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ABSTRACT 
 
Trace elements have important contribution to immune function. The objective of this study was to compare the 
Iron, Copper and Zinc levels of patients with active Pulmonary Tuberculosis (TB) and healthy subjects using X-
Ray Total Reflection Fluorescence Spectrometry. The study group was formed by men with active TB 
hospitalized on the Ary Parreiras State Institute of diseases of the chest and on the Santa Maria State Hospital, 
Rio de Janeiro, Brazil. The control group was formed by healthy men of Military Academy Fire Dom Pedro 
Segundo, Rio de Janeiro, Brazil. The measurements of trace elements were performed at XRF beam line at 
Brazilian Synchrotron Light, Campinas, São Paulo. The results show that serum iron concentration was higher 
in control group than in study group. Besides that, serum copper concentration was higher in control group than 
in study group. According to the literature higher levels of copper are observed in infectious diseases like 
tuberculosis. In the case of the serum zinc concentration no statistical difference was observed between the two 
groups studied. 
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1. INTRODUCTION 

 
Tuberculosis (TB) is on the increase throughout the world and is one of the most important 
causes of death among adults in developing countries. Pulmonary TB, a chronic infectious 
disease caused by Mycobacterium tuberculosis, is characterized by prolonged cough, 
hemoptysis, chest pain and dyspnea. Systemic manifestations of the disease include fever, 
malaise, anorexia, weight loss, weakness and night sweats. Malnutrition is observed 
frequently in patients with pulmonary TB, but their nutritional status, especially of trace 
elements, is still poorly documented [1,2]. Trace elements have important contribution to 
immune function [3-5]. Iron is component of enzymes critical for functioning of immune 
cells and is involved in the regulation of cytokine production and action. Copper is related in 
maintaining intracellular antioxidant balance, suggesting an important role in inflammatory 
response. Zinc is essential for the highly proliferating cells, especially in the immune system 
and is involved in protection against oxidative stress. 
 
The Total Reflection X-Ray Fluorescence using Synchrotron Radiation (SRTXRF) has 
become an important technique for the determination of trace elements in samples that the 
concentrations are lower than 1 mgL-1 [6]. The SRTXRF is a multielemental technique 
applied in several areas of the science and technology [7-9], SRTXRF is based on the 
incidence of an x-ray beam at small angle, denominated critical angle, on the flat surface of a 
support of quartz or Perspex, where the sample to be analyzed is deposited. Thus, the 
scattering effects are minimized and a better peak-to-background ratio is obtained reducing in 
this way the detection limits. Another important characteristic of the technique is the small 
amount of the sample that is used for analysis (µL). So, all these characteristics of the 
SRTXRF technique make it a powerful tool for analyzing biological samples. 
 
The objective of this study was to compare the trace elements levels (Fe, Cu and Zn) of 
patients with active TB and healthy subjects using X-Ray Total Reflection Fluorescence 
Spectrometry. 
 
 

2. EXPERIMENTAL 

 

2.1. Sampling Serum  

 
Two groups were formed: control group (n=75) and study group (n=75). The study group was 
formed by men with active pulmonary TB hospitalized on the Ary Parreiras State Institute of 
diseases of the chest and on the Santa Maria State Hospital, both are public hospitals and 
reference in treatment of the TB in Rio de Janeiro, Brazil. Selection these subjects was based 
on the following criteria: age 18–60 years; sputum specimens positive for acid-fast bacilli by 
microscopy and clinical and radiographic abnormalities consistent with pulmonary TB. 
Exclusion criteria were as follows: previous anti-TB treatment; pregnancy; lactation; use of 
drug imunossuppressive; and other diseases. The control group was formed by healthy men 
of Military Academy Fire Dom Pedro Segundo, Rio de Janeiro, Brazil. The study was 
approved by the Committee of the Ethics of the Clementino Fraga Filho University Hospital, 
Brazil. Informed consent was obtained from each subject before the start of the study. Blood 
samples were collected from fasting subjects via venipuncture to determine the serum trace 
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elements. The samples were kept at -20ºC. The measurements of trace elements were 
performed at XRF beam line at Brazilian Synchrotron Light, Campinas, São Paulo, Brazil. 
 
