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ABSTRACT 

 
Studies performed with canines indicate that one of the main neoplasias which affect these animals are the 

breast tumors, representing from 25% to 50% of all kinds of tumors. Moreover, half of them are classified as 

malignant. In this sense, recent researches on humans have been associated the presence of certain trace 

elements with the development of breast neoplasias in those individuals. Then, as the breast tissue composition 

in canines is very similar to the humans, it is expected the same behavior. In this direction, a very effective 

technique to identify and to determinate trace elements concentration is the EDXRF. However, studies on this 

area are scarce in the literature. Therefore, in this work it was developed an approach to quantify the main trace 

elements present into these tumors with high sensitivity. For this purpose, it was determined calibration curves 

of standards samples diluted in water, with concentrations of Ca, Fe, Cu and Zn, ranging from 400mg/kg to 

35mg/kg, from 20mg/kg to 2mg/kg, from 10mg/kg to 1mg/kg and from 100mg/kg to 10mg/kg, respectively.  

All calibration curves were linearly fitted and on basis in this behavior it was determined the sensitivity of our 

approach to quantify the concentration of the trace elements mentioned above. In addition, it is important to 

mention that studies in this area are of great potential, because EDXRF represents a quickly practical and non-

destructive alternative to quantify trace elements.  
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1. INTRODUCTION 

 

 

Domestic animals, especially dogs, are increasingly present in Brazilian homes. The 

improvement of life quality of these animals has resulted in increasing their life expectancy. 

In consequence, they are subject to several diseases related to the age, but the most 

representative is mammary cancer, which is more common in female dogs. This type of 

neoplasia represents a total of 25% to 50% of tumor types present in dogs, being half of them 

considered malignant [1]. Despite representing a considerable amount of malignancy, studies 

in this area are little representative and scarce in literature [2].  

 

According to Paoloni and Khana (2008) [3], besides the mammary histological constitution, 

the genetic molecular alterations that drive cancers in dogs and humans are also very similar. 

On basis in this information, Rocha and Grego (2012) [4] suggested that mammary tumors 

in female dogs can be a good experimental model, which can also benefit the humans. 

 

It is known that tumors are often caused by chemical and biochemical changes which occur 

in the cell, and these changes result in alterations of the tissues and structures that constitute 

it [5]. However, researchers are seeking for information that can elucidate this pathological 

process. Hence, in order to give a start on this investigation, it is fundamental to determine 

the trace elements present in mammary tumors samples. Among the possible techniques for 

this purpose, the Energy Dispersive X-Ray Fluorescence (EDXRF) arises as a powerful 

technique because can be easily implemented and has the advantage of do not need to 

destruct the sample. [6, 7, 9]. This analysis is possible because the spectrum obtained 

corresponds to the energetic transitions and is unique for each element type. Thus, it is 

possible to obtain information from the elemental composition of samples, allowing also 

identify abnormalities in the studied tissue [7]. 

 

Sakamoto (2011) [8] analyzed 50 normal and malignant female dog mammary samples using 

EDXRF technique. They found a significant increase in concentration of the trace elements 

Ca, Fe, and Zn present in malignant samples in comparison to healthy samples, analogous to 

those obtained for human breast samples [8]. 

 

In order to quantify the trace elements in mammary female dogs [8] it was used a commercial 

reference standard material which certified concentrations. Nevertheless, in this standard 

each element has its own concentration which can be out of the range found experimentally 

in mammary female dog samples. Therefore, in this work was built calibration curves, by 

external standard method, using salts containing Ca, Fe, Zn and Cu diluted in deionized water 

with the concentration range covering those reported in literature for human mammary 

tumors. 

 

 

2. CLINICAL BACKGROUND 

 

 

In this work it was analyzed the following trace elements: calcium (Ca), iron (Fe), copper 

(Cu) and zinc (Zn). These elements were chosen because they play several important roles 

in the organism and have specific functions in breast tissue neoplasms [10]. 
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Calcium is correlated with breast carcinoma in the process of calcification of the lesions and 

their malignancy. Despite being an element of great diagnostic importance, its role is not yet 

clear because this calcification is originated from a degenerative process or an active cellular 

process unresolved [11].  

 

Iron is the most abundant trace element in the body, and its excess can cause several 

damages. The process of cellular oxidation is directly linked to an increase of Fe 

concentration, and it can result in releasing of free radicals and to induce DNA damage that 

can contributes to the chances of development of cancer [12]. 

 

Copper it may be essential to many biochemical processes, but can be relatively toxic. It is 

also considered a cofactor of angiogenesis. Therefore, an excess of this element in breast 

tumors can promote angiogenesis with possible oxidative damage to DNA [13]. 

 

Zinc is correlated with the body's defense system. Therefore its absence or its excess is 

represented by a deficiency in immune system of organism, and this lack can result cancer 

cells [14]. 

 

 

3. MATERIALS AND METHODS 

 

 

3.1. Materials 

 

3.1.1. Standards 

 

 

Mammary tissue is composed by more than 70% of water. Then, it was used deionized water 

to produce the standard solutions for each element analyzed in this study, in a predefined 

range of concentrations in accordance to literature. For this, it was used the salts CaSO4, 

FeCl3, Cu (NO3)2 and ZnSO4, with purity of 98%, 97%, 98% and 99%, respectively. The 

mass of these salts were determined on a Shimadzu analytical balance, AUY-220 model with 

a sensitivity of 0.1 mg. Studies show that solutions of these chemicals elements can simulate 

the types of tissue to be analyzed in the samples [15]. 

