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Introduction 

 The extremely harmful carcinogen effect of smoking is well known. Besides other 

chemical agents, the radionuclide content of the tobacco is  not negligible either1. Among the 

radioactive isotopes in tobacco, 210Po is one of the most remarkable, because at the lighting 

temperature of a cigarette 210Po compounds are volatile enough to go with the smoke to the 

respiratory tract.  

The other important isotope is 210Pb being the mother element of 210Po, thus 

continuously produces its daughter2. 

The fact that these radionuclides can enrich in the tobacco leaves has been emphasised 

by several authors assuming that the big surface of the leaves (caused by the special leaf-

hairs)3 and the long growing time of the plant (long absorption period for the isotopes) could 

be the explanation4, 5. 

 Considering the incidence and the harmful effect of smoking, it is a serious endemic. 

Consequently, it is important to determine the concentrations of 210Po and 210Pb in the 

different kinds of cigarettes. According to surveys, 36-39% of the adult population and 18-22 

% of the youngsters under 18 smoke6. 

Adults smoking regularly have 16 cigarettes daily on average but a high number of 

people smokes more than 40 per day.  

 Because the tobacco of the cigarettes sold in Hungary are domestically grown; the aim 

of our investigations was to determine the concentrations of 210Po and 210Pb in the tobacco 

plants coming from the different areas of Hungary. 

Additionally, soil samples and phosphor fertilisers as the potential sources of these 

radionuclides were also investigated.  
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Special attention was given to the tobacco grown at a tailing pond of a former uranium 

mine under remediation and the plants grown nearby. One of the biggest tobacco plants is 

situated there. 

 

Materials and methods 

 Sampling 

 The 210Pb- and 210Po activity concentration was investigated in tobacco leaves, root, 

stem, soil, and the most popular phosphate fertilisers. The tobacco samples were collected 

from tobacco plants situated in different regions of Hungary including a place close to a 

remediated uranium mine. The soil samples came from the same places and the phosphate 

fertilisers were collected from 5 different companies. The tobacco samples were collected in 

2002; we have none from 2003 yet.  

 

 Leaching of 210Po from phosphate fertilisers: 

 The solubility of phosphate fertilisers in citrate and water were measured. The 

fertiliser samples were dried at 110ºC for 24 hours then 5g were put into 250 cm3 2,6 mol/L 

ammonium citrate solution and de-ionized water, respectively. After 1, 6 and 24 hours of 

continuous stirring, the sample was filtered. The 210Po concentration was determined from the 

solution. 

 
 Determination of 210Po concentration: 

 A known amount of 208Po tracer was given to 2g of dried sample, then 3x20 ml cc 

HNO3 was added. Afterwards it was almost boiled down and with 3x30 ml cc HCl the boiling 

process was continued in order to give away the nitrates. (In the case of soil samples first 

3x30 ml HF boiling down was executed with continuous stirring.) 

 The source preparation was carried out by spontaneous deposition on acid resistant 

plate with high Ni content2, 7, 8. 

 
 Determination of 210Pb concentration: 

 Following the determination of 210Po concentration the solution was stored for 6 

months then the 210Po was measured again as described above. Using this result the 210Pb 

concentration was calculated by the ModelMaker software.  

 

 Equipment 
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 The measurement of 210Po was carried out with alpha-spectrometry array formed by 

three chambers (Tennelec TC256, Eurisys Mesures 7184 and Canberra Model 7401) working 

in parallel. Each chamber had a Passivated Implanted Planar Silicon (PIPS) detector with 

resolution 19 keV (Eurisys Mesures), using an Oxford Tennelec PCA Multiport Analyzer and 

Oxford Tennelec DMR108A Multiplexer. 

 

Results and discussion 

 

Table. 1.  

