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The aim of this study was to evaluate the impact of low internal exposure to '¥’Cs on L. sativum meristem
cells and Tradescantia stamen hair cells. It also compared the impact of '*’Cs internal and external irradiation
of similar level on the plant seed germination and root growth. Compared to control, the tested internal
(0.0007 m@Gy to 0.7 mGy) and external (0.04 mGy to 5.5 mGy) *’Cs ionising radiation doses stimulated
the elongation of L. sativum roots by 11 % to 12 % and 24 % to 33 %, respectively. Internal '*’Cs exposure
(0.0003 mQGy to 0.5 mQy) for 14 days caused 1.2 % to 1.6 % of somatic mutations and 19 % to 87 % of

non-viable stamen hair in Tradescantia.
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Nuclear Power Plants (NPPs) release various
technogenic radionuclides (*’Cs, %°Sr, %Co, 5Mn,
14C, and Pu isotopes) into the environment during
operation. Because radionuclides accumulate in
abiotic and biotic components of the environment,
jonising radiation can cause toxic and genotoxic
effects on organisms (1-3). It can directly disturb plant
breathing, photosynthesis, growth, active transport
as well as ionic balance and enzyme synthesis (4,
5). It has been determined that ionising radiation in
plants can stop cell division (4). These changes point
to the changes in biochemical processes which can
decrease cell vitality.

After the Chernobyl accident, it was determined
that in acute exposure to ionising radiation, the impact
of radionuclides can be two to four times higher (6) in
the cell, due to atom decay than in external irradiation.
The biological impact of radionuclides depends
on their accumulation level and localization in the

organism and cells (7, 8). Radionuclides may enter
the inner cell compartments, and sometimes bind to
the DNA molecule. The genetic effects can be induced
by ionising radiation due to the radionuclide decay
and by transmutation. Transmutation is a change of
the chemical nature of decaying atoms and ionising
energy; it affects the site where radioactive decay takes
place (7, 9-11).

Internal exposure in plants can increase with
radionuclides accumulated in their tissues, especially
in tissues with active cell division (12, 13). For
example, radiocaesium, like its chemical analogue
K, accumulates in relatively large amounts in both
young and meristem tissues (8, 14). However, the
plant response to the action of incorporated ¥’Cs,
particularly at low-level ionising radiation doses, has
not yet been sufficiently investigated (15).

The purpose of this study was to determine - under
experimental conditions - the toxic effects of low
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internal exposure doses of long-lived technogenic
radionuclide *’Cs on the plant’s vegetative organ
(root meristem cells) and the genotoxic effects on the
plant generative organ (blossom stamen hair cells). We
also compared the effects of *’Cs ionising radiation
on the plant seed germination and root growth when
the plant was exposed to similar internal and external
doses of radiation.

MATERIALS AND METHODS

We used two test plants for the experiments:
Lepidium sativum L. and Tradescantia clone BNL
02. The experiments with L. sativum were conducted
according to a modified Magone method (16) and
lasted fortwo days. The toxic effects of radionuclides
were evaluated through seed germination and root
growth. The experiments with Tradescantia were
performed applying the modified methods of I. Mericle
and R. Mericle (17) and Osipova and Shevchenko (18).
The experiment lasted for 14 days. The radionuclide
genotoxic effects were evaluated by the number of
somatic (colourless and morphological) mutations in
the stamen hair (SH) cells and by the amount of non-
viable stamen hairs (non-viable were those containing
less than 12 cells).

Lepidium sativum L. is widely applied in
toxicological investigations (19, 20). Due to intensive
metabolic processes, the meristem cells of the plant
roots are the most sensitive to the ionising radiation
(12, 13).

Table 1 shows the ¥’Cs activity concentrations
used to assess its toxicity to L. sativum and
genotoxicity to Tradescantia. It also shows the internal
exposure doses for these plants. The activity of *’Cs in
aquatic solution and in plants was determined using
gamma-spectrometry (21). Internal ¥’Cs doses were
calculated using the method presented in our earlier
report (22).

In the experiment with external irradiation, the
seeds of L. sativum were placed for two days in an
irradiation chamber with a '*’Cs ionising radiation
source. The chamber (758 mm x 618 mm x 1490
mm) was made of 16 mm steel sheets. The source was
placed in a 100 mm thick lead block. The exposure
ranged from 0.04 mGy to 5.5 mGy.

In order to evaluate the data statistically, the
standard error (SE) of estimation was calculated and
presented in the Figures 1 and 2.

