
Invited Lectures | Salon Sol A-B

09:00 - 09:30
IL 01

09:30 - 10:00
IL 02

10:00 — 10:30
IL 03

10:30 — 11:00
IL 04

11:00 - 11:30

Mass spectrometry-driven studies of metal ion trafficking

and function in bacteria and plants

Ryszard Lobinski — CNRS, France

The use of mass spectrometry for environmental and
clinical purposes: advantages and limitations

Ewa Bulska — University of Warsaw, Poland

LIBS analysis of individual nanoparticles: attogram
detection limits in optical traps

Javier Laserna — University of Malaga, Spain

Green analytical methods for determination of metals
and non-metals by mass spectrometric techniques

Marcia Foster Mesko — Federal University of Pelotas,
Brazil

Coffee Break | Hotel Intercontinental

Chairperson: Pablo Pacheco
Oral presentations | Salon Sol A-B

11:30 — 11:45
OP 01

Sulfur determination using the SiS molecule via HR-CS
GF MAS and direct solid samples analysis: a reliable
method for different matrices

Wiliam Boschetti
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Monday, October 7, 2019

Multi-flow calibration: a novel approach applied to
11:45-12:00 inductively coupled plasma techniques

OP 02 Raquel C. Machado
12:00 — 12:15 Atomization of bismuthane and sensitive bismuth
; 0P_03 ; determination by atomic fluorescence spectrometry
Barbora Stadlerové
A new procedure to determine the composition of alloys
12:15-12:30 based on the technique calibration free: time resolved
OP 04 calibration free

1. Urbina
12:30 — 14:00 Lunch

E-poster session | Salon Sol C

AAS01-AAS08; AES01-AES06; XR01-XR05; LIBS01-

14:00-15:30 | \5503: SPO1-SPO7

Chairperson: Marcia Foster Mesko
Invited Lectures | Salon Sol A-B

Challenges in sample preparation for trace elements
15:30 - 16:00 determination using microwave-induced nitrogen plasma
IL 05 optical emission spectrometry

Mariela Piston — University of the Republic, Uruguay

16:00 — 16:30 Does the use of HP!_C-ICPMS answer all questions how
IL 06 the elements occur in a sample?

Eva Krupp — University of Aberdeen, Scotland

s
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Monday, October 7, 2019

16:30 — 17:00 Coffee Break | Hotel Intercontinental

Oral presentations | Sol A-B

Photochemical vapor generation of transition metals —

17:00 - 17:15 expanding to new analytes
OP 05
Stanislav Musil
Simultaneous on-line preconcentration and
17:15 — 17:30 determination of Cd, Hg, Mn, Pb and Sb in rice and rice-
: OP_06 ) based products by ICP-MS. Optimization using

chemometric approaches

Agustin Londonio

Qualitative imaging using laser ablation inductively
17:30 - 17:45 coupled plasma mass spectrometry applied in
OP 07 dendrochemical analysis

Renata S. Amais

Study of the matrix effects in flowing liquid anode

17:45 - 18:00 atmospheric pressure glow discharge optical emission
OP 08 spectrometry (FLA-APGD-OES)
Krzysztof Greda

Bioaccessibility and total concentration of Cr and Ni in

18:00 - 18:15 different varieties of cooked rice

OP 09
Maria Laura Ortiz
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Tuesday, October 8, 2019

Chairperson: Joanna Szpunar
Invited Lectures | Salon Sol A-B

09:00 — 09:30
IL 07

09:30 - 10:00
IL 08

10:00 - 10:30
IL 09

10:30 — 11:00
IL10

11:00 - 11:30

Multi-collector ICP-MS high-precision isotopic analysis of
essential mineral elements in health & disease

Marta Costas-Rodriguez — Ghent University, Belgium

Direct analysis of complex matrices: overcoming the
interferences by HR-CS AAS

Maria G. M. Vale — Federal University of Rio Grande do
Sul, Brazil

Automatic radiochemical analysis using flow techniques

Victor Cerda — University of the Balearic Islands, Spain

Fundamental aspects of chemical vapor generation by
aqueous boranes

Alessandro D’Ulivo — University of Pisa, Italy

Coffee Break | Hotel Intercontinental

Chairperson: Leticia Escudero
Oral presentations | Salon Sol A-B

11:30 — 11:45
OP 10

Application of different strategies in partial least squares
regression models for the determination of Mn, Cr, and
Ni in steel samples using LIBS

Aderval S. Luna
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Tuesday, October 8, 2019

11:45-12:00
OP 11

12:00 - 12:15
OP 12

12:15-12:30
OP 13

12:30 - 14:00

Spark discharge-assisted single-standard calibration in
laser-induced breakdown spectroscopy: determination of
Al and P in agroindustrial samples

José A. Gomes Neto

Microextraction and preconcentration technique based
on magnetic ionic liquid for the determination of
chromium by electrotermal atomic absorption
spectrometry applied to honey sample

Emiliano F. Fiorentini

Critical evaluation of the analytical performance of
commercial nebulizers in microwave-induced plasma
optical emission spectrometry

Julymar M. Higuera

Lunch

E-poster session | Salon Sol C

14:00 — 15:30

AAS09-AAS17; MS01-MS10; SP08-SP15; CS01

Chairperson: Ewa Bulska
Invited Lectures | Salon Sol A-B

15:30 - 16:00
IL 11

16:00 - 16:30
IL 12

Methodological developments for ultratrace and large-
scale biological selenium speciation analysis

Joanna Szpunar — CNRS, France

Integrated approach for the chemical characterization of
indoor PM> 5 subordinated to oxidative potential
assessment

Victor G. Mihucz — Eétvés Lorand University, Hungary

o
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Tuesday, October 8, 2019

16:30 — 17:00

Coffee Break | Hotel Intercontinental

Oral presentations | Salon Sol A-B

17:00-17:15
Sponsor

presentation

— Milestone

17:15-17:30
OP 14

17:30 — 17:45
OP 15

17:45—-18:00
OP 16

18:00 - 18:15
OP 17

18:00-18:15
Sponsor
presentation
— Analytik
Jena

State-of-the-art sample preparation technologies to
maximize elemental analysis.
Mattia Locatelli

Space-charge effect and internal standardization

Fernanda C. Pinheiro

Subcellular metal partitioning in Steno bredanensis from
southeastern Brazil

Rocha, R.C.C

A highly efficient ionic liquid-assisted cloud point
extraction technique for preconcentration and speciation
analysis of tellurium in environmental samples using
electrothermal atomic absorption spectrometry

Mauricio Llaver

Optimization of sample injection in TS-FFAAS for
determination of trace elements

Guillermo A. Carrone

Analysis of metals in naphtha by PQMS® accordingly to
ASTM D8110-17
Rui Miguel Santos

o
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Thursday, October 10, 2019

Chairperson: Mariela Pistén
Invited Lectures | Salon Sol A-B

09:00 — 09:30
IL13

09:30 - 10:00
IL 14

10:00 - 10:30
IL15

10:30 — 11:00
IL 16

11:00 - 11:30

Are nanoparticles and speciation important in the oil and
gas industry?

Joerg Feldmann —University of Aberdeen, Scotland

The use of LA-ICP-MS databases to calculate likelihood
ratios in the forensic evaluation of glass evidence

José Almirall — Florida International University, USA

LIBS imaging: a breakthrough in material and biomedical
sciences?

Vincent Motto-Ros — University Claude Bernard Lyon,
France

How simple can be the sample preparation for further
determination of halogens in organic matrices?

Erico M. M. Flores — University of Santa Maria, Brazil

Coffee Break | Hotel Intercontinental

Chairperson: Marta Costas Rodriguez
Oral presentations | Salon Sol A-B

11:30 — 11:45
OP 18

XANES spectrometry in the laboratory: S.I. traceable
energy edges for calibration

Mauro Guerra
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Thursday, October 10, 2019

11:45 - 12:00
OP 19

12:00 — 12:15
OP 20

12:15-12:30
OP 21

12:30 — 14:00

Filter paper as calibration solid support for quantification
of metals in tree-rings samples by LA-ICP-MS

Pedro S. Moreau

Method development for the determination of total
mercury and mercury thermospecies in coal

Mpho W. Mathebula

Dielectric barrier discharge-assisted determination of
methylmercury in atmospheric particulate matter by AAS

Gilberto S. Coelho Junior

Lunch

E-poster session | Salon Sol C

14:00 — 15:30

AESO07-AES11; XR06-XR10; MS11-MS20; CVGO01-
CVG08

Chairperson: Vincent Motto-Ros
Invited Lectures | Salon Sol A-B

15:30 — 16:00
IL17

16:00 — 16:30
IL18

Elemental and isotopic imaging at nanometer scale
using Nano Secondary lon Mass Spectrometry

Dirk Schaumldéffel — CNRS, France

How to publish in high impact journals

Rebecca Brodie — JAAS/Royal Society of Chemistry
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Thursday, October 10, 2019

16:30 — 17:00

Coffee Break | Hotel Intercontinental

Oral presentations | Salén Sol A-B

17:00 - 17:15
OP 22

17:15-17:30
OP 23

17:30 - 17:45
OP 24

17:45—-18:00
OP 25

18:00 - 18:15
OP 26

Magnetic ionic liquid-based microextraction and
preconcentration technique for arsenic speciation
analisys by electrothermal atomic absorption
spectrometry

Maria N. Oviedo

Atomic fluorescence spectrometry for determination of
mercury in polymeric solutions from treatment of
petroleum sludge

Mateus O. Miiller

A new approach for trace Hg determination in crude oil
by CVG-ICP-MS following wet digestion

Gabriel T. Druzian

Determination of mineral species by laser induced
breakdown spectroscopy and chemometric methods

Jonnathan E. Alvarez

Green and simple micro-extraction of free seleno-amino
acid from powder and lyophilized milk samples whit
natural deep eutectic solvents

Paul E. Hasuoka
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Friday, October 11, 2019

Chairperson: Erico M. M. Flores
Invited Lectures | Salon Sol A-B

09:00 - 09:30
IL19
09:30 - 10:00
IL 20
10:00 — 10:30
IL 21
10:30 — 11:00
IL 22
11:00 — 11:30

The use of sp-ICP-MS for the analysis of titanium
dioxide and silver nanoparticles

Pilar Bermejo-Barrera — University of Santiago de
Compostela, Spain

Laser-induced atomic fluorescence for the development
of hydride atomizers and for ultratrace determination of
hydride forming elements

Jid Di dina — Charles University, Czech Republic

Speciomics: integrating bioanalytical information through
mass spectrometry

Marco Aurélio Zezzi Arruda — University of Campinas,
Brazil

Sb(lll) vs. As(lll): who represents a greater
ecotoxicological risk?

Waldo Quiroz — Pontificial University of Valparaiso, Chile

Coffee Break | Hotel Intercontinental

Chairperson: Mirna Sigrist
Oral presentations | Salon Sol A-B

11:30 — 11:45
OP 27

Validation of methodology to identification,
characterization and quantification of dissolved gold (1)

and gold nanoparticles in cosmetic products by SP-ICP-
MS

L.M.G dos Santos

22
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Friday, October 11, 2019

11:45 -12:00
OP 28

12:00 — 12:15
OP 29

12:15-12:30
OP 30

12:30 - 14:00

Total sulphur determination in automotive gasoline
samples via CS diatomic molecule by high-resolution
continuum source molecular absorption spectrometry
using dried-matrix spot sampling

Leandro Kolling

Atmospheric pressure glow discharge system generated
in contact with a hanging drop electrode as an excitation
source in optical emission spectrometry

Krzysztof Swiderski

Ultratrace impurities determination in silver for nuclear
applications: signal optimization in ICP-MS with artificial
neural networks and response surface methodology

Ezequiel Morzan

Lunch

E-poster session | Salon Sol C

14:00 — 15:30

ChemS01-ChemS06; SMet01-SMet08; SP16-SP22;
MS21-MS29

Chairperson: Pilar Bermejo-Barrera
Invited Lectures | Salon Sol A-B

15:30 — 16:00
IL 23

Hydride trapping on nanomaterials. Tunable
nanoparticles studies towards a novel hydride
generation approach

Pablo Pacheco — National University of San Luis,
Argentina

@
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Friday, October 11, 2019

Portability of EDXRF spectrometers: challenges and

16:00 — 16:30 perspectives

IL 24
Sofia Pessanha — NOVA University of Lisbon, Portugal

16:30 — 17:00 Coffee Break | Hotel Intercontinental

Oral presentations | Salon Sol A-B

Development of isotopic dilution mass spectrometry with

17:00 - 17:15 single and multiple collectors
OP 31
Marta Bavio
Speciation of Sb(lll) and Sb(V) in homeopathic drugs by
17:15 — 17:30 cloud point extraction combined with hydride generation
A in homemade dual cyclonic aerosol chamber by ICP-
OP 32 OES
Fatima J. Rodriguez-Ramos
17:30 — 17:45 An eco-friendly sample preparation method development
: OP_33 ) for animal feed nutrient analysis by MIP OES

Florencia Cora Jofre

Determination of inorganic constituents in urban dust
17:45 - 18:00 using direct analysis by energy dispersive x-ray
OP 34 fluorescence spectrometry

Vaniele S. Ribeiro

Exploratory analysis of inorganic constituents in rumen
fluid and feces of nelore beef cattle

Mykaelli A. Santos

18:00 — 18:15
OP 35

@
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| Scientific Program & |

Friday, October 11, 2019

Oral and Posters Awards and Closing Ceremony

| Salén Sol A-B
18:15 - 18:45
The Awards are sponsored by SAB-Elsevier, JAAS-RSC
and ABC-Springer.
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Sunday, October 6, 2019

Welcome Cocktail | Hotel Intercontinental
20:30

Free for participants and registered accompanying
persons

Tuesday, October 8, 2019

Atomic Dinner | Bodega del 900
20:30

Tickets available until October 7

Wednesday, October 9, 2019

Full Day Excursion | Bodega Norton, Gran Hotel
08:15 — 18:00 Potrerillos, Olivicola Laur

Includes lunch, tickets available until October 8
See on next page

Friday, October 11, 2019

Bottle Party | Hotel Intercontinental

Free for participants and registered accompanying
19:00 persons

You are invited to bring a bottle of a typical drink from
your country
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FULL DAY EXCURSION '

WEDNESDAY - October 9, 2019

08:15 am Departure from Intercontinental Hotel towards Norton Winery.

