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The level of 210Po in eight brands of cigarettes and four
brands of bidis popular in and around Nagercoil town
was determined to evaluate the annual effective dose.
The 210Po activity in a full cigarette ranged from
32.8 ± 3.6 to 68.4 ± 5.9 mBq and from 34.3 ± 3.5 to
62.9 ± 5.8 mBq in a bidi. In tobacco, the highest 210Po
content was recorded in the brand C4 (23.0 ±
1.2 mBq) whereas for bidis it was the highest in the
brand B2 (21.1 ± 1.1 mBq). The activity in mainstream
varied from 15.2 ± 0.75 to 36.8 ± 2.1 mBq in a cigarette
and from 20.7 ± 3.1 to 39.8 ± 4.0 mBq in a bidi. With
regard to 210Po activity concentration, not much specificity was noted with respect to the tobacco brand. The
data showed a relatively wide range of activity concentration of 210Po in the different cigarette/bidi brands
and even within the same brand. The bidis showed a
higher activity when compared to cigarettes. The popular brands concentrated more activity than the fine
brands. Smokers who smoke one pack (10 cigarettes/
bidis) per day may inhale about 100–300 mBq d–1
(0.1–0.3 Bq d–1) of 210Po. In this study, radiation dose
values in the range of 153.5–372.9 μSv Y–1 from cigarettes and from 209.2 to 402.7 μSv Y–1 from bidis was
estimated for the whole body.
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TOBACCO is obtained by drying and processing the leaves
of Nicotiana tabacum and Nicotiana rustica. Tobacco
owes its activity to the alkaloid nicotine; its dual sedative
and stimulating action provides a specific feeling of wellbeing to the smoker. But the constituents of tobacco are
harmful to the health of the consumer, leading to a high
risk of, among other things, cancer and cardiovascular
disease. In India, one-fifth (19%) of tobacco consumed is
in the form of cigarettes1. Over half of all tobacco consumed is smoked as bidis (54%) and about one-fourth of
tobacco consumption is in the smokeless form (27%).
Bidis are sold 7–8 times more than cigarettes2. It has been
estimated that more than a 100 million people smoke
bidis, about 25 million smoke cigarettes, and the number
of smokeless tobacco users is fairly close to the total
number of smokers1,3. Tobacco contains minute quantities
of radioactive isotopes from the uranium- and thoriumseries (210Pb, 210Po and 226Ra) that are carcinogenic and
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could be found in smoke from burning tobacco. The longterm effects of radionuclide intake in the human body are
important from the radiochemical and radiological points
of view. With regard to internal exposure to humans,
210
Po is one of the most radiotoxic nuclides4. The maximum permissible human body burden for ingested 210Po
is only 1.1–10.3 Bq and the maximum allowable concentration for soluble polonium compounds in air is about
0.74 Bq m3 (ref. 5). The main sources of 210Po (and also
210
Pb) are food and tobacco smoke6–8. The concentrations
of 210Po measured in cigarette tobacco were in the range
of 2.8–37 Bq kg–1 and varied with the cigarette brands,
likely due to the different varieties of tobacco used and
different manufacturing procedures7,9–12. On an average,
approximately 50% of the 210Po in cigarette tobacco is
transferred to the smoke, 35% remains in the butt and
approximately 15% is found in the ash6. People who intentionally or passively inhale tobacco smoke are exposed to
higher concentrations of radioactivity than non-smokers.
Deposits of radioactive isotopes in the lungs of smokers
that are delivered to sensitive tissues for a long periods of
time generate localized radiation exposures and may
induce cancer both alone and synergistically with nonradioactive carcinogens. Inhalation of some naturally
occurring radionuclides via smoking has been considered
to be one of the most significant causes of lung cancer.
Finally, most of the 210Po and 210Pb sublimates from
tobacco to smokers’ lungs. The study of 210Po and 210Pb
contents of tobacco has assumed great importance
because of the increase in the incidence of lung cancer
amongst smokers10,13,14. More recently, additional reviews and evaluations by the Environmental Protection
Agency and others have led to the conclusion that the
highly carcinogenic alpha-particles from 210Po have a
major synergistic effect with the chemical carcinogens in
cigarette smoke, causing the lifetime risk of lung cancer
in smokers to be increased by a factor of more than 8,
compared with non-smokers. In the United States, more
than 160,000 people (44% women) died of lung cancer
during 2008 and of these, an estimated 85–90% (i.e.
140,000) deaths were caused by cigarettes15. Based on
this scenario, the level of 210Po in different brands of
tobacco products popular around Nagercoil town was
determined to estimate the effective dose via smoking.
Three packets (in triplicate) each of Indian-made fine
branded cigarettes and four brands of country-made cigarettes (bidis) were bought from local shops at Nagercoil
town, Kanyakumari district. Fifteen samples were selected
randomly from each packet, out of which five samples
were analysed individually for 210Po in different parts of the
cigarettes, i.e. tobacco, wrapping paper and mainstream.
Five samples were analysed as a whole and the other five
samples were allowed to be smoked by volunteers to
collect the ash and post-smoking filter/butt.
The samples were transferred to beakers and digested
using HNO3 : HCl and evaporated to near dryness on a
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Table 1.