RESULTS AND DISCUSSION

Regardless of the dose (from 0.0007 mGy to
0.7 mGy) of a two-day exposure to internal *’Cs
ionising radiation L. sativum seed germination did
not significantly differ from the control, whereas root
growth was statistically significantly higher (11 % to
12 %) (Figure 1).
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Figure 1 Toxic effect of "¥’Cs internal and external exposure on L.

sativum (after two days)

Table 1 ""Cs initial activity concentrations and internal exposure doses for L. sativum and Tradescantia (clone BNL 02)

Lepidium sativum L.

Tradescantia (clone BNL 02)

Initial Activity Internal Exposure Dose Initial Activity Internal Exposure Dose
Concentration / kBq L'  (after 2 days) / mGy Concentration / Bq L'  (after 14 days) / mGy
0.4 0.0007 0.001 0.0003
4 0.006 0.01 0.004
40 0.07 0.125 0.05
440 0.7 1.25 0.5
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The effect of external '¥’Cs gamma-irradiation on
seed germination of L. sativum was also insignificant
when compared to control, irrespective of the dose
(0.04 mGy to 5.5 mQy). Roots, however, were 24 % to
33 % longer than in control plants (Figure 1).

Our data show that the tested internal and external
13’Cs jonising radiation doses produce a negligible
impact on seed germination in L. sativum. In contrast,
both internal and external irradiation, irrespective of
the exposure dose, stimulates the root growth.

Non-linear and non-monotonic dose-effect
dependence was observed with in the studies of the
effects of low external doses (6x10# Gy to 1.2 Gy) on
animal biophysical and biochemical properties (23) as
well as in studies of genetic effects in the meristema
cells of barley leaves induced by 4 cGy to 10 cGy
irradiation doses (24). This diversity in dose-effect
dependences because of low irradiation doses has
been explained (23) as a change in the ratio between
genetic damage and repair. According to Burlakova et
al. (23), repair systems are not activated at low doses,
as it takes longer for them to activate.

After 14 days of exposure, internal doses
(0.0003 mGy to 0.5 mGy) of '*"Cs caused 1.2 % to
1.6 % of somatic mutations and yielded 19 % to
87 % of non-viable stamen hairs in Tradescantia. This
indicates an inhibition of stamen hair cell reproducibility
(Figure 2). Shevchenko and Pomeranceva (25)
conclude that theone percent of somatic mutations
induced in Tradescantia stamen hairshow genotoxic
alterations that can cause the disappearance of
a species sensitive to ionising radiation as well as
changes in the whole ecosystem.
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Figure 2 Genotoxic effect of '’Cs internal exposure on Tradescantia
clone BNL 02 (after 14 days)

Our data show the dependence between the
amount of non-viable stamen hairs of Tradescantia

and low-level exposure to '*’Cs, but this dependence
was not established for somatic mutations.

Similar results were obtained by investigating the
impact of low-level radiation doses on test organisms
(26). Shevchenko and Pomeranceva (25) noted direct
dose-effect dependence for Tradescantia when this
plant was exposed to external irradiation of 2 Gy and
higher.

The toxic effect of '*’Cs internal exposure on
meristem cells and the genotoxic effect on the stamen
hair cells can be explained by different radionuclide
accumulation in plants and different distribution in
plant tissues or cells. It is known that *’Cs, as K
analogue, chiefly accumulates in the areas of cell
division and active metabolism in parenchyma and
young tissues. Cellular protoplasm is the site where
the largest amount of this radionuclide accumulates
(27, 28).

The growth of plant cells involves three different
processes: cell division, formation of protoplasm, and
cell elongation. After the protoplasm has stopped
growing, a cell can grow in length 10 to 50 times
the initial size. Low ionising radiation doses can slow
down cell division (4), which means that it can lead
to a more intensive root cell elongation and therefore
a longer root.

It is known that due to radionuclides can
stimulate morphogenetic changes manifest in the
early development stages (9, 17). Morphological
changes in plants were observed after the Chernobyl
accident in a 30 km radius from the NPP (6).
Using the Scotch pine tree as bioindicators it was
determined that the storage and reprocessing of
low and intermediate activity waste were connected
with an additional environmental contamination
which induced cytogenetic disturbances of both the
vegetative and reproductive organs of the pine tree
(3). Reduced germination of matured seeds was due
to the damage of a plant’s reproductive organs. It was
determined that toxicants stimulated plant metabolism
and growth . However, the plant enzyme activity can
be disturbed by metabolic products, and the more
intensive is the metabolism the higher is the degree
of such damage (29). Therefore, the stimulating
effect of the investigated internal (0.0007 mQy to
0.7 mGy) and external (0.04 mGy to 5.5 mGy) '*"Cs
exposure on plant root negatively influences further
plant development.
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CONCLUSIONS

Under laboratory conditions, low internal
(0.0007 mQy to 0.7 mQy) and external (0.04 mGy to
5.5 mQy) *"Cs exposure stimulated the root growth of
L. sativum by 12 % and 33 %, respectively, regardless
of the dose. A more prominent cell elongation caused
by external and internal radiation exposure could affect
the growth of a plant root.