BODEGA NORTON

Bodega Norton is a winery of Austrian origin, recognized by its trajectory in the viticulture of
Argentina for the quality of its wines and sparkling wines.

Finca Perdriel is the original property of Norton, where the winery is located. With one
hundredyears of continuous crops, it's made by 100hectares, at 950 meters above sea
level, with vineyards between 30 and 50 years old.

We invite you to live the evolution of a dream. We go back to 1989, to the vision of the
Austrian, glassware expert Gernot Langes Swarovski, who proposed to share the wealth of
our terroir, with wine lovers from more than 60 countries in the world. Today, the Winery is a
hallmark of awardwinning winemakers and the artisan work of passionate harvesters. More
than a name, Bodega Norton is an indelible firm that connects history with terroir, talent with
passion.

09:30 am Visit Malbec Experience. We start with a welcome spirit drink and later a guided
visit of winery. We will taste a Malbec reserve and a wine of the Oenology line.

10:30 am Expected departure to Potrerillos Dam. Tour around the lake and later lunch at
the traditional Gran Hotel Potrerillos.

12:30 pm Lunch planned according to the chosen menu (See the options of the menu in
final pages). Neitherdrinks with alcohol nor tips are included.

GRAN HOTEL POTRERILLOS

The history of Gran Hotel Potrerillos dates back to 1940 when its construction began,
marked by a significant increase in public works, specifically in the tourism sector. Twenty-
five years later it went through a period of instability that caused its closing. From 2005 the
idea of re-opening the Gran Hotel Potrerillos re-emerged, giving it the touristic and cultural
value it deserves. Facing their

recovery after years of neglect, both in their building structure and in their surrounding
environment, entailed the responsibility of incorporating new requirements according to
current needs, without denaturing their character

strongly incorporated in the collective memory of Mendoza

4:15 pm Departure from Hotel Potrerillos towards Olivicola Laur.

5:30 pm Factory guided tour and tasting in Laur.

OLIVICOLA LAUR

Founded in 1906 by Don Francisco Laur, a French immigrant, from the Loire region located
in the south of France, who settled in Cruz de Piedra-Maipu in the

early 1900s, pioneered the implantation of olive groves in the province of Mendoza as so
also in the elaboration of extra virgin olive oil.

Today its doors are open to Tourism where visitors can learn the secrets of elaboration, its
history and taste its products.
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ANALYTICAL ATOMIC SPECTROMETRY AND THE ARROW OF
TIME

Gary M. Hieftje
Indiana University
hieftje@indiana.edu
Time moves inexorably forward, second by second, year by year, decade by decade. In
contrast, progress in science seems to move by jumps, with periods of slow progress
interrupted by unexpected breakthroughs, which can lead to true paradigm shifts, new ways
of thinking and behaving and a subsequent period of slower evolutionary advancements.
Analytical atomic spectrometry follows this trend closely, beginning with the pathbreaking
work of Bunsen and Kirchhoff until the current era. In this lecture, some of the breakthroughs in
atomic spectrometry will be highlighted, along with a few vignettes about the scientists
responsible for them. The current state of atomic spectrometry will then be assessed, and
possible future advances suggested.
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AUTOMATION OF ANALYTICAL METHODS USING FLOW TECHNIQUES

Victor Cerda
Department of Chemistry. University of the Balearic Islands. Spain
victor.cerda@uib.es
Advances in Science and Technology have resulted in an increasing demand for control
analyses and posed various challenges to analytical chemists such as the need to develop new
methods exhibiting as much selectivity, sensitivity, sample and reagent economy, throughput,
cost-effectiveness, simplicity and environmental friendliness as possible. Automation and
miniaturization of solution-based analysis are essential to make them fast and efficient for
routine and research tasks.
Flow techniques have undoubtedly aroused especial interest in relation to many other
automatic methodologies of analysis. Ever since, Segmented Flow Analysis was developed by
Skeggs in 1957, flow techniques have been in continuous evolution towards new
developments. They have gained importance for clinical, industrial and environmental
purposes as they allow highly reproducible fast determinations. There is no solid argument in
favour of using any particular flow technique separately; rather, substantial advantages can be
derived from their combination.
Thus, a description of the evolution of the main flow techniques, their online analytical
determination modes, the separation and preconcentration methods, their hyphenation
advantages and a critical comparison between them are presented in this short course.
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MASS SPECTROMETRY-DRIVEN STUDIES OF METAL ION
TRAFFICKING AND FUNCTION IN BACTERIA AND PLANTS

Ryszard Lobinski* and Laurent Ouerdane

CNRS-UPPA, Institute of Analytical and Physical Chemistry for the Environment and
Materials (IPREM), Hélioparc, 2, av. Pr. Angot, 64053 Pau, France
*ryszard.lobinski@univ-pau.fr

Metals are usually present in biological samples at low concentrations (picomolar range),
are generally associated with organic molecules, and occur distributed in a plethora of
chemical forms with various properties (covalent or noncovalent species and a wide range
of molecular weights). These species are often unstable (labile and prone to oxidation),
which makes the analysis cumbersome. Whereas covalent species can be approached by
canonical metabolomic procedures, the identification of noncovalent metal complexes at
basal concentrations remains a challenge. De novo identification of previously unreported
species and detection of minor species are therefore difficult to achieve.

The introduction of coupled methods combining a chromatographic separation step with
element-specific detection, most often by ICP MS has been a decisive factor in the rapid
progress of metal speciation analysis. The success of these methods depends critically on
the chromatographic separation power and the purity of peaks used for quantification.
Therefore, the approach shows considerable limitation in the analysis of complex matrices
as well as in the cases when standards of the analytes are unavailable.

The ultimate proof of the species identity can be obtained by its molecular signature
confirmed by the fine isotopic structure. It can be achieved if the separation is good enough
to distinguish species with masses differing by one electron. Hence, the analytical
challenge is shifted from the chromatographic peak capacity to the peak capacity in a mass
spectrum. The detected feature is not the elemental but the molecular isotopic pattern of
the analyte compound. Resolution powers down to a single electron mass can be obtained
by Fourier transform MS, either using ion cyclotron resonance (ICR) or Orbitrap which has
opened new horizons in speciation studies of metal-containing compounds at trace
concentration levels.

The lecture discusses the opportunities offered by FT-MS approaches for the large scale
speciation analysis. In particular, comprehensive approaches aiming the identification of a
large number of metal or metalloid containing species in a single run (metallomics) in plants
and bacteria will be discussed. Special attention will be given to a mechanistic interpretation
of MS data sets using biochemistry and molecular biology approaches.
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THE USE OF MASS SPECTROMETRY FOR ENVIRONMENTAL
AND CLINICAL PURPOSES: ADVANTAGES AND LIMITATIONS

Ewa Bulska

Faculty of Chemistry, Biological and Chemical Research Center, University of Warsaw
Zwirki i Wigury 101, 02-089 Warszawa, Poland
ebulska@chem.uw.edu.pl

The usefulness of the analytical techniques for the investigation of environmental and
clinical objects grown significantly over the last years. This is due mainly to the improved
analytical performance and the ability to provide novel set of the information about the
composition of the samples. Several techniques, those elemental as well as molecular
mass spectrometry are consider to be very useful for the investigation of the molecular,
elemental as well as isotopic composition of e.g. plants, animal tissues, bacterial strains,
urine, blood or saliva.

In the last years a lot of attention was focused on the investigation of the process ongoing
in plants and animal tissues towards understanding the specific mechanism, when they are
exposed to the various environmental conditions, e.g. toxic substances or drugs. Several
analytical scenarios, those involving plasma based instrumental techniques were tested
towards investigation of the elements transport as well as its bio-transformation via
examination of the presence of specific compounds in various tissues.

Several examples will be given to illustrate growing application areas. Commonly used
determination of the elemental composition of tissues will be exemplified by the evaluation
of the transport efficiency of selected elements in plants, all towards understanding its
respond to the environmental conditions. Chromatographic techniques coupled to ICPMS
were used to identify chemical forms of selected elements. The analytical scenario for
speciation studies which was developed toward the evaluation of the bio-mechanism of
plants to adapt for unfavorable environmental conditions will be exemplified by the
investigation of the selenium and zinc.

Various chromatographic techniques coupled to molecular mass spectrometry facilitate to
performed the structural analysis towards proteomic investigation. This was used for the
investigation either the identification of selected compounds or for the examination of the
mechanism of protein expression in living organism exposed to various stressing
conditions.
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LIBS ANALYSIS OF INDIVIDUAL NANOPARTICLES:
ATTOGRAM DETECTION LIMITS IN OPTICAL TRAPS

J. Laserna

Departamento de Quimica Analitica, Universidad de Malaga, Malaga, Espafia
laserna@uma.es

Single particle characterization still constitutes a challenge to contemporary chemical
analysis. Considerable effort worldwide is being devoted to conceive experimental
strategies providing detection capabilities compatible with the extremely low mass of micro-
and nano-particles and the ability to determine the chemical composition of the individual
entities. The notion of using optical levitation to trap individual particles was demonstrated
in the past century. Recently we have proposed the multielemental analysis of individual
nanoparticles in optical traps using LIBS. In this lecture, the fundamentals of optical
trapping of nanoparticles in air will be presented. The specific excitation and ionization
processes leading to efficient optical detection and an analysis of the photon emission
efficiency will be discussed. Finally, some limiting factors involved in our approach and
prospective directions for improvement will be presented.
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GREEN ANALYTICAL METHODS FOR DETERMINATION OF
METALS AND NON-METALS BY MASS SPECTROMETRIC
TECHNIQUES

Marcia Foster Mesko

Chemistry, Pharmaceutical and Food Science Centre, Federal University of Pelotas,
Pelotas, Brazil
marcia.mesko@pq.cnpq.br

Trace element determination has been performed in order to provide information about the
influence of elements in several fields such as nutrition, health, toxicology, environment and
technology. In spite of the technological developments in instrumentation, especially for
mass spectrometric techniques, samples are generally introduced in the equipment as a
solution in routine analysis. Classical methods are generally used for sample digestion and
involve the use of a relatively high volume of concentrated reagents and take a long time for
digestion. The use of concentrated reagents may require a dilution step of digests before
the analyte determination, which could compromise the limits of detection. In addition, some
systems present limitations for complete digestion of many matrices. In this sense, even
using methods based on microwave-assisted closed vessels, some drawbacks can occur
and incomplete digestions are frequently reported. Regarding to halogens determination,
they can also be lost in their unstable volatile compounds in acid medium. Nowadays, there
is a trend for the development of green analytical methods, which require lower reagent
consumption and waste generation, less analytical steps combined with high-efficiency
digestion. The suitability of the digests with the determination techniques are also
important. On this aspect, the main trends for sample preparation for a variety of matrices
(such as cosmetics, food and biological samples) will be presented in this lecture for further
metals and also non-metals determination by mass spectrometric techniques. The use of
diluted solutions, using systems assisted by microwave and UV radiations or using
combustion systems, will be covered. Therefore, recent applications will be presented
showing the advantages of methods using diluted reagents for the determination of metals
and non-metals using mass spectrometric techniques.
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CHALLENGES IN SAMPLE PREPARATION FOR TRACE
ELEMENTS DETERMINATION USING MICROWAVE-INDUCED
NITROGEN PLASMA OPTICAL EMISSION SPECTROMETRY

Mariela Pistén

Grupo de Analisis de Elementos Traza y Desarrollo de Estrategias Simples para
Preparacion de Muestras (GATPREM). Analytical Chemistry. Faculty of Chemistry.
Universidad de la Republica. Montevideo, Uruguay
mpiston@fq.edu.uy

Microwave induced plasma optical emission spectrometry (MIP OES) has been used since
1950s and since 2012 there exists a commercial instrument that uses nitrogen as plasma
gas. This made the technique very attractive due to its low maintenance cost since nitrogen
can be obtained from an air compressor connected to a N, g(—zn(—zrator.1 Despite the
advantage of being economical, the use of a nitrogen plasma makes it prone to generate
matrix interferences because the temperature of the plasma is lower than that reached by
an argon plasma. On the other hand, the sample introduction technology has evolved in
such a way that it is possible to introduce samples with a total dissolved solids content up to
3%. Several multi-element analysis applications in complex samples will be presented and
discussed.

One of the reasons that MIP OES is not a widely used technique is that it does not reach
detection limits comparable to other techniques such as ICP OES or ETAAS when used in
a conventional manner. However, when the hydride generation is coupled (HG), the
detection limits improve significantly for elements such as As, Se and Pb. Determination of
As in water, vegetables and urine was successfully performed achieving limits of detection
comparable with ETAAS. In the case of Se, determinations can be carried out by HG-MIP
OES with interesting figures of merit in water, beef and forage.

Among the hydride forming elements, lead volatilization by plumbane generation is not very
extended for its determination.? The incidence of acid and nitrate concentration in plumbane
generation was studied as a first attempt of the use of HG-MIP OES for Pb determination in
water with a promising performance for trace analysis.

The instrumentation has improved considerably which makes this technique can overcome
analytical and technical challenges that in the past were considered as limitations. In
addition to the known benefits of low operating cost, by coupling hydride generation, low
detection limits can be achieved, in some cases comparable with ETAAS.
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DOES THE USE OF HPLC-ICPMS ANSWER ALL QUESTIONS
HOW THE ELEMENTS OCCUR IN A SAMPLE?

