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SUMMARY

I. Title of Project

Biological Monitoring of Radiation using Indicators

II. 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
(KAERD 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 researqh and are subject to do, if necessary, joint experiments on

major topics.

M. Institute and Counterpart of Cooperation
O Institute of cooperation

The Henryk Niewodniczanski Institute of Nuclear Physics (Krakéw,
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 lLeiden university are currently
involved in INP’s research programs and thus they recognize INP’'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 Tradesaantia 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 05Gy 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 “’Cf source or vice versa. Neutron dose was 0.00078Gy
and gamma doses were 0.1, 0.3, 0.5, 1.0 and 20Gy. 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 20C 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 DTDZ20, 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 (>0.98) for
each dose-response curve meant that the relationship was clearly linear in
the dose range. The slope of the curve was 599 (CT), 693 (PP20), 8.01
(DTD20), and 11.74 (PP4). As for the 1.0Gy 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



Tradescantia 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

KAFERI and INP have established wide variety of research technigues
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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Nee $27 A RES AW J1E2 BANNA A8 B2 £ 9
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A28 AN FEAE (biological indicators)e] ¢]n]

BEAT FHY AEoY FAER FHAJNEH} F3FLS s 4oy}
cd #3899 AT B qelAwt AT A2e] Jhsdith. WASAE
oy #AZAL YEA dsted 283 AF80 = ez &
S35t doh. ¥ AEAT 4B 1Y didAMSxE FAxA] Wl s
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FAEo|T ot o]Ze] SHFAGRH)Y W3E IRIIE F e HEYE
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FAES stolrt. dW 4F AEY A2 e BXAA A EAe 9
slFA-S sl A$E Y. M E  (Erigeron annus), FxE (E
canadensis), XA ¥NEd (Taraxacum officinale) 52 YA EFo] AAFA
o e A9 THREE BHFoR Yed F JUE EAFAFE AEI}
T ABAEC] HAE 3t}

AEYERZA A olfo] HY| AsXE ARE VEAV G539 2L =
L 7HE3 ®ol FFAZ 5 dolok g} [1]. AA, £FSF EFAHe
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ook 3ty AEIY EFZu 9 FYfel £4A & 7 J' FFAF @
o 4, A%d ZEE /AL AES B9E AE A FA (indicatorship) )
BRHAMo] A4E JMeAdel 7] WEe] FHAS AAHAE 7HAE BAEFo)
o 53] AAABEEH AR FHIG AEFS 484799 24E ¢
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U= AEFISFE dF B AA &0 Lot A, dA9 of
4F A& 4¥Fo=2 AFY & Uojof B2 APxA3 A Y wjdH
2ol &4E FHAok gt tAlA, FAF WHolyl F AEFS AEAH
A FHkg #A Q) HolE UehE=Z J1g3d Fd3 wolrl dL2 F/HA AR
AEZ A= ook st XA, WefAd WellA dALES 2533 e
ecological niche7} 4 ¢ FF Aok A EPEE o & 7he3tt}.
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o]dd BE 2EH29 3 8oz AL NEEZY FRuUs A BE
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239 AbA o 98t FEo] AAE E¥old 9% AAsE e o F
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E 1L Ak s BEA R} F ok dilE

1) Good dose response relationship

2) Specificity for radiation

3) Availability in time

4) Permanency of radiation effect

5) Localization possibility

6) Applicability to chronic or fractionated dose
7) Coverage for radiation quality

8) Accessibility to test materials

9) Convenience in data evaluation

A 3 A AFEE e §H
AFDNu e E78H o2 283} (Family Commelinaceae)®l %3l @
34 Eolth. Tradesantia® o] G ¥# FEo| &3 9o Az Feps 3
54, 848, AFEA 5ol da2o (3] =3 FdFolz A FA4A wiFA,
726 23 2 2748 B 2449 &4 %o wal e Wole Uehdn
[4]. AFg7i] £ d& g FPS e zton Eoe gRE T4
7HA 2 d2A Zpzhol gabd (FAAEHA)E ol&EHh A (TEF)W Shol (TEFH)
T g oA A o] vige] A @ YA Mds o]0 d=t vAds dlo}
T XY (BF)d 7H8A HelA &' ASE AUtk & A 8~12719 3o}
2 FAEY 4 Zolde TAE FAY FAFA AXE XTI 6719 o
(75, anther)o] =& (stamen)d]l ©d8 Ut} A4z F&doE 20~35719)
dA ¥t 482 dZ29 "o] ' o 2 £AE 50~1207 0]t}
o HNGAEE 24580 dAA T4 T AR T WAL 9
ZHd HAlE] AAE EAWE dozlt AFgsuE EM F¥ o)



AFEA (B gA)o 2 340 ¥y £ Fe¢d AXY EEFAA Fo @A)
AE 23E EdAWo)goly Bade =28 AL A AMNE EdWolE
gozith Gz Fdol gt d9yd F9 (delphinidin loci)7} WA <
g &A% god AEQ Mo BE e FAo=E nHA Hr) o]Zo] &
go] AaAE7l FEsHA AATEAHE oA A7 WHIE e
E I3A4E a8 10 et

AFgAEE A2 APl FaA HE 539 ALY PAHE T
28tA wsEta FRZF WolE dod|ry] Wi AESH YA FA 7T
24 €& dTAEY AUl Hel g 53 AFGule Fed
(TSH; Tradescantia stamen hair) A" WALA X BA Y A= wfi
FAALA S AR A (in situ monitoring) = & -80] 7153t}

