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Abstract

Radiologists are exposed to occupational radiation. Exposure to radiation increases the likelihood of changes in the body's essential
metal elements and the occurrence of radical chain reactions and lipid peroxidation in the membrane, decreased enzymatic activity, ionic
currents, and activation of ion channels. Biological monitoring of these elements is essential to prevent more serious side effects on the
body. Therefore, this study aimed to determine the amount of copper, iron, zinc, and magnesium in the blood serum of radiologists. This
case-control study was conducted in 2020 on 50 radiologists and 50 controls in Shiraz hospitals. Serum 5 cc of blood was extracted using
a centrifuge. Then, the concentrations of copper, zinc, iron, and magnesium in serum were measured with an AA-7050 atomic absorption
spectrometer. Finally, the data were analyzed by analysis of variance. The mean serum concentrations of iron and zinc in radiologists
and the control group were significant (Pv<0.05). While the mean concentrations of iron and zinc in the radiologist's blood serum increase
and decrease, respectively. But the mean concentrations of copper and magnesium in the blood serum of radiologists and the control
group were not significant (Pv>0.05). The mean of iron concentration was higher in male radiologists than in female radiologists
(Pv<0.05). The results of this study showed that radiation in radiologists can have positive or negative changes on the concentration of
iron and zinc in the body. It is suggested that biological monitoring of these elements in the blood serum of radiologists be used as an
indicator of exposure to this adverse physical agent to prevent more serious symptoms.
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1 Introduction

Radiologists are exposed to occupational radiation in
imaging departments of hospitals and clinics. Although the
dose of exposure to this beam is low, frequent contact during
working hours can have detrimental effects (1). DNA
sensitivity to radiation is one of the main effects in this regard
(2). While some of the effects of radiation, such as radical chain
reactions and lipid peroxidation in the membrane, cause a
decrease in enzyme activity, ionic currents, activation of ion
channels, and changes in the concentration of trace elements.
The biological effects of low doses are small but significant
changes in living systems. Therefore, a small amount of
elements has been considered in this regard (6-3). The
concentration of elements such as copper, zinc, iron, and
magnesium in the body is controlled by the homeostasis system
and their acceptable range is very limited to preserve the
structural properties of the cell and the function of body tissues.
Slight changes in the amount of these elements can cause
significant changes in the body's physiological activities (8 ,7).
These elements play an essential role in all vital processes and
recently their importance is increasing with the development of
measurement methods. Studies have shown that the effect of
low doses of X-rays on the concentration of trace metals in the
blood and structural changes in the scalp and nails in
radiologists has been reported (10,9). Chronic effects of X-ray
and gamma rays on animal specimens have been reported as

changes in the low concentration of these metallic elements in
blood and irradiated tissues (11, 12). The effects of a high dose
of X-ray and gamma rays on the amount of these elements in
different tissues of mice were also statistically significant (1).
But there are still many ambiguities about the effects of these
rays on humans. Therefore, this study was performed to
determine the effects of occupational radiation and its role on
the concentration of copper, iron, zinc, and magnesium in the
body of radiologists.

2 Materials and methods

This case-control study was carried out on 100 employees
of hospitals in Shiraz in 2020. 50 of them were radiologists and
50 were controls and in each group, there were 25 females and
25 males. Radiologists with 10 to 15 years of experience were
selected from imaging departments of hospitals including
radiology, radiotherapy, and nuclear medicine. According to
the Atomic Energy Organization, in the evaluation of the staff
badge film, the above-mentioned individuals receive
embroidery between zero and 1 millisievert in two months. The
control group (non-radiologists) was selected from the staff of
other wards of the hospital who were compatible with the
radiologists in terms of age and socioeconomic status. To
prevent adverse effects on the results, the subjects are free of
the liver, blood, kidney, drug use, pregnancy, smoking, and
special nutrition. Sampling was limited to certain hours of the
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morning to minimize possible fluctuations in the amount of
elements. To eliminate errors caused by environmental
pollution, pipettes, glass containers, and test tubes were placed
in a 20-liter container containing 10% hydrochloric acid before
work, and then rinsed three times with deionized water and
drained. 5 cc of blood was collected from the elbow vein of the
subjects with a plastic syringe and poured into a plastic test tube
and the lid was closed with paraffin. To separate the serum
from the rest of the blood contents, the tubes were centrifuged
at 10,500 rpm for 10 minutes. The serum was then separated by
a sampler and poured into another test tube. The lids of the
serum tubes were closed with paraffin and placed in the freezer
at a temperature of minus 20 degrees Celsius. To measure the
concentrations of copper, zinc, iron, and magnesium in serum,
an Atomic Absorption Spectrophotometer or Atomic
Absorption Spectrometer (AAS) model AA-7050 made in
China's EWAI company was used. In these measurements,
acetylene flame was used and the device was calibrated for
each element. The main standard solution of the desired
element was poured into a hot flask using very precise pipettes
and diluted by standard dilution with deionized water to
concentrations of 0.25, 0.5, 0.75, 1, 1.25 mg per liter of the
original solution. The same diluents and the same control
solution were selected by successive measurements and trial
and error methods (13).

