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ABSTRACT 

 
The determination of multielemental concentrations in physiological fluids is of considerable interest in clinical 

chemistry. Since it has been established this levels in human serum can be utilized as indicators for several 

pathological conditions. The multielement composition determination in human serum is important for the 

investigation of their role in human physiology and metabolism. From this research, more detailed studies on the 

health of individuals living in the metropolitan region of the state of Rio de Janeiro can be realized in order to 

improve the quality of life of these individuals. We studied three hundred and sixty healthy volunteers (162 

males and 198 females) aged 18 to 60 years old. All the serum samples had been collected of people who live in 

the urban area of Rio de Janeiro City/Brazil. The measurements were performed at the X-Ray Fluorescence 

Beamline at the Brazilian National Synchrotron Light Laboratory (LNLS), in Campinas, São Paulo using a 

monochromatic beam with maximum energy of 20 keV for the excitation and an Ultra-LEGe detector with 

resolution of 148 eV at 5.9 keV. Standards solutions with Vanadium and Galium (Internal standards) were 

prepared for the calibration system. It was possible to determine the elemental concentrations of the following 

eleven elements: Na, P, S, Cl, K, Ca, Fe, Cu, Zn, Br and Rb. 
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1. INTRODUCTION 

 

The determination of trace elements levels in physiological fluids is of considerable interest 

in clinical chemistry. Since it has been established this levels in human serum it can be used 

as indicators for several pathological conditions. Heredity, economic status and diet are 

factors that can directly interfere in multielemental concentrations present in human serum. 

The simultaneous detection of certain elements in serum offers a very interesting approach in 

the diagnosis and treatment of various diseases [1-5]. The SRTXRF analysis can be applied 

in several areas of the Medicine. 

 

In this work, trace elements were analyzed in serum of Control Group by Total Reflection X-

Ray Fluorescence using Synchrotron Radiation (SRTXRF). We studied three hundred and 

sixty healthy volunteers (162 males and 198 females) aged 18 to 60 years old. All the serum 

samples had been collected of people who live in the urban area of Rio de Janeiro 

City/Brazil. The measurements were performed at the X-Ray Fluorescence Beamline at 

Brazilian National Synchrotron Light Laboratory (LNLS), in Campinas, São Paulo using a 

monochromatic beam with maximum energy of 20 keV for the excitation and an Ultra-LEGe 

detector with resolution of 148 eV at 5.9 keV. Standards solutions with Vanadium and Galium 

(Internal standards) were prepared for the calibration system. It was possible to determine the 

elemental concentrations of the following eleven elements: Na, P, S, Cl, K, Ca, Fe, Cu, Zn, Br 

and Rb. The results were analyzed by SPSS for Windows version 20. 

 

2. EXPERIMENTAL SECTION 

 

2.1. Population Characteristics 

 

Population characteristics from all the serum samples were provided by the State Institute of 

Hematology Arthur de Siqueira Cavalcanti (HEMORIO). Three hundred and sixty healthy 

volunteers (162 males and 198 females) were studied. All the serum samples were collected 

from people who live in the urban area of Rio de Janeiro City, Brazil. This study was 

performed with the approval of the ethics committee and all subjects volunteered for the 

studies with informed consent. 

 

2.2. Sample Preparation 

 

The experiment was divided into two stages. We have made the first step in the technique of 

X-ray Fluorescence Total Reflection with the vacuum chamber to obtain more accurate 

results with elements of atomic number smaller than 20. The secondary radiation of lighter 

elements (atomic numbers less than 20) is relatively low energy and has low penetrating 

power. This radiation is attenuated when the beam interacts with the air at any distance. Due 

to this problem, to obtain a high-performance analysis, the path between the sample and the 

detector was kept under vacuum. The second step was performed with the technique of X-ray 

Fluorescence Total Reflection without vacuum to study the concentrations of elements with 

atomic numbers greater than 26. 

 

The sample preparation was also divided into two steps. In the first use vanadium as an 

internal standard for the study of concentrations of elements with atomic numbers less than 

20. In the second step of the sample preparation gallium internal standard was used to study 

the concentrations of elements with atomic numbers greater than 26. 
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Blood was collected into vacutainers without additives. After collection, all blood samples 

were centrifuged at 3000 rev/min for 10 min in order to separate blood cells and suspended 

particles from blood serum. The sera were transferred into polyethylene tubes and stored in a 

freezer at 253 K until analysis [6]. 

 

2.2.1. Sample Preparation (SRTXRF with Vacuum) 

 

For the sample preparation, a volume of 500 μL of serum was taken and diluted with 1500 μL 

of ultrapure water (Milli-Q water). An internal standard consisting of 105 μL of Vanadium 

solution (V - 1000 μg.g
-1

) was added. After the dilution, a small aliquot of 5 μL of each 

sample with the internal standard was pipeted on a precleaned perplex sample carrier. The 

samples were left to dry very slowly under an infrared lamp. The samples were then analyzed 

in triplicate. The validation of the methodology was carried out by the analysis of a standard 

reference material for cation chromatography (Multi-element Standard VII – MERCK 

KGaA). 