NORMAL CELL INCREASE
% LO55 OF REPRODUCTIVE INTEGRITY
OOXIXOED XD
{Often Giant-Cell Formation)
MUTATION IN TERMINAL CELL MUTATION IN SUBTERMINAL CELL
Chromosome Type Chromosome Type EXCEPTIONRAL CASES

B, o, e

(Division of Intarstftial Celt)

e,

(Terminal Cell Stopped Division)

Chromatid Type (A) Chromatid Type (A)
Chromatid Type (B) Chromatid Type (B}

s, FEme. T

(Partial Recovery}
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H o2 & 29 JlaiY 3
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A 1A =9 A5 4%

A= BNL 9748 FAo2 AN XNFAEZ Tradesantia® A
33 old] e ATE e S8 ¥ BNL d74E AR A
254 Wolg WAsy] 9ot 3o A TEL W0 L33 o
Be YA o] BNL 2259 o]4531 ot 53 TSH Sd®0|AE o
g3 942 FAAe AB%E zHy RBE)E U 5 FAALIA
293 QB 449 £98 AdE Yo (5l

Qre Iy Ry KU 2ES ATABE o] &5tx Uk o8
@9 Ateletstul AE Aok A5 ATE A4 n Yok A
o AT AMF 9T AMT BAMolg Wskel Bated xHol wAA 9
om gWozE WA 099 AW EAWo| P T AFDH] ANE
sawo] ¥ U FaHL B ATE Buksicl.

49 ZFINE Adg AFAEBLE BNL 280 72 o453 gt} &
3 ZVEPABAATANNE TSH AAL SAME o] §3 AFpA 2
BAZA AT AANA g GeaA ARHL Ao AN E FAF
F ATAHNE HS F JoH oBL ATYHAA Ve £TH 59 e
AT 9B oA AFYuE BT v ATk GA A2elA o]
{53 = AFEHY E8Y BEAS 2939 F 29 Zo [34]



F 2. AFd9/0H] BNL 2 KU 289 548

g8 AHA T (2n) FeEF/FE 0 AES/FeE
BNL 02 12 51 21
BNL 4430 12 53 (61) 24 (25)
BNL 2031 24 125 .25

KU 7 18 61 30

KU 9 18 , 81 (61) 20 (20)

KU 20 18 82 25

KU 27 12 49 21
T. reflexa 12,24 (75) (28)

* Numbers in parentheses are from Kim et al. [6].
BNL 4430 = T. hirsutiflora x T. subacaulis (interspecific hybrid)
BNL 02
KU 9 = triploid, blue/pink heterozygote, light color, vigorous growth

T. occidentalis x T. ohiensis (interspecific hybrid)

KU 27 = diploid, blue/pink heterozygote, dark colors, high sensitivity to chemicals

A2A Y AT I

1 23 A84aT [7]

4 ¥ (98D FZIRNFATE FF5He BvSEFo] Moz
G A FAER AFLANE A AP g2 FEEAEY B4
WMol &S SAHATY. HAAE W A3FH Qs 36mR/daydl A 182R/day R
o5 105R/day ©]’d9 AHAFEE Adstie A 4gdSd ZA AFo]
7ol mEl EdWolgx HEAdez FUEe w¥ bl Qo =& 36
mR/day®] AXFEE ZZASIHE T-44309 EAHIE ZAE & YU



o oolzH By ALY TN YR AR T & Avke
2ES A4t o AFHIA FHAME H& A= PAH ABHEA
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i

2. WAL A FAQ 47 [8~20]

T LA AT LN E AFEMN] HEAY HALA P did 43
2 ARE R3] AT HAHN AFAE AFFHE JE9 gk BAA
ARRAEST AAFAA F2 ATl ol &= T-4430, T-02, KU 9 &5
Frdte FAAI L o oS ol g3 AN FHE EHA wIES
EE #4089, TUHE Fo o HFFH vgIged F3F ATV A
Aoz FPH 3 Yot AF7AAY AFAY AFonE Z4F A AM
F FGolA e TSH Wo] ¥hgA a7y &4, AF8/u] AT Fnt
A, XA 2 FAA digk AFNEHA $E, TSH AAE Ed6old glof
A9 californium-252 5449 BESE & HdF, §4AA (dax, J5
7] )¢}t AR Y xR % 9F HH 5& € F Aok

A3 A ATAL AbEe 24 2 B}

1L @74 Adle) ¥4
7h AAHBRL Fd 94 ABPA A (21

Ichikawa$} Nakata (1975)% 3tete st A F9e o7 AH (WFX

o 1714 Tl AFLAuE AT F dojy Aol ge BIFE A

WALZRY FFs o] AN AP B0l ¥4 UERoH &

3 dAA XIS FQA 1974, 8. 13~10. 2 7| = fA6 77 2 g 9

EaAvolge] ¥gvtx Hustydch B3] TSH A2de] EduogE 43



& F7H ez ANt B AFLANE AFPA NP o
$Y 4% Bd20A B2 AEAY 2 ALY JdEnA] TRz

2089 & 9 HsAe AR

U 948 ARLE UF 2% 44 A [22)

