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Abstract
Poles are the leaders in Europe in terms of the amount of salt consumed per day. Table salt is the 
most frequently used spice and is essential for the proper functioning of the body. However, its 
excessive consumption may have adverse effects on human health. The Word Health Organization 
(WHO) informs that the leading cause of premature deaths in the European region of WHO is the 
cardiovascular disease. This is why medicine is increasingly recommending the use of low-sodium 
salt, which contains a reduced content of sodium and an increased content of potassium because 
it is essential for the proper functioning of the brain, cells and for proper work of muscles. There 
is no information in the literature on the concentration of natural radioactive isotopes present 
in sodium-reduced salts used as a  substitute for table salt. Therefore the aim of this study was 
establishing the concentration of natural radioactive isotopes in salt samples with low sodium 
content available in retail sale on the Polish market and widely used in Polish households. In 
these salt samples analysed was the concentration of natural radioactive isotopes like radium, 
thorium and potassium with use of Mazar type gamma radiation spectrometer connected with 
a scintillation probe NaI (Tl). Concentration of 226Ra and 232Th isotopes in the tested salt samples 
with reduced sodium content amounted to below the background level of determination, and the 
40K content was within the limits 3386–5794 Bq∙kg-1. Additionally on the basis of the established 
concentration of natural radioactive isotopes, the annual loading effective dose was calculated for 
women and men classified to the group of adults from the point of view radiological protection. 
The effective dose limit of 1 mSv∙y-1 was not exceeded for any test subject consuming reduced 
sodium salts.. The obtained results were compared with reported data from other countries 
available in the literature.

Keywords: salt substitute with low content of sodium (LSSS), ionizing radiation, Mazar spectrometer, 
annual committed absorbed dose 
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1. Introduction

Poland is a leader in Europe in terms of table salt consumption, which is used as an 
additive to many dishes and is an component of different food products like pasta 
(2.8–4.1g·100g -1), pizza (7-12.8 g  ·100g -1), kebab (4.0–8.4 g·100g -1), and many 
others (Surma et al., 2021; Surma, Szyndler et al., 2020; Surma, Romańczyk et al., 
2020). The main composition of salt is chlorine anion and soda anion (Jaworska, 
Siepak, 2018). A diet poor in sodium (mainly chlorine sodium) and in potassium 
leads to blood pressure development, and this can be a  cause to heart attack, 
stroke or other cardiovascular diseases. The latest data presented in the WHO 
Report (WHO, 2024) shows that heart diseases are the leading cause of premature 
death in the European region WHO, which covers 53 countries – mainly from 
Europe but also partly from Asia. These diseases are responsible for 42.5% of all 
deaths, i.e. 10  000 a  day. The dependency between table salt consumption and 
blood pressure was presented in papers of various authors (Meneton et al., 2005; 
Stolarz-Skrzypek & Kawecka-Jaszcz, 2009). According to them the decrease of salt 
consumption of about 6 g per day causes for instance a reduction of stroke risk 
by 30% and ischemic heart disease by 25% (Czerwińska & Czerniawska, 2007). 
In order to reduce the risk of chronic diseases WHO recommends reducing salt 
consumption to the level in which daily sodium intake by an adult is not higher 
than 2000 mg, and potassium – not lower than 3510 mg (WHO, 2012). One of 
the possibilities of lowering the mean sodium consumption of the population is 
the use of salt substitutes with low sodium content (LSSS), which contain a lower 
concentration of sodium as an effect of its replacement by potassium or other 
minerals. Using LSSS salt containing potassium may also be beneficial in reducing 
sodium consumption and at the same time increasing potassium intake (Zhang 
et al., 2023). The research of Brand et al. (2022) has shown that as compared 
with normal salt, LSSS salt causes an increase in potassium content in blood of 
ca. 0.12 mmol∙l-1 and a decrease of systolic and diastolic blood pressure average 
of ca. 2.43 and 4.76  mmHg. However, despite the advantage in lowering blood 
pressure, the use of LSSS salts may also cause hyperkalaemia, as well as affecting 
increased doses of ionising radiation from the potassium isotope 40K. The average 
concentration of natural radioactive isotopes 226Ra and 40K in food products 
are within the range of 0.01–1.16 Bq∙kg-1 and 45.9–649.0 Bq∙kg-1, respectively 
(IAEA, 2002). On average, the global population receives a  total radiation dose 
of ca. 0.27 mSv each year due to radionuclides of natural origin in the diet (EC 
JRC, 2019). In the case of salt substitutes, sodium chlorine is most frequently 
replaced by potassium chloride, which can cause an increase of loading dose of 
effective ionizing radiation originated from the potassium isotope. Therefore the 
authors of this paper decided to assess the natural radioactive isotope of radium 
(226Ra), thorium (232Th) and potassium (40K) in salt substitutes given that they are 
becoming increasingly popular on the Polish market. Based on the determined 
concentrations of natural radioactive isotopes, the annual absorbed dose for each 
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from the tested salt substitute was calculated. The results of natural radioactive 
isotopes concentration in the tested samples were compared with research results 
of other authors.