The 210Po concentration of cigarette samples and the consequent effective doses  

Sample 
210Po 

act./spear 
[mBq] 

Eff. 
doses 
[mSv] 

Sample 
210Po 

act./spear 
[mBq] 

Eff. 
doses 
[mSv] 

Sample 
210Po 

act./spear 
[mBq] 

Eff. 
dose 

[mSv] 
A11 30.8 0.16 A24 43.2 0.22 B22 15.4 0.08 
A12 30.5 0.15 A25 39.8 0.20 B23 12.1 0.06 
A13 33.3 0.17 A31 51.3 0.26 B24 18.8 0.09 
A14 33.5 0.17 A32 50.0 0.25 C11 26.4 0.13 
A15 31.5 0.16 A33 53.7 0.27 C12 38.7 0.19 
A16 30.6 0.15 B11 31.3 0.16 C13 32.5 0.16 
A17 32.1 0.16 B12 33.8 0.17 C14 34.0 0.17 
A21 40.0 0.20 B13 32.8 0.16 C15 29.9 0.15 
A22 40.0 0.20 B14 33.5 0.17 C16 28.9 0.14 
A23 42.3 0.21 B21 13.2 0.07 - - - 

 

In Table 1. A, B, and C mean the tobacco company, the first number after the letters 

means the brand of the cigarette and the second one the type (ex. lights, ultra lights). It can be 

seen that the 210Po concentration is the same in the case of a given brand and is not affected 

by the tar and nicotine content 9. 

Here can be seen the assessed dose contribution as well. At the calculation 4.3·10-06 

Sv/Bq dose conversion factor10 and 20% of the whole 210Po depositing in the lung11 with 16 

cigarettes per day was considered. The assessed annual effective dose due to regular smoking 

is between 0.07 and 0.26 mSv, which can present a relatively considerable exposure. In the 

case of smoking two boxes per day it can reach 0.68 mSv/year. 

Figure 1. presents 210Po (7-195 mBq/g) and 210Pb (4-32 mBq/g) activity concentrations of 

different parts of tobaccos grown in Hungary. 

 It can be seen that the 210Po concentrations are between 7-195 mBq/g and 4-32 mBq/g 

for 210Pb. These results are similar to the ones measured in other countries. The exception was 

the tobacco grown at the remediated tailing pond where the 210Po concentration measured in 
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the leaves was 1500 mBq/g and 784 mBq/g in the soil. Figure 1. also shows that the leaves 

contain the highest amount of 210Po and 210Pb, presumably due to the aerosol deposition on 

the big surface. The radionuclide concentration of the samples came from areas where the soil 

radionuclide concentration is also high. (Sample 3 came from a plant close to an uranium 

mine). 

 The measurements show that the 210Po and 210Pb concentrations of the tobaccos and 

cigarettes do not differ considerably.  
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Fig. 1. The 210Po and 210Pb act. conc. of different 

parts of tobaccos 
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Fig.2. Leaching of 210Po from phosphate fertilizers 

in ammonium citrate medium 

 

 

 According to some authors, the high concentrations of these two radionuclides are due 

to phosphate fertilisers. Therefore, the 210Po concentrations of the phosphate fertilisers 

available in Hungary and the chemical form of these radionuclides, namely, how can the 

plants built them in, were also investigated. 

Figure 2 shows the leaching of polonium from phosphate fertilisers in ammonium 

citrate medium. The 5 samples come from different factories. It can be seen that the leaching 

of 210Po depends on the time considerably. 

 There was no detectable result leaching in de-ionized water. 

 

Conclusion 

 The 210Po and 210Pb concentrations of the investigated tobaccos and cigarettes do not 

differ considerably, so during the cigarette making process the concentration of these 

radionuclides does not change to a great extent. 
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The 210Po concentrations of the phosphate fertilizers available in Hungary were not 

found extremely high in either case. The (210Po 72-1498 mBq/g, 210Pb 313-985) 

concentrations of the tobacco grown at the experiment plant situated at a former uranium 

mine (waste hip) were high, as expected. This territory is not available for agricultural 

purposes. Our results also indicate that it is reasonable. 

The samples from the totally covered (remediated) tailing pond are under 

investigation. 
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