Azxd 93 Az o 9red 2 2 9L B SAstel
T-4430% ol g3tk FRE ZATZ o)A AxelF 119 AR ARE
B AFe7u 29 A BAWE AAT ¢ AT FEE WA
P EQWHo] BEE 19869 043, 1987 & 0.21S Yeho A7F A3}
o e F/1e9 PAA BAY FAFAE VGHATE AREY WY AR
9 AnA A 299 WY Fdo 4N HAE A AAE 4
zFstel dEds) @) oleid A% AAPAFORM Ut FsAol
ANHE 492 2 4 Ao

d B9 @A Huk Ak (23]

g Ago] FIHUA H[IY MoA A} BRI
T-02 28¢ A3 9% MEE AT $A5 290 g YhEG
NA el AFEuY AL 11,0002 Ed¥el&o] 1.70+0.14¢1 5 H] 3
H7|YAd el EgoA Aulg A EdRl&E 25810172 YEY ELY
LARE & F AU QLHEGAA AuE HEA RIEL HdFLS
60.8mROZ AAHP oM EGAARY AWE T3 YFo g3 WELE
AL accumulated effective doseZ 1.26mGyE AALE At oA R
HEHo YiReZEe F9r i EdWole dig JldgE dHolA £ ¢n)
g Ze Ao IAHAY. 0|22 AFZAFd H|Fo] TSH Al2dL 0 ¥E
%o AR Frle APHoZ ERE § Lo ¥y Aok



2l $F A4 WALE G A At [24]
SFA zAFgNEl HEAE FASA $FAPA wE WAL I
S HUher] fE FeoE ARG 7Y FHIY $FAd g8 &
FauldME M= —ag{;ﬁg] QAA EAWolQ ‘complex nonreciprocal
translocations accompanied by spherical fragment'7} ##HEI 0] HIE
Atk gy FFE Feg $FAMel &E WA E o7 1A FF AAE
3 g0 Holg e dA4A EAWNE FHIE A4S LdTh

2. AFAL Aale) Bt
b TSH 2 THFE AEY SA4 ¥s ulm

TSH £4¢ Fd dojzl 743 dA7ZAES fre HH4S za
o BARoZ u$ sty WRe] Az NFEs} Atk B AN
AR st Bawolst YEtE AL OE 2ARYozE U 29
RrolQd ANF WAAS) 42eH dF dF BrE sHsA AFE
Aoz Az,

Agdful o] wALA Y] gk wkgo] ZF o] AW EASE AT
A9 Edvioldd HEHJE o Ve 7373 8E dHg e A
AZ AR datd = 593 ool A2 5 ¥ gt a8y o5
22 BRI Y AGS ZAFENH A2"8E 8% A7V B2 39F wkg
o tig B HolE £ Utk AH, AFLiHle JYEdHo] ¥Es}
hair-cell divisiond 10 order?l ot} o] #& EHFE HE ojA9
AgEdWo] NEst 10°~107/AZAN/AASY g A o AFE A
A& A B 5 o} [25]. E4, Sparrow et al. (1967) [26]0] =W X
#5299 Dogtol 100~180 Rel® T-029] TSH A ¥7} 2& Do 170°]th
o2 g Dot WY dXe ERFEH AFDANY WA FAFAel AY
XS Eor. A AFENY FEE AlAde Eddo] ¥rEE AL

He) 9@ <z fFEE Wi ¥ APAos A4E ¢ Y= FLE

32
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o] EFRith

AR ARAE 89T Bof
AFAHES 0|83 FANF AAX 2L AdAPA A Fe ua}
A Ao &8o] 753 HAgANDFonA EH AFAES o483 AFPA
z2d] vE o] A2ZE Aokl F Ax FAo] Utk EF Ab;A] F
AT Ao W ZAAAZAE F2% Jug A3 Ik TSH A2
o AAZ BE A7 Ado] g7 ARE AA 9ITF ssAe Yx FEe
AE9 ol LFHALNAE WA wheste AAT EGHE godE A
23ty Eolde Zta oA LA T Bd AA Fo BZHo g9
A4 EE DNA F7tg SA o] dojual Zo gojAe] doluw &
Zdo] WaY A¥Er Ry ¢4 BFYA AFH A HeA ehd
th o|Z2& AAXY EdRols WA Z] Fld we o HANES ST
st gl FesA Uy Wi o2 dAPHNATAN B A7
] &5 gt =8 AF@/4uE FA0] AF JRFZF e BE
AZo RAXNE AFol Be wg FHAL FE F U7l WEe] BF
Fokd] g80] stk AFAA WD A7Age] uFe] AFdsju A
EXEE 0]88 MAFAAL Audozg 7 HHEA EEAA A P A
o] AT Yt} EF AA AAPAL FA AFPA ] AP $§
e 43 FAH Wioln 53 dAHA Lol g Fule A2
2 FHlo)s] A AQelA AT Aok F AF Hopou},

r:i

=

o

ABAEAZ} B FAM A dehlle &4 £ W93 FoA AAX
AF7A F2 A7HY ok Iy o] B
= FYdokst= dol gli 53] TSH A|&€9
37 Agd A ol 24 gEdorsts Aol Aok wEA WA T
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=9, A2 S dg 734 JF ARE FH32 Y FAHE A& Ee
Zlesido] olfF ok & Foltk EFH HFAE ol &% AN wANF &
e AALERY AAH Ae] sloy AFERE ol &7 BALE %
ez AR ¢ Qo 34 WAE 4 Axs ZAsa 139
BH7es FHY 49 7€ WY 98428 H4HE & ok

S o8 BETFH NFHA Ved @FH L] A B
oluz dd F U AAHANALY P mEE FFUAA A YF
Foos #88 F Jenz XY ol&d Ui I ol Eg Wil
A8 A4S g48A7ed Vdd F de Aol

rir

W Aoy 2B

r.‘
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A3 & ~ti=zte

OK

ST o BEE HA

AT74 AEAY stock cultures ZF=JREYATLY 53 44|
£ #4843l A FARRS AFH T-4430, T-02, KU9 37] &89 AA
HEAE BALE A5ste] #FAAYATA AFDAA AL LA F
AR AALEL g JBAE F2 FIIAPATLAN =48
T-4430& AH&3tt

