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Is Polonium-210 a Good Indicator
for Anthropogenic Radioactivity?

Ali Younes,1 Cyrille Alliot,2,3 Marcel Mokili,4 and Gilles Montavon4

Anthropogenic radioactivity generated by nuclear or chemical events results in the liberation of quadrillions of
Becquerel and tons of materials to the environment. These events include nuclear accidents, nuclear weapon
experiments, and high levels of generated radioactive and chemical waste. 210Po is a high-energy a emitter that
presents in the environment at extremely low concentration. It is considered as one of the highly toxic elements
and is estimated to contribute about 7% of the total effective dose equivalent to humans from ingested natural
internal radiation. The assessment of 210Po activity/concentration in the environment could be used as an
indicator of the level of anthropogenic radioactivity. The 210Po concentration present in the most frequently sold
cigarette produced in Lebanon was assayed using a spectrometry after a radiochemical separation and spon-
taneous deposition of Po on a copper disk. Although the geographical nature of Lebanese land is an extension of
Syrian territory, the polonium activity concentration obtained is 8.8 times higher and attributable to the ex-
cessive use of phosphate fertilizers in agriculture. The individual committed effective dose was estimated to be
equal to 219– 17lSv/year of cigarette smoking.
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Introduction

The exposure of human beings to ionizing radiation from
natural sources is a continuing and inescapable feature

of life on earth. For most individuals, this exposure exceeds
that from all man-made sources combined. The major natural
background source contributors include: Radon gas, high-
energy cosmic ray particles which come from outer space and
their own sun (average dose in the United States is 0.3mSv/
year), and the terrestrial sources (30mSv/year in some areas in
Brazil and India). These terrestrial sources represent the ra-
dioactive nuclides that originated in the earth’s crust and are
present everywhere in the environment. These include radio-
nuclides with half-lives comparable to the age of earth and
their decay products. One of these long-lived radionuclides,
which is widely presented in the terrestrial environments, from
the decay of 238U, is 210Po (half-life of 138.376– 0.002).1
210Po is considered as one of the most highly toxic elements due
to its being a pure a emitter of high specific activity (166TBq/g),
with the main hazard associated with ingestion and inhalation.2

To illustrate this point, 1lg of 210Po emits asmany a particles per
second as 4.5mg of 226Ra, 262mg of 238Pu, or 446kg of 238U.

Tobacco can be considered as a good vector for radionu-
clide transfer to humans. It contains several toxic chemical
substances that are considered carcinogenic, in addition to
some radionuclides of natural origin.3,4 Tobacco leaves have
high affinity for polonium-210 and lead-210 radionuclides
through absorption from soil and can be inhaled with cigarette
smoke, due to its relatively high volatility at the temperature
(600�C and 800�C) of a burning cigarette.5 The carcinogenic
effect of 210Po as a promoter for lung cancer is a serious
problem in many countries with very high cigarette con-
sumption. Conceptually, cancer development goes through
three different phases, which are initiation, promotion, and
progression. The initiation phase could be described by the
modification in the DNA sequence in one cell, a change in
gene expression or rearrangement. This initiation phase is
mainly induced by an agent referred to as a promoter, for
example, ionizing radiation, which is generally of low carci-
nogenic activity when taken at low doses over short periods of
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time. However, the chronic exposure to the radiation emit-
ted from these radionuclides would trigger the initiation of
the carcinogenic process. Then, the malignant cells undergo
continuous mitotic division to produce tumors. Previous
investigations indicated that a radiation coming from vola-
tilization of 210Po in cigarettes might be a causative factor in
increasing incidence of lung cancer among cigarette smok-
ers.6–9 The polonium is present in the gaseous and particulate
phase of the smoke and accumulates in the bronchial epi-
thelium in the region of segmental bifurcations.10 The con-
centration of the accumulated polonium in the trachea, lobar
bronchi, and segmental bifurcation were evaluated to be 4.44,
7.03, and 166.5mBq/g, respectively.11