N. Laitip1, N.L.A. Jamariz, Z. Gajdosechova1’2, Joerg Feldmann1, Eva M. Krugg“

'TESLA (Trace Element Speciation Laboratory), University of Aberdeen, Meston Walk,
Aberdeen, AB24 3UE, Scotland, UK
’NRC Canada, Ottawa
*e.krupp@abdn.ac.uk

The keynote lecture will introduce the term speciation and discusses how this differ from
nanoparticles. It will however also clarify that not only speciation analysis is important to
understand processes in the environment and biology but also in some cases, illustrated by
mass balance approaches, that nanoparticle analysis is crucial. Recent studies from TESLA
will be shown involving the accumulation of selenium, mercury and arsenic in pilot whales
and it will show that the exposure of gaseous mercury does not necessarily be elemental
mercury.
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MULTI-COLLECTOR ICP-MS HIGH-PRECISION ISOTOPIC
ANALYSIS OF ESSENTIAL MINERAL ELEMENTS IN HEALTH &
DISEASE

Marta Costas-RodriquezV, Yulia Anoshkina1, Joris DeIangheZ, Lindsey

Devisscherz, Maria R. Flérez1, Rosa Grigoryan1, Agustina A.M.B. Hastuti1, Bruno
Lapauwz, Sara Lauwens1, Marijn Speeckaertz, Steven Van Laeckez, Sanne Van
Campenhoutz, Hans Van VIierberghez, Frank Vanhaecke'

'Ghent University, Department of Chemistry, Atomic and Mass Spectrometry (A&MS)
research unit, Campus Sterre, Krijgslaan 281 — S12, 9000 Ghent, Belgium
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*marta.costasrodriguez@ugent.be

Multi-collector ICP-mass spectrometry (MC-ICP-MS) is a dedicated tool for isotopic analysis
offering a precision — down to 0.001% RSD under ideal conditions — sufficient to reveal
natural variation in the isotopic composition of (trace) elements resulting from isotope
fractionation. Compared to thermal ionization mass spectrometry (TIMS), the “gold”
technique for this type of application, MC-ICP-MS shows a higher ionization efficiency,
rendering the formation of M* ions also feasible for elements with an ionization energy
exceeding 7-7.5 eV. Additionally, the ICP is a robust ion source, operated at atmospheric
pressure, thus allowing straightforward sample introduction via solution nebulization.
Finally, the technique shows a substantially higher sample throughput. These advantages
have led to an extension of the application range, both in terms of elemental coverage and
research contexts.

The A&MS research unit of Ghent University is exploring the use of high-precision isotopic
analysis of essential mineral elements using MC-ICP-MS in a biomedical / clinical context'.
The aims are exploring the diagnostic capabilities of this approach and obtaining an
enhanced insight into the metabolism of these elements in health and disease.

Research carried out so far at A&MS-UGent has demonstrated that in patients with liver
disease, the serum Cu isotopic composition is lighter (low 865Cu) than in an age- and
gender-matched reference population, while monitoring after successful liver
transplantation showed a fast normalization. High-precision Fe isotopic analysis permitted a
distinction between iron deficiency anemia and anemia as a result of altered production of
erythropoietin (EPO) in the kidneys. Finally, the serum Mg isotopic composition is
systematically affected in the case of type-I| diabetes. Identification of the factors governing
such changes in the isotopic composition of essential mineral elements is attempted by
using in vitro cell-line experiments to evaluate the effect of single processes and in vivo
experiments using murine (mouse) models.
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DIRECT ANALYSIS OF COMPLEX MATRICES: OVERCOMING
THE INTERFERENCES BY HR-CS AAS
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"Instituto de Quimica, Universidade Federal do Rio Grande do Sul, 91501-970, Porto
Alegre/RS, Brazil
%Instituto Nacional de Ciéncia e Tecnologia do CNPg—INCT de Energia e Ambiente,
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Since our first publication based on slurry sampling, our research has been devoted to
direct sampling analysis (DSA) using atomic absorption spectrometry (AAS)'. The
motivation for choosing this kind of application was the difficulties that are encountered in
the accurate determination of volatile trace elements in refractory matrices, the most
notorious ones being the time and special equipment involved in complete digestion of
these materials, and the risks of contamination and analyte loss involved in these
procedures. In contrast, DSA, is fast, offers the highest sensitivity, as no dilution is involved,
the risk of contamination and/or analyte loss is minimal and has a significant contribution to
clean chemistry. In most publications, using conventional line source atomic absorption
spectrometry (LS AAS), aqueous standards were reported as having been used for
calibration after careful program optimization. Obviously, there are limitations, where even
calibration with certified reference materials did not lead to accurate results. In these cases,
the problem is typically associated with spectral interferences that cannot be corrected
properly. Due to the limited information, by the systems available for conventional LS AAS,
as we only can see the absorbance over time within the very small spectral interval emitted
by the radiation source. And, if there is a problem with background correction, we can at
maximum observe the artifact, but not the reason of the problem. However, using high-
resolution continuum source atomic absorption spectrometry (HR-CS AAS), spectral
interferences become visible owing to the display of the spectral environment at both sides
of the analytical line at high resolution, which makes program optimization straightforward.
Any spectrally continuous background absorption is eliminated automatically, and even
rapidly changing background absorption does not cause any artifacts, as measurement and
correction of background absorption are truly simultaneous. Any kind of fine-structured
background can be eliminated by “subtracting” reference spectra using a least-squares
algorithm. Aqueous standards are used for calibration in the majority published applications
of DSA using HR-CS AAS. At least for samples that are difficult to be brought into solution
and/or which are particularly affected by contamination problems, HR-CS AAS makes DSA
very attractive. Several examples will be given where difficult elements, such as Pb or F,
could be determined in complex samples, like fertilizer or road dust, using aqueous
standards for calibration, i.e. without interference.
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AUTOMATIC RADIOCHEMICAL ANALYSIS USING FLOW
TECHNIQUES

Victor Cerda

Department of Chemistry, University of the Balearic Islands, 07122 Palma de Mallorca,
Spain
Sciware System, Bunyola, 07193 Spain
victorcerdamartin@gmail.com

Radiochemical analyses are increasingly demanded in routine laboratories for monitoring
radionuclides from environmental samples, nuclear power plants, water treatment plants,
nuclear medicine and industrial uses, among others. Thus, benefits of automation are of
great interest in the radiochemical field. Features such as the minimization of sample and
standards handling together with the decrease of waste generation are crucial, since the
safety of the analyst is ensured and more environmentally friendly methods are developed.
In this contribution, different strategies used for automating radiochemical anal}/ses are
discussed, encompassing fully and partially automated flow methodologies. 2 Thus,
automated analytical protocols of extraction and preconcentration of radionuclides are
presented, together with their coupling to radiometric detectors or inductively coupled
plasma mass spectrometers (ICP-MS).
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FUNDAMENTAL ASPECTS OF CHEMICAL VAPOR
GENERATION BY AQUEOUS BORANES
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Chemical Vapor Generation (CVG) by aqueous borane reagents has been employed as an
analytical derivatization technique for the conversion of aqueous ions of several metals and
semi-metals to their volatile derivatives. At present CVG is a popular technique and it has
been widely employed in the determination and speciation of several elements at ultratrace
level by atomic and mass spectrometry. More recently, starting since 2003, dedicated
studies were developed with the aim to clarify the mechanisms governing the chemistry of
CVG by using NaBH, (THB) and amine-boranes (ABs), NR3;BH; (R=H, alkyl) for aqueous
phase derivatization.

In the recent years the studies on fundamental aspect of CVG served not only to reconcile
CVG with the chemistry of aqueous boranes, but they also provide new evidence on the
mechanism of hydrolysis of aqueous boranes which were unknown in the fundamental
chemistry literature."?

This lecture presents and discusses some evidence indicating that the chemistry of
aqueous boranes is essentially the chemistry of their hydrolysis products, which are
generally referred as to ‘hydridoboron species’. The nature of the hydridoboron species
formed during the hydrolysis of THB and ABs, is controlled by the reaction conditions
employed in CVG (sample composition, pH, type of chemical reactor).

The evidence provided by CVG coupled with atomic or mass spectrometry combined with
the study of the rate of dihydrogen evolution during borane hydrolysis can be useful for the
implementation of improved CVG reaction systems, as well as they could stimulate
investigations in the field of hydrogen storage where boranes play an important role.
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METHODOLOGICAL DEVELOPMENTS FOR ULTRATRACE
AND LARGE-SCALE BIOLOGICAL SELENIUM SPECIATION
ANALYSIS
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Selenium is a biologically important element with a very narrow toxicity/essentiality range. It
can occur in several oxidation states and its incorporation into proteins (selenocysteine) in
genetically encoded. It is efficiently metabolized by biological organisms producing
hundreds of low molecular weight (less than 1000 Da) selenometabolites belonging to
different chemical categories. The discrimination among the different chemical forms of
selenium present in biological systems is essential to delineate its metabolomics pathways
and has been addressed with different success rate more than two decades."?

HPLC with ICP MS detection has long been the principal tool for the selenium speciation
studies."? In particular, it allowed the accurate determination of selenomethionine and
selenocysteine, and the fingerprinting of distribution of selenometabolites. The selenium
metabolome turned out to be a useful tool for the control of the reproducibility of the
biotechnological processes used for the production of the most common Se supplement:
Se-enriched yeast and is a marker of its manufacturer’s origin.

The development of electrospray MS/MS for the identification of the Se peaks observed in
HPLC-ICP MS led rapidly to the conclusion that the resolution and peak capacity of HPLC
was by far insufficient to cope with the complexity of the selenium metabolome.?
Electrospray MS/MS allowed the detection of over 200 metabolites over a concentration
range starting two orders of magnitude below the ICP MS detection limits. It opened new
perspectives for the detection of selenium species in complex biological matrices such as
serum and soft tissues.

The lecture discusses electrospray mass spectrometry as a selenium specific detection in
chromatography and compares it with ICP MS. In particular, the need for ultrahigh (1 000
000) resolution and high accuracy (< 1 ppm) and dedicated data mining strategies will be
highlighted. New applications for the identification and quantification of low molecular
selenium species in blood plasma and soft animal tissues will be discussed in the context of
the animal physiology and nutrition.
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Global climate change and increasing energy requirements have led to the development of
energy-saving buildings typically characterized by low air-exchange rates. Given that
people may spend more than 90% of their time in such enclosed spaces during the main
activities of living, working and transportation, the investigation of indoor air quality (IAQ) in
these micro-environments is of paramount importance. In the past decade, the number of
chemical studies aiming at understanding the adverse effects of exposure to atmospheric
particulate matter (PM) with an aerodynamic diameter smaller than 2.5 ym (PM25) on
human health at workplaces has increased substantially. The oxidative potential (OP) of
PM, a measure of particle toxicology, can be estimated by acellular and in vitro cellular
assays characterized by different sensitivities. The antioxidant depletion methods use
dithiothreitol, ascorbic acid (AA) and reduced glutathione (GSH). There are many
challenges in the multi-component analysis of indoor PM. Ideally, sampling solely during
working hours would give useful information for exposure assessment. However, this
limitation results in small mass collected on the filters. For indoor aerosol collection,
sampling devices should be equipped with quiet oil-free pumps or sound reducing panels.
Finally, concurrent parallel samplings on different filter materials should be avoided to
ensure that unknown differential matrix effects are not encountered. Glass and quartz fiber
filters (QFFs) have not often been used because of their high blank values for several
elements. However, QFFs are suitable for PM EC/organic carbon (OC) determination, while
cellulose ester, polycarbonate and Teflon filters should be discarded for such type of
analysis due to their high carbon content. During the presentation, a robust, repeatable
approach for the comprehensive assessment of indoor PM,s characteristics of small
sample masses will be presented. This entailed the assessment of acid and water
extractable elemental and inorganic ionic compositions of indoor PM; 5 through ICP-MS and
ion chromatographic measurements, respectively, subordinated to concomitant OP and
EC/OC analyses in the same loaded QFF.
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ARE NANOPARTICLES AND SPECIATION IMPORTANT IN THE
OIL AND GAS INDUSTRY?
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Aberdeen, AB24 3UE, Scotland, UK
*.feldmann@abdn.ac.uk

Metals and metalloids are commonly occurring in petrochemical fractions. Most of the
metals associated in crude oil'. But the gas and the condensate fraction is also often
contaminated with mercury2 and arsenic®. The lecture will give an overview where metals
and metalloids occur and then focus on the mercury distribution in gas and gas
condensates and where to install mercury removal units (MRUSs) in a gas processing plant.
The function of the MRUs are however optimised to absorb only elemental mercury;
sometimes the MRUs do not work, because mercury occurs in a different molecular form.
Speciation procedures for identifying organomercury compounds using GC-ICPMS and
nanoparticles using field-flow fractionation (AF4-UV-MALS-ICPMS) and single particle
(spICPMS) as well as TEM-EDX will illustrated the difficulty to determine the flux of mercury
in a processing plant®.
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Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry (LA-ICP-MS) is the “gold
standard” for the forensic analysis and comparison of glass evidence. A match criterion is
used to compare the elemental profile of the known sample to a recovered sample and, if
the glass samples are determined to be indistinguishable, this may be followed by the use
of a verbal scale to report the examiner's conclusion. This approach has several
disadvantages: a fixed match criterion suffers from the “fall-off-the-cliff effect,” the rarity of
an elemental profile is not taken into account, and the use of a verbal scale to assign a
weight of evidence may be considered as subjective and can vary by examiner. An
alternative approach includes the use of a continuous likelihood ratio that provides a
quantitative measure of the significance of the evidence and accounts for the rarity of an
elemental profile through the use of a glass database. In the present study, three glass
databases were used to evaluate the performance of the likelihood ratio; the first database
includes 420 automotive windshield samples, the second database includes 385 glass
samples from casework and the third is a combination of the two. The multivariate kernel
model was used for the calculation of the likelihood ratio. However, this model led to
unreasonably large (or small) likelihood ratios. Thus, a calibration step, using the Pool
Adjacent Violators (PAV) algorithm, was necessary in order to limit the likelihood ratio to
reasonable values. The calibrated likelihood ratio led to improved false exclusion rates (<
1.0 %) and comparable false inclusion rates (< 1.0 %). In addition, the likelihood ratio
limited the magnitude of the misleading evidence, providing only weak support for the
incorrect hypothesis. Finally, most of the pairs found to be falsely included were explained
by similarity of manufacturer of the glass source.
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The imaging capability of laser-induced breakdown spectroscopy (LIBS) has a high
potential in various domains including biology, industry, geology and medicine. This
approach can be distinguished by its ease in use, multi-elemental capability, detection of
light elements, as well as operation at ambient conditions. This is furthermore the only all-
optical technique providing space-resolved elemental information with ppm-scale sensitivity
and pym-range resolution. These advantages, make LIBS imaging very attractive to be used
in research laboratories for routine investigations.1

