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Abstract

Heavy metal contamination of food products has recently become a significant health concern. 
The widespread availability of dietary supplements increases the interest of health-conscious 
consumers in these food products. As a result, the consumption of dietary supplements is grow-
ing worldwide owing to their potential health benefits. However, dietary supplements may also 
contain other elements, including toxic ones, and thus affect human health. Previous studies 
have shown that they contain the radionuclides polonium, lead, uranium, and thorium, making 
them a source of internal exposure related to the decay of the isotopes studied. For this reason, 
the radiation safety associated with the presence of the radioactive isotopes 210Po, 210Pb, 234U, 
238U, 230Th, and 232Th in calcium and magnesium supplements for adults was estimated, namely 
the cancer risk associated with their consumption and the risk of cancer-related death. Cancer 
morbidity and mortality risk ranged from 10-5 to 10-10. The highest cancer risk morbidity and 
mortality was calculated for 210Po and 210Pb due to higher activities and radiotoxicity. The effect 
of the lower concentrations of 234U, 238U, 230Th, and 232Th in the supplements analyzed is a signi- 
ficantly lower risk of cancer due to their consumption and activities in the product. The study 
showed that both effective doses and cancer risks were low, and calcium and magnesium sup-
plements can be considered safe for human consumption.

Keywords: dietary supplements, calcium, magnesium, radionuclides, cancer risk 

Dagmara Strumińska-Parulska, PhD DSc, prof. UG, Faculty of Chemistry, University of 
Gdańsk, Wita Stwosza 63, 80-308 Gdańsk, Poland, e-mail: dagmara.struminska@ug.edu.pl,  
tel: +48 58 5235259, ORCID 0000-0001-7900-6517
* The source of funding is the Ministry of Education and Science 531-T030-D841-24.



680

INTRODUCTION

Heavy metal contamination of food products has recently become a sig-
nificant health concern. The toxic heavy metals of greatest concern are main-
ly cadmium, lead, and mercury (Trojanowski et al. 2010). However, dietary 
supplements can also contain other elements, including radioactive ones, and 
thus affect human health. Radioactivity was discovered over 100 years ago, 
while artificial radioactive contamination became a reality in July 1945.  
Nevertheless, radionuclides occur naturally and artificially in the environ-
ment, and ionizing radiation accompanies us throughout our lives. Natural 
radioactivity accounts for about 70% of the total effective dose received  
by populations from all available sources (natural and artificial ones) world-
wide, while in Poland, it is 75% (Jagielak et al. 1997). Therefore, the EU 
Council stated that the protection against natural radiation sources should 
be fully integrated within the requirements (Euratom 2013). Radiological 
monitoring is essential, although still underestimated in the scientific world 
compared to other contaminants, especially in food products. 

