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APRESENTACAO

A colecao “Ciéncias Exatas e da Terra: Exploracdo e Qualificacdo de Diferentes
Tecnologias 4” € uma obra que objetiva uma profunda discussao técnico-cientifica fomentada
por diversos trabalhos dispostos em meio aos seus 21 capitulos. Esse 4° volume, bem
como o volume 3, abordara de forma categorizada e interdisciplinar trabalhos, pesquisas,
relatos de casos e/ou revisdes que transitam nos varios caminhos das Ciéncias exatas e da
Terra, bem como suas reverberacgdes e impactos econémicos e sociais.

Tal obra objetiva publicitar de forma objetiva e categorizada estudos e pesquisas
realizadas em diversas instituicbes de ensino e pesquisa nacionais e internacionais. Em
todos os capitulos aqui expostos a linha condutora é o aspecto relacionado as Ciéncias
Naturais, tecnologia da informacgéo, ensino de ciéncias e areas afins.

Temas diversos e interessantes s&o, deste modo, discutidos aqui com a proposta
de fundamentar o conhecimento de académicos, mestres e todos aqueles que de alguma
forma se interessam por inovacgéo, tecnologia, ensino de ciéncias e demais temas. Possuir
um material que demonstre evolugcdo de diferentes campos da engenharia, ciéncia e
ensino de forma temporal com dados geograficos, fisicos, econdmicos e sociais de regides
especificas do pais € de suma importancia, bem como abordar temas atuais e de interesse
direto da sociedade.

Deste modo a obra Ciéncias Exatas e da Terra: Exploracdo e Qualificacdo de
Diferentes Tecnologias 4 apresenta uma profunda e solida fundamentacéo teérica bem com
resultados praticos obtidos pelos diversos professores e académicos que desenvolvem seu
trabalho de forma séria e comprometida, apresentados aqui de maneira didatica e articulada
com as demandas atuais. Sabemos o0 quéo importante é a divulgacao cientifica, por isso
evidenciamos também a estrutura da Atena Editora capaz de oferecer uma plataforma
consolidada e confidvel para estes pesquisadores exporem e divulguem seus resultados.

Francisco Odécio Sales
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ABSTRACT: The performance of two compact
X-Ray Fluorescence (FRX) spectrometers
consisting of Ag and Au X-ray mini-tubes
associated with a Si Drift detector was checked
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for clinical finality. Using the Energy Dispersive
X-Ray Fluorescence technique (FRXDE) specific
light elements of clinical relevance (Ca, Cl, K
and Fe) were determined in human whole blood
samples without chemical digestion using direct
and non-destructive analysis, in air atmosphere.
A comparative study between Ag and Au targets
data was carried out and the results are in good
agreement.

KEYWORDS: EDXRF, whole blood, ions dosage,
clinical test.

ANALISE QUANTITATIVA DE ELEMENTOS
LEVES USANDO ESPECTROMETROS
COMPACTOS DE XRF

RESUMO: (0] desempenho de dois
espectrébmetros compactos de fluorescéncia
de Raios-X (FRX) consistindo de minitubos
de raios-X Ag e Au associados a um detector
de Si Drift foram verificados para fins clinicos.
Utilizando a técnica de Fluorescéncia de Raios-X
por Disperséo de Energia (FRXDE), elementos
leves de relevancia clinica (Ca, Cl, K e Fe) foram
determinados em amostras de sangue total de
humanos sem digestdo quimica por meio de
analise direta e ndo destrutiva, em atmosfera de
ar. Um estudo comparativo entre os dados de
alvos Ag e Au foi realizado e os resultados estao
em boa concordéancia.
PALAVRAS-CHAVE: FRXDE,
dosagem de ions, teste clinico

sangue total,
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11 INTRODUCTION

In preventive medicine, diagnosis and/or treatment and monitoring of several
dysfunctions are usually used in some biochemical tests, such as: Calcemia, Kalemia,
Chloremia, among others, performed in serum and plasma (GAW et al., 2013; MARSHALL
et al., 2014). These conventional analyses (see Table 1) usually require: processing the
biological sample (serum-plasma separation by centrifugation), quantities of biological
material at least 0.5 mL of serum / plasma (by ion examination / analysis), addition of
reagents and sample refrigeration (WILSON; WALKER, 2010; BISHOP; FODY; SCHOEFF,
2013). Therefore, the search for biochemical analysis processes that can minimize the pre-
analytical interferences (centrifugation, transport and storage) and allows a faster diagnosis
at a lower cost, is of fundamental importance in clinical practice. This motivated the study
of the performance of two XRF spectrometers consisting of Ag and Au X-ray mini-tubes
associated with a Si Drift detector, for clinical finality. In this work, Ca, Cl, K and Fe whole
blood concentrations were determined by EDXRF technique using these compact XRF

spectrometers.