To eliminate spectral interference and easier suction of the
sample by an atomizer, the samples were diluted 1 to 5 for
copper, zinc, and iron, and magnesium was diluted 1 to 50.
After selecting the lamp for the desired element in the atomic
absorption device, the absorption spectrum of each solution
was measured and their calibration curve was drawn. In all
stages of measurement and quality control of the system, the
method of adding a standard to the sample was used to check
the reproducibility of the system. Also, the absorption spectra
of standard solutions were compared to the values given in the
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device manual for a concentration of 1 ppm of the above
elements. The concentrations of the elements in the irradiated
and control groups were measured three times. Finally, the data
were analyzed by analysis of variance and regression.

3 Results and Discussion

The mean age of the radiologist group was 37+5 and the
control group was 37+6 years and both groups were not
significantly different in terms of age and sex distribution (Pv>
0.05). The mean and standard deviation of daily working hours
in both radiologists and control group (0.5+) was 8 hours. The
mean and standard deviation of daily work experience in both
radiologists and control group were 12 (+0.5) and 11.2 (+£0.65)
years, respectively, and there was no significant difference
(Pv>0.05). The changes in the mean concentrations of some of
the elements tested in the group of radiologists and the control
group are shown in Figure 1.

As shown in Figure 1, the mean concentrations of iron and
zinc in the blood serum of radiologists and the control group
were statistically significant (Pv <0.05). While the mean
concentration of iron in the serum sample of radiologists is
higher and the mean concentration of zinc in the serum sample
of the control group is higher. Other results showed that the
mean concentrations of copper and magnesium in the blood
serum of radiologists and the control group were not
statistically significant (Pv> 0.05). The average concentrations
of copper, iron, zinc, and magnesium in both radiologists and
control groups by sex are shown in Table 1.

According to the results of Table 1, among the metallic
elements studied in blood serum, only the mean concentration
of iron was significantly related to sex, so that the average
concentration was higher in men than women (Pv <0.05). A
significant reduction of copper in female radiologists was
obtained in comparison with the control group (Pv <0.05).
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Figure 1: Mean concentrations of copper, iron, zinc and magnesium in radiologists and control group

Table 1. Mean and standard deviation of concentrations of studied metal elements in both radiologists and control group by sex

Control group Radiologists
Body natural metal elements Male Female Male Female
Copper 0.932 (£.021) 0.994 (£0.036) 1.13 (£0.018) 0.927 (£0.023)
Iron 1.06 (£0.038) 0.91 (£0.01) 1.17 (£0.029) 1.087 (£0.031)
Zinc 0.823 (£0.016) 0.776 (£0.01) 0.73 (£0.01) 0.74 (£0.009)
Magnesium 19.42 (£0.25) 19.35 (£0.24) 19.89 (£0.15) 19.75 (£0.33)
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In this study, an increase in the mean concentration of iron
and a decrease in the concentration of zinc in the serum of
radiologists were observed in comparison with the control
group. Because the average concentration of the above
elements corresponds to the natural range reported in the
reference texts (15-13). It can be concluded that there was no
systemic error. Zinc was less reported in female radiologists
compared to control women. The mean iron concentration in
the radiologist was higher than in the control group. In the study
of Katraji et al., The reduction of copper and zinc elements and
the increase of iron concentration were reported in the
radiologist in comparison with the control group (16). Also, in
the studies performed on the blood serum of the employees of
the Chernobyl power plant, an increase in the concentration of
copper element was observed (17). In a study conducted in Iran,
a significant reduction in copper in female radiologists was
compared with the control group (18). The results obtained in
some cases are different from previous studies that these
differences may be due to the type of blood sample in these
studies. Whole blood was used in the catheter study and the
study performed in Iran, while serum was used in the present
study. Genetic diversity, nutritional factors, individual
sensitivity to radiation, and environmental pollution can also
explain these differences. Any factor that causes cell membrane
integrity to fail will initiate oxidative damage and cause metals
to leak small amounts of cellular components. The findings of
this study confirm the possible effect of chronic radiation on
the concentration of some blood metals.

4 Conclusion

The results of this study showed that radiation in radiologist
personnel can have positive or negative changes on the
concentration of some natural metal elements in the body, such
as iron. It is suggested that biological monitoring of changes in
the concentration of these elements in the blood serum of
irradiators be used as an indicator of exposure to this physically
harmful factor to prevent more serious symptoms.
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