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ABSTRACT 
 
The determination of trace elements levels in physiological fluids is of considerable interest in clinical 
chemistry. Since it has been established these levels in human serum can be utilized as indicators for several 
pathological conditions, diagnosis and treatment of various diseases. In this work, trace elements were analyzed 
in serum of patients with sickle cell anemia (SCA) by Total Reflection X-Ray Fluorescence using Synchrotron 
Radiation (SRTXRF). Sickle cell Anemia is a blood disorder that affects hemoglobin, the protein found in red 
blood cells that help carry oxygen throughout the body. SCA occurs when a person inherits two abnormal genes 
(one from each parent) that cause their red blood cells to change shape. These irregular-shaped blood cells die 
prematurely, resulting in a chronic shortage of red blood cells. We studied forty-three patients (15 males and 28 
females) aged 18 to 50 years, suffering SCA and Sixty healthy volunteers (41 males and 19 females) aged 18 to 
60 years. 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 beam line at Brazilian National 
Synchrotron Light Laboratory (LNLS), in Campinas, São Paulo using a polychromatic beam. It was possible to 
determine the concentrations of the following elements: P, S, Cl, K, Ca, Cu, Zn, Br and Rb. 
 
 

1. INTRODUCTION 
 
Sickle cell anemia (SCA) is a blood disorder that affects hemoglobin, the protein found in red 
blood cells that help carry oxygen throughout the body. It is a disease that originated in 
Africa and because of the vast racial mixing that affects millions of people worldwide. SCA 
occurs when a person inherits two abnormal SS or HbSS (genes that cause their red blood 
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cells to change shape. Instead of being flexible and disc-shaped, these cells are stiffer and 
curved in the shape of the old farm tool known as a sickle (it is from where the disease got its 
name). These irregular-shaped blood cells die prematurely, resulting in a chronic shortage of 
red blood cells. Plus, they can get stuck when traveling through small blood vessels, which 
can slow or block blood flow and oxygen to certain parts of the body. This causes pain and 
can lead to serious complications: anemia, delayed growth, infections and acute chest 
syndrome [1]. There is no cure for most patients. However, treatments can relieve pain and 
prevent further problems associated with SCA. 
 
The determination of trace elements levels in physiological fluids is of considerable interest 
in clinical chemistry. Since these levels have been established for human serum, they can be 
used as indicators for several pathological conditions. The simultaneous detection of certain 
elements in serum offers a very interesting approach in the diagnosis and treatment of 
various diseases. The SRTXRF analysis can be applied in several areas of the Medicine [2-
5]. 
 
This paper reports the quantitative analysis of trace elements in serum of patients with Sickle 
Cell Anemia (SCA) and healthy subjects or Control Group (CG) determined by Total 
Reflection X-Ray Fluorescence using Synchrotron Radiation (SRTXRF). It was possible to 
determine the concentrations of the following elements: P, S, Cl, K, Ca, Fe, Cu, Zn, Br and 
Rb. The serum elemental concentrations determined for SCA group were compared with 
those obtained for CG. 
 
 

2. MATERIALS AND METHODS 
 

The population studied consisted of forty-three patients (15 males and 28 females) aged 18 to 
50 years with SCA disease, and sixty healthy individuals (41 males and 19 females) aged 18 
to 60 years considers control group (CG). All the serum samples provided by “Instituto 
Estadual de Hematologia Arthur de Siqueira Cavalcanti” (HEMORIO) and were collected 
from people who lived in the urban area of Rio de Janeiro City, Brazil. Their medical records 
were examined. This study was performed with the approval of the ethics committee and all 
subjects volunteered for the study with informed consent.  
 
Blood was collected into vacutainers tubes without additives (Greiner Bio-One International 
AG, VACUETTE). Immediately after collection, each blood sample was centrifuged at 3000 
rpm 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 [6]. 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.mL-1) was added. After the dilution a small aliquot of 5 µL of each sample with the 
internal standard was pipetted on a pre-cleaned Perspex sample carrier. After the deposition, 
the samples were left to dry very slowly under an infrared lamp. Samples were analyzed in 
triplicate. The accuracy and validity of the measurements were determined by analysis of one 
reference material (7002 Multi Element Atomic Spectroscopy - Standard Solution I - 
FLUKA). 
 
The Total Reflection X-Ray Fluorescence technique using Synchrotron Radiation (SRTXRF) 
analyses were performed at the X-Ray Fluorescence Beamline at Brazilian National 
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Synchrotron Light Laboratory (LNLS), in Campinas, São Paulo, using a polychromatic beam 
with maximum energy of 20 keV for the excitation [7]. The detector was of HPGe with 
resolution of 140 eV. The reflector-detector distance was of 12 mm. The incidence angle (for 
Perspex sample carrier) was of approximately 1.0 mrad. All samples were excited for 100 s 
and X-ray spectra obtained were evaluated by QXAS software package, distributed by the 
International Atomic Energy Agency, in order to obtain the X-ray intensities [8]. All 
analyses were performed in air atmosphere. 