However, advanced technological solutions must be found for this application since
elemental imaging requires high sensitivity, sharp spatial resolution, high speed of
acquisition as well as the ability to process a huge quantity of data. In this presentation, we
will summarize the recent progresses made in the Light and Matter Institute concerning the
implementation of the LIBS imaging. Different examples will be shown with the aim of
illustrating the specificities of LIBS among other elemental imaging approaches, such as the
possibility to detect and image light elements, the coupling with optical and Raman imaging
and the analysis of large-scale samples. Different perspectives and remaining challenges
will be finally proposed.
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The classical methods for sample decomposition and subsequent halogen determination by
various analytical techniques (ion chromatography, atomic spectrometry, inductively
coupled plasma mass spectrometry, etc.) involve the use of a relatively high volume of
concentrated reagents and in general a long time for digestion making difficult achieving
suitable throughput. In addition, the efficiency of digestion employing these systems has
some limitations for many matrices, especially those having stable structures or high fat
content. In this sense, even using methods based on microwave-heated closed vessels,
some drawbacks may occur and incomplete decomposition and low analyte recoveries
have been frequently reported. In this regard, the main trends for sample preparation for
further halogen determination will be presented and the use of dilute solutions and the use
of some alternatives systems will be discussed. Recent applications will be presented
showing the advantages of methods using diluted reagents (combustion, MW-UV digestion,
etc.) for halogen determination using atomic spectrometry and chromatography techniques.
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ELEMENTAL AND ISOTOPIC IMAGING AT NANOMETER
SCALE USING NANO SECONDARY ION MASS
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Trace element imaging in biological cells and tissues provide an important contribution to
the investigation of biochemical functions, biosorption and bioaccumulation processes at
cellular and subcellular level. Scientific progress in this field is directly related to new
instrumental and methodological analytical developments. Nano secondary ion mass
spectrometry (NanoSIMS) is an analytical technique which relies on the sputtering of ions
from a solid surface by focused positive or negative primary ion beams and the subsequent
analysis of the produced secondary ions by a mass spectrometer under high vacuum.’
Thus, the NanoSIMS can be described as a scanning ion microprobe which can analyse at
the sub-micrometre scale and produce elemental and isotopic images in 2D and 3D.
NanoSIMS allows chemical imaging of a sample surface with lateral resolution below 50 nm
combined with high sensitivity and thus it is perfectly suited to localize the distribution of
chemical elements with high spatial resolution in biological samples. This lecture highlights
advantages and challenges of elemental and isotopic NanoSIMS imaging at nanometer
scale including different sample preparation strategies. Recent examples from our work will
be presented from the biomedical and environmental field such as nanoparticles in lung
cells, bacteria in macrophages, and essential and toxic metals in cells and tissues from
environmental relevant organisms. Approaches for correlative imaging with other
techniques will be briefly discussed.?
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This presentation will give an overview of scientific publishing, covering all the information
you need to know about publishing your research. As well as providing an introduction to
Royal Society of Chemistry we will discuss the peer-review process, how to write your
paper, submission procedures, ethics and open access — along with an editor’s top tips.
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THE USE OF sp-ICP-MS FOR THE ANALYSIS OF TITANIUM
DIOXIDE AND SILVER NANOPARTICLES
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The potential of Engineered nanomaterials (ENM) to improve the quality of life and to
contribute to economic growth is today widely recognized. But, due to the fast expansion in
the production of ENM and products incorporating these materials, there is a concern about
their potential risks. Between these ENM metal-nanoparticles such as titanium dioxide
nanoparticles (TiO, NPs) and silver nanoparticles (Ag NPs) are of a special concern
because both NPs have many different applications. Although there are different analytical
techniques adequate for the metal NPs characterization, quantitative information can only
be assessed with techniques that use atomic detectors, such as ICP-MS, GF-AAS or ICP-
OES. But, these techniques do not distinguish between dissolved species and metal
nanoparticles. Metallic speciation can be performed by coupling atomic detectors with
separation techniques, but in order to simplified the NPs analysis, the use of the ICP-MS in
the mode single particle-ICP-MS is a promising technique for analysing complex samples
that contain metal NPs and the corresponding ionic form, without a previous separation
step. The possibilities of sp-ICP-MS using modern instrumentation allowing short dwell
times for data acquisition has been investigated for different type of samples. With this
technique is possible to obtain information about the NPs concentration and about their size
distributions.

In this talk some examples of metal NPs analysis in different types of samples will be
discussed. TiO, NPs and Ag NPs (NPs concentration and size distribution) has been
studied in different types of mollusks samples after applying ultrasound assisted enzymatic
hydrolysis of NPs. Moreover, the same edible mollusks have been subjected to an in vitro
digestion procedure for TiO, NPs and Ag NPs for human risk evaluation. These NPs were
also studied directly in human urine samples. On the other hand, several extraction
methods using aqueous or glycerol mediums were also developed for isolating Ag NPs
from textiles, samples and cosmetic products respectively. The development methods
were applied for the analysis of real samples.
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LASER-INDUCED ATOMIC FLUORESCENCE FOR THE
DEVELOPMENT OF HYDRIDE ATOMIZERS AND FOR
ULTRATRACE DETERMINATION OF HYDRIDE FORMING
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Svoboda,’ Adam Obrusnik,’ Jan Vorag,® Martina Mrkvickova,® Pavel Dvorak®
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Hydride generation (HG) is ideally suited for trace and ultratrace element and speciation
analysis of hydride forming elements since it involves analyte separation from the sample
matrix and its high efficiency transfer from the sample to the spectrometer. HG coupled to
the relatively low cost and simple detectors, atomic absorption (AA) or atomic fluorescence
(AF) spectrometer, can thus serve as an alternative to the conventional approaches based
on the liquid phase sampling inductively coupled plasma mass spectrometry. However, the
final step of the whole procedure, hydride atomization, has to be optimized. The best way of
doing that is to establish how the relevant operation parameters influence the distribution of
hydrogen radicals (H radicals), temperature and analyte free atoms in hydride atomizers.
The miniature diffusion flame (MDF) is a standard hydride atomizer for AF but it can be very
useful also for AA spectrometry. MDF provides a very efficient analyte atomization. The
other atomizer for AF, flame-in-gas-shield (FIGS), employs a hydrogen-oxygen microflame,
burning at the top of a capillary, shielded by Ar flow. Compared to MDF, FIGS is more
flexible and it offers better sensitivity and a higher potential in terms of miniaturization.

The aim of the present work was to quantify the distributions of all the three fundamental
parameters (H radicals, temperature and analyte free atoms) in MDF and FIGS atomizers
under relevant experimental conditions. H radical distribution was determined by two
photon absorption laser induced fluorescence (TALIF). TALIF was also employed to derive
temperature from the Gauss broadening of two-photon absorption LB line. Rayleigh
scattering of the laser beam was tested as an additional approach to find temperature
distribution. Laser-induced fluorescence (LIF) was used to derive spatial maps of absolute
concentrations of analyte free atoms. Pb was employed as an analyte for the preliminary
experiments. Pb atom concentration resulting from LIF measurements was reasonably
close to that estimated from analyte supply from hydride generator.

The quantification of the distributions of all the three fundamental parameters together with
a numerical model of the gas dynamics and heat transfer within the atomizer observation
volume yield a complete information required for optimization of both studied atomizers.
Outlooks of this research to further investigation of other hydride atomizers will be outlined
and emerging possibilities of absolute analysis will be discussed.
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Marco A. Z. Arruda
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While the speciation analysis applied to analytical chemistry is defined as the analytical
activities of identifying and/or measuring the quantities of one or more individual chemical
species in a sample,1 omics refers to the collective technologies, such as genomics,
proteomics, metabolomics, metallomics, among others, which are used to explore the roles,
relationship, and actions of various types of molecules that make up the cells of an
organism,” The Speciome, adapted from biological area,® is then coined due to the
synergism of both chemical speciation and omics, and defined as the entirety of the
chemical species evaluated through omics strategies, and the Speciomics, the
study/evaluation of chemical species applied to omics studies. In order to exemplify this
new concept, some examples involving plant science, humor diseases, and forensic are
presented‘1 for contextualizing this proposal. As a conclusion, this concept is then presented
as the “umbrella” containing all omics approaches devoted to speciation analysis.

Acknowledgements

FAPESP - Fundagédo de Amparo a Pesquisa do Estado de S&o Paulo — Sdo Paulo, Brasil;
CNPq — Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico — Brasilia —
Brasil; CAPES — Coordenacéo de Pessoal do Ensino Superior — Brasilia, Brasil, Petrobras
— Petroleo Brasileiro S/A — Rio de Janeiro, Brasil.

References

[1] D. M. Templeton, F. Ariese, R. Cornelis, L.G. Danielsson, H. Muntau, H.P. Van
Leeuwen, R. tobinski, Pure Appl. Chem.,72(2000)1453.

[2] AltTox.org at https://alttox.org/mapp/emerging-technologies/omics-bioinformatics-
computational-biology/, Accessed on June, 16th, 2019.

[3] Omics.org at https://omics.org/Main_page. Accessed on June, 16th, 2019.

[4] J.R. Jesus, L.F. Costa, E.L. Lehmann, R.M. Galazzi, K.C. Madrid, M.A.Z. Arruda,
Chemical Speciation and Metallomics, Chapter 8, in M.A.Z. Arruda, Ed., Metallomics: The
science of biometals. Springer, 2018.



N —

INVITED LECTURES

Sb(lll) vs. As(lll): WHO REPRESENTS A GREATER
ECOTOXICOLOGICAL RISK?

Waldo Quiroz

Pontificia Universidad Catolica de Valparaiso, avenida universidad 330, Curauma,
Valparaiso, Chile
waldo.quiroz@pucv.cl

As,0; has been classified as a class 1 carcinogen by IARC, while in the case of Sb,03, it is
classified as list 2 because there is no evidence of its effects in humans. Antimony shares
the redox chemistry of As, sharing its same oxidation states. Inorganic Sb(lll) shares
structural similarities with As(lll) being both triangular base pyramids. However, the
solubility Sb,0; is extremely low compared with As,O3; which has led to suggest that the
availability of this compound is low from a trophic point of view.

On the other hand Sb(lll) is highly unstable in the presence of oxygen. This has generated
skepticism about the reliability of the Sb(lll) eco-toxicity experiments leading to the claim
that these are biased or at least with underestimated effects. Does Sb,05; have low toxicity
or its classification is only an underestimation of its effects?.

There is lack of reliable analytical methods that work with adequate standards of Sb(lll) and
with a proper control of its redox stability both in the toxicity experiments or in the analytical
methods, which hamper more robust conclusions.

Our research group has worked both in the development of analytical methods and also in
the ecotoxicology of the inorganic species of As and Sb with special emphasis on the use of
adequate standards and the control of the oxidation of Sb(lll). We have demonstrated that
Sb(lll) must be stabilized by the use of complexing agents to avoid biases and false
negatives. In addition, we demonstrated that Sb(V) partially reduced to Sb(lll) generating
redox imbalances in the chemistry of erythrocytes and macrophages[”. On the other hand,
our results show that Sb(lll) as well as As (lll) are both capable of generating renal cell
deformations® decreasing protein mobility in similar proportions. However, the comPIexes
of Sb(lll) with proteins like the BSA are extremely labile for chromatographic methods.

We believe that the ecotoxicity of Sb(lll) has not been underestimated in a trophic sense.
However, considering that a non-trophic pathway through particulate material is highly
plausible, the evidences of effects on protein mobility and cell morphology are a good start
to thinking about to put both species at the same ecotoxicological risk.
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Gaseous sample introduction into atomic spectrometric instruments is always
aspiring, since it represents many advantages compared to conventional liquid
sample introduction techniques. Interactions between hydrides and
nanomaterials have been studied for their preconcentration, as well as generation.
As and Se hydrides were trapped on oxidized multiwall carbon nanotubes
(0xMWCNTSs) in a gas-solid system.” *> The system avoids sophisticated
temperature controlled traps and cloggings, common in liquid-solid systems
involving nanomaterials. In addition elution volumes were reduced and sensitivity
was improved. Recently hybrid nanoparticles (HNPs) of oxMWCNTs-TiO, were
introduced for Sb hydride trapping. HNPs possess an increased number of new
binding sites that improves hydrides adsorption kinetic on their surface.’
The modification of NPs provides them with new characteristics for different
applications. Palladium-decorated TiO, NPs under UV light radiation (UVA 315-
400 nm) can be tuned to adsorb Bi and Sb ions upon ethanol oxidation. Sb
adsorption is faster in tuned NPs compared to TiO, NPs without modification.
Tunable NPs are versatile catalysts and under the same conditions they can
generate H,." Hydrogen generation by tunable NPs opens a path for hydride
generation (HG) of different elements as shown in a recent review.® Variations of
decorations and irradiation under different UV wavelengths extends applications
of tunable NPs to the analysis of a wide range of detectable hydride forming
elements.
The introduction of tunable NPs to HG encompass Green Chemistry statements
since hazard reagents are not used and solvents like methanol are decomposed
during HG. Low amounts of tuned NPs are necessary for HG thanks to their
elevated specific surface. This point also favors miniaturization with decreased use
of reagents and minimal waste generation. NPs can also be re recycled to be
reused.
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Portable Energy Dispersive X Ray (EDXRF) spectrometers have gained
protagonism in the past 30 years for the fast, /in situ, multielemental
analysis of samples. With the advent of low-power x-ray tubes and
peltier-cooled detectors, the miniaturization of EDXRF from
laboratory-built to commercially available hand-held systems
improved.'