 

2.2.2. Sample Preparation (SRTXRF Conventional - without Vacuum) 

 

After collecting the sample, a volume of 500 μL of serum was taken and diluted with 1500 μL 

of Milli-Q water. An internal standard consisting of 30 μL of Gallium solution (Ga - 100 

μg.g
-1

) was added. After the dilution a small aliquot of 5 μL of each sample with the internal 

standard was pipeted on a precleaned perpex sample carrier. After the deposition, the samples 

were left to dry very slowly under an infrared lamp. Samples were analyzed in triplicate. The 

validation of methodology was verified using a reference material (7002 Multi Element 

Atomic Spectroscopy - Standard Solution I - FLUKA). 

 

2.3. Instrumentation 

 

SRTXRF analyses were performed at the X-Ray Fluorescence Beamline D09B at the 

Brazilian National Synchrotron Light Laboratory (LNLS) [7], in Campinas, São Paulo, using 

a monochromatic beam with maximum energy of 20 keV for the excitation and an Ultra-

LEGe detector with resolution of 148 eV at 5.9 keV. The detector is equipped with an 

ultrathin entrance window of Polymer (0.4 µm) required to measure low-energy X-ray 

fluorescence radiation of low Z elements. All samples were excited for 100 s.  The 

experiments for atomic numbers less than 20 were performed in a high vacuum chamber (2.5 

x 10
-5

 mbar) to avoid air absorption. The X-ray spectra obtained were evaluated by the QXAS 

software package [8], distributed by the International Atomic Energy Agency. 

 

3. RESULTS AND DISCUSSIONS 

 

It was possible to determine the elemental concentrations of the following eleven elements: 

Na, P, S, Cl, K, Ca, Fe, Cu, Zn, Br and Rb. Figure 1 and Figure 2 shows the X-ray 

fluorescence spectrum of a serum sample using SRTXRF (SRTXRF with Vacuum and 

SRTXRF Conventional - without Vacuum, respectively). The element oxygen in the spectrum 

is just the perplex composition (about 32 %). The peak of oxygen is interfered by the 

contribution arising from excitation of the Perspex samples carrier (about 32 %). Because of 

this, the oxygen concentration was not evaluated in the serum samples. It can observe a peak 

in the energy of the 1.4 keV. This peak is an escape peak due to the high chlorine 

concentration in the serum samples and the detector used (Ultra-LEGe). The Cl-Kalpha and 
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Ge-Lalpha energies are 2.62 keV and 1.19 keV, respectively. So, the escape peak will be 1.43 

keV. Because of this, the oxygen concentration was not evaluated in the serum samples.  
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Figure 1 - X-ray fluorescence spectrum of a serum sample using SRTXRF with vacuum 
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Figure 2 - X-ray fluorescence spectrum of a serum sample using SRTXRF Conventional 
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It was possible to determine the elemental concentrations of the following eleven elements: 

Na, P, S, Cl, K, Ca, Fe, Cu, Zn, Br and Rb. Table 1 shows the elemental concentrations of 

Control Group (CG), in µg.g
-1

. 

 

Table 1 shows the mean of their concentrations of  

Elements for Control Group in µg.g
-1

. 

 

 Control Group 

Element Mean 
Confidence 

Interval 
a
 

Na 2704 (2187 – 3221) 

P 144 (129 – 159) 

S 858 (777 – 939) 

Cl 4449 (4056 – 4842) 

K 114 (104 – 124) 

Ca 135 (129 – 141) 

Fe 1.0 (0.8 – 1.1) 

Cu 1.0 (0.9 – 1.1) 

Zn 0.8 (0.7 – 0.9) 

Br 2.3 (2.1 – 2.5) 

Rb 0.4 (0.4 – 0.5) 

 
a 95 % confidence level. 

 

Figures 3, 4 and 5 show a comparison between the mean concentrations of the elements 

analyzed (Na, P, S, Cl, K, Ca, Fe, Cu, Zn, Br and Rb). 

 

 
Figure 3 - Graphic with the mean of their concentrations of Na, S and Cl. 

 



INAC 2013, Recife, PE, Brazil. 

 

 
Figure 4 - Graphic with the mean of their concentrations of P, K and Ca. 

 

 

 
Figure 5 - Graphic with the mean of their concentrations of Fe, Cu, Zn, Br and Rb. 

 

The multivariate statistical analysis was carried out by principal components using SPSS for 

Windows version 20. For the SRTXRF with vacuum, the analysis showed a typical spatial 

distribution, forming three groups [Ca], [P and S] and [Na, K and Cl]; whereas for SRTXRF 

Conventional, the principal component analysis showed a spatial distribution with three 

typical groups: [Rb], [Fe and Br] and [Cu and Zn].  

 

These spatial distributions reveal the proximity and affinity of certain elements; for example, 

there is a set of elements formed by Na, K e Cl. In this case, considering the relation between 

the elements as well as their vital functions in the body, it is important to observe that Na and 

K are very close to each other, which may make us believe that their close relationship is 

directly connected to sodium potassium pump. 