210

Po activity (mBq per cigarette) in different brands of cigarettes and bidis

Brands

Whole
cigarettes

Tobacco

Wrapping
paper

Mainstream

Ash

Post smoking
filter/butt

Smoke

Cigarettes
C1
C2
C3
C4
C5
C6
C7
C8

41.0 ± 4.1
50.0 ± 4.5
34.9 ± 3.7
46.9 ± 4.6
47.6 ± 4.9
32.8 ± 3.6
43.5 ± 4.3
68.4 ± 5.9

12.1 ± 0.56
18.8 ± 0.88
8.8 ± 0.4
23.0 ± 1.2
8.4 ± 0.43
12.7 ± 0.57
14.4 ± 0.71
20.2 ± 1.1

3.4 ± 0.15
3.0 ± 0.16
6.3 ± 0.33
4.1 ± 0.26
3.9 ± 0.29
2.5 ± 0.1
4.2 ± 0.23
4.1 ± 0.25

15.2 ± 0.75
36.8 ± 2.1
18.5 ± 1.9
24.9 ± 1.9
28.2 ± 2.1
16.6 ± 0.81
28.6 ± 1.8
20.0 ± 2.0

4.3 ± 0.17
4.4 ± 0.2
4.5 ± 0.25
6.2 ± 0.31
3.6 ± 0.17
5.7 ± 0.19
3.7 ± 0.14
3.2 ± 0.12

1.3 ± 0.11
2.9 ± 0.19
2.2 ± 0.17
1.0 ± 0.10
1.8 ± 0.14
1.5 ± 0.15
0.8 ± 0.10
1.7 ± 0.15

10.8 ± 0.45
32.4 ± 1.5
14.0 ± 0.70
18.7 ± 0.6
24.5 ± 1.2
10.9 ± 0.52
24.9 ± 1.2
16.8 ± 0.56

