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Abstract: Problem statement: Forest fires are especially frequent around thelideanean Sea
basin in the summer period and might be able teass naturally-occurring and man-made
radionuclides from plant biomass and inject theta the atmosphere. The impact of this radioactivity
on populations was not investigated befotgproach: Radionuclide analysis was performed in
plants, in smoke from plant burning and in cigaretinoke to determine radionuclide concentrations
by alpha spectrometriResults: Concentrations of*®Pb and®*%o in trees such as olive trees, showed
low concentrations in roots, trunk and leaves amgomtranslocation of radionuclides from the root
to aerial parts. Soil to plant transfer ratios 6Po and®%b in several plants were in the range
from 10* to 10% Radionuclides from atmospheric depositions mayabeumulated in plants by
foliar uptake and for’’°Pb this seems the main pathway, with plant aeriitsp displaying
2% 0f%b ratios around 0.1, which is similar to the raidide ratios determined in atmospheric
depositions. Experimental burning of wood from saVéree species showed enhanced radionuclide
concentrations in smoke compared to plant materlaigestigation o*%Po release from tobacco
leaves used in cigarettes, showed especially erldanoncentrations of this radionuclide in the
cigarette smoke particle€onclusion: Radionuclide concentrations in cigarette smokeosgpthe
lung tissues of regular smokers to high concemmnatiof“%Po that were considered carcinogenic.
Although radionuclide concentrations in other psaabalyzed were generally lower than in tobacco,
globally the radionuclide activity in the plant biass is elevated. Inhaled smoke particles from
forest fires are likely to contribute to enhancadiation doses in the human lung.
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INTRODUCTION Artificial radionuclides were dispersed worldwide,
especially after the nuclear weapon tests in the
Naturally-occurring and artificial radionuclidesea  atmosphere during the 1950s and 60s and after the
present in the vegetation cover as elsewhere in thehernobyl nuclear accident in 1986. Following the
Planet (Eisenbud and Gesell, 1997; UNSCEAR, 20(_)B)injection of radioactive particles into the atmosgh
Nat_ural _radlonuclldes,_ such as those of the uraniUnhe  radioactive atmospheric fallout added artificia
_ra_dloa_lctlve decay series, are absorb_ed from smﬂs_ @ adionuclides. such as¥Cs and 2%%by to the
irrigation water by root uptake and incorporatetbin ' '
plant structures (IAEA, 2009; Carvalte al., 2009).

Some natural radionuclides such as the radon dergght . di i dol h .
2%} and?!%Po may be absorbed also from surface aifncorPorated in soils and plants, can human pojouiat

by foliar uptake. Their concentrations in plantsidia P& €xposed to these radionuclides? The answersto th
been extensively monitored in regions of normal andluestion is of the utmost importance to the ragimti
high radioactive background around the world ardrth safety of human populations, in particular whenhhig
contribution through the ingestion pathway to theradioactivity surface deposits do exist such aseha
internal radiation dose in humans has been assessbifraine and Belorussia near the Chernobyl area
(UNSCEAR, 2000; 2008; 2009). (UNSCEAR, 2008).
Corresponding Author: Fernando P. Carvalho, Department of Radiologicatéetion and Nuclear Safety,

Nuclear and Technological Institute, E.N. 10, 26863 Sacavem, Portugal

1

vegetation cover and surface soils in many regimis
the globe. Once deposited on the Earth surface and
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Periodic atmospheric radioactivity monitoring silicon detectors. Radiochemical procedures andaalp
performed at several western European countriespectrometry detection techniques were validatetl an
detected™®’Cs peaks in surface air in the summer ofdescribed in detail elsewhere (Oliveira and Camwalh
2002 and afterwards (Massat al., 2008). In the 2006; Carvalho and Oliveira, 2007).
absence of known accidental radioactivity releages, Results are given in Bq Kgand wet to dry ratios
was interpreted as re-suspension by summer firéiseof are given to allow conversion of units.
137cs from Chernobyl accident deposited in Ukraine
and Belorussia forests and soils (Amibal., 1996; RESULTSAND DISCUSSION
Paateroet al., 2009). Besides the artificial*'Cs,
vegetation also contains the common naturally-  Analyses of?*%Pb and?%Po, for example in olive
occurring radionuclides such as those of uraniugh antrees, showed their presence in roots, tree trumk a
thorium decay series. In Europe, forest and veigeiat leaves, although the translocation of radionucliiem
fires are very frequent in summer, particularlyuam@®  the root to aerial parts seems to occur in a vienited
the Mediterranean Sea basin. extent (Table 1). Transfer factors from soil tona

We hypothesized that the activity concentratiohs o(TF= (Bq kgl in the plant)x(Bq kgl in the soiI)l) by
these naturally-occurring radionuclides in surfae oot uptake typically were around E@range 10-102)
could be enhanced by the release of radionuclides f  for 2%p and'%o, but may vary with soil and plant type
the vegetation cover by biomass fires. This stutyns  (Bettencourtt al., 1988; Carvalhet al., 2009). Another
the first results of the investigation on the natur (gute of radionuclide uptake by plants is the foliptake

radionuclides released from plant material by fire. from atmospheric depositionS, which seems the main
pathway for most'®Pb accumulated in plants. In aerial
MATERIALSAND METHODS vegetation (e.g., cabbage leaves and tree leaves)

