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SUMMARY

I . Title of Project

Biological Monitoring of Radiation using Indicators

n . Objectives of Research and Division of Role for Cooperation

Poland Institute of Nuclear Physics (INP) has the plentiful experiences

of research on radiation indicators. Korea Atomic Energy Research Institute

(KAERI) is aiming to acquire advanced technologies in Tradescantia

application study through the cooperation between KAERI and INP. Related

research facilities and personnels of the two institutes are involved in

parallel research and are subject to do, if necessary, joint experiments on

major topics.

IE. Institute and Counterpart of Cooperation

o Institute of cooperation

The Henryk Niewodniczanski Institute of Nuclear Physics (Krakow,

POLAND)

o Counterpart

Prof. Antonina Cebulska-Wasilewska, Dr. hab.

(Head, Department of Radiation and Environmental Biology)

o Research ability

Department of Radiation and Environmental Biology of INP has

experienced in radiation biology researches under the guidance of Prof.
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Cebulska-Wasilewska for more than 20 years. Many researchers from

Brookhaven National Laboratories and Leiden university are currently

involved in INP's research programs and thus they recognize ESfP's high

ability of research. INP is taking major part in various multinational

programs and EU collaborative projects.

IV. Work Scopes of Cooperative Research

1. Culture of Tradescantia plants

2. Response of TSH mutation to low LET radiation

3. Response of TSH mutation to high LET radiation (neutrons)

4. Response of TSH to mixed irradiation with different radiations

5. Synergism between radiation and environmental factors

V. Results of Research

1. Culture of Tmdescantia plants

Tradescantia T-4430, T-02 and KU9 clones from INP are

maintained as stock cultures in the green house of KAERI. T-4430 has

been mass-propagated for the experiments. Such biological characteristics

as hairs per stamen, cells per hair and spontaneous mutation rate were

carefully analyzed on T-4430 and KU9 clones.

2. Response of TSH mutation to low LET radiation

Cuttings of T-4430 were irradiated with 0.1 to 6.0Gy of gamma ray

from ^Co source of KAERL Pink and colorless mutation frequencies

increased with radiation dose upto 2.0Gy and reached their saturated values

at higher doses.
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A joint experiment was done with X-rays. Cuttings irradiated with 0.0,

0.3 and 0.5Gy of X-ray at KAERI were transported to INP, where TSH

assay had been carried out by INP research personnels.

3. Response of TSH mutation to high LET radiation (neutrons)

T-4430 cuttings were irradiated with neutrons from californium-252

source at KAERI. Seperate experiments were done ; one joint experiment

and one KAERI experiment. Pink mutation frequencies in TSH showed a

linear increase with neutron doses of 0.005Gy to 0.2Gy. And the relative

biological efficiency (RBE) of neutrons in pink mutation induction were

estimated 3.1 to 6.8 which were well matched with the reported values.

4. Response of TSH to mixed irradiation with different radiations

To assess the response of TSH gene mutation to mixed irradiation,

potted T-4430 plants were irradiated with gamma radiation from ^Co and

with neutrons from 252Cf source or vice versa. Neutron dose was 0.00078Gy

and gamma doses were 0.1, 0.3, 0.5, 1.0 and 2.0Gy. The group irradiated

only with neutrons showed similar mutation rates to those of natural

plants. Mixed irradiation of gamma+neutrons increased by 12% the

biological efficacy of radiation in mutation induction, compared to gamma

irradiation. On the other hand, mixed irradiation of neutrons+gamma caused

25% of enhancement in the induction of TSH mutations.

5. Synergism between radiation and environmental factors

This part deals with the impact of diurnal temperature difference

(DTD) and photoperiod (PP) on mutagenecity of ionizing radiation in

T-4430 clone. Potted plants were irradiated with 0.1, 0.3, 0.5, 1.0 and 2.0Gy

of gamma radiation from ^Co. During the period of experiment, the
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irradiated plants were maintained in growth chambers under differently

controlled environmental conditions. For control (CT), the plants were at a

constant 20°C and relative humidity 75%, with 14-h day of 15,000 lux and

10-h night. In PP20, the day length was 20 hours with the other

conditions the same as in CT. In PP4 set, all conditions were the same as

in CT except for 4 hours of day length. In DTD20, irradiated plants were

maintained at 28 degrees during 14-h day and 8 degrees during 10-h

night. Scoring of mutations was done from day 1 to day 30 after

irradiation. Mutation frequency was expressed in pink events/100 hairs.

In all irradiated group of CT, the mutation rates showed the highest

values from 7th day to 14th day after irradiation (peak interval) then came

down toward the background level. High regression coefficient 00.98) for

each dose-response curve meant that the relationship was clearly linear in

the dose range. The slope of the curve was 5.99 (CT), 6.93 (PP20), 8.01

(DTD20), and 11.74 (PP4). As for the l.OGy irradiated group in each

experiment, the highest mutation rate was 9.21 (PP20), 10.07 (CT), 11.56

(DTD20) and 16.44 (PP4), respectively. The time of maximal rate was also

different; day 6 (PP20), 11 (CT), 13 (DTD20) and 18 (PP4).

The highest mutation rates in CT and DTD20 were normally seen

during 7th day to 14th day, while the highest value in PP experiment far

deviated from the norm. It was on day 6 in PP20 and on day 18 in PP4.

Such a shift in peak time and peak interval implied that the photoperiod

could change the mutagenecity of ionizing radiation in the plants. The

repair processes for radiation damage in the plant were perturbed by

unfavorable environmental regime. There were increases of the biological

efficacy of radiation in the induction of pink mutation by 30% in DTD20

and more than 90% in PP4, respectively. PP had more crucial impacts on



Tradesamtia pink mutations than DTD. In conclusion, the environmental

conditions unfavorable to plants had an additive effect on radiation-induced

mutations and a delaying or inhibiting effect on damage repair, as well.

VI. Plan for Use of the R & D results

KAERI and INP have established wide variety of research techniques

applicable to Tradescantia study through the cooperative project. The joint

experiment, in special, made it possible to utilize the merits of both

institutes. All the skills such as TSH assay, joint experiment and data

analysis technique can make the role of fundamental basis for the better

relationship between Korea and Poland.
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