Bidis
B1
B2
B3
B4

34.3 ± 3.5
48.9 ± 4.9
62.9 ± 5.8
50.8 ± 5.1

19.2 ± 0.98
21.1 ± 1.1
13.9 ± 0.67
16.0 ± 0.85

4.4 ± 0.28
3.7 ± 0.18
5.2 ± 0.36
4.5 ± 0.29

20.7 ± 3.1
29.8 ± 3.8
39.8 ± 4.0
35.1 ± 3.6

2.7 ± 0.12
3.2 ± 0.14
5.7 ± 0.15
2.7 ± 0.11

1.6 ± 0.13
2.5 ± 0.18
1.8 ± 0.16
1.0 ± 0.10

18.0 ± 0.9
26.7 ± 0.6
34.0 ± 1.7
32.4 ± 1.6

hot plate at a temperature of about 80–90°C. The sample
residue was treated with two portions of 10 ml of conc.
HCl and evaporated to near dryness, until a white residue
was obtained. Finally, the samples were dissolved in
100 ml of 0.5 M HCl and polonium was spontaneously
plated from the solution at the temperature of 70–80°C on
a rotating silver planchet16. After complete plating, the
planchet was taken out, rinsed with distilled water, acetonedried and kept in an alpha counting system for 6000 s to
measure the activity. The activity was determined using a
radiation counting system (Nucleonix, RC 605 A) with an
alpha probe of ZnS solid scintillation detector having a
minimum detectable limit (MDL) of 0.31 mBq g–1. 241Am
(Americium-241), with an activity of 12.6 dps (disintegration per second), was used as the standard source for
calibration of the instrument, with an average counting
efficiency of 32.14%. 208Po tracer yielded a recovery of
98 ± 2%. The activity in cigarettes was reported as
mBq per cigarette (in (g) dry wt).
For quality assurance, 208Po tracer obtained from
National Physical Laboratory, UK was added to the sample before digestion. The recovery was to the tune of
98 ± 2%. Analytical quality control measurements were
regularly performed through running blank samples and
intercomparison at Environmental Survey Laboratory,
Health Physics Division, BARC established at Kudankulam and also with reference material (IAEA-375 sediment). The intercomparison showed an error <2% with a
similar type of alpha counter.
The average activity concentrations of 210Po in eight
brands of cigarettes and four brands of bidis are presented
in Table 1 and Figure 1. In a full cigarette, the activity
ranged from 32.8 ± 3.6 mBq in brand C6 to 68.4 ± 5.9
mBq in brand C8. In a full bidi, the activity varied between 34.3 ± 3.5 mBq for brand B1 and 62.9 ± 5.8 mBq
for brand B3. In tobacco, the highest 210Po content was
recorded in the brand C4 (23.0 ± 1.2 mBq). In other brands,
the activity ranged from 8.4 ± 0.43 to 20.2 ± 1.1 mBq.
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Among bidis, the activity was the highest in the brand B2
(21.1 ± 1.1 mBq). In cigarettes, the level of 210Po in the
wrapping paper varied between 2.5 ± 0.1 and 6.3 ±
0.33 mBq. In bidis, it ranged from 3.7 ± 0.18 to 5.2 ±
0.36 mBq. The 210Po activity in the mainstream of cigarettes and bidis ranged from 15.2 ± 0.75 to 36.8 ± 2.1 mBq
and 20.7 ± 3.1 to 39.8 ± 4.0 mBq respectively. In cigarette ash, the lowest activity was recorded in the brand C8
and the highest in brand C4. In the post-smoking
filter/butt, the activity ranged from 0.8 ± 0.10 to 2.9 ±
0.19 mBq for cigarettes and 1.0 ± 0.10 to 2.5 ± 0.18 mBq
for bidis. Higher 210Po was observed in the smoke of the
cigarette brand C2 (32.4 ± 1.5 mBq) and the bidi B3
(34.0 ± 1.7 mBq). The 210Po content in the bidi samples
was higher compared to that in cigarettes. The tobacco
contained in cigarettes may be fried during processing
and there is a chance of sublimation of 210Po. There is no
chance for sublimation in the case of bidis, and hence the
higher concentration of 210Po in bidis than in cigarettes.
The presented data show a relatively wide range of activity concentration of 210Po in the different cigarette brands
and even within the same brand. The popular brands concentrated more 210Po than the fine brands. The percentage
contribution of 210Po in different parts of cigarettes is
shown in Figure 2. All the cigarette brands examined,
except C1 and C2, are filter-tipped. The risk associated
with cigarette smoking is not only due to the high concentration of toxic substances, but also due to the poor
efficiency of the filters, which do not sufficiently reduce
the quantities of carcinogenic substances present in the
smoke. Volatilization of polonium was evidenced by the
low 210Po activity measured in cigarette ash as compared
with that measured in unburned cigarettes. The 210Po content in the ash was quite low for most of the analysed
brands, ranging from 3.2 ± 0.14 mBq in C8 to 6.2 ±
0.31 mBq in C4. The marked difference in the 210Po content in the ash in comparison with its content in tobacco
is due to the different tobacco-burning temperatures of
CURRENT SCIENCE, VOL. 98, NO. 5, 10 MARCH 2010
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Figure 1.
Table 2.