The radioactivity phenomenon is nuclear decay, a spontaneous decay, 
and transformation of unstable atomic nuclei with the emission of radiation 
(nuclear radiation) – L’Annunziata (2016). From the radio-toxicologist’s point 
of view, the most important nuclides are the medium- and long-living alpha- 
and next beta-radioactive isotopes (Strumińska-Parulska, Falandysz 2020). 
In alpha decay (α), an atomic nucleus produces an alpha particle and changes 
into a different atomic nucleus. Alpha particles interact with other atoms 
because of their large mass and low speed. The high mass and charge of  
alpha particles, compared to other forms of nuclear radiation, give them 
greater ionization power but the penetration depth is much smaller  
(L’Annunziata 2016). Beta (ß) particles are considered medium penetrating 
and ionizing compared to alpha emitters. However, some features are com-
mon to both beta and alpha radiation: continuous energy loss along their 
path, dissipation of ionizing energy, and excited atoms during their passage. 
Sufficient external intensity of alpha or beta-radiation can generate burns, 
like extreme sunburn. If alpha or beta emitters are ingested or inhaled, they 
can also damage internal cells and organs in several ways. This radiation 
can cause the early death of cells, prevent or delay cell division, alter cell 
properties, and pass these changes onto daughter cells. The hazard of  
cell damage is small at typical environmental levels of radiation or occupa-
tional radiation doses. Hence, late effects (stochastic) of lower doses are 
mostly precancerous mutations (Strumińska-Parulska et al. 2021). Thus,  
as particulate radiation, beta emitters play an essential role in internal  
exposure to radioactive elements (L’Annunziata 2016). Therefore, ingesting 
an alpha emitter and its access to human or animal internal organs could  
be of high concern if a food source is contaminated (Strumińska-Parulska, 
Falandysz 2020). 
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The most important sources of natural background radiation are potas-
sium 40K and the natural radioactive series of uranium 238U and thorium 
232Th, as these radionuclides are the main source of internal exposure enter-
ing the body with food and water. Among them, alpha particle emitters play 
the most significant role. They are highly radiotoxic to the body due to their 
strong ionization ability, and can be a source of high doses of radiation 
against cells or tissues locally in the body. Therefore, food and air are  
the most significant sources of internal radiation dose (UNSCEAR, 2000). 
The isotopes 210Po, 210Pb, 234U, 238U, 230Th, and 232Th occur naturally in nature 
and are therefore inherent in all components of the surrounding environ-
ment. Among them, only 210Pb is a beta-emitting nuclide (decay energy  
of 0.06 MeV), while the rest are alpha emitters with high decay ener- 
gies (4.08-5.32 MeV). The isotopes of uranium (234U, 238U) and thorium  
(230Th, 232Th) occur naturally on Earth in the form of chemical compounds; 
the concentration of uranium in the Earth’s crust is 1.8 ppm (e.g., in granite 
2-10 mg kg-1 of rock), while the concentration of thorium is about six times 
that of uranium at 12 ppm. 210Po and 210Pb are among the most radio- 
toxic nuclides, but their concentrations in uranium ores are relatively low 
(7.4x10-11 g 210Po / g 238U) – Keller et al. (2002). At present, natural  
210Po is thought to be one of the most hazardous radioisotopes; 10 000 times 
more toxic than hydrogen cyanide, and together with the botulinum toxin,  
it is one of the most poisonous substances ever known (Ansoborlo 2014). 

Calcium and magnesium are among the most essential elements in living 
organisms, especially vertebrates. An adult’s body contains about 1.2 kg  
of calcium, and 99% of this amount is found in bones and teeth. Conversely, 
magnesium accounts for about 0.05% of total body weight (22-35 g), 60%  
of which is in the skeleton. Dietary recommendations for adults’ daily calcium 
intake are 1 g, while magnesium’s recommended amount is 300-400 mg 
(Ross et al. 2011, Watson et al. 2013). Vitamin and mineral deficiencies are 
commonly observed due to changes in dietary habits. Calcium intake among 
Polish residents covers 58-60% of recommended values (Dybkowska et al. 
2004), and hypomagnesemia is also common (Ayuk, Gittoes 2014, Majewski, 
Kucharczyk 2018). Therefore, calcium and magnesium supplements, which 
many of us are familiar with, have become extremely popular and are the 
second most commonly taken group of dietary supplements available on the 
market (Suplindex 2017).

Nowadays, more and more attention is being paid to what we eat (Yoon, 
Choi 2023). We care about healthy food, but the average knowledge of its 
radiological effects needs to be improved, and their consequences should be 
considered. Previous studies have shown that calcium and magnesium sup-
plements can significantly source 210Po, 210Pb, 234U, 238U, 230Th, and 232Th  
in the daily diet. Therefore, this study aimed to evaluate the radiotoxicity  
of selected calcium and magnesium supplements for adults available on the 
Polish market by calculating the risk of cancer or cancer-related death and 
thus determining their radiological safety.
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MATERIALS AND METHODS

The study included 17 calcium supplements and 18 magnesium supple-
ments for adults available on the Polish market. The medicaments were 
purchased at a pharmacy, and the calcium supplement samples analyzed 
ranged in weight from 4 to 35 g and contained 375 to 6000 mg of pure Ca.  
In comparison, the magnesium supplement samples ranged in weight from 4 
to 31 g and had 17 to 375 mg of pure Mg (Table 1). 