Conventional clinical

Biological material/ Conventional . .
tests - A @Diagnostics.
[range] quantities Techniques
Calcemia (Ca) serum/ Colorimetry, Metabolism Ca disorders, such
0.5 mL lon-elective electrodes. as bone and kidney diseases.
serum/ lon-selective Osmotic pressure, electrolytic
Chloremia (Cl) electrodes, and basic acid balance
0.5mL ] ) ;
Potentiometric evaluation.
serum/ lon-selective Assessment of water, electrolyte
Kalemia (K) electrodes, and basic acid balance and
1.0mL . . - f
Potentiometric nephropathies (renal failure).
serum/ . Iron deficiency anemia;
Serum Iron (Fe) 10mL Colorimetry Hemochromatosis

bAlternative tests

cwhole blood/

Ca, Cl, Kand Fe <01 mL

EDXRF applied to diagnostics ©

a applied for clinics diagnostics

b present investigation

¢ refers to solid (cells) and liquid (plasma) components in blood

Source (WILSON; WALKER, 2010; GAW et al., 2013; MARSHALL et al., 2014)

Table 1 Exams used in conventional clinical practice
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The performance of each compact XRF spectrometer was checked by evaluating
the linearity, reproducibility, sensitivity and detection limit parameters usually considered for
validation procedures on analytical methods (EURACHEM/CITAC, 2012; ISO/IEC, 2017)S.
L. R.</author><author>Williams, A. (Eds. A comparative study between Ag and Au targets
for whole blood concentration’s data was also carried out. The advantages and potential

applications for clinical usage were discussed.

21 EXPERIMENTAL

2.1 Sample Preparation

The biological samples (~1 mL) came from Paulista Bank Blood at Sao Paulo city,
Brasil. A simplified sample preparation procedure was proposed, i.e., aliquots of 50 (+ 0.5%)
mL (in triplicate) of whole blood were transferred to the Whatman (n°41) filter paper. This
sample preparation procedure was adopted because it reduces, significantly the quantity of
whole blood to be collected. All the samples were collected according to the rules approved
by Human Research Ethics Committee in Brasil. The certified standard solutions were
prepared following the same blood samples procedure.

2.2 EDXRF

The EDXRF analysis was performed using two compact X-ray spectrometers (mini-
XRF) from Amptek, model X-123 SDD with Au/Ag X-ray mini-tubes. The characteristic X-ray
fluorescent intensity of K lines were measured with a Si Drift detector (25 mm? x 500 um)
with Be window (12.5um). For the spectrometers calibration, standard solutions containing
varying concentrations of Ca, Cl, K and Fe were prepared in the range of 100 - 600 yg mL""
for Ca and Fe, and 500 - 1000 yg mL" for Cl and K. For each standard, three repetitions
were made using 30 kV and 5 pA and 200 s of excitation time.

Whole Blood samples and certified standards were irradiated using the same
excitation conditions. Both standard and whole blood samples were carried out in triplicate
and the mean value was adopted. The spectra analysis was performed using WinQxas
software (IAEA, version 1.3) (WINQXAS, 2002). The sensitivity and detection limit were
obtained as described in reference (ALMEIDA et al., 2002).

31 RESULTS AND DISCUSSION

The performance of each mini-XRF spectrometer was checked using certified
standard solutions. The calibration curves were performed using the fluorescence intensity
of K, lines. These curves were presented in Figure 1. The mean values determined (MV
+ 18D, for the certified solutions (MV, = 1SD,) as well as the relative standard deviation
(RSD, %), the sensitivity (S) and detection limit (DL) are presented in Table 2. According to
these data the precision of the method is considered satisfactory (RSD < 5%).
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Fig. 1. The calibration curves using the two compact XRF spectrometers with Ag and Au X-ray
mini-tubes, for: A - Ca 100 - 600 yg mL", B - CI 500 - 1000 pyg mL', C - K 500 - 1000 pg mL"
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and D - Fe 100 - 600 pg mL"

Element, K_ (keV) MV, 18D, MV, = 18D, RSD S DL
Targets pg mL7 Hg mL7 % cps mg'L mg L’

Ca (3.69) 1000 =10
Ag 986 + 20 2.1 54.77 0.23
Au 1026 + 51 1.7 29.93 0.40
Cl (2.62) 1006 =5
Ag 1003 = 21 4.0 53.66 0.24
Au 1045 + 53 25 5.19 0.16
K (3.37) 1000 + 10
Ag 980 + 25 2.6 31.03 0.47
Au 1020 + 51 1.7 14.50 0.61
Fe (6.40) 10032 + 54
Ag 10050 + 310 3.1 61.16 0.28
Au 10025 + 64 0.7 92.44 0.27

MV, + 18D_: certified values

MV, = 18D, : determined values

Table 2. Standard solutions data using Ag and Au targets
Ciéncias Exatas e da Terra: Exploracao e Qualificacao de Diferentes Tecnologias 4  Capitulo 16 “



3.1 Whole Blood analyses

condition, for Ag and Au targets, respectively.