210

210

Po activity in different parts of cigarettes/bidis.

Po activity in cigarettes from different countries

Country
Canada27
China28,29
Egypt22,27
England27
Finland2,27
France27
Germany27,30
Hungary23
Czechoslovakia31
Brazil31
Bulgaria31
Italy21
Japan27,29,32

New Zealand33
Norway27
Philippines27
Poland12
Russia27
Saudi Arabia22
Turkey11
United States27,30,34

India31
Present study
Worldwide range31

No. of brands
measured
2
1
12
1
10
7
2
8
1
3
1
29
–
–
–
17
4
12
8
8
1
1
14
1
5
6
4
1
8
–
8
–

210
Po range/mean
(mBq per cigarette)

8
13
18–29
14
10–22
9–23
10–12
8–14
23
15–22
19
10–33
11.7
16.9
14.0
7–17
17–33
12–28
10–15
9–17
9
11
4–24
14
5–22
13–16
14–18
12
14–22
3.3
15.2–36.8
4.0–23.2
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Figure 2.

210

Po content (%) in different parts of cigarettes.

smoking (between 500°C and 700°C), which cause 210Po
to sublime into the smoke which is inhaled by the
smoker17. On an average, about 7% of the total polonium
in the cigarette tobacco is retained in the cigarette filter
and ash (Figure 3). About 51% of the polonium content in
the cigarette tobacco was contained in the cigarette
smoke, which is partially inhaled and deposited in lung
tissues. The polonium activity in cigarettes and bidis
was comparable with values recorded in other countries
(Table 2).
Long-term tobacco storage, before production and sale
of cigarettes (often over 2 years), cause the 210Po and
210
Pb present in the tobacco to exist practically in radioactive equilibrium and the activities of the analysed
radionuclides to be equal at the time of smoking18–20.
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Table 3.

Inhalation and effective dose due to 210Po via smoking different brands of cigarettes and bidis
210

Po activity
(Bq Cig–1)

Inhalation
(Bq d–1)

Inhalation
(Bq y–1)

Effective dose
(μSv d–1)

Effective dose
(μSv y–1)

Cigarettes
C1
C2
C3
C4
C5
C6
C7
C8

0.015
0.037
0.018
0.025
0.028
0.017
0.029
0.020

0.1
0.3
0.1
0.2
0.2
0.1
0.2
0.2

41.5
100.8
50.6
68.1
77.1
45.4
78.3
54.8

0.4
1.0
0.5
0.7
0.8
0.5
0.8
0.6

153.5
372.9
187.2
252.1
285.2
168.0
289.8
202.8

Bidis
B1
B2
B3
B4

0.021
0.030
0.040
0.035

0.2
0.2
0.3
0.3

56.5
81.6
108.8
96.0

0.6
0.8
1.1
1.0

209.2
302.0
402.7
355.2

Brand

210

Figure 3.
smoke.