WAL A ZAIA AL o] B EZF=JAEIY AT A U-120 cyclotrond} XA &
ARG o] &89 on ATAAHATALY HEANHQ F7h 23 2 WAA
g AAY XA wAAR G Fof FHARALE o83 ZAARL S P
E£3 a4%3 s ANERAAENE F3dAYATLY Yo AL S
SEE L=

'~

Pt on AL g AgAANY, FAAEA 2 FAY o)FAHHY 5&
F3 3t At

Z2F=JAEYA AT 2E XAF U-120 cyclotron FA Aol theh Aw 23
S 9939en QA48 TSH EdWo] AP0 50M/Y A&dE
A7UAY Fdadd FEAP 285HE AFA AuE A4FATY work
scope B2 o] ZtA Rt FEAT Awtel AW AAE o7 2o
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AENE MEFAE AEAZ
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- FEAY L BAVUSE
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o 71&® : 3 YEEYUAQIAT] AR EHATA
(Henrvk Niewodniczanski Institute of Nuclear Physics)
4 ¢ ul. Radzikowskiego 152, 31-342 Krakéw, Poland.
o & 3} 48-12-637-00 40
o A £ 48-12-637-54 41

o A =&
2= FEX YX3 1= IFHFZ HF{T de LAET
dFAE 19549 ¥F 2= JAHA F#He] FEFAQQ Prof. Henrvk

o

Niewodniczanskidl <3 HEHJerm F24 AL HBEAY o5& #
Henryk Niewodniczanski Institute of Nuclear Physics® &

4298 o 50092 FHAME TP S3}e dF4e A
19983 A S+ (department =X group) © #¥ BA (section EE
division/center) & X383t 26710 23t I+ € ALxRFHE BH{F3 g
o},

3 & FFETY Ad FAQA WAABHAEATY (Department of
Radiation and Environmental Biology)S A7%9 Prof. Antonina
Cebulska-Wasilewska® H|£8 20439 798¢ Bfstn ¢ oh
2t WA AES Aol e A4F AFANAEE ZF3 Yk AFEAAE] 2
EAo 74 2 F4o ded Ay AF3 Fede BE 4F #Ax
o] <1993 %ol 753 dld wWigAH] (growth facility)E B g4 o]
gg&dol BUHE ANEEolth 1997974A F4A A B ¢8A A8 &8
HAE U-120 cyclotrons #H#3l= 3HH 19980l ME2 X-ray RAMAA

tfo
Mg
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& gulstel B9 ANE ATBFS 2AH Uobrka Yok 2 o) AR
BEGA 4P FAA7) A FoANNE AYFE AL, AP, A

24 §& #Fa o

9 ATFS

2,
(\\)
ik
ol
off
rf
-4
i)
no
2L

o A4 ™ : Prof. Antonina Cebulska-Wasilewska, Dr. hab.
o # $ AR FEAEL 4%
7
AL EAF 4L Prof. Antonina Cebulska-Wasilewska®] F# 3}
of 20 o]l 23t WAMAETATF FAL B 5% dFH AF
NEe HEHE Qou B8 PAAATREY AFLN AT gelAE
AAAZ] FA 98¢ FYstd 23 Ao #wFHA  #jFe BNL
(Brookhaven National Laboratories), Y@ &= Leiden &< AFHEXE INP
o A FAFoZA AAY MHA AFo2HEH I AFFHE AAE
vk 3 FEoA G=F A (EU projects)E F3 8= o2 711 wbALA
BE A7 FRYLE Ee HIHoE Fostd TFFosN INPY A7
e AN g} B3] v+ Western Hllinois t¥, 2 ~E 8%} Vienna

o
r2

ofr

E
4

o
£

o

Ho

tigte] Cancer and Tumor Research Institute, UW@&= Petten?)
Netherlands Energy Research Foundation 3 333 e ZF He d9Y
dTE INPY 9758 S A% & e A4FY FAZ & & ot

TEATAYAY AFFRTHE AT F Ue BUE Ax2AY AT
AAE EZ2L [FE 1] 54 o|gAgd ¥gE9 gith
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A 55 ZEARHY 5

A1E AR 2 U

1. IAAE (REAMRD

Aol AHgE AEAE T-44302 805 KAERIS INP R5F 24%73)
A FH&AY A4 JEAY BF - FHode FYE YES SEE §
LEE Tiste] A3l 40029 T-4430 A EAE NFoz A%H F
A3 AXNAEA AP BRI HEAE 2939l Stock cultureZA
T-02, KU9 225 4 5239 Zr SEEE 10002 o9 AEANE 2H
71Eo2 33 Qv 9yt #E = Underbrink et al. [27]19] 93] AA|E A3}
o wg oo FEr BAE A Peo wa By Hey 23S
AAEHTE. A F4)7] o]l AIEAWMO|LE (background mutation rate)
24L& 53 £39 44 W@t Qs Ao gAHE AAE Ad - )
go2R AMAL A Aolol 3 WHE wWAAAC

‘3L LET 2 ALET #Ade] tid d3uks a7 oe d8s ALgsigch
A3 A AEE AEAZEY 1071 o4 solE AR Y= FAE 2AH
3l FAIAMER A3l 00 storage effectE WA A 7]17] 3] WAL =
AFA 2443 F9F AP =240 eAAHT [28]. A9 AHFYL o]& o
Hol AAslgon AHAE ojn ANIe ZRoIYE T3 2~4749 HL
3lolE AATR APTe A Zdolx FYFEE ARsto F F5+3)
ole]l 7]Q& A WelrbeAS wAGAT AP IHME 10~13744
Fol ¥ 24 5 HPFLE 4sdrh