In this talk, a brief summary of the evolution of portable EDXRF systems
will presented and the advantages, challenges and misconceptions will
be discussed. Several case studies, with applications to Cultural
Heritage, forensic and environmental studies will be presented as
illustration of the capabilities of these systems for qualitative and
quantitative atomic spectrometry.”*
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In the last 10 years, several methods have been reported for sulfur determination,
mostly using CS as target molecule, by high-resolution continuum source graphite
furnace molecular absorption spectrometry (HR-CS GF MAS)'". These methods usually
require different analytical conditions to guarantee the CS formation, mainly due to
matrix effects and/or to the presence of different sulfur species'. It is also known that
sulfur can be determined, via HR-CS MAS, using other diatomic molecules as SnS, PbS,
GeS and SiS'. However, the SiS molecule was used only once in the determination of
sulfur and the authors reported serious difficulties in the molecule generation’. The
main goal of this work was the development of a simple and reliable method for sulfur
determination, in different matrices, using the SiS molecule via HR-CS GF MAS and
direct solid samples analysis. The SiS analytical line of 282.910 nm and the integrated
absorbance values (A,,) of three pixels were used in this investigation. Six sulfur
aqueous standard solutions (Na,S, Na,SO,, BeSO,, thiourea, L-cysteine and sulfamic
acid) and six certified reference materials (CRM) (bovine muscle NIST 8414, non-fat
milk powder NIST 1549, lake sediments LKSD-4, stream sediment STSD-3, citrus leaves
NIST 1572 and tea DC73014) were evaluated. The use of 400 [{{g Zr, as permanent
modifier, and 20 [{g Si, as molecule forming reagent, was crucial to assure the SiS
formation. The molecule highest A,, values and most symmetrical signals were
obtained using the pyrolysis and vaporization temperatures of 1200 and 2000 °C,
respectively. Under these conditions, the SiS analytical signals for the six sulfur
standard solutions were statistically equal. In order to improve the sensitivity, the sum
of the A,,, values of ten SiS lines, available in the vicinity of
282.910 nm and with similar relative sensitivity, was explored. With this, calibration
curves with a sulfur mass range of 0.01to 2.5 [{g, from Na,SO, and thiourea standards,
were used to obtain the limits of detection and quantification and the characteristic
mass of 9.4, 31 ng mg” and 10 ng, respectively. Despite the differences in the CRM
matrices, the SiS molecule was successfully employed for sulfur determination, as all
values were in agreement with the certified ones at a confidence level of 95% (t-
Student test).
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The analytical performance of inductively coupled plasma (ICP) techniques can be
affected by nonspectral interferences, such as matrix effects, compromising the
accuracy of the results during the analysis of complex samples.' Several strategies have
been recently described to overcome matrix effects, among them, different
calibrations methods. Multi-flow calibration (MFC) is one of these new strategies which
employs multiple nebulization gas flow rates (Q) to change the plasma conditions,
normalizing it and minimizing matrix effects.? The MFC curve is built with analytical
signals from a single calibration standard (x-axis) and from the samples (y-axis),
recorded at Q conditions. The analyte concentation in the calibration standard, along
with the slope of a linear regression model obtained with the MFC plot (with each
calibration point representing a different Q value) are then used to determine the
analyte concentration in the sample. The MFC method was applied to ICP OES and ICP-
MS to analyze four certified reference materials (CRMs) containing inorganic and
organic matrices (/.e. soil, plant material, bovine liver and polymers). Five nebulization
gas flow rates were used for data acquisition in both techniques, and the concentration
of analyte in the calibration standard was evaluated considering the following
sample/standard ratios: 1:0.5, 1:1and 1:2. Arsenic, Cd, Co, Cu, Hg, Mo, Mn, Ni, Se, Sb, Pb,
and V were determined by ICP-MS, and Al, As, Cd, Cr, Cu, Hg, Mn, Pb and Zn were
determined by ICP OES. MFC results were compared with values obtained with the
external standard calibration (EC) for both techniques. In all cases, MFC showed
superior accuracy (recoveries in the 80-110% and 82-112% ranges for ICP OES and ICP-
MS, respectively), and lower RSDs, demonstrating the efficiency of the new method for
minimizing matrix effects in complex-matrix samples analyses.
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Hydride generation (HG) coupled to atomic fluorescence spectrometry (AFS) is an
extremely sensitive method by which ultratrace amounts of hydride forming elements
can be determined. In principle, AFS can be assembled in-house using commercially
available components (radiation source, detector, lenses, interference filter and
atomizer). In our laboratory, we designed such non-dispersive AFS spectrometer using
an electrodeless discharge lamp (EDL) source with high radiation intensity and a solar
blind photomultiplier as a detector. We found that in the case of arsenic we could easily
attack the limits of detection typical of ICP-MS but at substantially lower investment
and running costs.' In this work, we have moved our attention to bismuth. Bismuthane
was generated in a flow injection system with the use of HCl as a reaction medium and
NaBH, as a reducing agent. A miniature diffusion flame (MDF) and a flame-in-gas-
shield (FIGS) were used as atomizers. Flow rates of argon and hydrogen as well as the
observation height were optimized for MDF, while flow rates of argon, hydrogen and
oxygen and flow rates of shielding argon were optimized for FIGS. Another part of this
work dealt with an adjustment of the spectrometer components for efficient
excitation, focusing and detection of Bi fluorescence radiation. A special attention was
paid to optimization of the operating current and modulation of the EDL source and
selection of a suitable wavelength for Bi fluorescence detection. Three interference
filters were employed covering the most intense Bi fluorescence transitions with centre
wavelength of 202.1, 222.63 and 307.1 nm all of them with full width at half maximum of
10 nm. As non-dispersive systems may be susceptible to interferences especially from
other hydride forming elements, these filters were also used in an interference study in
which the influence of As, Hg, Pb, Sn, Sb and Se on Bi determination was examined. No
significant interferences were observed up to 100 ng mL" of Sn, Pb, Se and Hg.
Negative interference (by N 30%) was observed for 100 ng mL" of As using all
interference filters. Serious positive interference of Sb was observed, starting even at 1
ng mL" using both 202.1 and 222.63 nm filters but not with the 3071 nm filter. An
extremely sensitive methodology was finally achieved with the FIGS atomizer and the
3071 nm filter, illustrated by an exceptionally low limit of detection 0.9 pg mL™. The
method was applied to certified reference materials of water, hair and blood.
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Photochemical vapor generation (PVG) is an emerging alternative sample introduction
technique for analytical atomic spectrometry, yielding advantages of efficient
separation of analyte from matrix and its significantly higher introduction efficiency
than possible with pneumatic nebulization. Coverage of PVG continues to expand to
more elements. It is currently applicable not only to mercury and hydride forming
elements (Se, As, Sb, Te, Pb, Bi) but also nonmetals (I, Br, Cl, S) and transition metals.'
Among them, PVG of Ni, Fe and Co from formic acid based media has garnered
particular attention, including several analytical applications, due to its high efficiency
and the intrinsic stability of the resultant volatile metal carbonyls that have been
identified amongst the gaseous products. This presentation will focus on PVG of Mo
and W that has been generated in our laboratory for the first time.”* Efficient PVG was
accomplished using a 19 W flow-through photoreactor operating in the flow injection
mode using formic acid (30-50%) as the reaction medium. The generated volatile
products (most probably Mo(CO), and W(CO),) were directed by an argon carrier gas
to a plastic gas-liquid separator and introduced into the spray chamber of an Agilent
7700x inductively coupled plasma mass spectrometer for sensitive detection. Details
on optimization of generation conditions as well as the influence of various metal
sensitizers will be presented. Particular attention was paid to the determination of
overall PVG efficiency relative to that for liquid nebulization as well as on interferences
from common inorganic anions (CI, NO,, SO,”) likely to be encountered during
analytical application to real samples. The accuracy and feasibility of this sensitive
methodology (limits of detection[{1pg ml™) was verified by analysis of several Certified
Reference Materials of water, seawater and fine fly ash. Mechanistic aspects of PVG of
these two metals will be also pointed out and discussed.
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A hyphenated system was developed for the simultaneous preconcentration and
determination of Cd, Hg Mn, Pb and Sb by the on-line coupling of solid phase extraction
(SPE) and inductively coupled plasma mass spectrometry (ICP-MS). The five analytes
were retained on a microcolumn filled with oxidized multiwalled carbon nanotubes
(MWCNTSs). The optimization was performed by employing a multi-response process.
The significant variables, obtained using Plackett-Burman screening design, are
further evaluated using central composite design as response surface methodology
with desirability functions to obtain the optimal levels of the significant parameters
(pH, loading rate and eluent concentration). High enrichment factors were obtained
(EF: 190-400) which allowed to reach LODs < 1ng L". The relative standard deviations
resulted below 4% and recoveries of the five elements were never less than 96%. For
checking accuracy, the standard reference material NIST1568a rice flour was analyzed
and results were in good agreement with certified values. The developed method was
applied to the determination of the five elementsinrice and rice-based products.
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Laser ablation and inductively coupled plasma mass spectrometry (LA-ICP-MS)
has increasingly become a major tool for imaging the elemental distribution. This
technique allows the investigation of trace metals in tree-rings with high spatial
resolution. To ensure more efficient determination of micronutrients and potentially
toxic elements, instrumental conditions were optimized based on analytical signal
intensity, signal-to-background ratio (SBR) and background equivalent concentration
(BEC) criteria. Pellets containing 10 mg kg' Ba, Cd, Cu, Fe, Mn, Ni, Pb, Zn and
microcrystalline cellulose were employed for the optimization studies of ablation
process and analytical detection. Cellulose powder was spiked by adding 400 [{L of
standard solution to 0.2 g cellulose powder, dried for 48 h at 37 °C and homogenized
with a mortar and pestle for 10 min.' Dried solid solution was pressed at 7 ton during 1
min. Under optimized conditions of the ablation process (laser intensity, 70%;
frequency, 20 Hz; spot size diameter, 110 m) and elemental detection by ICP-MS (RF
power, 1300 W; carrier and auxiliary gas flow rates, 1.2 L min' and 1.6 L min’,
respectively), analytical signal acquisition by LA-ICP-MS in wood samples was
conducted in line scan mode at 60 m s speed. Carbon, which is naturally present in
wood, was used as an internal standard during analysis to correct for signal
fluctuations. Spatial elemental distributions in samples collected in the Peruacu
National Park located in Brazil were built using the free open source LA-iMageS
software.” Results are presented as the ratio between the signal of the analytes and the
internal standard “C and were correlated with digital X-ray image. Elemental
distribution may vary according to the axial parenchyma, fibers, and vessels. LA-ICP-
MS has demonstrate to be an effective technique for dendrochemical studies and the
results may contribute to future investigations related to pollution and historical
natural eventsin the region.
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SPECTROMETRY (FLA-APGD-OES)
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Flowing liquid anode atmospheric pressure glow discharge (FLA-APGD) is a new
excitation source that can be used for detection of elements by optical emission
spectrometry (OES). This miniaturized plasma source offers very low detection limits
of the elements (usually in the range of 0.005-0.050 [{lg L™)", however, it is quite
susceptible to matrix effects. In the present work, the effect of foreign ions on the
analytes emission coming from FLA-APGD was studied in detail. It was revealed that
most of the studied interfering ions (Na“, K, Mg*, Ca*, AlI*’, Mn*, Fe*, Ni*", Cu*"and Zn*")
were not transported into the plasma phase and did not affect the
atomization/excitation conditions. Interferents significantly reduced the efficiency of
analytes transport from the liquid to plasma phase and the measured suppression in
analytes transport strictly corresponded to the observed decrease in the intensity of
emission lines of the studied analytes (Ag, Cd, Hg, Pb, Tl and Zn). The alkali metals and
alkaline earth metals were recognized as the strongest interferents. Using different
masking agents, an attempt was made to reduce the matrix effects. Among the tested
compounds, there were different organic acids, crown ethers, thiourea, phenathroline,
ammonium fluoride, EDTA and CDTA. Numerous of these compounds were found to be
effective masking agents, especially in the determination of Pb and Zn. A simple
method for quantification of Pb and Zn in the presence of Fe-matrix was developed
and its analytical characteristic was assessed. Moreover, the application of this method
for determination of Pb and Zn trace impurities in different samples was presented.
The results of the research carried out can be used to develop other methods of
analysis of complex matrix sample, both with FLA-APGD and other microplasma
emission sources.
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Rice (Oryza sativa) is a crop of great, economic and social importance worldwide. At
present, the study of trace elements in foods, both beneficial to health and potentially
toxic, has been prioritized, and rice grain is being one of the cereals characterized by a
selective accumulation of these elements.' The total concentration of the different
trace elements in food to be consumed, allows estimate the dose of exposure, while the
soluble fraction present in the intestinal lumen after the digestive process, shows its
bioaccessibility, wich is a more precise nutritional or/and toxic evaluation of the food.’
The objective of the present work was to determine the total and bioaccessible
concentration of cromium (Cr), and nickel (Ni) in samples of eight different varieties of
cooked, lyophilized and ground rice. The bioaccessible fraction was determined by an
in vitro solubility method which simulates the gastrointestinal digestion, by adding
solutions of digestive enzimes and bile salts.? Finally, the total and solubilized minerals,
after ashing, were determined by Atomic Absorption Spectrophotometry with Grafite
Furnarce. The results were ranges of total values (g /1009g) of Cr: 18.88-43.43 and Ni:
21.45- 45.85; while the percentages of solubilized and bioavailable minerals were Cr:
15.04-28.18%; Ni: 34.36 - 63.61%. It is concluded that, both, the total content of minerals
as the soluble fraction to be used by the organism, are influenced by the different
physical and chemical characteristics of the studied varieties, and the bioaccessibility
percentage values of these studied trace elements are high in comparison with other
vegetable foods.
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APPLICATION OF DIFFERENT STRATEGIES IN PARTIAL LEAST
SQUARES REGRESSION MODELS FOR THE DETERMINATION OF Mn,
Cr, AND Ni IN STEEL SAMPLES USING LIBS
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Laser-induced breakdown spectroscopy (LIBS) analysis was carried out on eleven
steel samples to quantify the concentrations of chromium, nickel, and manganese. The
samples were certified reference materials provided by BAM (Berlin) in the framework
of the LIBS 2008 Contest. LIBS spectral data were correlated to known concentrations
of the samples using different strategies in partial least squares (PLS) regression
models. For the PLS analysis, one predictive model was separately generated for each
element, while different approaches were used for the selection of variables (VIP:
variable importance in projection and iPLS: interval partial least squares) in the PLS
model to quantify the content of the elements. The comparison of the performance of
the models showed that there was no significant statistical difference using the
Wilcoxon signed-rank test. The elliptical joint confidence region (EJCR) did not detect
systematic errors in these proposed methodologies.
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The use of one standard to produce different signal intensities (instrumental signal
dilution) by means of variation of any instrumental parameter of LIBS is feasible and
promising to be used for calibration. Spark discharge coupled to LIBS (SD-LIBS) was
recently proposed to improve sensitivity in the determination of P in fertilizers.' Data
showed that emission intensities increased linearly with increasing voltage. Also, SD
offers the possibility of overcoming low energies of lasers by reheating the plasma and
increasing emission intensities, improving atomization and excitation processes which
may contribute to eventual matrix effects minimization. However, the use of SD to
perform calibration with a single standard is not described in the literature. This study
reports on a new calibration strategy for LIBS called spark discharge-assisted single-
standard calibration (SD-SSC). The SD-SSC requires the measurement of intensities (1)
of the standard (C**) and unknown sample (C*™"°) at fixed voltage so that C*™" =
CHUP™/I"Y). The efficiency of the proposed method was checked by determining
aluminum in plant certified reference materials and phosphorus in commercial fertilizer
samples. Accuracy was also evaluated by analyzing fertilizer samples by high-
resolution continuum source flame atomic absorption spectrometry (HR-CS FAAS)
comparative technique for P. No statistically significant differences were observed
between analyte concentrations determined (n=3) by SD-SSC LIBS and certified
values (for Al) and by HR-CS FAAS (for P) at 95% confidence level. The relative
standard deviations (n=12) were typically 7% for Al, and in the 4-10% range for P. The
SSC SD LIBS is first time presented and demonstrated for direct determination of Al
and P in plants and fertilizers, respectively. The use of LIBS technique for direct solid
analysis is attractive and even more so with simpler calibrations such as SSC. Besides
simplicity and low cost, SD-SSC LIBS requires neither laborious, time consuming
calibration methods nor changes in arrangements of the instrument.
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The interest for chromium (Cr) is originated in the widespread use of this metal in
several industries. Large quantities of Cr-containing residues reach the environment
and can have significant adverse biological and ecological effects. The natural
concentration of total Cr in food is at trace levels (g L") However, these low
concentrations are not compatible with the limits of detection (LOD) reached by some
detectors based on atomic spectrometry. Therefore, emphasis has been placed on the
development of sensitive analytical methodologies for preconcentration and
determination of Cr at trace levels®.