2. Materials and methodology

2.1. Sample collection 

A total of seven salt samples were purchased from a local supermarket in Poland. 
Information of the salt samples and their chemical composition according to 
information placed on the packaging labels are given in Table 1. 

Table 1. Detailed information about the salt samples evaluated in the present study

Sample 
code

Type  
of salt Description of salt

Chemical composition
Iodine

µg∙100g-1
Potassium
mg∙100g-1 

S1 sea salt iodized salt with reduced content  
of sodium

2313 15714

S2 iodized salt iodized salt with reduced content  
of sodium

2100 12500

S3 iodized salt iodized salt with reduced content  
of sodium

2300 12500

S4 iodized salt iodized salt with reduced content  
of sodium

2300 13000

S5 iodized salt salt with reduced content of sodium  
with addition of potassium 

2300 13100

S6 iodized salt salt with reduced content of sodium  
with addition of potassium

2313 15714

S7 iodized salt salt with reduced content of sodium  
with addition of potassium

2400 13600

2.2. Sample preparation and measurement

Samples were dried at a temperature 105°C for 24 hours to obtain dry mass and 
then sieved through sieves with a  fraction of 2 mm. After such preparation the 
samples were then placed in the Marinelli type measuring container of a 1.7 dm3 
volume, and then concentrated using a shaker. The containers were filled in such 
a way that the tested material was 5 mm below its upper edge. After packaging and 
weighing, the samples were hermetically closed. Additionally the containers were 
wrapped with PCV tape to avoid the losses of 222Rn, which is a volatile product of 
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226Ra decay (Instytut Techniki Budowlanej, 2010). The measurement time of each 
sample was 60 000 s. Limit of quantification of the method for samples with very 
low activity at time of measure of 60 000 s, amounted to 20 Bq∙kg-1, 2 Bq∙kg-1 and 
2 Bq∙kg-1 for 40K, 226Ra and 232Th, respectively. Samples prepared in this way were 
left for 4 weeks to establish the radioactive balance between 226Ra and 214Bi as well 
as 232Th and 208Tl. Measurements were performed 3 times for each sample in the 
same measurement geometry, and the obtained results are an arithmetic mean of 
three measurements.

Samples of salt substitutes were tested in a  three-channel gamma-ray 
spectrometer Mazar type connected to the scintillation probe NaI(T1) “2x2”.
The measuring set consists of a  scintillation detector with crystal Nal(Tl), with 
dimensions of 75x75 mm and a resolution of 7.5 (for gamma ray 662 keV) and 
a spectrometric track. The spectrometric track is composed with a high voltage 
power supply, an amplifier, three single-channel analyser and three conversion 
factors. The detector was placed in a protective housing built of lead bricks and 
additional covers of cadmium, copper and iron to minimize background radiation. 
As a  result of the measurement, the following three numbers were obtained 
corresponding to counts in potassium, radium and thorium channels. In each of 
these channels a  signal was recorded (counts number) with radiation intensity 
originating from an isotope. To assume the concentration of natural isotopes of 
40K, 226Ra and 232Th, gamma radiation lines were analysed originating from 40K, 214Bi 
and 208Tl isotopes in the three measurement ranges. Table 2 presents information 
on particular measurement channels. 