2.2. Sample Preparation 
 
Blood was collected into vacutainers tubes without any additives (Greiner Bio-One 
International AG, VACUETTE). Immediately after collection, each blood sample was 
centrifuged at 3000g for 10 min in order to separate blood cells and suspended particles from 
serum. The sera were transferred into polyethylene tubes and stored in a freezer at -20ºC  

until the time for analysis. To avoid contamination from the recipients and volumetric flasks 
used, they were washed with detergent, soaked in a 1 molL-1 HNO3 solution (SUPRAPUR® 
Nitric Acid 65% - Merck), rinsed with ultrapure water (Milli-Q water), filled with 10 molL-1 
HNO3, kept for at least one night and rinsed again. In addition, the Lucite carriers were 
cleaned with neutral detergent, rinsed with Milli-Q water and thereafter dried sufficiently. 
 
In environmental temperature, a volume of 100 µL of serum was taken and diluted with 300 
µL of Ultrapure water, 18.2 MΩ from the Milli-Q water purification system (Millipore 
Systems Inc., Bedford, MA). An internal standard consisting of 30 µL of Gallium solution 
(Gallium ICP standard traceable, Merck) was added (25 mgL-1) [10]. After that, the solution 
was homogenized by shaking and a small aliquot of 5 µL was pipetted on a precleaned Lucite 
carrier (Perspex® - Molecular formula: (C5O2H8)n – rectangular-plate with dimensions: 30 x 
15 x 2 mm). After the deposition, the samples were left to dry very slowly under an IR lamp.. 
All samples were analyzed in triplicate. The validation of methodology was verified using a 
reference material (Multi element standard VII - ICP/MS calibration standards -CertiPUR®. - 
Merck). 

 
2.3. Experimental Setup 
 
The Total Reflection X-Ray Fluorescence technique using Synchrotron Radiation (SRTXRF) 
analysis were performed at the X-Ray Fluorescence Beamline at Brazilian National 
Synchrotron Light Laboratory (LNLS), in Campinas, São Paulo, using a polychromatic beam 
with maximum energy of 20 keV for the excitation [11]. The detector was of HPGe with 
energy resolution of 140 eV at 5.9 keV. The Lucite carrier-detector distance was of 12 mm. 
The incidence angle (for carrier) was of approximately 1.0 mrad. All samples were excited 
for 100 s and X-ray fluorescence spectra obtained were evaluated by the software QXAS 
software package, distributed by the International Atomic Energy Agency, in order to obtain 
the X-ray fluorescence intensities [12]. All analyses were performed in natural atmosphere.  
 
 

3. RESULTS AND DISCUSSION 
 
Figure 1 shows a typical X-ray fluorescence spectrum of a serum sample using SR-TXRF. It 
was possible to detect the presence of ten elements: Phosphorus, Sulfur, Chlorine, Potassium, 
Calcium, Iron, Copper, Zinc, Gallium (internal standard) and Bromine. Besides that, in order 
to confirm the accuracy of multi-elemental analysis of serum samples by means SR-TXRF, 
we have carried out elemental analysis of the CertiPUR® by Merck reference material. The 
results obtained agree well with their respective nominal reference values. The accuracy of 
this method was approximately 3 % for Ca and 8 % for Sr and relative standard deviations 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

were lower than 8.7 %. The detection limit (DL) varied from 250 µgL-1 for Sulfur to 1.5 µgL-

1 for Zinc. DL values are in agreement with the values reported in the literature [10]. 
 