 

 

3.1.2. Experimental Setup 

 

 

The EDXRF experiment was carried out in the Spectroscopy Laboratory of X-ray 

Spectroscopy Laboratory in the Federal University of Technology – Paraná. It was used a 

EDXRF kit from Amptek composed basically of an x-ray tube with Ag target (Ag) Mini-X 

model and a Silicon Drift Detector with 4,096 channels model X-123SDD and a main 

computer to control system and to analyze the spectrum. The X-ray tube operating at a 

voltage ranging from 10 kV to 40 kV with a maximum current of 200 µA and the exposure 

time is determined manually by the operator. The tube to sample and the sample to detector 

angles are 67.5° in both cases. The distance defined between the guide system and the 

specimen is 1.0 cm, figure 1.  
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Figure 1: Experimental Setup – UTFPR 2015 

 

 

3.2. Methodology 

 

 

First of all, the liquid standards were produced with predetermined concentrations of Ca, Fe, 

Cu and Zn. In order to facilitate the solubility of these elements were used salts for this 

purpose. The mass of this salts were measured on analytical balance with an initial 

concentration of 400 mg/kg for CaSO4, 20mg/kg for FeCl3, 10 mg/kg for Cu(NO3)2 and 100 

mg/kg for ZnSO4 and placed in a specific sample holder. 

 

The first solution was produced with deionized water at room temperature using a volumetric 

flask of 500 ml and a beaker to determine the volume. Deionized water was placed in a 

volumetric flask and the salt was added. The solutions were made separately, and each 

solution was left with only a trace element of interest. Further dilutions were made of each 

solution to have varying concentrations of each element. 

 

The standard solutions were analyzed in the EDXRF kit using an exposure technique at 30 

kV and 100 µA. The exposure time was adjusted chosen to maintain the experimental 

uncertainties about 3%, resulting in an exposure time of 1500 seconds. 
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After measurements, calibration curves were determined for each element. This calibration 

curve is carried out by external standard method, where the area of the fluorescent peak of 

the respective element is directly related to the concentration of this element in the solution, 

since it was assumed a matrix similarity between deionized water and breast tissues. The 

uncertainty associated to the trace element concentration determined represents a sum of the 

contribution of the uncertainty in the measurement of the mass of the salts, due to counting 

efficiency of the detector and the average of standard deviations of fit Gaussian curves of the 

photopeak area. To verify that there is a linear relationship between the variables studied, it 

is considered the Pearson correlation coefficient "R", and the closer this value is to 1, 

indicates that there is a linear relationship between points. 

 

 

4. RESULTS AND DISCUSSION 

 

 

It was determined a calibration curve for each trace element of interest in this study.  

The Calcium calibration curve is show in Figure 2. From this figure, it can be observed a 

linear relationship between the photopeak area and the elemental concentration in the 

concentration range previously established concentrations, from 35mg/kg to 400mg/kg, 

presenting an fiiting coefficient r = 0.99. 

 

 

 
Figure 2: Calibration Curve for Ca 
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The Iron calibration curve is show in Figure 3. From this figure, it can be observed a linear 

relationship between the photopeak area and the elemental concentration in the concentration 

range previously established concentrations, from 6mg/kg to 20mg/kg, presenting an fiiting 

coefficient r = 0.99. As the minimum value of the concentration of the chemical element iron 

is very close to the detection limit of the equipment used, only four points were considered 

in this calibration curve. 

 

 

 
Figure 3: Calibration Curve for Fe 

 

 

The Copper calibration curve is show in Figure 4. From this figure, it can be observed a 

linear relationship between the photopeak area and the elemental concentration in the 

concentration range previously established concentrations, from 1mg/kg to 10mg/kg, 

presenting an fiiting coefficient r = 0.97.  
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Figure 4: Calibration Curve for Cu 

 

 

The Zinc calibration curve is show in Figure 5. From this figure, it can be observed a linear 

relationship between the photopeak area and the elemental concentration in the concentration 

range previously established concentrations, from 10mg/kg to 100mg/kg, presenting an 

fiiting coefficient r = 0.98.  

The same is a good view of the various concentrations of the salt carried on external 

standards. Only the fourth point distanced itself from the linear calculated, which shows a 

good result this calibration curve for this element.  

 



2015 International Nuclear Atlantic Conference - INAC 2015 

São Paulo,SP, Brazil, October 4-9, 2015 

ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 

ISBN: 978-85-99141-06-9 

 

 
Figura 5: Calibration Curve for Zn 

 

 

5. CONCLUSIONS 

 

 

The preliminary results obtained with liquid standards, using deionized water for simulating 

breast tissues matrix were satisfactory. However, in the next stages of this work, it is intended 

to produce patterns using as matrix 95% ethanol and also glycerol, to simulate more realistic 

the fibroglandular and adipose tissue, respectively. 

 

Additionally, it will also be carried out new experiments increasing the range concentration 

of the elements studied in order to minimize the uncertainties, especially in standard 

solutions with very low concentrations. Multielement patterns are also produced in the 

laboratory in order to further simulate the breast tissue. 
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