The main natural sources of polonium in cigarettes could
come from: (a) the gaseous 222Rn which can escape into the
environment from the earth’s crust and that return to the soil
after precipitation and can be absorbed by the tobacco plant,
and (b) the lengthy drying stage of the tobacco leaf that may
last from few months to 1 year which will allow for signifi-
cant growth of 210Po from 210Pb radioactive decay with
time.12 Another source representing the anthropogenic impact
includes the excessive usage of phosphate fertilizers,13–16 coal
or peat combustion,17 and the nuclear weapon use/testing.18

The concentrations of 210Po measured in cigarette to-
bacco in different countries were in the range of 2.8–37Bq/
kg. The variation is due to the different varieties of tobacco
used and different manufacturing procedures.7,19–22 Fur-
thermore, the geological nature of different countries where
tobacco is grown could explain the variation of 210Po con-
centration. Meanwhile, the anthropogenic radioactivity
contributes to the amount of polonium in the tobacco field
and thus its concentration in the product.

The aim of this study is to investigate whether the level of
polonium in tobacco could be a significant indicator of its
presence in the environment as a result of anthropogenic
radioactivity.

Materials and Methods

All chemicals were purchased from different commercial
sources and were of high purity. Commercially available
nitric acid (70%; Fisher), perchloric acid (70%; Fluka),
hydrochloric acid (35%, optima; Fisher), and copper foil
(chemical purity 99.999%, 25 · 25mm2, thickness 1mm;
Goodfellow) were used as received. All the solutions were
prepared using Milli-Q (18MO) water, and the experiment
was conducted at room temperature (22�C – 3�C). The ex-
perimental procedure was repeated in triplicate for repro-
ducibility, and the average and associated standard deviation
was reported.

Sample preparation

Four packs of freshly selected cigarettes corresponding to
72 g of tobacco were mixed. From the mixture, 17.9 g were
dried at 100�C for 2 h to reduce the water content and
achieve a constant mass. The cigarette content was trans-
ferred to a beaker, spiked with a mixture of 209Po and 208Po
standards as tracer to determine radiochemical yield. The
mixture was digested in a solution comprising of 200mL of
concentrated HNO3 (70%) and 10mL of HClO4 (70%). The
mixture was shaken for overnight at room temperature. The
volume of the acidic solution was reduced by gentle evap-

oration for 8 h at 120�C followed by reconstitution in 10mL
of HCl (37%). The final solution was diluted by the addition
of 190mL of water to have a concentration of 0.6M which
is suitable for spontaneous deposition (Fig. 1).

Plating of Po

The spontaneous deposition of polonium (210Po, 209Po, and
208Po) on the copper disk from the 0.6M HCl solution (con-
taining the digested cigarette) was accomplished by heating in
a water bath (75�C) with continuous stirring for 4 h. The disc
was rinsed with distilled water and dried at room temperature.

Alpha spectrometry

The activity of polonium was measured by an a spec-
trometry system consisting of a 24mm ruggedized surface
barrier detector connected to a 7401 VR Canberra spec-
trometer. The spectra were obtained by a TRUMP 8 K
multichannel buffer card on PC, and the efficiency of the
detector was determined by means of a multi-a surface
source calibration with geometry identical to the copper
sample disks and was found to be 32% (Fig. 2).

FIG. 1. Radiochemical separation of polonium-210 fol-
lowed by spontaneous deposition.
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Results and Discussion

210Po concentration in cigarette

The primary step in the assessment of 210Po activity con-
centration in an environmental sample is to transfer its total
activity from the sample to the solution. This could be
achieved by a total sample digestion. In their work, a
mixture of nitric acid and perchloric acid were used to
destroy the organic materials. The reconstitution into a
hydrochloric acid medium was performed to obtain the po-
lonium hydroxo-chloride species of Po(OH)2Cl2

23 which was

spontaneously deposited over the metallic disc. The total
recovery of polonium is followed using the radiotracers 208Po
and 209Po. Figure 2 illustrates the a spectrogram of polonium
deposition over copper disc. The global chemical yield of
210Po deposition, determined from 208Po and 209Po, was equal
to 69%. The average range of 210Po activity concentration in
this study is equal to 26– 2mBq per cigarette.