Table 1
Characteristics of the analyzed calcium and magnesium supplements  

(list of supplement manufacturers available from the authors on request)

Sample ID Chemical form Ca / Mg content  
in 1 tablet (mg)

Ca1 calcium gluconate 45
Ca2 calcium lactate* 350
Ca3 calcium carbonate 500
Ca4 calcium pantothenate 15
Ca5 calcium carbonate* 300
Ca6 calcium diglycynate 280
Ca7 calcium carbonate (dolomite) 108
Ca8 calcium carbonate (mussel shells) 600
Ca9 calcium lactate* 180

Ca10 calcium carbonate* 300
Ca11 calcium carbonate 250
Ca12 calcium carbonate, 260
Ca13 calcium lactate* 500
Ca14 calcium carbonate 120
Ca15 mineral extract from fish 180
Ca16 calcium lactate* 400
Ca17 calcium carbonate (chalk) 500
Mg1 magnesium carbonate 300
Mg2 magnesium dioxide 375
Mg3 magnesium chloride 64
Mg4 magnesium carbonate 120
Mg5 magnesium dioxide 375
Mg6 magnesium heavy oxide 150
Mg7 magnesium lactate 51
Mg8 magnesium lactate 51
Mg9 magnesium citrate 60

Mg10 magnesium chelate 100
Mg11 magnesium chelate 94
Mg12 magnesium aspartate 17
Mg13 magnesium aspartate, mg carbonate 18
Mg14 magnesium aspartate 17
Mg15 magnesium aspartate 40
Mg16 magnesium dioxide (from the dead) sea) 375
Mg17 magnesium carbonate (dolomite) 64
Mg18 magnesium dioxide 56

* soluble
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Polonium was determined by its direct deposition on silver plates, and 
210Pb lead was determined indirectly. Uranium and thorium fractions were 
isolated and purified on ion-exchange resins, and measurement preparations 
were prepared by electrolysis. The activity of 210Po, 210Pb, 234U, 238U, 230Th,  
and 232Th isotopes was measured radiometrically on an alpha spectrometer 
(Strumińska-Parulska 2015, 2016a, b, 2017, Moniakowska et al. 2019,  
2022). Based on the previously obtained results of 210Po, 210Pb, 234U, 238U, 
230Th, and 232Th activity in supplements, the magnitude of the risk of cancer 
morbidity and mortality were calculated for a life expectancy of 50 years for 
an adult assuming that they take one tablet per day or the recommended 
value of daily intake (RDI) calcium (1000 mg) or magnesium (400 mg) using 
Equation 1.

R = A . cr . 50 . 365,
where: R –  risk of morbidity or mortality from cancer resulting from 

exposure to ionizing radiation emitted by the radioisotope;
A –  activity of radioisotope in 1 tablet or relative to the value 

of recommended daily intake (Bq);
cr –  conversion coefficient (cancer risk coefficient) for radioiso-

tope (Bq-1),
50 . 365 –  consumption of supplements for 50 years per day (365 

days per year).
The conversion coefficient values for determining cancer risk morbidity 

are 6.09x10-8 Bq-1 (210Po), 3.18x10-8 Bq-1 (210Pb), 2.58x10-9 Bq-1 (234U), 2.34x10-9 
Bq-1 (238U), 3.22x10-9 Bq-1 (230Th), 3.60x10-9 Bq-1 (232Th), while for the calcula-
tion of cancer risk mortality they take the value: 4.44x10-8 Bq-1 (210Po), 
2.31x10-8 Bq-1 (210Pb), 1.66x10-9 Bq-1 (234U), 1.51x10-9 Bq-1 (238U), 2.16x10-9 Bq-1 
(230Th), and 2.45x10-9 Bq-1 (232Th) – EPA (1999).