210

Po activity content (%) and transfer from mainstream to

Po activity in the total smoke was found to be 51%
(Figure 3). Many authors11,12,21,22 have reported a range of
67–75% of 210Po in the smoke. Some authors23,24 have
reported that 33–37% of the 210Po will be inhaled.
According to these results, and assuming that 50% of the
total smoke is inhaled, the daily inhalation of 210Po by
smokers was calculated and the results are presented in
Table 3. Smokers who smoke one pack (10 cigarettes/
bidis) per day may inhale about 100–300 mBq d–1 (0.1–
0.3 Bq d–1) of 210Po. Smokers who smoke 10 cigarettes/
bidis a day would inhale about 41.5–108.8 Bq Y–1 of 210Po.
This is possible because a large number of smokers
smoke two or sometimes more packs of cheap cigarettes.
These results indicate that cigarettes are an important
source of 210Po to smokers. The daily inhalation of 210Po
by smokers is on an average about 30 times higher than
the daily inhalation of atmospheric 210Po by non-smokers.
A similar relationship was observed in the Portuguese
population19. The inhalation of 210Po from cigarette
smoke in Nagercoil is appreciably comparable with that
in other areas6,7,9,19,25 and is similar to that in Turkey11.
The percentage contribution of different categories of
cigarettes to the annual inhalation (Bq Y–1) is shown in
Figure 4.
Assuming that 50% of the total smoke is inhaled12, the
daily inhalation of 210Po was calculated. The dose conversion factor for adults was 3.7 μSv Bq–1 for 210Po (ref. 28).
The committed annual effective dose contribution to
smokers, considering the 210Po concentration, was calculated using the following formula:
E = F1 × F2 × K × G × C × t,

Figure 4. Inhalation and effective dose due to
brands of cigarettes.
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210

Po (%) in different

where E is the committed effective dose from inhalation
(μSv), F1 the average transfer factor from tobacco to
smoke (1.5), F2 the inhaled smoke per total smoke ratio
(0.5), K the inhalation dose conversion factor of 210Po
CURRENT SCIENCE, VOL. 98, NO. 5, 10 MARCH 2010
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Figure 5.

Inhalation and effective dose due to 210Po in cigarettes.

(3.7 μSv Bq–1), G the number of cigarettes smoked (10
cigarettes day–1), C the concentration of 210Po (Bq per
cigarette) and t the duration of smoking (365 days).
Based on the daily inhalation of 210Po from cigarette
smoke, the average annual effective dose estimated for
adult smokers is given in Table 3. The values of the
annual effective dose for smokers who smoke one pack
of cigarettes/bidis per day ranged from 153.5 to
402.7 μSv Y–1 (Figure 5). But for persons who smoke one
pack of a brand of cigarette with higher 210Po concentration (C2 and B3) per day, the annual effective dose was
significantly higher (372.9 and 402.7 μSv). In this study,
a radiation dose of 402.7 μSv was calculated for the
whole body, but in the smokers’ lungs it would be much
higher. Singh and Nikelani13 estimated a daily radiation
dose to the bronchial epithelium of 240 mSv for persons
who smoke 30 cigarettes per day. Cigarette smoking and
the connected inhalation of radionuclides, dioxins, nicotine and polycyclic aromatic hydrocarbons (PAH) are
probably the reasons for the high incidence of cancers in
lungs, oesophagus, larynx and other organs of the respiratory system principally amongst smokers26. It has been
reported that 210Po preferentially gets deposited in the
bronchial epithelium and would contribute an estimated
annual dose of 160 mSv to lungs. Even so, due to some
losses during processing of the sample, the estimated
dose rate was thought to be lower than that actually
received. The contribution of cigarette categories to the
annual effective dose is shown in Figure 5. The higher
210
Po activity reported in the present study relative to the
cigarettes of other countries demonstrates that in India,
smoking is a large source of 210Po intake.
Cigarette smoking increases the internal intake of 210Po
which is contained in cigarette tobacco in relatively high
CURRENT SCIENCE, VOL. 98, NO. 5, 10 MARCH 2010