The polonium activity concentration obtained in the ex-
amined cigarette was compared with the values measured
elsewhere in the world and fell within the predictable range
(Fig. 3). Apparently, the world measured 210Po activity

FIG. 2. Alpha spectrogram
of polonium in a cigarette
tobacco sample, 208Po and
209Po were added as tracers
to determine radiochemical
yield.

FIG. 3. Polonium-210 ac-
tivity range in cigarettes from
different countries.
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concentration values between 2.8 and 37mBq per cigarette
and is varied with the cigarette brands. These data indicate
that 210Po concentration ranged from 2.96mBq per cigarette
in Syrian24 cigarettes and a maximum value of 36.80mBq per
cigarette in Indian cigarettes.25

210Po as indicator of anthropogenic radioactivity

Although the geographical nature of Lebanese land is an
extension of the Syrian territory, the polonium activity con-
centration obtained is 8.8 times higher.24 This difference
could be explained as a result of the anthropogenic radioac-
tivity during the last 30 years. These activities are represented
mainly by the increase in the phosphate fertilizer use in ag-
riculture. The main raw material for fertilizer production is
phosphate ore which contains different radionuclides such as
210Po. As with most Arab countries, Lebanon’s gross do-
mestic product depends on agriculture. The high use of fer-
tilizer in Lebanon is related to the irregular legislative control
of fertilizer handling and the lack of knowledge of its risks for
most Lebanese farmers. The rate of applied fertilizers in
Lebanon increased to 414 kg/ha in 2002 according to the
Food and Agriculture Organization and the United Nations
Economic and Social Commission for western Asia. Another
source is the phosphate fertilizer plants that have limited
environmental monitoring programs. These plants release
their waste into the surrounding aquatic environment. Pre-
vious authors investigated the environmental radioactive
pollution located in the Lebanese coastal zone. They reported
the presence of different radionuclides in seawater, sediment,
biota, and coastal samples near phosphate industrial plants.26

The phosphogypsum waste contains uranium decay chain
isotopes that could migrate from the marine environment and
be distributed in soil where tobacco is grown.

210Po dosimetry estimation

The analyzed cigarette brand represents the popular Leba-
nese cigarette produced from different Lebanese tobacco fields
and is one of the most frequently smoked cigarettes. Ac-
cording to the latest data by the World Health Organization—
United Nations, Lebanon has one of the highest smoking rates
in the world with 65% of 13–15-year-old boys considered as
smokers. The direct and indirect exposure to tobacco smoke is
considerably high. The total smoking rate in Lebanon is 31.9%
among adults. The rate goes up to 42.7% among men and
21.9% among women, meaning nearly half of adult males and
fifth of the adult females in Lebanon are smokers.

The mean individual committed effective dose of polo-
nium from inhalation depends mainly on two factors: the
cigarette smoke generated during the burning of the ciga-
rette and the average inhaled smoke quantity per year. The
mean individual committed effective dose from inhalation
(E) could be calculated using the following formula:

E ¼ F1 · F2 · K · G · C · t,

where

F1, the average transfer factor from the tobacco to smoke,
F2, the inhaled smoke per total smoke ratio
K, the inhalation dose conversion factor of 210Po (Sv/Bq)
G, the number of cigarettes smoked (cigarettes/d)

C, the concentration of 210Po in the Lebanese cigarette
(Bq/cigarette)
t, the duration of smoking (365 d).

For dose estimation, a consumption of 20 cigarettes per
day as the standard was used. The percentage of polonium
which gets into a cigarette smoke was reported in different
publications as 70%.21,27,28 The total inhalation of polonium
from smoke is assumed to be 50%, and the dose conversion
factor for adults was 3.3· 10-6 Sv/Bq.29,30 The estimated
individual committed effective dose was 219– 17lSv/year of
cigarette smoke. The acceptable committed effective dose for
a member of the public according to the International Atomic
Energy Agency, the International Commission on Radi-
ological Protection, and the European Law IAEA, ICPR must
not exceed 1mSv. Although the estimated committed effec-
tive dose reported in their study is lower than the international
regulation, the sum of total dose coming from natural or
anthropogenic sources and the dose reported in their work
would exceed the limitation value. For instance, the reported
estimated individual committed effective dose obtained from
the consumption of Lebanese fish alone varies between 17.2
and 1110lSv/year.31