 
 

Table 1. SRTXRF results for CertiPUR® by Merck reference material (mgL
–1
) 

 

Element K Ca Mn Sr Ba 

Reference value 100 ± 5 100 ± 5 100 ± 5 100 ± 5 100 ± 5 

SRTXTF a) 93 ± 8 97 ± 7 103 ± 9 92 ± 6 106 ± 8 

Relative error 0.07 0.03 0.03 0.10 0.06 

RSDb) (%) 8.6 7.2 8.7 6.5 7.5 
a) Mean and SD for ten measurements. 
b) Relative Standard Deviation. 
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Figure 1. The typical X-ray fluorescence spectrum of a serum sample using TXRF 

 
 
 
Only Fe, Cu and Zn were analyzed in this work due to the importance of these elements to 
the process of developing of the pulmonary TB disease [3,13,14]. Besides that, Kolmogorov-
Smirnov test was used to check whether data for those elements were normally distributed. 
The variables that do not have normal distribution, made the logarithmic transformation. Data 
were reported for mean, standard deviation, confidence interval 95%. The SPSS software 
package (version 13.0, SPSS, Chicago, IL) was used for all statistical analyses and a P-value, 
0.05 was considered significant. The results can be seen in table 2. 
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The concentration of Fe found in the serum samples of patients with TB was approximately 
27 % lower than those found in control group. Besides that, the concentration of Cu in the 
serum samples of patients with TB was 93 % larger when compared with the control group. 
On the other hand, serum Zinc concentration showed no significant difference between the 
two groups studied. 
 
 
 

Table 2. Trace elements of study group and control group (mgL
–1
) 

 
Mean ± SD 

(IC 95%) 
Elements 

Study group Control group 
p-value 

Iron 
2.17±1.54 

(1.82 – 2.53) 
2.98±1.07 

(2.73 – 3.22) 
0,000a) 

Copper 
2.51±1.25 

(2.22 – 2.80) 
1,30±0,26 

(1.24 – 1.36) 
0,000a) 

Zinc 
1.50±0.73 

(1.34 – 1.67) 
1,66±0,70 

(1.49 – 1.82) 
0,195 

Cu/Zn ratio 
1.78±0.64 

(1.63 – 1.93) 
0.87±0.27 

(0.80 – 0.93) 
0,000a) 

a) Statistically significant difference (p<0.05) 

 
 
 
In the case of TB the elements Fe and Cu play important roles in several physiological and 
biochemical functions. So, the decrease on Fe concentration may affect directly Cu 
concentration in human serum. In addition, Copper is used in several important biochemical 
processes 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 [3-5]. 
 
Serum iron concentration was higher in control group than in study group. This might 
indicate that low serum iron concentration in TB patients, may be induced by the shift of iron 
from a transferrin-bound available state to a ferritin incorporated storage state. The condition 
may have evolved as a cytokine-mediated defense against microbial pathogens, effectively 
withholding iron from microbes, which incidentally also deprives erythroid precursors of 
their iron supply. Theses events occur in the early acute-phase response. Serum copper 
concentration was higher in control group than in study group. According to the literature 
higher levels of copper are observed in infectious diseases like tuberculosis [5, 13] 
 
Determination of the ratio of copper/zinc has been considered helpful in diagnosing many 
diseases, observing their transformations, and in reflecting the nutritional status of zinc in 
human body better than its content in serum. Elevated copper/zinc ratio was reported in 
patients with different pathological conditions in others studies [13, 14]. The ratio 
copper/zinc was less in the control group. It is interesting to note there is an association 
between acute phase response to infection and alteration in dynamics of many trace elements. 
So, trace elements deficiency would increase susceptibility to an infection such as TB, on the 
other hand the serum trace element concentrations are related with acute-phase response.  
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4. CONCLUSIONS 

 
SRTXRF is a powerful tool for the determination of multielemental concentrations in human 
serum samples. The elements P, S, Cl, K, Ca, Fe, Cu, Zn and Br were identified and their 
concentrations were determined in serum of healthy subjects (CG) and patients with 
Pulmonary Tuberculosis (study group). 
 
The decrease of Cu/Zn in serum samples from patients with TP was probably induced by 
inflammatory processes contained in these patients. Therefore, to determine Cu/Zn ratio may 
be more important for studies of these processes that the determination of the mean 
concentrations of Cu and Zn. 
 
The investigation of concentrations of the elements Fe, Cu, Zn and Cu/Zn may help the 
studies on the development of TP disease. The increase or decrease in the concentrations of 
these elements may be associated with typical symptoms of TP. Therefore, measurements of 
trace elements can be used as a tool to assess susceptibility to infection and to signal stage of 
the inflammatory response. 
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