After 14 days the studied '*’Cs internal exposure
doses (0.0003 mGy to 0.5 mQGy) reduced the viability
of stamen hairs of Tradescantia and increased the
amount of somatic mutations in them in a dose-
dependent fashioin, but no such dependence was
observed for somatic mutations.

Acknowledgement

The authors would like to thank the Lithuanian
State Science and Studies Foundation for having
financially supported this research.

REFERENCES

1. Polikarpov GG, Tsysugina VG. Posledstvija Kyshtynskoj
i chernobyl'skoj avarij dlja gidrobiontov [After-effect of
the Kyshtym and Chernobyl accidents on hydrobionts,
in Russian|. Radiacionnaja biologija. Radioekologija
1995;35:536-50.

2. Kryukov VI, Shishkin VI, Sokolenko SF. Vlijanie
khronicheskogo vozdejstvija azotna-kislogo svinca
i ionizirujushchego izluchenija na mutagenez u
Arabidopsis Thaliana (L.) Heynh. [Chronical influence
of radiation and lead on mutation rates in plants
of Arabidopsis Thaliana (L.) Heynh., in Russian].
Radiacionnaja biologija. Radioekologija 1996;36:209-
19.

3. Geras’kin SA, Zimina LM, Dikarev VG, Zimin VL,
Vasil'ev DV, Dikareva NS, Blinova LD, Isaikina NV,
Nesterov EB. Sravnitel'nyj analiz metodami bioindikacii
antropogennogo zagrjaznenija rajona raspolozhenija
predprijatija po pererabotke i khraneniju radioaktivnykh
otkhodov i 30-km zony ChAES [Comparative
analysis of anthropogenic contamination at the
region of radioactive waste reprocessing and storing
plant arranged in the 30-km zone of the ChNPP,
using bioindicative methods, in Russian]. Ekologija
2000;4:300-4.

4. Sidorov VA. Biotekhnologija rastenij. Kletochnaja
selekcija [Plant biotechnology. Cell selection, in
Russian]. Kiev: Naukova dumka; 1990.

5. Evseeva TI, Geras’kin SA. Citogeneticheskie effekty

10.

11.

12.

13.

razdel'nogo i sovmestnogo dejstvija nitratov torija-232
i kalija na tradeskanciju (klon 02) [Cytogenetic effects
of thorium-232 and potassium nitrates at separate
and combined action on Tradescantia (clone 02), in
Russian]. Citologija 2000;42:822-9.

Grodsinsky DM, editor. 15 Rokiv Chernobyl’s’koj
katastrofy. Radiacijna bezpeka v Ukrajni. [Fifteen Years
of the Chernobyl Catastrophe, in Ukrainian]. Bulletin
of NCRPU, Kiev: Ukraina; 2001;1-136.

Gracheva LM, Korolev VG. Geneticheskie effekty
raspada radionuklidov v kletkakh [Genetic effects of
the radionuclides decay in cells, in Russian]. Moskva:
Atomizdat; 1977.

GudkovIN. Osobennosti formirovanija pogloshchennykh
doz i radiobiologicheskie effekty u rastenij za schet
inkorporirovannykh radionuklidov. [Peculiarities of the
formation of internal exposure doses radionuclides
and radiobiological effects in plants, in Russian]. In:
Taskaev Al, Kudiasheva AG, Ermakova OV, Popova
ON, editors. Proceedings of International Conference
Biological Effects of Low Dose lonizing Radiation and
Radioactive Pollutions on Environment; 20-24 March,
Syktyvkar, Russia. Syktyvkar: Russia; 2001. p. 192-4.
Marciulioniené D, DuSauskiené-Duz R, Motiejiniené
E, Svobiené R. Radiokhemoekologicheskaja situacija
v oz. Drukshjaj-vadaeme-okhladitele Ignalinskoj AES
[Radiochemoecological situation in Lake Druksiai-
cooling water reservoir of the Ignalina NPP, in Russian].
Vilnius: Academia; 1992.