The Lebanese ministry has estimated that at least 3000
tobacco-related deaths will occur each year in the population
of four and half million. The risks associated with cigarette
smoking are not only due to the presence of the toxic sub-
stances but also to radiogenic substance that are carcinogenic.
The carcinogenic effects are owed to the radiation dose ac-
cumulation from polonium which could be inhaled from the
cigarette smoking. In addition to smokers, the second-hand
smoke from tobacco sicken and kill nonsmokers. The second
hand smoke exposure increases the risk of lung cancer by
20%–30% and the risk of coronary heart disease in non-
smokers by 25%–30%.25 For instance, second-hand smoke
causes about 3400 lung cancer deaths and 46,000 heart dis-
ease deaths a year in countries like the United States.32

Conclusions

Cigarette smoking increases the internal intake of po-
lonium whose activity concentration varies according to
the origin of the cigarette. In this study, the polonium-210
activity concentration in the most sold Lebanese cigarette
was investigated, and the mean individual committed ef-
fective dose was evaluated. Their results show that 210Po
activity is equal to 26.0 – 2.0mBq per Lebanese cigarette.
This result was compared to the range reported in the lit-
erature. The 210Po concentration in the Lebanese cigarette
was found to be 8.8 times greater than Syrian cigarettes.
This is due to the unregulated use of fertilizers and an-
thropogenic radioactivity occurring during the last 30
years. The assay of polonium concentration in cigarette
could be used as an indicator of the range of anthropogenic
radioactivity. The individual committed effective dose was
calculated to be equal to 219 – 17 lSv/year of cigarette
smoking.

Acknowledgments

The authors thank the National Center of Scientific Re-
search (CNRS) and the Region Pays de la Loire for per-
forming this work.

4



Disclosure Statement

No competing financial interests exist.

References

1. NuDat Database Version 2.1. Online document at www-
nds.iaea.org/nudat2/index.jsp Accessed on June 2006.

2. Ansoborlo E, Berard P, Den Auwer C, et al. Review of
chemical and radiotoxicological properties of polonium for
internal contamination purposes. Chem Res Toxicol 2012;
25:1551.

3. Burns D. Cigarettes and cigarette smoking. Clin Chest Med
1991;12:631.

4. Martell EA. Radioactivity in cigarette smoke. N Engl J
Med 1982;307:309.

5. Singh DR, Nikelani SR. Measurement of polonium activity
in Indian tobacco. Health Phys 1976;31:393.

6. Kilthau GF. Cancer risk in relation to radioactivity in to-
bacco. Radiol Technol 1996;67:217.

7. Mussalo-Rauhamaa H, Jaakola T. 239Pu, 240Pu and 210Po
contents of tobacco and cigarette smoke Health Phys 1985;
49:296.

8. Takizawa Y, Zhang L, Zhao L. 210Pb and 210Po in tobacco-
with a special focus on estimating the doses of 210Po to
man. J Radioanal Nucl Chem 1994;182:119.

9. Radford EP, Hunt VR. Polonium-210: A volatile radioel-
ement in cigarettes. Science 1964;144:247.

10. Little JB, Radford EPJ, McCombs HL, et al. Distribution of
Polonium210 in pulmonary tissues of cigarette smokers. N
Engl J Med 1965;273:1343.

11. Little JB, Radford EP, Holtzman RB. Polonium-210 in
bronchial epithelium of cigarette smokers. Science 1967;
155:606.

12. Carvalho FP, Oliveira JM. Sequential extraction procedure
for determination of uranium, thorium, radium, lead and
polonium radionuclides by alpha spectrometry in environ-
mental samples. Czech J Phys 2006;56:545.

13. Burnett WC, Schultz MK, Hull CD. Radionuclide flow
during the conversion of phosphogypsum to ammonium
sulfate. J Environ Radioact 1996;32:33.