 
 

3. RESULTS 
 
The X-ray fluorescence spectrum of serum sample using SRTXRF (Figure 1) shows that it 
was possible to detect the presence of ten elements and internal standard Gallium (Ga). 
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Figure 1. X-ray fluorescence spectrum of a serum sample using SRTXRF 

 
 

It was determined the elemental concentrations of the following ten elements: P, S, Cl, 
K, Ca, Fe, Cu, Zn, Br and Rb. In table 1 are presented the mean concentrations and 
confidence intervals for elements determined in sera of SCA and CG groups of individuals in 
µg.mL-1. The accuracy and validity of the measurements were determined by analysis of 
reference material. The results varied from 5.0 % (Sulfur) to 11 % (Rubidium). These results 
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agree well with the certified values and the accuracy of this method was approximately 6 %.  
 

 
Table 1. Mean and Confidence Interval of element  

concentrations in serum samples (µg.mL-1). 
 

Groups 
SCA CG Element 

Mean Confidence 
Interval a Mean Confidence 

Interval a 
P 115 (104 – 126) 144 (129 – 159) 
S 898 (829 – 967) 858 (777 – 939) 
Cl 4168 (3882 – 4454) 4449 (4056 – 4842) 
K 131 (121 – 141) 114 (104 – 124) 
Ca 70 (66 – 74) 135 (129 – 141) 
Fe 2.2 (2.0 – 2.4) 1.0 (0.8 – 1.1) 
Cu 1.2 (1.2 – 1.3) 1.0 (0.9 – 1.1) 
Zn 0.6 (0.6 – 0.7) 0.8 (0.7 – 0.9) 
Br 1.8 (1.8 – 2.0) 2.3 (2.2 – 2.5) 
Rb 0.4 (0.3 – 0.4) 0.4 (0.4 – 0.5) 

 

a 95 % confidence level. 
 

Student’s t-test was applied in order to check whether the two populations (control group X 
patients group) had the same mean values. The t-test (α = 0.05) was used to verify the 
variations in the elemental concentrations between patient group (SCA) and control group 
(CG). The concentrations of P, Cl, K, Fe, Cu, Zn and Br presented significant differences 
between group of patients with SCA and group of healthy subjects. No significant differences 
were found for the concentrations of S, Ca and Rb. 

 
The concentrations of P and Cl in the serum sample of patients with SCA were approximately 
20 % and 6 % lower, respectively, when compared to the control group. The concentration of 
K in the serum samples of patients with SCA was higher, approximately 15%, in relation to 
the control group. 

 
The concentration of Fe found in the serum samples of patients with SCA were 
approximately 120% larger than the values determined in control group. The significant 
increase in Fe concentration in serum samples of patients with SCA may be due to SCA 
treatment in 98% of the patients that included diary intake of folic acid in order to provide the 
lack of this element in the blood and the constant regular transfusions of red blood cells in 
which patients with SCA are submitted. The Cu concentrations were larger in the serum 
samples of SCA (approximately 20 %) than in the healthy subjects. In relation to the 
concentrations of Zn and Br were lower approximately 20%, respectively, than the values 
determined for the control group. 
 
In the case of SCA the elements Fe, Cu and Zn take out several physiological and 
biochemical functions. So the increase on Fe concentration may affect directly Cu 
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concentration in human serum, due to its dependency in relation to Cu-dependent enzymes as 
cerulosplasmin, Cu-Zn superoxide dismutase and hephaestion. These enzymes have a role in 
the maintenance on Fe production in the organism and anti-oxidation action defense 
mechanisms very active in order to prevent or reduce oxidative lesions. Cu is a trace element 
used in several physiological and biochemical functions such as origin of red blood cells and 
the autoimmune response of the patient, protecting different cellular structures against the 
action of reactive oxygen species [9-11].  
 
The increase of Cu concentration may be related to the increase of Fe, since the Cu 
metabolism is related to the oxidative stress and the co-dependence of the enzyme 
ceruloplasmin, which plays a role in the homeostasis maintenance [12]. Moreover, 
ceruloplasmin is a terminator of free radicals which are metabolic harmful that attacks the 
main cellular constituent. The ideal would be a study of the elementary composition of 
patient’s serum that have not yet undergone treatment with acid folic intake. 

 
 

4. CONCLUSION 
 

SRTXRF is a powerful tool for the determination of multielements concentrations in human 
serum samples. The elements P, S, Cl, K, Ca, Fe, Cu, Zn, Br and Rb were identified and their 
concentrations were determined. Student’s t-test was applied in order to check whether the 
two populations had the same mean values. The t- test showed significant differences of the 
following elements: P, Cl, K, Fe, Cu, Zn and Br. 
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