Table 2. Ranges of energy and measurement channels (Kurek et al., 2023; Lewicka et al., 
2022)

Name of the canal Isotope Energy
Range of energy

from to
Potassium (K) 40K 1.46 MeV 1.26 MeV 1.65 MeV
Radium (U) 214Bi 1.76 MeV 1.65 MeV 2.30 MeV
Thorium (Th) 208Tl 2.40 MeV 2.30 MeV 2.85 MeV

Calibration of the detector efficiency was based on measurements of three 
volume calibration standards: 40K, 226Ra and 232Th and on a measurement of the 
standard matrix as a background measurement. Ten calibration indexes needed 
to assess the radiation contents of potassium 40K, 226Ra radium and thorium 232Th 
were calculated using the matrix method (ITB, 2010; Kurek et al., 2023; Lewicka 
et al., 2022).
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3. Results and discussion

3.1. Concentration of 226Ra, 232Th and 40K 

Table 3 presents results of the natural concentration of radioactive isotopes in 
tested samples of table salt substitutes. An analysis of the study results allows the 
observation that the concentrations of radium and thorium isotopes are below the 
level of determination. The concentration of potassium isotope for studied samples 
was within the range from 3386 Bq∙kg-1 for sample S7 to 5794 Bq∙kg-1 for sample 
S1, whereas the mean value of 40K concentration for all tested samples amounted 
to 4359 Bq∙kg-1. The highest value of 40K activity concentration refers to hyposodic 
iodized salt characterized by low sodium, high potassium chloride and potassium 
iodate total content.

Table 3. Concentrations of natural radiative isotopes in the tested samples of table salt 
substitutes 

Sample code
Concentration of natural isotopes (Bq∙kg-1)

226Ra 232Th 40K
S1   BDL* BDL 5794 ± 308
S2 BDL BDL 3996 ± 220
S3 BDL BDL 4456 ± 242
S4 BDL BDL 3621 ± 201
S5 BDL BDL 3826 ± 212
S6 BDL BDL 5436 ± 290
S7 BDL BDL 3386 ± 190
MIN - - 3386
MAX - - 5794
Mean±SD - - 4359 ± 925

*below detection limit (BDL)

The obtained results of natural radioactive isotope concentrations of salt 
substitute samples were compared to the results of different salt types studies 
(i.e. rock salt, Himalayan salt, salt from the Dead Sea, etc.) achieved by the other 
authors (Table 4). 
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Table 4. Comparison of radioactivity concentrations for various types of salt from present 
work and published data

Country Type  
of salt

Investigated 
sample

Concentration of isotopes (Bq∙kg-1)
Source

226Ra 232Th 40K
Malaysia processed table salt 3.49±0.09 1.26±0.33 45.61±0.94 (Abdul Sani  

et al., 2022)
Cyprus Cyprus 

black
table salt - - 1760±160 (Caridi et al., 

2019)
England processed sea salt BDL* BDL 1490.00±0.12 (Caridi et al., 

2019)
Himalayas processed table salt - - 890±70 (Caridi et al., 

2019)
Italy hyposodic 

iodized
table salt - - 12100±1100 (Caridi et al., 

2019)
Egypt natural table salt 14.54±0.02 5.95±0.05 4.25±0.05 (El-Bahi, 2003)
Dubai processed table salt BDL BDL 782.4018 (Hameed et al., 

2016)
Iran processed table salt BDL BDL 5204.00 (Hameed et al., 

2016)
Turkey processed table salt 5.56 11.73 292.717 (Hameed et al., 

2016)
Jordan processed Dead Sea 

salt
2.00±1.00 9.00±5.00 82.00±57.00 (Shaltout, et al., 

2017)
Pakistan natural rock salt 0.79±0.26 0.64±0.16 23.00±6.00 (Tahir, Alaamer, 

2008)
Cyprus processed table salt 9.00±0.91 4.23±0.96 63.46± 4.11 (Zeynep, Tufan, 