290/ %D ratio is similar to thé'Po/210Pb ratio in

To assess the concentration of the commoratmospheric depositions, about 0.1, while in soils
naturally occurring radionuclides in the vegetation*%o/'%Pb ratio is about 1 usually (Carvalho, 1995).
cover, smoke particles released by the combustion i These results showed the presence of measurable
the air of common plants were analyzed. Plant sesnpl activity concentrations of key uranium daughter
including trees (oak tree, pine trees, eucalyptid a radionuclides in common plants. It was hypothesthed
acacia) and crops (pasture, maize) that were ¢eldn  vjth combustion in the air the radioactivity in pia would
the central region of Portugal in areas with normalye released from leaves and wood and likely camiétd
background ~ radioactivity levels. Alpha emitting gmoke particles released into the atmosphere.
radionuclides were analyzed in the smoke collected Table 2 shows results of radionuclide activity
pre-weighted micro fiber glass fl_lters Whatman concentrations measured in smoke particles obtained
(average pore size 0.7 m) using suction pumps. Lrom the air combustion of several wood types. #ym

In order to better understand the release o . . ;
radionuclides from plants by the combustion and inze noticed that there was a systematic enrichmént o
%o relative to#°Pb (1-3x) in smoke particles,

particular of the radionuclid®%o, we investigated the _ . . o
release of radionuclides from burning tobacco into €Versing 1the [ad|0nucllde ratios in tree wood that
cigarette smoke. Cigarettes were used to investigat displayedPoF'Pb<1.

more detail the**Po radloaCtIVIty partitioning and Table 1: Activity concentrations of the natural nitan series in

balgnce from the initial tobacco to smoke particles vegetation (Bq kg wet weight) and in soil (Bq kigry

residual ashes and to make an assessment of weight). Average dry: wet weight ratios were 0.23the

radioactivity exposure through smoke inhalation. vegetables and 0.42 in the tree samples. Analytical
The filters with weighted amounts of smoke uncertainty, as percent standard error, is abdu%-of the

activity concentrations given

par'uclgs were analyzed starting W|th_ the gddltm‘n St 210pp, g TPy

isotopic tracers for use as _radllochemlcal ylelatqra, Cabbage leaves 010 001 5.10
followed by sample dissolution in HCl and HN@XidS  waize, aerial parts 0.07 0.05 0.70
and radiochemical separation of radioelements. Eacblive tree, leaves 9.40 1.05 0.10
radioelement of interest was than electroplatedhen 8:!Ve :fee' trUf;k wood f-ig ;’-113 8-33
surface of metal discs, made either of stainlessisr  J A t:gg: o s 520 o7 0.20
silver foil and discs counted by alpha spectrometrybam tree. bark 0.33 0.09 0.27
using an OCTECTEPIus (ORTEC-EG&G) Tobacco leaves (cured) 5.00 4.70 0.90
spectrometer equipped with 450 firion implanted ~ Soil (0-30 cm) 100.00 100 .00 1.00
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Table 2: Radionuclide activity concentrations (Bij*kdry weight) in smoke from combustion of severabdaualities. Analytical uncertainty,
as percent standard error, is about 5-10% of thigtgaconcentrations given

Wood TRy By oy Ra g g
Eucalyptus 65 88 40 318 52 125
Pine tree <7 2 38 98 277 460
Oak tree 10 12 14 12 266 265
Acacia 11 36 68 505 440 610

Table 3: Polonium*°Po) in cigarette smoke and in ashes, for three cential cigarette brands (UNSCEAR 2008)

2%0 activity per cigarette

Brand Main stream smoke Residue (ash+butt) Sidars smoke

(g of tobacco Total 210Po inhalation

per cigarette) mBq Total (%) mBq Total (%) mB Total (%) mBq (mBq per 20 cigarettes)
A (0.748 g) 1.52 5.2 21 7.2 24.4 84 28.9 03