RESULTS AND DISCUSSION

Previous studies have shown that calcium and magnesium supplements 
can be a significant source of 210Po, 210Pb, 234U, 238U, 230Th, and 232Th for their 
consumers. Supplements of natural origin, mainly dolomite and chalk (sedi-
mentary rocks), which are the most considerable source of natural radionu-
clides, are the most important. The highest effective doses come from the 
decay of 210Po and 210Pb contained in calcium supplements and were estimated 
at 2.52 µSv year-1 and 1.19 µSv year-1 for the consumption of 1 tablet of the 
preparation per day (Strumińska-Parulska, 2015, 2016a). Magnesium supple-
ments also had the highest effective doses from the decay of 210Po and 210Pb, 
namely 1.35 µSv year-1 and 0.593 µSv year-1 (Strumińska-Parulska 2016b, 
2017). The content of uranium and thorium is much lower than polonium 
and radiolead. The values of effective doses resulting from the decay of these 
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isotopes contained in 1 tablet in earlier studies were calculated to be 246 and 
230 nSv year-1 for 234U and 238U, and 820 and 59.7 nSv year-1 for 230Th and 
232Th contained in calcium supplements. In contrast, the values of effective 
doses from the decay of uranium and thorium isotopes contained in magne-
sium supplements were estimated at 66.7 and 71.9 nSv year-1 for 234U and 
238U, and 310 and 39.1 nSv year-1 for 230Th and 232Th (Moniakowska et al. 
2019, 2022). The estimated values of effective doses appear low relative to 
the total annual effective dose. Still, a deeper analysis indicated that calcium 
and magnesium supplements might be the source of an additional 25% of the 
value of the dose received from the decay of 210Po and 10% of the dose  
derived from the decay of 210Pb ingested with food. When consumed with the 
supplements analyzed, 234U and 238U can increase the value of the received 
effective dose by nearly two times its content in the daily diet, while 230Th 
and 232Th can increase the value of the received effective dose by up to 9 times 
(Strumińska-Parulska 2015, 2016a, b, 2017, Moniakowska et al. 2019, 2022). 

Because of the significant effects of the radioisotopes 210Po, 210Pb, 234U, 
238U, 230Th, and 232Th present in calcium and magnesium supplements on the 
effective doses resulting from their decay, the magnitude of the risk of cancer 
or death from cancer was investigated for a life expectancy of 50 years for an 
adult assuming two scenarios that the consumers take either one supple-
ment tablet per day or the recommended value of the daily requirement 
(recommended daily intake) for calcium (1000 mg) or magnesium (400 mg). 
The pioneering results show that the risk values vary widely, with the high-
est calculated for 210Po and the lowest for 230Th and 232Th (Figures 1-4).

Risk of cancer morbidity
Suppose a consumer takes one tablet of a calcium supplement; the mag-

nitude of the risk of developing cancer due to consuming the 210Po ranges 
from 1.00x10-7 to 6.39x10-6. At the same time, for 210Pb, it varies from 
6.09x10-7 to 1.28x10-5, and when they wish to take the recommended daily 
intake, the risk increases to 3.21x10-5 for 210Po and 1.28x10-5 for 210Pb.  
The effect of the lower concentrations of 234U, 238U, 230Th, and 232Th in the 
supplements analyzed is a significantly lower risk of cancer due to their con-
sumption. If a single tablet of a calcium supplement is taken, the magnitude 
of the risk of disease as a result of consuming the 234U and 238U present there 
ranges from 1.29x10-8 to 6.48x10-7, while for 230Th and 232Th, it ranges from 
6.05x10-10 to 6.29x10-7. If the consumer wishes to take the recommended  
daily intake, the risk rises to 1.73x10-6 for 234U and 238U and 2.21x10-6 for 
230Th and 232Th (Figure 1).