The viability to perform whole blood analysis using these compact spectrometers
was evaluated by the detection limit (DL) estimative. The DL was evaluated in function
of the excitation time, considering a range of 50 to 600 seconds. These measurements
were performed with the objective of establishing an optimized measurement condition, i.e.,
simultaneous determination of Ca, Cl, K and Fe in whole blood. All the results are presented
in details in Figure 2 for Ca, ClI, K and Fe. According to this figure, the optimized excitation
time condition was established by 300s using 5p¢A and 30kV, for both spectrometers. Figure
3 illustrate the whole blood spectra using the mini-XRF spectrometers, in the optimized

. Cl: whole blood
C-Ie:: whtole blood Targets
argets L = Au
204 120
= Au  Ag
Ag
154 7, 90 .
) f :
£ 5 3
i . o -
8 104 i 604 E
I . : i .
! 2 |2
54 % ' i [ 304 5
T T T T T T T T T T T T T
0 100 200 300 400 500 600 100 200 300 Tem) 400 500 600
Tc (s)
K: whole blood 30+ Fe: whole blood
Taroots e: whole bloos
.
o0 . AU Targets
. Ag 25 | « Au
I A9
. [
2 60 w204
=3 L
13 o
g E }
o a 154 *
404 + i
1 # 10 + )
i - i I
204 § [} ? I I 3 3
¥ b . -
L] § 54 L 0
0 T T T T T T 0 T T T T T
100 200 300 400 500 600 0 100 200 300 401 500 600
Te(s) Te(s)

Fig. 2. Whole blood detection limit (DL) for Ca (A), Cl (B), K (C) and Fe (D) in function of
excitation / detection time
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Fig. 3. Whole blood spectrum using the mini XRF spectrometer; A - in the optimized condition
for Ag target; B - in the optimized condition for Au target. The Ar peak was due to its presence

in air.

In Table 3 the whole blood element concentrations by EDXRF analyses, using Ag
and Au targets, are presented as the mean value (MV) and standard deviation (+SD) from

duplicate analyses. The confidence interval of 95% (range usually adopted for clinical
practice) was included for comparison. The Student’s t-test was applied for comparison

results.
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Elements MV + 1SD
(K,, keV) [range]
n
XRF (Ag Target) XRF (Au Target)
DL DL
mgL"’
Ca (3.69) 291 + 80 266 + 67
30 [131 — 451] [132 — 400]
6.2 6.9
Cl (2.62) 2549 + 401 2638 + 312
32 [1747 — 3351] [1975- 3262]
27.2 54.6
K (3.31) 1209 + 188 1265 + 163
32 [833 — 1585] [939 — 1591]
20.6 223
Fe (6.40) 332 + 41 324 + 39
40 [250 — 414] [246 — 402]
9.1 6.4

n: number of samples
DL: detection limit

Table 3. Whole blood concentrations by EDXRF technique using Ag and Au targets

3.2 Whole Blood Analyses: Ag & Au targets

According to Table 3, the XRF alternative procedure for whole blood analyses was
proved to give reliable results with detection limits at levels of ~6 mgL~" (minimum) to ~55
mgL~" (maximum). Considering that the ranges for Ca, Cl, K and Fe (in whole blood) are in
the order of hundreds of mgL-", both mini-spectrometers are very promising for these ions
dosage requiring a small amount of sample collection (~100 times less comparatively to
the conventional tests), simultaneous analysis, short time of analysis (minutes) and simple
sample preparation. Besides that, this procedure offers a non-destructive alternative for use
in these clinical exams. In relation to the concentration results, the comparison between the
two targets (Au and Ag) are in good agreement (p > 0.05).

An innovative aspect to highlight is related to the use of this procedure in research
laboratories that carry out pre- clinical tests, in vivo, in small animal’s model (mice and
rats, which requires their sacrifice in the case of conventional methods) for investigations
related to the formulation of new drugs, vaccines and medical and pharmacological inputs.
A recent study, using the mini-XRF spectrometer with Ag target, proved to be efficient for Cl
and Fe mice whole blood analysis and consistent with the analyzes performed by the NAA
technique (METAIRON et al., 2016).



41 CONCLUSION

The two compact XRF spectrometers performance, consisting of Ag and Au X-ray
mini-tubes, showed to be appropriate for clinical usage. This analytical alternative procedure
is very promising for specific light elements (Ca, Cl, K and Fe) dosage in whole blood
requiring a small amount of sample; simultaneous analysis; short time analysis (minutes) and
simple sample preparation. In addition, this procedure offers a non-destructive alternative
for clinical usage with low cost: it is not necessary to use specifics reactants and different
apparatus (important in work routine) and the samples can be storage without refrigeration.
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