concentrations. Polonium-210 inhaled and deposited in
the lung tissues will contribute to an increase in the internal radiation dose and in the number of lung cancer incidences observed among smokers. The results of 210Po
activity determinations indicate that bidis and cigarettes
are comparable to the values reported in other countries.
Inhalation of cigarette smoke increases the lung exposure
to 210Po by about 30 times, when compared to atmospheric polonium12. However, the contributions of cigarette smoke to the total 210Po absorbed by the internal
tissues will be higher when compared with the radionuclide intake from the diet. For persons who smoke the
most popular cigarette brands containing higher radionuclide concentrations, the effective dose will be much
higher than the intake through food and water.
1. Panchamukhi, P. R., Woolery, T. and Nayantara, S. N., Economics
of bidis in India. In Bidi Smoking and Public Health (eds Gupta,
P. C. and Asma, S.), Ministry of Health and Family Welfare, Government of India, 2008, pp. 167–195; http://www.whoindia.org/
LinkFiles/Tobacco_Free_Initiative_bidi_and_public_health.pdf
2. World Tobacco (WTF), World Tobacco File, Redhill Survey,
Market Tracking International Ltd, 2001, vol. II, 4th edition, pp.
550–571.
3. Rahman, M., Sakamoto, J. and Fukui, T., Calculation of population attributable risk for bidi smoking and oral cancer in South
Asia. Prev. Med., 2005, 40, 510–514.
4. McDonald, P., Fowler, S. W., HeYaud, M. and Baxter, M. S.,
Polonium-210 in mussels and its implications for environmental
alpha-autoradiography. J. Environ. Radioact., 1986, 3, 293–303.
5. Weast, R. C. and Astle, M. J. (eds), Handbook of Chemistry and
Physics, The Chemical Rubber Company Press Inc, Boca Raton,
FL, 1982, 62nd edn.
6. Parfenov, Y. D., Polonium-210 in the environment and in the
human organism. Atom. Ener. Rev., 1974, 12, 75–143.
7. Holtzman, R. B., Natural levels of lead-210, polonium-210 and
radium-226 in humans and biota of the arctic. Nature, 1966, 210,
1094–1097.
685

RESEARCH COMMUNICATIONS
8. UNSCEAR, United Nations Scientific Committee on the Effects
of Atomic Radiation. Ionizing Radiation: Sources and Effects.
United Nations, New York, 1982.
9. Mussealo-Rauhamaa, H. and Jaakkola, T., 239Pu, 240Pu and 210Po
contents of tobacco and cigarette smoke. Health Phys., 1985, 49,
296–301.
10. Watson, A. P., Polonium-210 and lead-210 in food and tobacco
products: transfer parameters and normal exposure and dose. Nucl.
Saf., 1985, 26, 179–191.
11. Karali, T., Olmez, S. and Yener, G., Study of spontaneous deposition of 210Po on various metals and application for activity assessment in cigarette smoke. Appl. Radiat. Isot., 1996, 47, 409–411.
12. Skwarzec, B., Ulatowski, J., Struminska, D. I. and Borylo, A.,
Inhalation of 210Po and 210Pb from cigarette smoking in Poland.
J. Environ. Radioact., 2001, 57, 221–230.
13. Singh, D. R. and Nikelani, S. R., Measurement of polonium activity in Indian tobacco. Health Phys., 1976, 31, 393–394.
14. Martell, E. A., Radioactivity in cigarettes smoke. N. Engl. J. Med.
Correspond., 1982, 307, 309–313.
15. Moeller, D., 210Po in cigarettes – a needless source of radiation
exposure. Health Phys., 2009, 97(1), S26.
16. HASL-300 Manual. Polonium in water and urine Po-01-RC
[online]. USDOE Environmental Measurements Laboratory, Washington, DC, 1997; http://www.ernl.st.dhs.gov/publications/procman
17. Martell, E. A., Tobacco radioactivity and cancer in smokers. Am.
Sci., 1975, 63, 404.
18. Godoy, J. M., Gouvea, M. D. R. and Azeredo, A. M. G.,
226
Ra/210Po/210Pb equilibrium in tobacco leaves. Radiat. Protect.
Dosim., 1992, 45, 289–300.
19. Carvalho, F. P., 210Po and 210Pb intake by the Portuguese population: the concentration of seafood in the dietary intake of 210Po and
210
Pb. Health Phys., 1995, 69, 469–480.
20. Yaprak, G. and Uysal, B. Determination of low level 210Pb in
tobacco. J. Radioanal. Nucl. Chem., 1998, 229, 153–155.
21. Desideri, D., Meli, M. A., Feduzi, L. and Rosell, C., 210Po and
210
Pb inhalation by cigarette smoking in Italy. Health Phys., 2007,
92, 58–63.
22. Khater, A. E. M., Polonium-210 budget in cigarettes. J. Environ.
Radioact., 2004, 71, 33–41.
23. Kovacs, T., Somlai, J., Nagy, K. and Szeiler, G., 210Po and 210Pb
concentration of cigarettes traded in Hungary and their estimated
dose contribution due to smoking. Radiat. Meas., 2007, 42, 1737–
1741.
24. Savidou, A., Kehagia, K. and Eleftheriadis, K., Concentration
levels of Pb-210 and Po-210 in dry tobacco leaves in Greece. J.
Environ. Radioact., 2006, 85, 94–102.
25. Spencer, H., Holtzman, R. B., Kramer, L. and Ilcewicz, H., Metabolic balances of Pb-210 and Po-210 at natural levels. Radiat.
Res., 1977, 69, 166–184.
26. Zatonski, W., Rozwo´ j sytuacji zdrowotnej w Polsce po roku
1988, Centrum Onkologii – Instytut im. Marii SkłodowskiejCurie, Zakład Epidemiologii i Prewencji Nowotworo´ w,
Warszawa, 1996.
27. Black, S. C. and Bretthauer, E. W., Polonium-210 in tobacco.
Radiol. Health Data Rep., 1968, 9, 145–152.
28. Schayer, S., Nowak, B., Wang, Y., Qu, Q. and Cohen, B., 210Po
and 210Pb activity in Chinese Cigarettes. Health Phys., 2009, 96,
543–549.
29. Takizawa, Y., Zhang, L. and Zhao, L., 210Pb in tobacco – with a
special focus on estimating the doses of 210Po to man. J. Radioanal. Nucl. Chem., 1994, 182, 119–125.
30. Rajewsky, B. and Stahlhofen, W., Polonium-210 activity in the
lungs of cigarette smokers. Nature, 1966, 209, 1312–1313.
31. Khater, A. E. M. and Al-Sewaidan, H. A. I., Polonium-210 in
cigarette tobacco. Int. J. Low Radiation, 2006, 3(2/3), 224–233.
32. Okabayashi, H., Suzuki-Yasumoto, M., Hongo, S. and Watanabe,
S., On the evaluation of 210Po bioassay for uranium mine workers
686