2017)
Iran processed table salt 11.34±1.31 3.90±0.41 3152.30±21.61 (Zeynep, Tufan, 

2017)
Italy processed table salt 7.31±0.96 4.08±1.00 61.09±4.92 (Zeynep, Tufan, 

2017)
Poland 
(Kłodawa)

natural rock salt BDL BDL 66±23 present study

*below detection limit (BDL)

Comparing the obtained results of salt substitutes to results of other authors 
it was found that the mean concentration 40K for 7 tested samples amounted 
4359±925 Bq∙kg-1 and is lower than its concentration in the salt originating from 
Iran, i.e. 5204.00 Bq∙kg-1. Higher 40K concentrations in relation to tested samples of 
salt substitutes are presented in scientific papers (Tahir & Alaamer, 2008; Zeynep & 
Tufan, 2017; El-Bahi, 2003; Shaltout et al., 2017; Caridi et al., 2019; Hameed et al., 
2016; Abdul Sani et al., 2022) and the values of 40K concentrations in them are lower 
in relation to the tested salt substitutes. Additionally, in this paper an assessment was 
made of the concentration of rock salt extracted from the Polish mine in Kłodawa. 
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In the case of this rock salt sample, the concentration of radium and thorium 
isotopes was below the level of determination. Meanwhile the mean concentration 
of 40K was comparable to samples originating from Cyprus and Italy (Zeynep, 
Tufan, 2017). The mean concentrations of radium and thorium isotopes for salt 
samples determined by scientific studies are within the range of 0.79–14.54 Bq∙kg-1  
and 0.64–9.00 Bq∙kg-1 , respectively. The highest concentration of the 226Ra isotope 
was determined for the natural rock salt sample originating from Egypt, i.e. 
14.54±0.02 Bq∙kg-1, and the lowest measurable concentration of 226Ra was found 
for a salt sample from Pakistan, which was on the level 0.64 Bq∙kg-1. The values 
of radium and thorium concentrations were below natural level of radioactive 
background, i.e. below level of determination for samples originated from Great 
Britain, Iran and the United Arab Emirates. The concentration of 40K isotope in 
salt substitutes with a  low content of sodium is higher than in the case of rock 
salts, Himalaya salts and iodine salts because sodium cation is replaced by the 
potassium cation. Additionally, the authors of this paper assessed the correlation 
coefficient (r) between the concentration of iodine and potassium and radioactive 
concentration of 40K in the studied samples of salt substitutes. Values of correlation 
coefficients have been shown in the Table 5. Based on the determined coefficients 
it is possible to observe a positive correlation between concentration of K and 40K.

Table 5. Correlation coefficients (r) between concentration of potassium and iodine and 
content of 40K in studied samples of salt substitutes 

Variables
Concentration

40K I K
40K 1
I 0.0158 1
K 0.8092 0.3717 1

3.2. Annual committed effective dose for food 

For the assessment of human exposure to ionising radiation from oral absorption 
of specific radionuclides, the annual committed effective dose is determined from 
equation (1) (Caridi et al., 2019)
 C R FD A I D= ⋅ ⋅  (1) 
where:
D [Sv∙y-1] – annual committed effective dose for food salt ingestion;
AC [Bq∙kg-1] – activity concentration of radionuclides in the ingested salt;
IR [kg∙y-1] – annual intake of salt;
DF [Sv∙Bq-1] – dose conversion factor taken from IAEA (ICRP, 1996)
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Table 6 presented values of conversion coefficients for natural radioactive 
isotopes of radium, thorium and potassium supplied to organisms by oral route. 
The evaluation of human health risk stemming from ingestion of investigated 
samples for age categories lower than 17 years was not performed, because for the 
age category of less than 24 months, the ingestion of food salt is not recommended, 
and for the age category between 24 months and 17 years, the daily intake depends 
on the child needs (Caridi et al., 2019). 