Gracheva LM, Shanshiashvili TA. Ekologicheskie
aspekty issledovanij vodoemov-okhladitelej AES
[Ecological aspects of the investigations of coolers of
NPP, in Russian]. Moskva: IEMEZh AN SSSR; 1983.
Nesterov EB, Dikarev VG, Dikareva NS, Geras'kin
SA. Citogeneticheskie effekty v kornevoj meristeme
obluchennykh pri raznykh moshchnostjakh dozy
prorostkov jarovogo jachmenja [Cytogenetic effects
of various doses rate of ionizing radiation in the mer-
istemic tissue of barley roots, in Russian]. In: Taskaev
Al, Kudiasheva AG, Ermakova OV, Popova ON, editors.
Proceedings of International Conference Biological Ef-
fects of Low Dose lonizing Radiation and Radioactive
Pollutions on Environment; 20-24 March, Syktyvkar,
Russia. Syktyvkar: Russia; 2001. p. 228-30.

Sokolov NV, Grodzinsky DM, Sorochinsky BV. How does
low dose chronic irradiation under the condition of 10-
km Chernobyl exclusion zone influence on processes of
seed aging. In: Proceeding of International Conference
LFifteen Years after the Chornobyl Accident. Lessons
Learned”; 18-20 April, Kiev, Ukraine. Kiev, Ukraine;
2001. p. 117.

Shershunova VI, Khomichenko AA, Prilepova NV,
Aniskina MV. Influence of low radiation doses on
Tradescantia clone 02 and Arabidopssis thaliana (L).
In: Taskaev Al, Kudiasheva AG, Ermakova OV, Popova
ON, editors. Proceedings of International Conference



Mar¢iulioniené D, et al. LOW-LEVEL **’Cs IONISING RADIATION AND PLANTS
Arh Hig Rada Toksikol 2006;57:3-8

14.

15.

16.

17.

18.

19.

20.

21.

Biological Effects of Low Dose lonizing Radiation and
Radioactive Pollution on Environment; 20-24 March,
Syktyvkar, Russia. Syktyvkar: Russia; 2001. p. 254-6.
Tyson MJ, Sheffield E, Callaghan TV. Uptake, transport
and seasonal recycling of 1*Cs applied experimentally
to bracken (Pteridium aquilinum L. Kuhn). J Environ
Radioactiv 1999;46:1-14.

Evseeva TI, Khramova ES. Citogeneticheskie effekty
sochetannogo dejstvija **Th s ionami shchelochnykh
i tjazhelykh metallov na rastenija [The cytogenvetic
effects of 22Th and heavy and alkaline metals complex
action on plants, in Russian]. In: Taskaev Al, Kudiasheva
AG, Ermakova OV, Popova ON, editors. Proceedings
of International Conference Biological Effects of Low
Dose lonizing Radiation and Radioactive Pollutions
on Environment; 20-24 March, Syktyvkar, Russia.
Syktyvkar: Russia; 2001. p. 9.

Magone . Bioindikacija fitotoksichnosti vybrosov
avtotransporta [Bioindication of toxicity of transport
emission, in Russian]. In: Kachalova OL, editor.
Bioindication of toxicity of transport emissions in the
impact of highway emissions on natural environment.
Riga: Zinatne; 1989. pp. 108-17.

Mericle IW, Mericle RP. Genetic nature of somatic
mutations for flower color in Tradescantia, clone 02.
Radiat Botany 1967;7:449-65.

Osipova P, Shevchenko V. Ispol’zovanie Tradeskancii
(klon 02 i 4430) v issledovanijakh po radiacionnomu
i khimicheskomu mutagenezu [The use Tradescantia
(clones 02 and 4430) in studies on radiation and
chemical mutagenesis, in Russian]. Zhurnal obshchej
biologii 1984;45:226-35.

Wang W. Use of plants for the assesment of
environmental contaminants. Rev Environ Contam
Toxicol 1992;126:88-128.

Gong P, Wilke BM, Fleischmann S. Soil-based phyto-
toxicity of 2,4,6-trinitrotoluene (TNT) to terrestrial high
plants. Arch Environ Contam Toxicol 1999;36:152-8.
Gudelis A, Remeikis V, Plukis A, Lukauskas D.
Efficiency calibration of HPGe detectors for measuring
environmental samples. Environ Chem Phys
2000;22:117-26.

22.

23.

24.

25.

26.

217.