Magnesium supplements have much lower activity concentrations of 
210Po, 210Pb, 234U, 238U, 230Th, and 232Th, and as a result, the risk associated 
with their consumption is also lower. If a single tablet of magnesium supple-
ment is taken, the magnitude of the risk of cancer-related death as a result 
of the 210Po content ranges from 9.00x10-8 to 3.42x10-6, while for 210Pb it ranges 
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from 6.11x10-8 to 8.67x10-6. In contrast, if the consumer wishes to take the 
recommended daily intake, the risk rises to 2.15x10-5 for 210Po and 8.67x10-6 
for 210Pb. Also, concerning magnesium supplements, radioisotopes 234U, 238U, 
230Th, and 232Th are present in them in much smaller amounts, resulting  
in a lower risk of death from cancer as a result of their consumption. If one 
tablet of a calcium supplement is taken, the magnitude of the risk of death 
as a result of consuming the 234U and 238U present there ranges from 1.35x10-9 
to 1.87x10-7, while for 230Th and 232Th, it ranges from 5.14x10-10 to 2.38x10-7. 
If the consumer wishes to take the recommended daily intake, the risk  
increases to 1.17x10-6 for 234U and 238U and 1.49x10-6 for 230Th and 232Th  
(Figure 2).

Risk of cancer mortality
Due to the lower conversion coefficients, the risk of cancer-related death 

is significantly lower. If one tablet of a calcium supplement is taken, the 
magnitude of the risk of cancer-related death from consuming the 210Po pres-
ent there ranges from 1.38x10-7 to 4.66x10-6, while for 210Pb it varies from 
4.64x10-8 to 1.99x10-6. In contrast, if the consumer wishes to take the recom-
mended daily intake, the risk rises to 2.34x10-5 for 210Po and 9.32x10-6  
for 210Pb. As in calcium supplements, the radioisotopes 234U, 238U, 230Th, and 
232Th are in much smaller amounts, resulting in a much lower risk of cancer 
death due to their consumption. If a single tablet of a calcium supplement  

Fig. 1. Cancer risk morbidity values due to intake of 210Po, 210Pb, 234U, 238U, 230Th,  
and 232Th over 50 years of life with calcium supplements consumed – 1 tablet per day  

and *RDI – recommended daily intake (1 g)
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is taken, the magnitude of the risk of death as a result of consuming the 234U 
and 238U present ranges from 8.33x10-9 to 1.13x10-7, while for 230Th and 232Th, 
it ranges from 2.50x10-9 to 4.17x10-7. If the consumer wishes to take the  
recommended daily intake, the risk rises to 1.05x10-6 for 234U and 238U and 
1.04x10-6 for 230Th and 232Th (Figure 3).

Magnesium supplements have much lower risk values associated with 
their consumption. If one tablet of a magnesium supplement is taken, the 
magnitude of the risk of cancer-related death as a result of the 210Po con-
tained ranges from 1.46x10-8 to 1.27x10-6, while for 210Pb it ranges from 
1.05x10-8 to 1.01x10-6. In contrast, if the consumer wishes to take the recom-
mended daily intake, the risk rises to 1.56x10-5 for 210Po and 6.30x10-6 for 
210Pb. Also, regarding magnesium supplements, the radioisotopes 234U, 238U, 
230Th, and 232Th are in much smaller amounts, resulting in a lower risk of 
cancer death due to their consumption. If one tablet of a calcium supplement 
is taken, the magnitude of the risk of death as a result of consuming the 234U 
and 238U present there ranges from 8.69x10-10 to 1.21x10-7, while for 230Th and 
232Th, it ranges from 5.84x10-10 to 1.60x10-7. If the consumer wishes to take 
the recommended daily intake, the risk rises to 7.54x10-7 for 234U and 238U 
and 1.13x10-6 for 230Th and 232Th (Figure 4).