The ionic liquid (IL) trihexyl(tetradecylphosphonium chloride has been used as an
extractant in liquid-liquid microextraction techniques (LLME) due to its ability to form
ion pairs'. However, a more recent generation of ILs has emerged, called magnetic ionic
liquids (MILs), which preserve the specific properties of ILs but also show magnetism.
MILs brings more benefits to LLME techniques as it allows the development of
analytical methods that avoid time-consuming steps such as centrifugation®.

In the present work, a novel LLME technique based on the formation of ion pairs
between the MIL trihexyl(tetradecyl)phosphonium tetrachloroferrate ([Pgg¢,.1FeCl,)
and the anion [Cr(H,0),Cl,]” was developed for the preconcentration and
determination of Cr by electrothermal atomic absorption spectrometry (ETAAS). The
resulting method consisted in adjusting the acidity of samples to a concentration of 1
mol L' HCI, followed by the extraction of Cr with the MIL, the use of acetonitrile as a
dispersant and vortexing. The MIL was collected with the use of a magnetic rod, diluted
in CHCI; and an aliquot of the eluate was injected into the graphite furnace of ETAAS
for Cr determination. Under optimal experimental conditions, an extraction efficiency
of 95% was obtained, an LOD of 41ng L™ of Cr and a relative standard deviation (RSD) of
3.2% (for a Cr solution of 1 g L' and n=10). The proposed methodology was
successfully applied to honey samples previously treated in muffle oven and diluted.
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The sample introduction is one of the most critical stages in the determination of
elements by plasma spectrometry techniques. It is due to the characteristics of the
aerosol formed in the nebulization directly influence the properties of the plasma,
being able to affect the precision and accuracy of the analysis'. In this sense, the
purpose of this study was to evaluate the analytical performance of four types of
commercial nebulizers: OneNeb series 1, OneNeb series 2, Concentric, and Mira Mist in
a microwave-induced plasma optical emission spectrometry (MIP OES). The plasma
fundamental parameters, such as excitation temperature (T), number of electron
density (n,), and robustness (ratio Mg II/Mg I) were estimated. Also, solvent transport
efficiencies were calculated. Precision, limits of detection, and accuracy were
evaluated for the analytical performance of Al, Ca, Cu, Cr, Fe, Mn, and Zn. The
nebulizers precision was estimated in different matrices: HNO,(1% v v"), H,SO,(1% v v,
solutions containing high concentration of easily ionizable elements (EIEs), ethanol
(1% v v, and carbon (1000 mg L"). The accuracy was evaluated using the CRMs
Tomato leaves (NIST SRM 1570), mineral fertilizer (NIST SRM 695), dodfish liver (DOLT-
5NRC), and lobster Hepatopancreas (TORT-3 NRC). According to the obtained results,
the type of nebulizer used has a significant influence on each of the evaluated
parameters, Mira Mist showed the highest T, n,, and the ratio Mg 1I/Mg I. Nonetheless, it
had the lowest transport efficiency. On the other hand, the lowest T, n_, and the ratio Mg
1I/Mg | were found with the employment of OneNeb series 2. Moreover, this nebulizer
had the lowest RSD and LOD values. Regarding the accuracy, all the nebulizers showed
recoveries between 80 -120%.
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In ICP-MS, ions, atoms, photons and electrons formed in the argon plasma are
transferred through the skimmer and sampling cone (interface region) before
introduction into the mass spectrometer. In the interface region there is reduction of
the pressure from 760 torr to 1-3 torr. After the interface region, the pressure continues
to decrease along the ion lenses to 10° - 10 torr'. Thereby, electrons diffuse from the
beam and ions begin to interact (electrostatic repulsion), this effect is known as space-
charge effect. The ion lenses minimize space-charge effect, though the internal
standardization has been used successfully to correct for this effect in ICP-MS
measurements’. So far, the choice of the internal standard (I1S) has been dependent on
the mass of the analyte, once space-charge effect is more pronounced for light mass
elements than for high mass elements'. However, with the evolution of instrumentation,
the ion lenses configuration changed, consequently space-charge effect and IS
performance should be reevaluated. Olesik and Jiao® showed that space-charge effect
using ELAN 6000 ICP-MS (single ion lens) is different from that observed using ELAN
250 ICP-MS (three ion lenses) in different matrices containing elements with light,
middle and high masses. Furthermore, a single internal standard was effective to
correct for space-charge effect for light, middle and high masses elements. In order, to
evaluate space-charge effect and internal standardization in ICP-MS with different set
of ion lenses, changes in analyte ion sensitivities as a function of analyte ion mass ("'B’,
*Mg’, *Sc’, *°Ni',"Ga’", *As’, "Cd’, **Ba” and "*Yb") due to the presence of seven different
matrix elements (*Na“, ®*Cu’, *Y", ™In", **Tb", "Lu” and ***TI") were measured using
Agilent 7800 Quadrupole ICP-MS (Agilent Technologies, Tokio, JHS, Japan). Elements
with different masses (light, middle and high mass range) were evaluated as IS: 'Li’, **Sr*
and *”Bi". As previously observed using ELAN 250°, matrix effects generally became
more severe for matrices containing elements with high masses (*In", **Tb", "Lu" and
*°TI") but were not dependent on the mass of the analyte ion, differently from which
was known about space-charge effect. Thus, as previously suggested?, though the ISs
evaluated had different behavior using Agilent 7800, a single internal standard was
effective for correcting for space-charge effect for all analytes.
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Dolphins are considered excellent chemical exposure indicators, as they are long-
lived apex predators and often exposed to chemical contamination, including metals,
through the dietary route, which may lead to toxic effects along the aquatic trophic
web. Most studies assess only total metal contents. However, metals are subject to
internal subcellular compartmentalization, altering their bioavailability. Thus,
subcellular metal data are essential in assessments concerning deleterious metal
effects.' In this context, metal distributions in three subcellular liver (n=8), muscle
(n=10) and kidney (n=3) fractions (insoluble, thermolabile and thermostable fractions)
from Steno bredanensis from southeastern Brazil were determined and correlated to
metallothionein (MT) levels. Metals were determined by inductively coupled plasma
mass spectrometry in the subcellular after HNO, digestion. Quality control was
conducted using DORM-4 with all recoveries ranging from 90 to 107% and, thus,
considered satisfactory. Metal LOQ were as follows: °As (0.1200 mg kg™),"Cd (0.0200
mg kg™, *Cr (0.2100 mg kg™"), *Cu (0.0280 mg kg™, “Fe (0.8800 mg kg™, **Hg
(0.0240 mg kg™, *Ni (0.0130 mg kg™),***Pb (0.00300 mg kg™, *Se (0.0900 mg kg™,
"®Sn (0.0100 mg kg™ and *°Zn (0.1800 mg kg™. Cu, Mn, Fe and Zn were associated to
Hgand Agintheinsoluble fraction, indicating potential protective effects in place prior
to MT-detoxification. Associations between Cu and Mn and Pb and As were noted in
the thermolabile fraction. MT was associated with As, Pb, Mn, Cu and Zn. Se and Hg
were associated in all subcellular fractions, indicating MT-mediated detoxification of
these elements. Protective effects of Zn against Cd and of Se and Cu and Zn against Pb
are postulated, due to high essential to toxic metal molar ratios. Inter-elemental
correlations, thus, contain important detoxification information. The MT-mediated
pathway in S. bredanensis was observed as significant for several metals, while some
elements were quantified only in the non-bioavailable insoluble subcellular fraction,
and thus, probably do not represent toxicity concerns.
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Despite being one of the rarest elements in the earth’s crust, tellurium has lately found
several technological applications which have vertiginously augmented its demand.’
Furthermore, Te is a toxic heavy metal with significant differences in the toxicity of its
species.” Thus, the determination of Te in the environment is an increasingly important
task, not only in terms of its total concentration, but also concerning its speciation
analysis.

In this work, a novel, efficient and highly sensitive ionic liquid-assisted cloud point
extraction (IL-CPE) and preconcentration technique was developed for the
determination and speciation analysis of Te, using 1-octyl-3-methylimidazolium
chloride as an additive for improving the extraction efficiency obtained with Triton X-
N4. Te(IV) was complexed with ammonium pyrrolidine dithiocarbamate, extracted into
the micellar IL/surfactant phase and then directly measured by electrothermal atomic
absorption spectrometry (ETAAS). Total Te concentration was obtained after a pre-
reduction step of Te(VI), while Te(VI) was calculated by subtracting Te(IV) from total
Te.

Different parameters related to the extraction and measurement processes, such as
the type and concentration of IL and surfactant, time and temperature during the IL-
CPE procedure and ETAAS conditions were thoroughly evaluated and optimized. An
enhancement factor of 87 and a 90% extraction efficiency were achieved under
optimal conditions. Limits of detection of 11 and 1.7 ng L" for Te(IV) and Te(Vl),
respectively, and relative standard deviations of 3.9% and 5.0% were obtained.
Furthermore, the action mechanism of the IL on CPE was studied using the
fluorescence of LAURDAN as a polarity probe and a decrease in the internal polarity of
the extractant micelles was observed. The developed IL-CPE technique was
successfully applied for Te speciation analysis in different water samples (tap,
underground and seawater) and in soil and sediment leachates.
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TS-FFAAS (ThermpoSpray Flame Furnace Atomic Absorption Spectormetry) is a
known analytical technique used for the determination of elementary traces. Over
time, several modifications of the original configuration have been made that have
allowed significant improvements related to the increase of the atomic population
inside the oven. This work presents alternatives not yet explored related to the
introduction of the sample in the flame-mounted oven. The effect on the analytical
signal will be shown: the location of the injection capillary with respect to the oven, the
number of internal holes in the capillary through which the sample passes or the
multiple simultaneous injections.

Different alternatives for the injection of liquid samples in TS-FFAAS systems holding a
stainless steel furnace as atomization cell are presented. The influence of different
operational variables was studied with emphasis on the characteristics of the ceramic
capillary employed for sample introduction. The classic one-hole capillary was
compared to capillaries with different number of inner holes (one, four and six) and
different spatial distribution. The influence on the analytical signal of a double
simultaneous injection applied to different zones of the atomization furnace was also
evaluated. Determination of elements with different atomization temperature (Ag, Cd
and Se) was done. Results showed an optimization of the figures of merit with respect
to the TS-FF-AAS conventional assembly. Applications of Multi Injection (MI-TS-FF-
AAS) was evaluated for determination of analytes in different matrices; comparison of
the obtained results using the proposed technique with referee methodology showed
good agreement.

In order to develop a hypothesis that correlated the improvements obtained, with the
temperature inside the oven, temperature determinations were made using animaging
method based on cameras with CMOS sensors with two-step calibration. The trends in
the modification of the temperature and its distribution will be shown against the
changes produced in theinjection system.

A discussion focused on the importance of an efficient sample introduction on the
figures of merit attainable with TS-FFAAS and the chance of broaden the analytical
applications of the technique are provided.
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Traceability of x-ray energy scales to the definition of the meter in the International
System of Units (SI) was first made possible by the demonstration of an x-ray-optical
interferometer by Deslattes and Henins in 1973". The NIST lattice spacing comparator
allows single crystal characterization with relative standard uncertainties of 10° which
in turn permits the measurement of primary X-ray wavelength standards with
accuracies in the ppm range. A Vacuum Double Crystal Spectrometer (VDCS) is being
assembled in Lisbon with the goal of measuring reference-free (tied only to the S.I.
definition of the meter), high-accuracy line shapes for transition metals. The use of a
DCS will ensure measurements of line energies and shapes, with accuracies of a few
parts per million, in the soft X-ray regime where most fundamental parameter
databases are severely incomplete®. The apparatus will also allow the measurement of
XANES (X-Ray Absorption Near Edge Spectrometry) in the fluorescence mode with a
self-calibrated energy grid. In this way, this laboratory based measurements will allow a
database for transition edges and XANES profiles to be created, in which the energy
gridis directly traceable to the definition of the S.I. meter.

Future x-ray wavelength reference data will go beyond a list of transition peak and
edges positions corresponding to the energy profile maxima or inflection points,
respectively, as this procedure is not transferable and in principle does not allow
traceable calibration of high-accuracy X-ray apparatus such as crystal diffractometers
or crystal monochromators that are ubiquitous in large scale synchrotrons.