28.

29.

Mar¢iulionien¢ D, Kiponas D, Plukien¢ R. Sausumos
augaluose akumuliuoto ¥’Cs ir ®*Co jonizuojanciosios
spinduliuotés sukeltos vidinés apsvitos dozés [Internal
exposure dose caused by ionizing radiation of
accumulated **’Cs and ®Co for terrestrial plants, in
Lithuanian]. Sveikatos mokslai 2004;14:44-9.
Burlakova EB, Goloshchapov AN, Zhizhina GP,
Konradov AA. Novye aspekty zakonomernostej dejstvija
nizkointensivnovo obluchenija v malykh dozakh [New
Aspects of Regularity Action of Low Intensity Radiation,
in Russian]. Radiacionaja biologija. Radioekologija
1999;39:26-35.

Geras’kin SA, Dikarev VG, Dikareva NS, Udalova
AA. Vlijanie razdel'novo dejstvija ionizirujushchevo
izluchenija i solej tjazhiolykh metalov na chastotu
khromosomnykh aberracij v listovoj meristeme
jarovovo jachmenja [Effect of lonizing Irradiation or
Heavy Metals on the Frequency of Chromosome
Aberration in Spring Barley Leaf Meristem, in Russian].
Genetika 1996;32:272-9.

Shevchenko VA, Pomeranceva MD. Geneticheskie
posledstvija dejstvija ionizirujushchikh izluchenij [The
genetic outcome of the impact of ionizing radiation,
in Russian]. Moskva: Nauka; 1985.

Lamb T, Bickham, JW, Lyne TB, Gibbons JW. The slider
turtle as an environmental sentinel: multiple tissues
assay using flow cytometric analysis. Ecotoxicology
1995;4:5-14.

Marciulionien¢, D. Vzaimodejstvie radionuklidov
s gidrofitami v presnovodnykh ekosistemakh
[Radionuclide interaction with hydrophytes in freshwater
ecosystems, dissertation, in Russian]. Vilnius: Institute
of Ecology; 1994.

Grodsinsky DM, Kolomijec KD, Kutlakhmedov JA,
Bulakh AA, Dmitriev AP, Khomljak MN, Bubriak II,
Zezina NV, Mikheev AN, Kravec AP. Antropogennaja
radionuklidnaja anomalija i rastenija [The anthropogenic
radionuclide anomaly and plants, in Russian]. Kiev:
“Lybid”; 1991.

Adelman R, Saul RL, Ames BN. Oxidative damage to
DNA: relation to species metabolic rate and life span.
Proc Natl Acad Sci USA 1988;85:2706-9.



8 Marciulioniené D, et al. LOW-LEVEL "’Cs IONISING RADIATION AND PLANTS
Arh Hig Rada Toksikol 2006;57:3-8

SazZetak

PROCJENA UTJECAJA NISKIH DOZA IONIZIRAJUCEG ZRACENJA IZVORA ¥Cs NA
TOKSICNOST | GENOTOKSICNOST U BILJAKA

Radom je istrazen ucinak izlaganja citavih biljaka ionizirajuéem zracenju izvora *’Cs na stanice meristema
vegetativnog tkiva (korijen) i generativnog tkiva (stanice dlaka filamenata prasnika). Istrazivanjem su se,
takoder, pokusale utvrditi razlike u ucinku zracenja na klijavost sjemena i rast korijena biljaka u ovisnosti
o tome je li izvor zracenja u samoj biljci ili izvan nje.

Znacajan toksican ucinak zraCenja utvrden je samo u biljaka vrste Lepidium sativum L., i to na rast korijena.
Neovisno o polozaju izvora zracenja, doze od 0.0007 mGy do 0.7 mGy povecale su izduzivanje korijena za
11 % do 12 %, a doze od 0.04 do 0.5 mGy za 24 % do 33 % u odnosu na kontrolu.

Interne doze zracenja izvora *’Cs od 0.0003 mGy do 0.5 mGy tijekom 14-dnevnog izlaganja dovele su
do pojave somatskih mutacija u 1.2 % do 1.6 % stanica dlaka prasnickih filamenata roda Tradescantia.
Ujedno, 19 % do 87 % stanica izgubilo je vijabilnost, $to upucuje na inhibiciju reproduktivne sposobnosti
biljaka djelovanjem ioniziraju¢eg zracenja.

KLJUCNE RWECI: korijen, Lepidium sativum L., pokusne biljke, sjeme, stanice dlaka filamenata
prasnika, Tradescantia
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