14. Nain M, Chauhan RP, Chakarvarti SK. Alpharadioactivity
in tobacco leaves: Effect of fertilizers. J Radiation Mea-
surements 2018;43(Suppl 1):515.

15. Santos MS, Azeredo A, Melo DR, et al. Determination of
alpha-emitters in Brazilian tobacco. In: Kiado A (ed.), 4th
International Conference on Low-Level Measurements of
Actinides and Long-Lived Radionuclides in Biological
and Environmental Samples. Rio De Janeiro, Brazil, 1992;
57.

16. Tso TC, Steffens GL, Ferri ES, et al. Agronomic factors
affecting polonium-210 and lead-210 levels in tobacco. I.
Soil and fertilizer. Agron J 1968;60:647.

17. Gaffney JS, Marley NA, Cunningham MM. Natural radio-
nuclides in fine aerosols in the Pittsburgh area. Atmos En-
viron 2004;38:3191.

18. Unscear. Sources, Effects and Risk of Ionizing Radiation.
New York: Scientific Committee on the Effects of Atomic
Radiation, United Nation, 1988.

19. Holtzman RB. Natural levels of lead-210, polonium-210
and radium-226 in humans and biota of the Arctic. Nature
1966;210:1094.

20. Karali T, Olmez S, Yener G. Study of spontaneous deposition
of 210Po on various metals and application for activity as-
sessment in cigarette smoke. Appl Radiat Isot 1996;47:409.

21. Skwarzec B, Ulatowski J, Struminska DI, et al. Inhalation
of 210Po and 210Pb from cigarette smoking in Poland. J
Environ Radioact 2001;57:221.

22. Watson AP. Polonium-210 and Lead-210 in food and to-
bacco products: Transfer parameters and normal exposure
and dose. Nucl Saf 1985;26:179.

23. Younes A, Alliot C, Mokili B, et al. Solvent extraction of
polonium(IV) with tributylphosphate (TBP). Solvent Extr
Ion Exch 2017;35:77.

24. Batarekh K, Teherani DK. Determination of polonium-210 in
cigarettes from Syria. J Radioanal Nucl Chem 1987;117:75.

25. U.S. Health & Human Services. The Health Consequences
of Involuntary Exposure to Tobacco Smoke: A Report of
the Surgeon General. Atlanta: U.S. Department of Health
and Human Services, Centers for Disease Control and
Prevention, Coordinating Center for Health Promotion,
National Center for Chronic Disease Prevention and Health
Promotion, Office on Smoking and Health, 2007.

26. El Samad O, Aoun M, Nsouli B, et al. Investigation of the
radiological impact on the coastal environment surrounding
a fertilizer plant. J Environ Radioact 2014;133:69.

27. Khater AEM. Polonium-210 budget in cigarettes. J Environ
Radioact 2004;71:33.

28. Desideri D, Meli A, Feduzi L, et al. 210Po and 210Pb inha-
lation by cigarette smoking in Italy. Health Phys 2007;92 58.

29. Council.Directive-1996. 96/29/Euratom of 13 May 1996
Laying Down Basic Safety Standards for the Protection of
the Health of Workers and the General Public Against the
Dangers Arising from Ionizing Radiation.

30. Council.Directive-2013. 2013/59/Euratomof 5December 2013
LayingDownBasic Safety Standards for ProtectionAgainst the
Dangers Arising from Exposure to Ionising Radiation, and
Repealing Directives 89/618/Euratom, 90/641/Euratom, 96/29/
Euratom, 97/43/Euratom and 2003/122/Euratom.

31. Aoun M, El Samad O, Bou Khozam R, et al. Assessment of
committed effective dose due to the ingestion of 210Po and
210Pb in consumed Lebanese fish affected by a phosphate
fertilizer plant. J Environ Radioact 2015;140(Suppl C):25.

32. WHO. The Global Tobacco Epidemic, Fresh and Alive.
MPOWER. Geneva: WHO, 2008.

5

www-nds.iaea.org/nudat2/index.jsp
www-nds.iaea.org/nudat2/index.jsp