 

Phosphorus and sulfur are powerful acidifying agents. These two elements are required to 

human health, but need to be in balance with each other so that the resulting pH is slightly 

alkaline. In the components principal we can see that these two elements are very close to 

each other. This approach may be due to its acidifying functions that need to be in balance for 

proper functioning of the human metabolism. Figure 6 shows the Principal Component 

Analysis using SPSS 20 for Windows for Control Group. 
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Figure 6 - Principal Component Analysis using SPSS 20 for Windows. 

 

The role of zinc in human nutrition has been increasingly emphasized, and has been a 

progress in knowledge in what says respect for aspects biochemical, immunological and 

clinical. This element is very important for metabolic processes and is involved in various 

enzymatic activities. Zinc participates in energy metabolism, as catalyst component of more 

than 300 metalloenzymes in human tissues and as structural component of various proteins, 

hormones and nucleotides. [9] 

 

Many of the well-established physiological functions of copper in the body are related to the 

metabolic functions of copper-dependent enzymes and indirectly linked with his role in the 

tissues. Among these enzymes mention: cytochrome oxidase, lysyl oxidase, ceruloplasmin 

Cu/Zn superoxide dismutase, etc. The proximity between Zn and Cu in the analysis of 

principal components can be related to binding of these elements in the enzyme superoxide 

dismutase. [10 - 11]. There are different proteins containing heme group, which consists in 

conjunction with an iron atom. The following are some examples: hemoglobin that carries 

oxygen and myoglobin responsible for storage, The cytochromes reduce oxygen in water. 

The cytochromes P450 catalyze the oxidation of hydrophobic compounds, such as drugs and 

drugs so that they can be excreted and participate in the synthesis of several molecules; The 

catalases and peroxidases catalyze the oxidation peroxide, H2O2, which are toxic; proteins 

iron / sulfur participate in electron transfer processes. For the transport of iron is made in the 

body are used proteins called transferrins. For storage are employed ferritin and hemosiderin. 

The iron enters the body absorbed in the small intestine. Both excess and deficiency of iron 

can cause serious problems in the body.  
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Most of the bromine is found at sea in the form of bromide. Still do not know very well their 

roles in the body. Some of the compounds have been employed in the treatment for epilepsy 

and as sedatives.  

 

The proximity of Fe and Br in principal component analysis should be investigated further in 

future studies because the function on the Bromine metabolism and human physiology is not 

yet well known. 

 

Figure - 7 shows the Principal Component Analysis using SPSS 20 for Windows for Control 

Group (CG). 
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Figures 7 - Principal Component Analysis using SPSS 20 for Windows. 

 

The mean elemental concentrations found in this study were compared with the values 

reported in the literature. Tables 2 and 3 show these comparisons in µg.g
-1

. 

 

Table 2 - Comparison between the results obtained in this study and the literature data  

for the elements S, Cl, K and Ca 

 

Technique S
16 

Cl
17 

K
19 

Ca
20 

Reference 

TXRF 121050 390060 1625 924 
[6]  

STXRF 119370 3560200 1377 976 

SRTXRF 85881 4449393 11410 1356 This study 
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Table 3 - Comparison between the results obtained in this study and the literature data  

for the elements Fe, Cu, Zn, Br and Rb. 

 

Technique Fe
26

 Cu
29

 Zn
30

 Br
35

 Rb
37

 Referência 

FAAS - 0.770.03 - - - [12]  

TXRF - 0.860,09 0.760.03 2.81.7 - [13] 

TXRF 2.00.1 1.240.06 0.810.04 4.00.2 0.140.01 
[6]  

STXRF 2.10.1 1.300.06 0.830.04 4.20.2 - 

ICP-MS - 1.10.2 1.00.1 - 0.240.04 [11] 

ICP-MS - 1.00.2 1.00.1 - 0.230.04 [14] 

ICP-MS - 0.55-2.6 0.52-1.5 - 0.15-0.36 [15]  

ICP-MS - 0.08-0.96 0.32-1.6 - 0.15-2.1 [16]  

SRTXRF 1.00.2 1.00.1 0.80.1 2.30.2 0.40.1 This study 

 

 

4. CONCLUSIONS  

 

Total Reflection X-Ray Fluorescence induced by Synchrotron Radiation is a powerful tool 

for the determination of elemental concentrations in human serum samples. The elements Na, 

P, S, Cl, K, Ca, Fe, Cu, Zn, Br and Rb were identified and their concentrations were 

determined. SPSS for Windows version 20 was used in order to check the mean values and 

making comparison between the same.  

 

The mean elemental concentrations found in this study were compared with the values 

reported in the literature. The values were compared next with the exception of the values 

found for the mean concentrations of Ca, Fe and Br. This difference may be related to the fact 

that studies have compared happened mostly on different continents. Therefore, eating habits, 

climate, heredity and social conditions can influence these differences. 

 

These results could help biomedical field with regard to early diagnosis and improved 

medical treatment. Thus, our results indicate that the mean concentrations found for the 

analyzed elements may be related to biochemical processes, heredity, economic status and 

diet. On the other hand, new experimental measurements must be conducted to reiterate these 

findings. 
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