The risk of cancer incidence or death associated with consumption of the 
calcium and magnesium supplements analyzed was calculated in the range 
of 10-5 to 10-10. The results are lower than the risk values obtained for 210Po 
and 210Pb in dietary supplements containing algae, which were determined  

Fig. 2. Cancer risk morbidity values due to intake of 210Po, 210Pb, 234U, 238U, 230Th,  
and 232Th over 50 years of life with magnesium supplements consumed – 1 tablet per day  

and *RDI – recommended daily intake (0.4 g)
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Fig. 3. Cancer risk mortality values due to intake of 210Po, 210Pb, 234U, 238U, 230Th,  
and 232Th over 50 years of life with calcium supplements consumed – 1 tablet per day  

and *RDI – recommended daily intake (1 g)

Fig. 4. Cancer risk mortality values due to intake of 210Po, 210Pb, 234U, 238U, 230Th,  
and 232Th over 50 years of life with magnesium supplements consumed – 1 tablet per day  

and *RDI – recommended daily intake (0.4 g)
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in the range of 10-4 to 10-8 (Zhang et al. 2023). Similar risk values, in the 
range of 10-4 to 10-5, were estimated for 210Po and 210Pb contained in wild me-
dicinal herbs from Poland and Ukraine (Moniakowska et al. 2023, 2024). 
Based on the data given by different authors (Pietrzak-Flis et al. 1997,  
Skwarzec et al. 2001a, b, c, 2003, 2004), it was possible to evaluate the risk 
of cancer or death from cancer caused by ionizing radiation from the decay  
of the studied radionuclides present in the total diet of Polish inhabitants  
or certain food products. According to the literature, the highest risk of  
developing cancer comes with 210Po presence in cigarettes at 2.13x10-4, while 
the risk of cancer-related death ranged 1.54x10-4 (Table 2).

The study showed that the obtained values for the risk of cancer or 
death caused by ionizing radiation from the decay of radioactive isotopes 
210Po, 210Pb, 234U, 238U, 230Th, and 232Th seem low. Some of the analyzed sup-
plements would cause a cancer risk at the level estimated for typical food 
products. However, most of them show much lower values of cancer morbi- 
dity or mortality hazard. Thus, the analyzed calcium and magnesium supple-
ments can be considered as safe products for human consumption.

Table 2
The radiation risk connected with the presence of 210Po, 210Pb, 234U, and 238U in Polish food, 

calculated based on available data 

Food product
Average cancer risk

Reference
morbidity mortality

Total diet Pietrzak-Flis et al. (1997)
210Po 1.33x10-4 9.72x10-5

210Pb 7.22x10-5 5.24x10-5

Drinking water Skwarzec et al. (2001a)
210Po 7.31x10-7 5.33x10-7

234U 1.84x10-8 1.19x10-7

238U 1.61x10-7 1.04x10-7

Mineral water Skwarzec et al. (2003)
210Po 1.22x10-5 8.88x10-6

234U 3.23x10-7 2.08x10-7

238U 2.93x10-7 1.89x10-7

Beer Skwarzec et al. (2004)
210Po 9.44x10-7 6.88x10-7

234U 3.48x10-8 2.24x10-8

238U 3.86x10-8 2.49x10-8

Cigarettes Skwarzec et al. 2001b, c
210Po 2.13x10-4 1.56x10-4
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CONCLUSIONS

The study aimed to evaluate the radiotoxicity of selected calcium and 
magnesium supplements for adults available on the Polish market by calcu-
lating the cancer risk morbidity and mortality and assessing their radiologi-
cal safety. The risk of cancer or death caused by ionizing radiation from  
the decay of radioactive isotopes 210Po, 210Pb, 234U, 238U, 230Th, and 232Th was 
calculated and ranged 10-5-10-10. The calcium and magnesium supplements 
analyzed in this study and dedicated for human consumption can be consi- 
dered as safe products from the radiation protection point of view.
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