in Japan for the personal exposure index to radon daughters. J.
Radiat. Res., 1975, 16, 142–151.
33. Gregory, L. P., Polonium-210 in leaf tobacco from four countries.
Science, 1965, 150, 74–76.
34. Radford, E. P. and Hunt, V. R., Polonium-210: a volatile radioelement in cigarettes. Science, 1964, 143, 247–249.

ACKNOWLEDGEMENT. We thank the Board of Research in
Nuclear Sciences (BRNS), Department of Atomic Energy for providing
financial assistance.

Received 20 July 2009; revised accepted 5 February 2010

Artificial seed production from
encapsulated PLBs regenerated from
leaf base of Vanda coerulea Grifft.
ex. Lindl. – an endangered orchid
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Artificial seeds were produced from encapsulated protocorm-like bodies (PLBs) obtained from six-monthold axenic leaf explants of Vanda coerulea Griff. ex.
Lindl. The percentage of germination of encapsulated
PLBs was influenced by the concentrations of sodium
alginate and calcium chloride (CaCl2⋅2H2O) used. It
was found that among the different concentrations
tested, 3% sodium alginate and exposure to 100 mM
CaCl2⋅2H2O solution for 30 min produced firm, clear,
round and uniform optimal beads which were suitable
for handling. It was also observed that PLBs obtained
from optimization of encapsulation matrix showed the
highest percentage of germination (94.9%) when
beads were innoculated immediately after formation.
Encapsulated PLBs stored at 4°C retain their viability
up to 100 days. The findings suggest that the encapsulation method for PLB obtained from leaf explants of
V. coerulea can be useful as an alternative tool for
conservation of this endangered species.
Keywords: Encapsulation, ecorehabilitation, in vitro,
protocorm-like bodies.
THE production of synthetic seeds in orchids is useful
since orchids produce tiny and non-endospermic seeds.
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