‘BEgAA o AZAEAY e A AT BFele) FRAE A
A8 FAAEE FES FEY B5HUE T BELEE A1439 ZE
A Y T-4430 YEAE AHEsAT 42AE LEAZ UL T A
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(27
B
n)
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B

ATEE 207) oY ¥E (G20037))E ALS:

Aot ZAE S dAE AT AEH] ZAAA (Cobalt-60, 9F 400 Ci
4%, Panoramic irradiator, Atomic Energy of Canada Ltd.)E ¢]£3lo A2,
N FAA RS 0.1, 02, 03, 05, 07, 1.0, 20, 3.0, 6.0Gys] AZFoz HkA}
A ZA3FA T Fricke dosimeter®2 £33 ZAMAZFELS 0.446y/h AT [29).

FAA 28 Y8AN FFAAGATE AL FFNF TCf FAA A
A& AR on XA ZAe dF9AEAT4AE EEATY XA FAFHA
(150kvp, 10mA)E AH&-3tAth 1997d SAA Hd#FEL ddezry 2nH
ol AFA 0483mGy/hF e XA MFE&EL 2uH Adr 1269
mGy/hch. SR ZALE AgeozRyg AT AYE Fi ARE V)
ol A 0.005(0.007), 0.01, 0.02, 0.03, 0.05, 0.1 ¥ 02Gy9) AFo g FA %A}
A XA ALE 01, 03 £ 05GyE APTY=E #7 zAegTh

S, EFAd g IFE FUET] H4E ABZRAIA Y FHA A=
PCt NP0 2 339 o1FH ATl FHLFLE TEE Wjdstd MY
ok olwe] EARMFE 0.00078GyH o™ FAA WEE (emission rate)
3.9933x10%neutrons/sec. A tt. ' '

of

[/
-~

3. HEA ug

HWALA S ZASE 3472 Hougland No. 2 solution 68] 241<} [30]d] 3
Aske] AY WellA wiFsdch FRe MY dAFE nFRer 39
of &HA A wFYoz @A sgon A HEV|L EX JETIAHIE o4
gt Z71& AN AT ZEY 7 AEA 9 AP AT vYAd A
S 3Yo A FFARA AGYHAA wikstH )

A 2 X E AEA F3] iFRALS 3] 14470 B4 20T, 5 80%,
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FE 15000 uxE ¥71& 1043, 18T, AdisE 86%E A3t

il
AAERB& o] &3t wj& 25u) oA EAWO)E ATt TSH &

dweld] dig £4L gEstd HAE otk SVl A9 &oldS 1

ko] WhEA] BAMEHY RS A Asd 2L dEHII F9 =

HEHYA Y & FAN FAE 23 4CTE AAANAA $ZR# vt A%

€ ZYAJEE A} AF AP AAA Ad Az EFEA™

g Bo] o3 E =@ wiF fd ZHYAHEE T3 FAS}E Rol £

o ZE e AR JAAAE oeH 2ok

O egtol= Fad HFARFE H3}std WA At

© AL o83ty el 6718 BF A2HA dojit

@ Fedo] ZF JHfo i NF & YEE Efol=d I

@ 2AEv 7 254 stolA AAASF T

® AGAF AAe A TEE AG3

"
g
&

4.

i

o]

AS AZAE F2e A7 A5z AFAdn & £ A7 E3A
22 o]} AolAY $¢ AR £x E AV} BFAZE oHA 3
TE @ A4 2EEAWOIZ AFEAT ol T JEL FHEAMo
A BT FYsA AL A

O AxEdENRATHZY) : $&& THIL dx AZF gAFRTD
Ag b F, F2ED T AZTFHG FHlY REAR oY) AL &
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oA

¥l e AXNEDH]
O AEFNARAEREARD) : S8 FFALT ol Ue 95 2EAX
Fol Wge Fad] AL ©E PFALY P AEFIF DNA
#47] (S-phase) olFo] 428 EAMole] Fsfols] W AEF/Y
Ar WAAEAlY 9@ AEEdY B AEE ¢ 4 dE F=5) 9o

[31].

EdWo]l AXY AFe BMAAXAFE 4F o AFHoz AAHYLH
o

] HARAZANE EAWOlE FUF FEHZ X7 (peak interval) e

A

AHRE EF AR (pooled data)BEHH 3713 T 10029 EdH)
24 EFGHNIEE AR YT

(RN
Y

A28 AFHEL 1§ EAE

L AL 2F EAAES

BH3E Sl AEAC BE nHEYARE BAs $2439 Ja2R
B2 Z8st (X 3). =8 24U FAXAS A Yede T-4430 €
g AEAWEE A&Foz EHHYeT FHFT FAF £ wg
dAAY AgEAlge] wAYA oz A UEUE AEiE A4ty
AASAG. B A7) A4 T-4309) E4FE BB BF FEFE B
2A =979 4% 61 61, ASEY [34] BuXQ 5380 4 ¥
Aoz yeugton 23 AT gojxe ¥OE Aolg vehlA &
o]ZL AAE IFUAHATALY T-4430 A=AV HAZAxA5 04 @
HH3 7 WEY Aew Hridn
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H 3 T-4430 2 KU 9 &9 AYEAHo|E ¢ EAHAR
2z | =4 9F | ZzEA | gzon |2As%| W 3
#2945 | R 13.08 1.34 %
wRAMES| 237 351 0.21 288
T-4430) mzwel | 116 115 1.10 128
madel | 054 | 098 0.09 128
+2d9% | %614 12.87 115 125
RAESE| 199 077 0.14 375
KU 9
23wl | 055 0.83 0.07 133
mawol | 059 158 0.14 133
A3d A LET WARA ukg $7
A LET #AHd kg @A & —?%%}71 A dPolles BF FHi7t FE8)
H2d oy A& AP AH&stgTh T-4430 AARAE 20704 AFT

