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� Akadémiai Kiadó, Budapest, Hungary 2015

Abstract An alternate methodology based on a portable

X-ray fluorescence spectrometry (PXRFS) for determination of

Fe in blood was evaluated. The iron concentrations was

determined in whole blood of 18 male amateur athletes (run-

ners) using this portable XRF spectrometer and compared with

a control group (54 male donors at the same age but not

involved with physical activities) obtained by XRF and NAA

techniques. The Fe concentration in the blood of runners is an

important factor in sports medicine contributing to the perfor-

mance of endurance athletes as well as for proposing new

protocols of clinical evaluation.
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Introduction

In the last decade, there has been a growing interest in the

athlete’s health, with a focus on continuous biochemical

evaluation in serum and urine and controlled diet.

Moreover, it is also recognized that intensity and duration

of the physical training can provoke metabolic alterations

in blood, mainly in the content of some ions. Particularly,

high aerobic activity and poor dietary habits may results in

depletion of body iron stores, which could decrease aerobic

performance and increase the risks of fatigue and immune

disorders. Athletes, particularly those involved in endur-

ance sports, are commonly diagnosed with iron deficiency,

which leads to higher risks of fatigue, overtraining syn-

drome and vulnerability to infection [1–5]. On the other

hand, excess of iron is toxic: it can deposit in the form of

aggregates in tissues such as liver, heart, pancreas and

joints leading to irreversible organ dysfunction [4, 6].

Adequate iron intake recommended for adults are 8 mg/d

for men and 18 mg/d for women and the tolerable upper

intake levels for adults are 45 mg/d [7]. As a result, the use

of supplements by athletes must be strictly controlled.

Recently, elements of clinical relevance (Ca, Cl, K, Mg and

Na) in blood of amateur and elite runners (long distance

runners) were analyzed using neutron activation analysis

(NAA). A comparison with subjects of the same gender

and age but not involved with physical activities revealed

significant differences among them [8]. In this study, we

intend to continue this analysis, to complement the blood

investigation, performing measurements to determine Fe,

using energy dispersive portable X-ray fluorescence spec-

trometry (PXRFS). Recent investigations in whole blood,

using the PXRFS, showed it to be appropriate for clinical

end points [9, 10]. The major advantage for using the

portable spectrometer is the viability to use small quantities

of whole blood (0.1 mL), compared to conventional anal-

yses performed in serum or plasma (using at least 5–10 mL

of biological fluid), and the short irradiation time (few

minutes). The present study is a partnership with Exercise

Biochemistry Laboratory (LABEX) at University of
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Campinas (UNICAMP/SP, Brasil). The iron status deter-

mined in an amateur athlete’s whole blood can be applied

to the preparation of a balanced diet and can be useful also

for evaluating the performance of athletes during the

preparation period for competitions, as well as to propose

new evaluation protocols.

Collection and preparation of the samples

Eighteen male amateur athletes (runners) from LABEX,

age 26–39 years and mean weight 69 ± 10 kg participated

of this study. The athletes had a balanced diet, without

multivitamin/mineral supplements and training time of

37 ± 13 km/week. For the blood collection, a small cap-

illary pin (Clinitubes�, Radiometer Copenhagen�) was

inserted in the athlete’s finger and exactly 50 (±0.5 %) lL

were dropped on to Whatman no. 41 filter paper

(*2.3 cm2) using a calibrated micropipette, and then dried

for a few minutes using an infrared lamp.

Experimental

A MINI-X spectrometer (Amptek XR-100SDD model) was

used to perform the XRF measurements. The characteristics

of the fluorescence intensities of X-rays (Ka lines) were

measured with a Si Drift detector (25 mm2 9 500 lm/0.5

mil) with Be window (1.500). Each whole blood sample and

standard (certified iron solution) was irradiated for 300 s

using 30 kV and 5 lA excitation conditions and the analysis

of the spectra was performed using the WinQxas Software.

For NAA, whole blood samples and certified reference

material (IAEA-A-13) were irradiated for 4 h in the IEA-R1

nuclear reactor (IPEN) and gamma counted for 6 h using

HPGe detector (FWHM = 1.92 keV). Fe concentration was

determined using theActivation software [11]. The IAEA-A-

13 was used for analytical quality control.

Results and discussion

The Z-score test indicated that the results were satisfactory

(|Z\ 2|) considering 95 % confidence interval. The rela-

tive standard deviations were lower than 5.7 % and relative

errors were expressed by 4.1 % for XRF and 2.9 % for

NAA. The results for Fe in whole blood samples for the

runners by XRF analysis is shown in Table 1 and is

expressed as Fe concentration (Mean Value), standard

deviation (±1 SD), median, minimum and maximum val-

ues. The detection limit (DL) and range (for a confidence

interval of 95 %) for Fe in whole blood of the control

group (CG) obtained by both XRF and NAA techniques are

also included for comparison.

Figure 1 shows the individual results for Fe in whole

blood of the runners compared to the normal range estab-

lished for the control group (considering ±1 SD and ±2

SD) by the XRF technique.

According to the Table 1, the Fe results obtained for the

control group by both techniques are in agreement con-

sidering a confidence interval of 68 %, confirming the

viability of using a portable X-ray fluorescence spectrom-

etry (PXRFS) for iron concentration determination in

whole blood samples. However, the results of runners when

compared with the control group showed an increase of

30 %. Statistical analysis (t test) demonstrated significant

differences (p\ 0.05) among these groups (AR and CG),

showing that the blood iron levels for long distance runners

may differ from sedentary people or from people not

involved with intense physical exercise. According to

Table 1 Iron whole blood concentration results for amateur runners

(athletes) and the control group

Fe (mg L-1) XRF XRF NAA

Groups Runners Control

Mean value 443 354 409

±1 SD 76 54 60

Median 454 343 407

Minimum 290 267 315

Maximum 563 482 495

Range (±2 SD) 246–46 289–553

DL 13 22
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Fig. 1 Fe blood concentration of amateur runners (AR) by XRF

analysis
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Fig. 1, considering a confidence interval of 95 % usually

adopted for clinical practice, it was observed that Fe status

in runners’ blood was kept near upper limit and it some

cases above the normal range, suggesting a slight tendency

of iron overload ([0.462 gL-1). This increase may cause

risk of infection decreasing the athlete performance and in

more severe case can evolve to neurodegenerative disor-

ders [5]. Considering that the athletes did not report the

intake of supplement, this increase suggests the need of

nutritional reevaluation. Furthermore, the individual eval-

uation of iron in blood of these athletes (Fig. 1) reinforce

the importance of periodic clinical evaluations for assess-

ing the adequacy of the daily needs of the athletes during

their sports performances.

Related to the alternative procedure (PXRFS) applied in

this work some positive aspects can be emphasized: the

simplicity involved in the blood collection and sample

preparation, the storage of the sample without the need for

refrigeration as well as the speed to perform the XRF

measurements (few minutes).

Conclusion

The portable spectrometer (PXRFS) has shown itself to be

appropriate for Fe blood analyses and offers a new con-

tribution for studies in sports Medicine related to bio-

chemical analyses of blood. The results of the analysis of

Fe in blood of runners reinforce the importance of periodic

clinical analysis, creating greater understanding of nutri-

tional requirements and adequacy of the daily needs as well

as suggesting the possibility of adopting different recom-

mendations of iron for athletes, mainly for long distance

runners.
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