B (0.793 g) 1.37 11.2 4.9 40.0 5.9 49 12.2 27

C (0.940 g) 0.97 37.3 0.3 115 1.3 51 2.6 9 1

Ra-226 was also high in smoke particles, but uraniu the plant matrix and transfer to the smoke is senall
and thorium isotopes were generally present in lowthan with®*%Po.
concentrations. This suggests thd#Po was more Inhalation of naturally-occurring radionuclides
efficiently released from the plant material andwith airborne particles (atmospheric dust mainly
condensed in the smoke particles, these ones begomicharged with radon daughters) occurs and gives a
more enriched in this radionuclide than in 210Pb. contribution to the radiation exposure of humans.
Uranium and thorium are the least volatile Background levels of*%o and*%Pb in the atmospheric
elements and probably, larger activities would rema particles inhaled and absorbed through the Ilungs,
associated with the ash residues than with smokeontribute to the absorption 6fPo and®%Pb into the
particles. Comparing the activity concentrations ofblood through gut absorption of radio nuclides Bigd
2% and®%b in the smoke particles (Table 2) with with food. Average concentrations of 210Po aH&b
activity concentrations in plants (Table 1), result in the surface air at Lisbon were determined at 3a°
suggest that these radionuclides are enhanced by By mi® and 18k10° Bq m°, respectively. Assuming a
factor of 10-100 times in the smoke in comparisondaily inhalation of 20 rhof air (Standard Man, as
with the initial material. Cigarette smoke was ussd defined by the ICRP), the inhalation rate of thes#io
a test material. Most of the cigarette weight isdma nuclides in this region is 6<20* Bq d* and 3.&10°
with tobacco plant leaves. In the cigarettes olesa@lv  Bq d”, respectively. These are radionuclide inhalation
brands, it was verified that tobacco always comt@in rates at natural background levels in outdoor air.
naturally-occurring radionuclides, including®Po in Inhalation of cigarette smoke is a supplementary
activity concentrations averaging 19 (2.7-38.6) Bdgexposure t6'%o radionuclide. The consumption of one
kg™dry weight (Table 1). In all cigarette brands, thepack of 20 cigarettes per day based on results show
cigarette combustion showed easy volatilization ofabove (Table 3), gives rise tod“8Po inhalation rate up
%o and transfer of this radionuclide to smoketo 3x1072 Bq d?, i.e., two orders of magnitude higher
particles. Po-210 was easily measured in the maithan background levels. Interestingly, this radiivity
stream smoke aspired through the cigarette filter oinhalation rate is roughly similar for the mainestm
butt, in the side stream smoke dispersed into themoke (active smoker) and for the side stream smoke
atmosphere and in the combustion remains, i.e.aadh (passive smoker). The radiation dose imparted & th
butts (Table 3). The efficient release?¥Po from the lung by ?%o in the cigarette smoke was assessed to
tobacco leaf is due to the low polonium volatilipat  increase noticeably the risk of lung cancer (Cémwal
point (180°C) in comparison with the combustionand Oliveira, 2006).
temperature  of  cigarettes  (600-800°C). The  The activity concentration of'®o in the cured
volatilization of polonium facilitates the releasethis  tobacco leaves seems higher than in many othet plan
radionuclide from the tobacco and its associatign b materials. Notwithstanding, the processes involired
condensation and transport with the smoke partittes the release of radionuclides by plant combustion ar
is suggested that volatilization of other radioides, likely the same. The analyses of radionuclidesmole
all with volatilization points at much higher from vegetation fires (Table 2) provided additional
temperatures, is only partial and thus, their s8efaom  €vidence on the enhancement of radionuclides irkemo
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particles from combustion of common forest plamid a Radioanal. Nucl. Chem., 274: 167-174. DOI:
trees. A significant amount of radionuclides of the 10.1007/s10967-006-6914-3
natural radioactive decay series, is accumulated i€arvalho, F.P., 1995. Origins and concentrations of

plants and in spite of the low activity concenwatiof 222Rn,?*%Pb, #%Bi and **%o in the surface air at

each radionuclide, altogether the activity in biemis Lisbon, Portugal, at the Atlantic edge of the
high. This activity may be released to the atmosphe European continental landmass. Atmospheric
by forest and vegetation fires. Environ., 29: 1809-1819. DOI: 10.1016/1352-

It is hypothesized that repeated and prolonged 2310(95)00076-B
exposure to smoke from forest and vegetation fire€arvalho, F.P., J.M. Oliveira, M.O. Neves, M.M. Abr

might also increase the risk of absorbed radiatiose and E.M. Vicente, 2009. Soil to planSo{anum
from ionizing radiations to the general population. tuberosum L.) radionuclide transfer in the vicinity
of an old uranium mine. Geochem. Exp. Environ.
CONCLUSION Anal., 9: 275-278. DOI: 10.1144/1467-7873/09-
213

Forest fires definitely release naturally-occugrin Eisenbud, M. and T.F. Gesell, 1997. Environmental
radionuclides accumulated in the vegetation to the Radioactivity: From Natural, Industrial and
atmosphere. Smoke particles from plant combustion  Military Sources. 4th Edn., Academic Press, New

contain radionuclides in activity concentrations cmu York, ISBN: 0122351541, pp: 656.

higher than in the original wood and leaves, likebe IAEA, 2009. Handbook of parameter values for the

to volatilization and condensation of radionuclidego prediction od radionuclide transfer in temperate

the smoke particles. Concentrations of the alpha environments. International Atomic Energy

emitting radionuclide’*%o are especially enhanced in  Agency, http://www-

the smoke, in comparison with other radionuclides. ns.iaea.org/downloads/rw/projects/emras/draft-

a certain extent, the inhalation of smoke from kasm final-reports/working-groupl1-trs.pdf

burning can be compared to the inhalation of citiare Masson, O., D. Piga, G. Le Roux, J. Mary and A.D.

smoke, which is known to contribute to increasamylu Vismes, 2008. Recent trends and explanation for

exposure to ionizing radiation. Further study ianpled airborne **'Cs activity level increases in France.

to assess this radiological risk in field condigon Radioprotection, 44: 327-332. DOI:

10.1051/radiopro/20095064
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