2 Eo] Yooxgo

=z O.1~6.0Gy 2ol &
EASAT. & 4014 BE vls} Zo] H7%
A AFF7te) get d¥Hez FARRL

83 EQ¥olgo] FAade HFEI FHE ®

ZAEFE T~1597F EAWO)

EEE

Mol 20Gye] A
R E I - EE PSS

FatA JERAATE olEE

AZEs= 7€ 2aZd 32195 F dAsts Aot W FAAW

o9 A%

2 At}

AZRESBA o] glojAl e WMol F o]

wgEavold ula iAo

l



E 4. T-4430 289 3AojA ZAvtde] dig TSH €490 &
3713 e 371% FAEAR0]

:f;; 4921 | Aewe 2971 | A9v?

J¢ | SE | HE SE 2K SE e Fig SE
0.1 | 0900 | 0285 | 1.424 | 0411 | 1500 | 0474 | 0583 | 0.168
02 | 1357 | 048 | 1125 | 0398 | 0250 | 0088 | 0375 | 0.133
0.3 | 2625 | 0928 | 0.900 | 0.285 | 1500 | 0530 | 1000 | 0.316
05 | 1333 | 0544 | 1.000 | 0354 | 0333 | 0136 | 1750 | 0619
07 | 1475 | 0521 | 1167 | 0476 | 0950 | 0336 | 0333 | 0.136
10 | 6725 | 2378 | 0667 | 0272 | 2950 | 1.043 | 0500 | 0.204
2.0 | 8300 | 2625 | 1.000 | 0500 | 7600 | 2403 | 0250 | 0125
3.0 | 3800 | 1.202 | 4700 | 1.486 | 3.800 | 1.202 | 4300 | 1360
60 | 5167 | 1.491 | 2500 | 1.768 | 8333 | 2406 | 0.000 | 0.000

FFAAHATAE EFAFAA XS ZAE 5 FAARE ZF=INPE
ol43sted INP d7289 HE3lo TSH assay® AAggen 2 432 ¥
5 28 20 JeldQen XA AFusaAAE A3de 28 30 el sl

5 XA ZAME 7~1999) 10023 E4Wo] (‘96 KAERI-INP 4 3)

X3 | SEBEIL | UEEFAIL) ARG |
(Gy) (#+SE) | (FF+SE) | (JF+SE) T
0.3 169 = 066 | 081 + 042 476 £ 163 0.53
05 241 + 0.80 095 + 045 321 £ 143 | 0.46

; |




X-rays

—o— 3.3 Gy —o~ 0,5 Gy
1e

£ st

]

-]

g

T 6f

[ ]

H

2

-3 -

2 4

g8

]

a

= 2f
[1]

6 T & % 10 ¥l 312 13 14 15 16 17 38 1% 20
Days efter ¢xposure

29 2 XH 2% BEEQWOISY U Wa

XA zAel mE REEQHolgo] AFSstel We EaqsA Zsba= A
< A F AP QWL YFWEs Jax ZEo Holg Jehd

T T AT B AYe Hxe ANY FF-E2Fs A4d802 N
4 2AF AN EANE FAY oldalde W) EAFL Tojon A
B FFelE 230 JEASA AFL G E=XE Holsied A5 4
1< FYe7] A% pilot experimentth. QA= oj-g- ILFEF o]l o)}
olEANT BF3 TFRAL Ao Wed Aoz BuwY).
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A4d 3 LET SAMA(ZA AN i3k TSH §+¢A4 79

L FEEddolg U4us

HhAL Ao ojate] AF g $Ed A FEEE Z4F 2ddoE B
A ZAE @Ry sk we A FUhste Adigtel ol2¥ YUt thAl
£ 59 AREIHO|EA RolAE FEE Uegdo FHHoz AW
olgo] AUzt 2 ERE TR YA V|7HE nxV|HeE HAF
o olule] E@ME AAAAE S dHojHz FgIT 19%6dY T
FARY A nxUIe WA AME TAAAA 2094 Alelen 1997

AL A 10~20d0l%th 1997 dAHATA G5

o A% FAFEN 005Gy FAITE VTR JU& o PAM g BEFE
dwolge] F77F XALE 3Y ARE vERT] AlFEtd AR 2AF 109 F
A EEFEAWOILS BAT. wIAA Eduwolgo] FASA FihF ux
be ZAME 6AMRY 13UAAE GE T AP AL fagte] o]
& HERAT (£ 6).

® 6. 7 A4¥EE vud sddoe 1x7I3

" s Soltjo] mx7|7H ow a
= (ZALS 78 Biel K B -
KAERI-INP 96
1 7~20 i
KAERI-INP 97
2 10~20 2
KAERI 97
3 6~13 oAl
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EdWolg X7 B AR XALFE 6944 209 Alelel YEgA
T FANEAY ASAY R AFALAY EFAE T @} % GEA
Uetd F A3E gnidte Aol71E g} Cebulska-Wasilewska et al. [33]
& BdWost Amzxod] B3 329e] FF (three day-maximum value)
RZ7I A ZF I FA vndPg oy olg F ol E AolE HoA
&3kl Wl A E4AHY Aol de A+ 3 HAFE TS A
e Aoz Aztdn.