These line shapes and energies, will have to form part of a critically-evaluated
database, which has to account for all instrumental and systematic effects, in order to
provide a true and more transferable parameterization of the intrinsic spectra.
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Laser ablation-inductively coupled plasma mass spectrometry (LA-ICP-MS) is a
powerful technique that provides major, minor and trace elements information from
direct analysis of solid samples. Despite these advantages, some drawbacks must be
overcome, especially in the quantitative steps, due to matrix effects and elemental
fractionation. One way to overcome these problems is the preparation of matrix-
matching standards to close the physical and chemical properties of the standards
calibration and the sample matrix. In the analysis of botanical material, like leaves and
wood, cellulose-based standard can be used as matrix matching material, such as filter
paper'. The aim of this work is the study of filter paper as calibration solid support for
quantification of Cu, Zn, Cd and Pb in tree-rings samples. To prepare the solid
standards using filter paper supports, qualitative filter papers were cut in 8 mm disks
using a LS 100 Gravograph machine, decontaminated in 10% v v HNO, for 2 hours and
dried overnight at 37°C. Dried filter disks were weighted and the average mass
(0.00410 g) was used to calculate the concentration of the elemental standard
solutions for addition on the disks. The addition volume of standard solutions was
tested from 1.0 to 5.0 [{L for the same final concentration of the analytes on the filters
(10 Mg g™"). The optimal volume of 2.5 [JL was found, taking into account the analytes
distribution and homogeneity along the whole diameter of the filter. Using optimal
volume of standard solution, analytical curves were obtained for Cu, Zn, Pb and Cd
showing correlation coefficients varying from 0.99528 to 0.9990 in a linear range of 1-
100 Mg g”. The results showed the potentiality of the filter paper as a calibration solid
support for quantification of Cu, Zn, Pb and Cd in cellulose-based samples, like tree-
rings and botanical material. The next steps of this work are the evaluation of the
analytical figures of merit, including the accuracy of the method using certified
reference materials and the use of conventional ICP-MS and microwave acid digestion
of the samples as a complementary technique. This method will be applied for the
analysis of tree-ring samples, and the quantitative data are expected to contribute with
the understanding of physiologic aspects of dendrochemistry and the record of trace
elementsintree-ring due to environmental changes and extreme events.
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The atmospheric particulate matter (APM) may contain several components, such as
sooty particles made up largely of organic compounds, insoluble minerals and trace
elements'. The presence of Hg in APM is not usual; however, some studies have shown
concentrations of up to 21 ng m”of total Hg in airborne APM.' In contrast, very little
information on the presence of methylmercury (MeHg), which is highly toxic,”in APM is
available. The knowledge about its concentration in APM is of extreme importance,
mainly in places where there is manipulation of this particular chemical compound,
such as laboratories. The present study proposes a method for MeHg determination in
APM using chemical vapor generation (CVG) to volatilize the analyte and a dielectric
barrier discharge (DBD) associated at atomic absorption spectrometry (AAS) for the
determination. The APM used in this study was collected in a laboratory environment
using a portable medium volume sampler. CVG was performed in a batch system using
NaBH, to volatilize the analyte and argon as the carrier gas. This system was coupled to
a DBD device developed in the lab using a glass tube as dielectric barrier (5 mmi.d. and
1 mm of wall thickness), one copper electrode (wire) inside the glass tube and another
in the outside (wire copper coil). The frequency and voltage applied were 15 kHz and
about 60 kV, respectively. The role of the DBD was to convert MeHg into Hg°, with
subsequent detection by AAS. Initially, the signal difference observed when the DBD
was switched between on and off modes when a MeHg solution (100 ng) was
introduced in the system was evaluated. A significant difference was observed by
switching modes using peak height for measurement (Unpaired t-test, confidence
level of 95%). Afterwards, the experimental conditions associated to CVG were
evaluated and 1 mL of 2% (m/v) NaBH, and 1 mL of 1.2 mol L HCI were selected. The
adsorption of MeHg in the APM filter was monitored in an interval of O to 50 min; signal
suppression throughout this range was observed. The same test was performed using
the blank filter and the signal remained constant in a range of O to 30 min, which was
suppressed after 30 min, confirming the adsorption of MeHg by APM. In this sense, an
extraction method for MeHg proposed in the literature was applied.® Significant
difference (Unpaired t-test, confidence level of 95%) was observed when the results
from direct analyses were compared to those from extraction (enriched sample). Thus,
a calibration curve using the matrix was performed, obtaining a R’ of 0.9935 in a range
of 10 to 400 ng of MeHg. The limits of detection and quantification were 0.01and 0.04
Mo, respectively. Recovery tests were performed at two levels and recoveries of 107%
and 116% were obtained. Based on the results, the proposed method which combines

CVG, DBD and AAS was suitable for MeHg determinationin APM.
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Arsenic is a highly toxic metalloid that can be present in low concentrations in water,
soil, air and food. Its toxicity in environmental and biological systems is strongly
dependant on chemical nature of its species'. It is well known that the inorganic species
of As are more toxic than organic arsenicals, and the toxicity of As(lll) is greater than
As(V). Thus, speciation analysis of arsenic becomes highly necessary’. The natural
concentration of total As in surface water is usually less than 10 [jg L". On the other
hand, the concentration of the different species of As are of the order of ng L.
However, these low concentrations are not compatible with the limits of detection
(LOD) reached by some detectors based on atomic spectrometry. Therefore, the
development of sensitive analytical methodologies for preconcentration and
speciation of As at trace levels is required. lonic liquids (ILs) have been widely used as
an extractant solvent in liquid-liquid microextraction techniques (LLME). Recently, a
new family of ILs known as magnetic ionic liquids (MILs) has become the subject of
interest in several analytical applications. MILs strongly respond to external magnetic
fields, apart from possessing the unique and tuneable physicochemical properties of
ILs®.

In the present work, a novel LLME technique using the MIL
trihexyl(tetradecyl)phosphonium hexachlorodisprosiate ([Pg,6,1.1sDyCly) (MIL) was
developed for selective separation of As(lll) with ammonium pyrollidine
dithiocarbamate (APDC) as complexing agent. Then, the extraction and
preconcentration of As(V) present in the agueous phase was performed using the MIL
trihnexyl(tetradecyl)phosphonium tetrachloroferrate ([Pq,¢,6..,1F€Cl,) (MIL,) by
electrothermal atomic absorption spectrometry (ETAAS). This method consists in
adjusting the acidity of aqueous samples to a concentration of 1 mol L " HCI, followed
by the extraction of As(V) with the MIL,. After the vortex stage, the MIL, was collected
with the use of a magnetic rod, diluted in CHCI, and an aliquot of the eluate was
injected into the graphite furnace of ETAAS for As determination. Under optimal
experimental conditions, an extraction efficiency of 92% was obtained, an LOD of 15ng
L" of As(V) and a relative standard deviation (RSD) of 3.6% (for a As(V) solution of
100}g L"and n =10). The proposed methodology was successfully applied to aqueous
samples.
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Contamination by mercury (Hg) is extremely dangerous to humans. This element is
commonly found in oil sludge, a byproduct generated from oil refining, which consists
of multiple wastes from this industry. However, it is already known that oil sludge may
contain high concentrations of Hg, making it extremely important to develop an
effective treatment technique and analytical methodologies that allow the monitoring
of Hg in this residue. Thus, an alternative treatment for oily sludge is proposed, based
on an adaptation of a technique employed in water treatment. The treatment was
performed using flocculation with cationic polymers, a polyacrylamide, to promote the
separation of oil sludge in two phases aiming at the higher proportion of retention of
Hg in the dense (organic) phase. The optimal parameters for the treatment of the
residues with polymeric solutions were: Un80 polymer solution with a concentration of
0.02% (m v™"), pH 4.8 and 15 minutes agitation, followed by centrifugation at 3000 rpm
for 5 minutes. After treatment optimization, a methodology for Hg determination in
polymeric solutions from the processing of oily sludge by atomic fluorescence
spectrometry (AFS) was proposed. The proposed methodology allowed the use of
calibration with standards in aqueous solution in the concentration range of 50 to 1000
ng L". The detection limit obtained for determination of Hg in polymer solutions was in
the order of ng L". The proposed method presented adequate accuracy and precision
for Hg determination, with recovery values between 90-110% and relative standard
deviation (RSD) were lower than 10%. The proposed methodology was applied to
evaluate the efficiency of the treatment of oily sludge with cationic polymers. The
performed experiments showed that the treatment allowed a proportion of retention
of Hg in the dense phase, higher than 88%. These results indicate that the treatment of
petroleum sludge with polymeric solutions may be an interesting alternative for these
residues. Additionally, the proposed methodology proved to be simple, fast and
efficient for the determination of Hg in polymeric solutions from the oil sludge
treatment.
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A NEW APPROACH FOR TRACE Hg DETERMINATION IN CRUDE OIL
BY CVG-ICP-MS FOLLOWING WET DIGESTION

Gabriel T. Druzian, Mariele S. Nascimento, Rochele S. Picoloto, Erico M. M. Flores and Paola
A. Mello’
Departamento de Quimica, Universidade Federal de Santa Maria (UFSM), Santa Maria, RS,
Brazil
*paola.mello@ufsm.br

Crude oil is a hydrocarbon-based matrix, containing some elements, such as sulfur,
nitrogen, oxygen and metals (e.g, Ni, V, and Hg). Regarding to Hg in crude oil, its
concentration can range from 0.01 ng g” to 10 {lg g” and is commonly related to the
source. It is well known that Hg may cause poisoning of the catalysts, used in crude oil
cracking and also corrosion, even at low concentration.'However, taking into account
the complexity of the matrix, the difficulties for wet digestion, the low Hg
concentration typically found in crude oil, as well as the low carbon content and low
residual acidity required in digests by plasma-based techniques, the development of
an accurate sample preparation method for further Hg determination in crude oil is
required. In this work, crude oil digestion was performed with a microwave-assisted
pressurized digestion cavity’ for further Hg determination by cold vapor generation
inductively coupled plasma mass spectrometry (CVG-ICP-MS). An ultra high pressure
microwave-assisted digestion system (Multiwave 7000, Anton Paar, Austria) equipped
with 5 quartz vessels (80 mL), with maximum temperature and pressure of 270 °C and
160 bar, respectively, was used. The Hg determination was performed by using an
inductively coupled plasma mass spectrometer (Elan DRC, Perkin Elmer, Canada). The
determination of carbon content in digests and residual acidity were performed by
inductively coupled plasma optical emission spectrometry (Optima 4300 DV, Perkin
Elmer, USA) and by titration (836, Metrohm, Switzerland), respectively. Four samples
and one certified reference material (CRM) of crude oil (NIST 2722) were used.
Recovery experiments were carried out by adding 0.20 {lg g" of Hg on the samples
before the digestion. The following operational conditions were investigated: the
sample mass (0.5 to 1.3 g), the HNO, volume (6 to 10 mL), the maximum temperature
(220 to 270 °C), and the microwave irradiation time (5 to 20 min). Using the optimized
conditions (8 mL of 14.4 mol L" HNO,, 270 °C, and 20 min), the proposed method
allowed the digestion of 1.2 g of crude oil, resulting in a very low limit of quantification
(0.52 ng g"). Recoveries close to 100% for Hg were obtained for all samples and CRM.
The carbon content and residual acidity in digests were about 3.5 g L' and 10%,
respectively.
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In the copper industry there is a need of real time analytical techniques suitable for
process monitoring and control. In this context, the characterization of mineralogical
species in copper ores provides valuable information for key steps in the copper
production processes. Conventional analytical methods used nowadays in the mining
industry are time consuming requiring manual sampling, complex laboratory
installations for chemical sample preparation and spectroscopic measurements. In
contrast, LIBS owns the capabilities of real time and remote elemental analysis, no
chemical pretreatment, thus reducing toxic wastes and emissions. LIBS also allows the
access to complex installations such as melting furnaces, conveyor belts and piping. In
this work we demonstrate that LIBS can be used to identify and classify natural mineral
species in raw rocks without any sample pretreatment. The mineral species identified
were pyrite (FeS,), chalcopyrite (CuFeS,), covellite (CuS), chalcocite (Cu,S), bornite
(Cu,FeS,), enargite (Cu;AsS,) and molybdenite (MoS,). The measurements were
performed using a LIBS device that includes a 266 nm Nd-YAG laser with energy 26
mJ/pulse and duration of 7 ns (Quantel, France). The detection was performed in
ambient conditions with a 6 channel CCD spectrometer (Aurora, Applied Spectra,
USA), spectral range from 185 to 1049 nm with an average resolution of 0.12 nm. The
delay time was adjusted to 0.55 s and the integration time to 1.05 ms optimized by the
signal/noise ratio for the uniform measurement of all samples. To focus the laser pulse
on the sample, a reference green diode laser was used. Principal component analysis
(PCA) was considered for exploratory class analysis. Furthermore, Supervised
classification models such as Partial Least Square Discriminant Analysis (PLS-DA), Soft
Independent Modeling of Class Analogy (SIMCA), K-nearest neighbors (KNN) and
Artificial Neural Network (ANN) were used for mineral identification and classification.
The chemometric methods can resolve complex elemental LIBS spectra for achieving
online recognition of mineral species in raw rocks with classification performance of up
to 100% in the case of ANN. The classification performance of these chemometric

methods is compared and discussed.
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Recently, works have been published that apply new deep eutectic natural solvents
(NADE) in replacement of conventional solvents for the extraction of proteins in
different foods []. NADE in combination with ultrasonic energy is an ecological
approach for protein solubilization. This research describes a new process for the
extraction of free seleno-amino acids from cow’s milk and sheep’s milk samples with
NADE. In dairy production, different amino acids are easily incorporated into the milk
protein, becoming a good source of Se for humans []. Within the framework of a
balanced diet, the ingestion of Se in organic form is recommended, mainly as amino
acids present in food, since the human body assimilates it more easily than Se in its
inorganic form. In this sense, it is important to evaluate in which form of selenium is

being enriched in milk.

