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ABSTRACT 
 
Leukemia is a disease that occurs all over the world. Leukemia is a type of cancer. All cancers begin in cells, 
which make up blood and other tissues. Normally, cells grow and divide to form new cells as the body needs 
them. When cells grow old, they die, and new cells take their place. Sometimes this orderly process goes wrong. 
New cells form when the body does not need them, and old cells do not die when they should. Leukemia is a 
kind of cancer that begins in blood cells. There are four common types of leukemia: Chronic Myelogenous 
Leukemia (CML), Acute Myelogenous Leukemia (AML), Chronic Lymphocytic Leukemia (CLL) and Acute 
Lymphocytic Leukemia (ALL). In this work, low Z elements were determined in serum of patients with four 
groups of leukemia (CML, AML, CLL and ALL) and control group (CG) or healthy subjects using Total 
Reflection X-Ray Fluorescence induced by Synchrotron Radiation (SRTXRF). We studied thirty patients – male 
gender and feminine gender – with ages ranging from 18 to 60 years, suffering from CML, AML, CLL, ALL 
and thirty healthy volunteers aged 18 to 60 years. All the serum samples were collected from people who live in 
the urban area of Rio de Janeiro City/Brazil. All of them were submitted to medical history. This study was 
performed with the approval of the ethics committee. It was possible to determine the elemental concentrations 
of the following six elements: Na, P, S, Cl, K and Ca. By using t-test it could be seen significant differences (α 
= 0.05) between groups of healthy subjects and four groups of leukemia. The t- test showed real differences 
among the elemental concentrations. Thus, our findings indicate that the elements can be directly related to the 
biochemical processes in leukemias. The significant differences found between the groups may be indicators of 
these diseases. This could help biomedical field with regard to early diagnosis and improved medical treatment. 
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1. INTRODUCTION 
 
Leukemia is a disease that occurs all over the world. All cancers begin in cells, which make 
up blood and other tissues. Normally, cells grow and divide to form new cells as the body 
needs them. When cells grow old, they die, and new cells take their place. Sometimes this 
orderly process goes wrong. New cells form when the body does not need them, and old cells 
do not die when they should. Leukemia is cancer that begins in blood cells. Leukemia can 
arise in lymphoid cells or myeloid cells. Leukemia that affects lymphoid cells is called 
lymphocytic leukemia. Leukemia that affects myeloid cells is called myeloid leukemia or 
myelogenous leukemia. The types of leukemia are grouped by how quickly the disease 
develops and gets worse. Leukemia is either chronic (gets worse slowly) or acute (gets worse 
quickly). There are four common types of leukemia: Chronic Myelogenous Leukemia 
(CML), Acute Myelogenous leukemia (AML), Chronic Lymphocytic Leukemia (CLL) and 
Acute Lymphocytic Leukemia (ALL). The determination of multielementar blood 
composition is of interest for biomedical area. Since it has been established that trace element 
levels in human serum can be utilized as indicators for several pathological conditions, the 
simultaneous detection of certain elements in the serum offers a very interesting approach in 
the diagnosis [1–5] and treatment of various diseases. 
 
 

2. MATERIALS AND METHODS 
 
 

2.1. Population Characteristics 
 
Population characteristics all the serum samples were provided by Instituto Estadual de 
Hematologia "Arthur de Siqueira Cavalcanti" (HEMORIO). We studied thirty patients – male 
gender and feminine gender – with ages ranging from 18 to 60 years, suffering from CML, 
AML, CLL, ALL and thirty healthy volunteers aged 18 to 60 years. All the serum samples 
were collected from people who live in the urban area of Rio de Janeiro City/Brazil. All of 
them were submitted to medical history. This study was performed with the approval of the 
ethics committee. 
 
 
2.2. Sample Preparation 
 
Blood was collected into vacutainers without any additives. In the wake of collection, each 
blood sample was centrifuged at 3000 rev/min for 10 min in order to separate blood cells and 
suspended particles from blood serum. Sera were transferred into polyethylene tubes and 
stored in a freezer at 253 K until analyzed [6]. 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 
pipetted on a pre-cleaned perspex sample carrier. The samples were left to dry very slowly 
under an infrared lamp. The samples were analyzed in duplicate. 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). 
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2.3. Instrumentation 
 
SRTXRF analyses were performed at the X-Ray Fluorescence Beamline D09B at 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 was 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 and the experiments 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 
 
It was possible to determine the elemental concentrations of the following six elements: Na, 
P, S, Cl, K and Ca. Figure1 show the X-ray fluorescence spectrum of a serum sample using 
SRTXRF. The element oxygen in the spectrum is just the perspex composition (about 32 %). 
Because this, the oxygen concentration was not evaluated in the serum samples. 
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Figure 1. A typical X-ray fluorescence spectrum of a serum  
sample using SRTXRF. 
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The t-test was applied in order to check whether the two populations (control group and 
leukemia patients) had the same mean values. In this case when the calculated t-value is 
lower than tabulated standard table of significance, there is no statistically significant 
difference between the mean values of compared populations. If the calculated value is 
higher, it means that the two studied populations have different means. Moreover, the t-test 
estimates whether the means of two groups are statistically different from each other. In this 
case, a significance level α = 0.05 was employed in all tests. Table 1 shows the elements that 



presented significant differences for the mean of their concentrations between groups of 
patients with CML, AML, CLL, ALL and Control Group (CG), respectively.  

 

Table 1. Elements showing significant differences for their mean of 

concentrations for patients samples and healthy subjects. 