2 AEF7AAY & 893t F 7, 8 FEIUTL

® 7o) UERG uks} o] 1996d TEAE AT XA XAl mE wge F
e MYFHSTE HQ ¥ FAZ ZAbd wE kgl QoA 0.01Gy
AR 002Gy AFTY EFEAWH A A9 zpol7} YT o9 Ze
Aite KAERIA 9HAA 2418 4 EAE INPE &F olFdte d AU
A ZAAIZFO) 28 HJI o)2 A5 A EAS AL AstE b @& Z
A2 B & Qv FA4A 01Gy 487 Wiy AFd & F€€ 47
L10770e £33 RE& ALY F5o wet AEAEHI SHA e webA
4% & Qe 3719 F7F AF3] ARHo|U LS YEE sty FA 0l
ot 2@y 19969 FEAPe B8 Az TATRH-NEBR-Zd=H
W, & A=stgen 2 A o9 &L nigtE WA I/ AATEAHE
o 7hsAdol FAHU [32], & 84 B 5 Kol WALA XA A
HAEA FAEY &£ FAE oFXAe MAAE A UIT AALAEES
T3 E48d d72AH%E 58 £ dS5E € F AU
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¥ 7 B9 nxU|F BESH a3 (‘96 KAERI-INPAE &)

W | WAL | MEHGY] | SEES | S EHOlHE | KOl M E |MERI| ol x}
1 XM 0.30 4494 1.7+0.7 48+16 0.53
2 XM 0.50 6638 24+038 32+t14 0.46
3 | =M%| 0007 | 4170 | 03+02 17412 0.83
4 | SMHX| 0.011 1107 08%05 - 0.38 |
5 | 3MX}t | 0024 | 3822 | 08%04 0.5+04 057 1

F 8 B4l 127|F BETH & (‘97 KAERI-INPE E)

s | gAlM | MEHGy] | eS| 2EHolel s | XA ol E MlE-’f—ﬂf’Jﬂ
1 XM 0.10 3258 1.1*x05 2512 0.32
2 XM 0.30 6816 54%0.2 69+22 0.41
3 XM 0.50 3762 8.1X05 12.1£30 0.43
4 | SHX OOO AAAAAAAAAA 48124,> 0.2+0.1 | 05%+04 0.50
5 | 4% 0.01 7280 1.4*0.6 36+1.6 0.68
6 | SMHA 0.03 - .10276 é.8i0.8 4617 045 |
7 | 4% | 006 738 | 48%1.1 12231 045
8 | MK 0.10 4065 76*15 105+29 0.44 |
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1996 FFAP Aol vehd AP FARES wdel AAW
19979 FFAPAAE 438 Ndd 23E 53t & 8dA & <+
e dis} o] wlolE B W EAE dAHCE HY| dEd 432
ol g A xrt a%F wobd AHE 42 Zolth XA & TR 24
AET YA WAL ZFY Frto] e EFEIW LY Tk FIE A
A FEE e (29 3, 4.
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F. 11. T-4430 23 Eq9o] f2o] glojA]l ®Cf $42¢] RBE A&7k
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a # coefficient)
199744 ZMK 51.74 a1
KAERIAE |y - 1668 .
199744 Z MK} 76.7 "y
SSHE XA 16.6 |
1‘ 99644 ZMX} 334 68
ZENY | yy 49 '

Cebulska-Wasilewska et al [37]°] @29 #WAHde] RBEE A ETE 293
(biological end-point)o] wW&A Zt7] d2A ez glojA AFgErhu] 9
S S8 TR EE TY EES )8 A5HE LE A FF
o wetA FA4Ae RBEZF 2 A H7isEe] 3~209 W2 @ed 23 @&
YEr AT Bkt .

HAEAE o848 TEA 2AATAME dFE ¥2 RBE #o] BiHS)
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4 AAEA™], dAA A 2 Ve AR F A9 A ZHES
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285 Fugel wetd RBEZ thEds 32 293 93 Aotk wekA
4% %< RBEZ 343 Agdte e 4EHHos BIx Fon
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t 9wy gao W@ Axe BeA% F4 RBE &2 AN Wl goiA
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T 1094 HUE Bdo=H Fupdws ARGS9 dehde ik
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¥o] R27|7ke] Wd Aoy G aHE A3 AU

StH WAL EFAL AEA ASAAAA A DHAEZAY LFA
¥oo) WEE wE 2uA 20Gy ZAEE A nE BFR UE AL
2 AN AEZTL B BRAL HEAY 4% AAdE 2 98E 71X
A & Aoz HAHATG (2Y 1), 3 AEXEde] ITRAEE Yehies
AEF7)1AA ] ¥slGdE duby Zaltd ZAA S TS Y-S BAT
(2§ 12). #Avbd 20Gy A JolAH €T AXF7 FFgrel w8
A 2A e AL oA 20Gy 2R FAHA 0.00078Gy EHEAE
T-4430 AEAS AKE A= FaeEd dFo 2 H42 5 Jrh
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o 0.00078GyY FAAAE XA 244170 A ohg el g AT
HALA B3 ALS Jehue AgE EEEdYe] dAWEE ¥Y EEEd
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Aol U2 AYEE EIXA F 99 T+ 10¢9 vetdo = Zald
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5014 W& A& e 3571/100 715 H ey o] B¥7 x|
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F44 BPRAPe ASuT EdT (28 14). AohATS 2N A
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F A7 Yeryr] At e gebd 20Gy 2AREAAE 16MXE 0] 37t
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Hyow zupdZE 20Gy ZAREAA &3] AXF/UAY A4V FEEAA
Yelgttr (219 16).