NADEs present a complex organic matrix that represents a challenge for the
conventional inductively coupled plasma mass spectrometry (ICP MS) sample
introduction system. An appropriate dilution of the NADE becomes an important
strategy to overcome these difficulties along with the optimization of gas flow rate
(GFR) and radio frequency (RF), to maintain a reproducible analysis without losing
sensitivity. Extraction consists of adding the milk powder sample with NADE, shake it,
perform an ultrasound extraction, centrifuge and analyze seleno-amino acids by liquid
chromatography-ICP MS. The best extraction after different NADEs comparison was
reached for the lactate-glucose NADE, reaching a 94% extraction of selenium. After
the best NADESs performance for seleno-amino acid extraction, an experimental design
was implemented to obtain accurate data on the most influential parameters in the
system and the adequate quantities of sample and reagents. Results showed that the
optimal working conditions were: 21.94% of LGH concentration (v v?), the ultrasound
time of 33.26 minutes, the amount of sample of 0.94 g and the volume of extractant
(NADE solution) of 3.09 mL. After optimization a LoD and LoQ of 2.18 and 6.61g kg
were obtained respectively. A green extraction procedure developed that eliminates
the use of highly polluting organic solvents. ICP-DRC-MS optimization increase
sensitivity and precision during Se determination. The system was successfully applied
to free seleno-amino acids determination in milk powder and milk lyophilized samples.
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VALIDATION OF METHODOLOGY TO IDENTIFICATION,
CHARACTERIZATION AND QUANTIFICATION OF DISSOLVED GOLD ()
AND GOLD NANOPARTICLES IN COSMETIC PRODUCTS BY SP-ICP-MS
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Moreira **, S.C Jacob'
'Inorganic Contaminants Section, Chemistry Department, INCQS/Fiocruz, Rio de Janeiro-
RJ, Brazil.
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Nanoparticle applications have recently gained more space in many product
developments, mainly in cosmetology. As this is a very modern technology,
uncertainties concerning health risks are still noted, indicating the need for regulations
concerning NP product control and quality monitoring. The aim of the present study
was to validate methodology single particle inductively couple plasma mass
spectrometry (SP-ICP-MS) (Nexion 300D, Perkin Elmer) according to the parameters
as described in 1SO 17025, because is the unique technique which allows ability to
provide information on nanoparticle size, size distibuition, element composition, and
number concentration in single, rapid analysis of dissolved analyte in the sample. The
limit of detection for nanoparticles diameter and for number concentration were
determined with ultrapure water and dwell time of 50 [{s and integration time 100
seconds. A LOD,,, of 16 nm, equivalent to a gold mass of 41.4 ag, and a LOD number
distibuition of -3 x 10°L", were achieved. The LOD(I) 0.02}g L for dissolved gold was
obtained in standard mode conditions, calculated as three times the standard
deviation of the blank divided by sensitivity. Suspensions containing gold
nanoparticles at number concentrations below 10° L" and/or dissolved Au(l) were
introduced into the ICP-MS by Meinhard nebulization for determining the reccovery
and precision. The recovery study for Au(l) 98% and AuNP 109% and the relative
standard deviation was < 5% This validated methodology were applied in cosmetic
products from diferente national and international industrial producers. The variability
of the results detected between domestic and imported products demonstrates the
importance of an adequate quality control for cosmetics containing AuNP in order to
ensure consumer sanitary safety.
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TOTAL SULPHUR DETERMINATION IN AUTOMOTIVE GASOLINE
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The presence of sulphur compounds in petroleum derivatives is undesirable once they
are responsible for several problems in storage, processing, and transportation of fossil
fuels.'In the environment, the SO, formed during the combustion of fossil fuels and
emitted to the atmosphere is responsible for the acid rain formation, as well as the
development of respiratory human diseases.”” Thus, new environmental regulations
are demanding lower sulphur fuels, which means oil industry analysts are facing new
challenges in the field of sulphur analysis.” In this work, a simple and practical method
for sulphur determination in automotive gasoline by high-resolution continuum source
solid sampling graphite furnace molecular absorption spectrometry (HR-CS SS-GF
MAS) was investigated. The proposed method is based on the dried-matrix spot
sampling, in which a volume of sample is deposited and dried out onto a filter paper
disk and then pulverised for trace element determinations.” Temperature program,
chemical modifier, and the choice of sulphur compound for instrument calibration
were investigated. The accuracy of the method was assessed by means of a reference
method (ASTM D5453), spike-recovery tests at two levels (30 and 60 mg g™), and using
a certified reference material (CRM NIST 2724b - Sulphur in Diesel Fuel Oil). Calibration
curves from six different sulphur compounds were constructed and compared. All the
calibration curves showed a correlation coefficient higher than 0.99 and sensitivities
between 0.61and 0.69 s mg”. A characteristic mass of 7 ng and limits of detection and
quantification of 1.2 and 4.0 mg g’, respectively, were achieved using the optimized
conditions. In the spike-recovery test, recoveries between 95 and 107% were obtained.
The results obtained in the analysis of six samples showed no statistical difference at
95% confidence level using the Student’s t-test when compared with those obtained
using the reference method. In addition, the obtained values for the CRM were not

statistically different at 95% confidence level to the certified values.

The filter paper was a noteworthy substrate that allowed the determination of lower
sulphur levels than that established in the Brazilian legislation by HR-CS SS-GF MAS.
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ATMOSPHERIC PRESSURE GLOW DISCHARGE SYSTEM GENERATED
IN CONTACT WITH A HANGING DROP ELECTRODE AS AN
EXCITATION SOURCE IN OPTICAL EMISSION SPECTROMETRY
Krzysztof Swiderski'*, Krzysztof Greda', Pawet Pohl', Piotr Jamréz'

'Wroctaw University of Science and Technology, Faculty of Chemistry, Division of Analytical
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Most common tools for trace elements determinations by optical emission
spectrometry (OES) are commercially available instruments that use inductively
coupled plasma (ICP) or microwave induced plasma (MIP) as the excitation source.
Those apparatus offer very sensitive, simultaneous determinations of many elements.
Their biggest disadvantages are their price and very high cost of operation. An
alternative to them can be atmospheric pressure glow discharge (APGD) generated in
contact with a flowing liquid electrode'. The discharge is generated between a pin-type
electrode (e.g. made of W) at the top and the surface of a sample solution flowing from
a quartz tube at the bottom. Usually, this kind of APGD is direct current driven, the
solutionis a flowing liquid cathode (FLC) while the W rod is the anode of the discharge
system.

The current contribution presents a new APGD system in which the positon of the
electrodesisreversed,i.e. the quartz tube is at the top while the solid electrode is at the
bottom of the system. This is responsible for very low consumption of sample solutions
(0.4 ml min™) and their complete evaporation by forming a hanging drop electrode
(HDE). Under optimized operating conditions, limits of detection of Ag, Cd and Zn
assessed with OES were 2.1, 2.4 and 6.0 [{g L", respectively, and they are comparable
with those obtained for ICP. The effect of addition of low molecular organic
compounds (methanol, ethanol, formic acid and acetic acid) into sample solution on
the analytical performance of HDE-APGD-OES system was examined and discussed.
Tolerance of the new APGD system to presence of easily ionizable elements, i.e. Ca, Mg,
Na and K, in sample solutions was studied as well. Accuracy of the proposed HDE-
APGD-OES method was verified by analysis of a pig kidney certified reference material
(ERM-186). Additionally, tap and spring waters spiked with traces of Ag, Cd and Znions
were analyzed and recoveries of these analytes were determined.
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ULTRATRACE IMPURITIES DETERMINATION IN SILVER FOR NUCLEAR
APPLICATIONS: SIGNAL OPTIMIZATION IN ICP-MS WITH ARTIFICIAL
NEURAL NETWORKS AND RESPONSE SURFACE METHODOLOGY
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Argentina
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Production of alloys for the nuclear application requires analyzing impurities in metals
used as raw material. The specifications for nuclear grade silver-indium-cadmium
alloys define maximum levels of impurities on each metal. Therefore, several impurities
must be quantified in each individual metal.

Recently, the ICP-MS technique has acquired great relevance for impurities
quantification since it allows multi-elemental analysis at the ultra-trace level. The
quality of the measurement depends on the signal optimization that maximizes the
sensitivity and leads to lower limits of detection. To improve the performance,
operational variables must be optimized and, in general, the "one variable at a time”
(OVAT) optimization has been used. However, this methodology is not the most
efficient to obtain the maximum response values'.

This work presents an empirical model using a full factorial design for the ICP-MS
analytical signal optimization of several elements based on three variables: the torch
position, the makeup gas flow, and the nebulizer flow. Response surface methodology
and artificial neural networks (ANN) were compared to describe the empirical model
and a better description was obtained with the ANN. The model was tested analyzing
certified reference material and spiked samples in the optimal conditions, finding no
significant bias. The figures of merit of the optimized method and the results of the
analyzed silver samples will be shown.

In conclusion, the empirical model created by ANN helps to understand the influence
of operational variables on the analytical signal. The optimized method helped
quantify ultra-trace impurities in a complex matrix with maximum sensitivity.
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DEVELOPMENT OF ISOTOPIC DILUTION MASS SPECTROMETRY WITH
SINGLE AND MULTIPLE COLLECTORS
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Isotope Dilution Mass Spectrometry (ID-MS) is the definitive method in quantitative
trace and ultra-trace analysis. [ID-MS uses highly enriched spikes of known
concentration of anisotope absent or presented in very low quantity in the sample. The
sample and spike are in the same chemical form and well-equilibrated, therefore a
guantitative recovery of the analyte is not necessary to achieve and no differences in

chemical behavior are presented.

Multi Collector Inductively Coupled Plasma Mass Spectrometry (MC-ICP-MS) has a
high resolution and it is one of the excellence technique for multi-element
quantification at very low levels. Combining high-precision and high-sensitivity
analytical techniques with the high accuracy of ID-MS correlates to the most powerful
and accurate quantitative analytical method.

Some of the principal applications for ID-MS are geochronology and nuclear forensics
.For forensic purposes, it is useful to know the date of the last purification of a nuclear
sample in order to elucidate the production history and connections with other nuclear
samples'.Because if this, several parent-daughter radioisotope pairs
(radiochronometers) are of special interest. For this work, the radiochronometers,
#°Th-**U and *'Pa-***U, were applied to the analysis of a Radiochronometry Certified
Reference Material (CRM) of Uranium, CRM 125. By determining the concentration of
the parent-daughter isotopes and applying the decay equation, the age of the sample
since the last time that the daughter was separated from the parent (Model Age) can
be calculated.

A comparison between single collector mass spectrometers with high resolution (HR-
ICP-MS) and MC-ICP-MS was performed by a spectrometric scientist from CNEA
during her training with experts on Nuclear Forensic at LLNL in U.S.A. All results are
consistent between analysis methods and with the certified purification date: August
18,1994. The calculated combined uncertainties of the Model Age are 0.11% and 0.15%
for Th-U and Pa-U by MC-ICP-MS respectively. Accurate and precise results can also be
obtained by HR-ICPMS with uncertainties lower than 0.23% for both chronometers.
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AN ECO-FRIENDLY SAMPLE PREPARATION METHOD DEVELOPMENT
FOR ANIMAL FEED NUTRIENT ANALYSIS BY MIP OES
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Feeds for farm animals must contain suitable nutrients concentration, since its
composition may affect animal health and its productivity'. Thus, knowing nutrients in
feed is of great importance. One of the main analytical chemistry challenges has been
to overcome problems to bring samples into solutions, which should be compatible
with the spectrochemical instrumental technique for inorganic trace analysis.

In the present work, a procedure for sample preparation of pig feeds using
commercially available infrared radiation (IR) lamps was evaluated, as this technology
could be extensively used based on its ability to promote fast heating. Microwave
induced plasma atomic emission spectrometry (MIP OES) was used for Al, Ca, Cd, Co,
Cu, Fe, K, Na, Mg, P, Sr and Zn determination in porcine food samples. The proposed
procedure consisted in homogenizing and grinding the porcine food samples, adding 1
mL of diluted nitric acid (3.5 mol L™) to 0.15 g of the sample, and exposing it to IR until
dry (this procedure was repeated again). Then, T mL of H,0, -100 volumes- was added
and samples were dried by exposing to IR (repeating the procedure twice). To validate
the proposed methodology Certified Reference Materials (CRM) were analyzed using
the same treatment as the samples; analytical recoveries were between 80-120%.
Detection limits were found in the range between 0.87 mg kg' (Cd) and 148 mg kg’
(Fe), and accuracy (expressed in terms of relative standard deviation, RSD) was better
than 8%.

This treatment of complex samples, rich in organic compounds, through the use of IR
was efficient, without residual carbon content and a low acidity in the final digest. In
addition, the use of small volumes of diluted nitric acid makes it eco-friendly and
recommended to improve the yield and productivity when quantifying the nutritional
quality of pork foods. This could be verified by using the analytical eco-scale that is
especially important in the search for new green methodologies because it clearly
indicates the weaknesses of the analytical procedures.
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Beef cattle require high consumption of mineral compounds for the maintenance of
their health, production, and reproduction. Some minerals are considered essential,
such as Ca, K, Mg, Fe, Zn, and Cu, while others are considered non-essential and may
even be considered toxic, depending on their oxidation state, concentration, or
species, such as As, Hg, Cd, Pb, and Hg'?. Considering the essential and toxic factors,
the determination of the mineral contents is usually required, and for both
spectroscopic techniques that require the samples to be in liquid form are used. Thus,
the sample preparation is needed, constituting the decisive step, and which presents
countless challenges regarding its efficiency. In this context, a protocol for the
preparation of ruminal fluid and feces samples of Nelore beef cattle, aiming at the
determination of macro and micro minerals by ICP OES and ICP-MS was defined, by
using diluted acid microwave-assisted digestion. To 100 mg of sample, the optimized
digestion solution was 6 mL of HNO, (7 mol L") plus 2 mL of H,0,30% (m v™"). The
accuracy was assessed by certified reference materials. The samples were provided by
a greenhouse nutrition experiment, with cattle submitted to two types of diet; one with
high grain content and the other with total grains replacement by byproducts. Due to
the large volume of results generated, statistical tests were performed for each
evaluated analyte, in order to verify whether there was a statistical difference between
the results obtained for animals submitted to the different diets. According to t-test,
the macro minerals data indicated significant differences for the two evaluated diets
for Ca, P, Fe, Mn, Na, Zn, S, K, and Mg in samples of feces. For rumen fluid, the normal
distribution results, evaluated by t-test, or by Mann-Whitney for no normal distribution,
showed significative differences for Ca, P, Fe, Mn, and Mg. Correlations were observed
combining ower data with the ones collected by the partner research groups involved
in the research®. The use of bioinformatics tools may generate valuable information
about potentially functional genes and metabolic pathways related to minerals
contentsin the bovine tissues and may generate important observations that relate the

biota with the generation of greenhouse gases.
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