 

Groups Compared Elements 

CML X CG P, S, K and Ca 

AML X CG P and S 

CLL X CG Na, S, Cl and K 

ALL X CG Na, P, S, Cl and Ca 

 
Table 2 shows the elemental concentrations in groups of patients with CML, AML, CLL, 
ALL and Control Group (CG) in μg.g-1.  
 
 

Table 2. Mean and Confidence Interval in serum samples (μg.g-1). 
 

Groups 
Elements 

Na P S Cl K Ca 

CG 
 

2704 
± 

1551 
 

92 
± 
35 
 

847 
± 

239 
 

2266 
± 

1134 
 

82 
± 
46 
 

44 
± 
18 
 

CML 
 

2884 
± 

520 
 

127 
± 
14 
 

1203 
± 
99 
 

2564 
± 

350 
 

125 
± 
24 
 

56 
± 
10 
 

AML 
 

2575 
± 

351 
 

107 
± 
12 
 

1060 
± 

101 
 

2454 
± 

249 
 

89 
± 
14 
 

46 
± 
6 
 

CLL 
 

3665 
± 

842 
 

104 
± 
14 
 

982 
± 
85 
 

2910 
± 

609 
 

157 
± 
60 
 

54 
± 
20 
 

 
ALL 

 

3839 
± 

608 

123 
± 
10 

1073 
± 
56 

2969 
± 

331 

121 
± 
17 

55 
± 
8 
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Sodium (Na) is the major cation in the extracellular fluid and its concentration in serum. The 
serum sodium concentration reflects the balance between sodium intake and output. 
Moreover, Chlorine (Cl) is directly attached to the presence of sodium because sodium 
chloride is readily found in many biochemical processes. Chlorine is involved in maintenance 
of acid-base balance. Plasma chlorine contributes to plasma buffering capacity by diffusion 
into red blood cells which allows bicarbonate to exit without upsetting electrical neutrality in 
these cells. Transmembrane exchange of chlorine with sodium and potassium in all cells 
maintains electrical neutrality and fluid balance needed for appropriate intracellular 
osmolality and pH, and for normal muscle contraction and nerve transmission. Chlorine also 
promotes renal retention of potassium. Chlorine aids in protein digestion by contributing to 
synthesis of gastric hydrochloric acid. 
 
On the other hand, Potassium (K) is the most abundant intracellular cation, but only about 2% 
of total body K is extracellular. K is a major determinant of intracellular osmolality. Serum 
potassium runs roughly 0.5 mmol/L greater than plasma or whole blood potassium. This is 
because platelets release potassium on clotting. In this study, the Potassium concentrations in 
the leukemia´s sera were bigger when compared with the control group. In addition, in 
patients with chronic lymphocytic leukemia (CLL) the relative excess of total body potassium 
were related to the stage of disease. Patients in the early stages of CLL were found to have 
lower potassium levels than patients in the late stages of disease [9]. 
 
Sulfur is an essential component of all living cells.Sulfur is important to cellular respiration, 
as it is needed in the oxidation-reduction reactions that help the cells utilize oxygen, which 
aids brain function and all cell activity. These reactions are dependent on cysteine, which also 
helps the liver produce bile secretions and eliminate other toxins. 
 
Phosphorus is an essential mineral that is required by every cell in the body for normal 
function. The majority of the phosphorus in the body is found as phosphate (PO4). 
Approximately 85% of the body's phosphorus is found in bone. Phosphorus is a major 
structural component of bone in the form of a calcium phosphate salt called hydroxyapatite.  
A number of enzymes, hormones, and cell signaling molecules depend on phosphorylation 
for their activation.  Phosphorus also helps to maintain normal acid-base balance (pH) in its 
role as one of the body's most important buffers. Too much phosphorus in the blood makes a 
lot of calcium to be absorbed by the bloodstream. This is also a cause of elevated serum 
calcium. Multiple Myeloma is a kind of cancer associated with the bones. Here it grows 
without notice and ultimately drains all calcium deposits from the centre of the bones to the 
blood. This condition occurs as a result of too much protein and high calcium levels in the 
blood. 
 
Calcium is the most common mineral in the body and one of the most important. The body 
needs it to build and fix bones and teeth, help nerves work, make muscles squeeze together, 
help blood clot, and help the heart to work. Almost all of the calcium in the body is stored in 
bone. The rest is found in the blood. High calcium levels cause many complications including 
high blood pressure and constant headache. Malfunctioning of the parathyroid glands is the 
major cause of elevated serum calcium. This disease is known as parathyroid disease or 
hyperparathyroidism. Treatment is required to correct this condition. People who have 
abnormally high calcium level in the blood are more likely to become victims of many kinds 
of cancer. These cancers include kidney cancer, colon cancer, lung cancer and breast cancer. 
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The elements that differ significantly have the means of their higher concentrations within the 
groups of leukemia than in the control group. We hope that the differences found between 
mean concentrations of elements present in the sera of these patients could help biomedical 
field with regard to early diagnosis and improved medical treatment. 
 
 

4. CONCLUSION 
 

Total Reflection X-Ray Fluorescence induced by Synchrotron Radiation is a powerful tool 
for the determination of low Z in human serum samples. The elements Na, P, S, Cl, K and Ca 
were identified and their concentrations were determined. The t-test was applied in order to 
check whether the two populations had the same mean values. The t- test showed real 
differences among the elemental concentrations. The difference in concentrations found 
between the groups may be associated with factors such as stage of disease, diet and drugs 
associated with treatment. 
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