Table 6. Dose conversion factor (DF) for 226Ra, 232Th and 40K (ICRP,1996)

Isotope DF [Sv∙Bq-1]
Adult ≥ 17 years

226Ra 2.8∙10-7

232Th 2.3∙10-7

40K 6.2∙10-9

The average salt intake by women in Poland is 10 g per a day, and by men 13.3 g 
per day (Surma et al., 2021), which suggests that women consume 3.650 kg and men 
4.855 kg of salt every year. With the use of equation (1) the annual committed dose 
effective for adults was calculated with a division by gender in regard to different 
annual amount of consumed salt. Table 7 presents results of calculations of annual 
committed effective dose received by adults due to low sodium salt consumption. 

Table 7. Annual committed effective dose for adults (women and men) originating from 
intake of natural radioactive isotopes by oral route

Sample code
Annual committed effective dose [mSv∙y-1]

Woman (Age ≥ 17 years) Man (Age ≥ 17 years)
S1 0.131±0.007 0.174±0.009
S2 0.090±0.005 0.120±0.007
S3 0.101±0.005 0.134±0.007
S4 0.082±0.005 0.109±0.006
S5 0.087±0.005 0.115±0.006
S6 0.123±0.007 0.164±0.009
S7 0.077±0.004 0.103±0.006

MIN 0.077 0.103
MAX 0.131 0.174

Mean ± SD 0.099±0.008 0.131±0.010
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The average annual committed effective dose received in effect of table salt 
substitute consumption amounts to 0.099±0.008 mSv∙y-1 and 0.131±0.010 mSv∙y-1, 
for women and men, respectively. While according to data presented in the Report 
of UNSCEAR 2000 the mean annual committed effective dose received globally by 
the general population in the effect of natural radioactive nuclides consumption 
amounts to 0.29 mSv∙y-1 (Charles, 2001). Consequently, consumption of food salt 
substitute as a spice is a source of 34 and 45% of total annual committed effective 
dose originating from natural radionuclides respectively for women and men, 
which is the oral intake to the body. In this calculation unprocessed food products 
like tomatoes, bananas, nuts and others which also contain high concentration of 
isotope 40K have not been taken into consideration. Therefore, the consumption 
of a  food salt substitute as a  condiment makes a  significant contribution 
(i.e. 34% for women and 45% for men) to the total annual effective dose from 
natural radionuclides entering the body via the oral route. v The low sodium salt 
recommended by doctors contains potassium that helps blood pressure regulation, 
and is frequently enriched in iodine, essential for proper thyroid function but on 
the other hand it contains a much higher concentration of 40K than the other types 
of salt. Therefore it should be used in limited quantity so as not to expose people to 
additional doses of ionizing radiation.

Conclusions

The aim of this paper was to assess the concentration of natural radioactive 
isotopes of radium, thorium and potassium in seven samples of food salt with 
a decreased content of sodium. There is a lack of information on this subject in the 
literature and in the Polish bibliography. Our research was performed on a Mazar 
type gamma radiation spectrometer, connected with a scintillation probe NaI(Tl). 
Values of 226Ra and 232Th isotope concentrations for all samples were lower than 
the detection level. On the other hand, the concentrations of isotope 40K contained 
in the range 3386–5794 Bq∙kg-1. The average concentration of potassium 40K in 
the Earth crust amounts 400 Bq∙kg-1,which suggests that its content in tested salt 
samples with decreased sodium quantity is increased. For the studied samples 
additional calculations were carried out of the loading effective dose to which 
adults are exposed in a  division into women and men. The obtained annual 
committed effective dose is under the allowable level (1 mSv∙y-1) (ICRP, 1996) for 
all investigated samples and therefore there is no risk of ionizing radiation effects 
on humans. Data generated in this study will provide baseline values of annual 
committed effective dose stemming from ingestion of natural radionuclides in salt 
samples. The data may also prove to be helpful in assessing the effective radiation 
doses from naturally occurring radionuclides received by the population from the 
intake of salt samples. 
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