4. EFxALE TSH £35dWol9 v 3-r&
0.1Gydl Al 2.0Gyel A= WA Zutide o3 f2¢== TSH 28EQ
WHojo] AFukgAel 7| &7 (F7HAF)E 5980]t). Artds AFEE XA
3 & FAA 0.00078GyE FASH TSH £33 EdwWo] Zutdzd-ukgeo &
617, FAAE HA FZAME t§ Zutds 2AE B9 AF-dE
F7HASE 7480tk Zubdwt AN %ol Zeld+FAA ZAMA 12%, F
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Su7t Gebso (g 17).
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DTDO HZZ3 DTD20 izl fojdel Auae BFEaddol
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Hol fAAEdge] 109328 424 F/48 ek e dws
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o dgsteih. W), 20T NedTAI EAss AN E A7AH
o wat AnEdel WMEs WAFeE ZrsE AL YUY (29
19). olze A}2RE #4295 LEzAS AEAY A WS o
28 AR SAo) G2AOE HEF B AWM FEa e Frhe A}
He 9& g |
o} SAREANo] WE
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DTDO A9 A$ FHXAE] 05Gy RATFE 7|Fo2 e
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DTDO 4879 A$ FARAAES 055Gy RAES 7€ s 9 o
Ald el 9% FAEAW S FIls FA F 8Y AREEH FUEr] A FEd
XA 104 ¥ 1.88+03322 Adgks YetliAo (2@ 20A). DTD20 48T
9 RAZAM) &L RA F 139%H FUkehr] A A 179 o
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Ed¥ol&2 DTDO A8F9 A A ¥ 794 %H F43) 3739 99
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7vsk7l AFske) 139 £l Hdigte JERdY (28 20B), FAEAWol&
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g (g 21A) €Y AEF YoM e Ak ¥EE HolA gn AY
dASAYG (2 21B). ZAAFY 2 HE &8 Fo JolAE dxd
o]l ZAL F Azbo]l AT wEt i S BRI W™ 22A),
Fed AEF QoAM= 20Gy ZATES AT UHA] ZAF oA E
F53 FAE Holx &ttt (2 22B). RAMAFYE &Y o PFFHS
81.1£7.9~955+552 20GyolA 71 ¥A JeEld ¥ 03GydlA 7 &
& & Jehile] A Frtd ©E F e &8 9 HAE HoAE
gact. 2B FEE HNEFY ZAFE FAHS 21.3+1.3~2441032
dzTdaAM 7bF A Jdebsten Mol Frgl wep Ay AFerd
20GyAA 7 A2 BEHE YAk DTD20 tixedl JojAle £3
HE ¥ T AT ®Bsglel dASA KAyl Azke] Aol we)
%zt FhsteE FAE YE 9hA FEE AXES] glodE  owE glo)
Aol gA&AT (¥ 21AB).



Colorless mutations/100hairs
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20A. DTDO 4379 AZdd FHEAHe] HIEWS}
(@=0.3Gy, O=0.5Gy, B=1.0Gy, [J=2.0Gy).
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29 20B. DTD20 Ag2e] A% ZASAWo] MEws}

(@=0.3Gy, O=0.5Gy, W=1.0Gy, [J=2.0Gy).
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ZAMG] hE FF F5Y o YINE ZA F Al A e =
AP FAE UHUAE ST (29 23A). 242 A¥50] JAE 20Gy
ZAFEO] Qo) AT ZAF & Alzte] Aol ohel R ATSY PAE B
AAW e zATd YoldE Acd ARFAE Bolx g (1Y
23B). €4 F9o FAZL 849+41~947+512 1.0GylA 7+F A4 JE
e 20GylH 7PE we e dehlel Mz Zrld gE mad S
Y 59 gar Holx gtk udu AT £4dY ATF YoM o
T4 21.8+0.7~243%103%2 05GyTAA 717 =& ¢S Jeylon Mol
Z7bgol weh Bass]) Azsid 20GylA g AL e Ueudd.
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29 23A. DTDO A g7l QojA Hgd 293 HF A ¥4 H3}
(@=0.3Gy, O=0,5Gy, B=1.0Gy, O0=2.0Gy).
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Average number of cells/hair
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4 6 8 10 12 14 16 18 20

Days Postirradiation

¥ 23B. DTD20 A@Toll oA Hzd 23 i Alxs ¥z
(@=0.3Gy, O=05Gy, B=1.0Gy, [(0=2.0Gy).

g}, A EF7)¢1A} (cell cycle factor)

AxF7] AAE F AgLd dodM FAEE AFHE BEd DTDO
AT AF ZAAAEFSF 03GyE A3 BE TAEO] ¥AMA XAF 6Y
Wl 713 & %S (¥ 24A), DTD20 AP F L ZE ZARAZO A WALA
22 & 7940 7HF ®S @¢ yBiden (19 MB), ¥ YT ©F
WAL ZAL F A o] Al mEr Roliuh AR ek 7o) Ax
Z7] AxE DTDO AFF0] 051~0.752 05Gy ZAMZA A% e e,
20Gy ZAFENAN 7bg E& ke UEden, DTD20 A8Ze 037~0682
0.3Gy ZAlrolA 71F ¥& kg, a8l3 2.0Gy ZANFANAN M ¥ s

YERA AT

a3t
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Days after irradiation

¥ 24A. DTDO A &wel oA MzFd NEF7]|AAe] Wsl
(@=0.3Gy, O=05Gy, B=1.0Gy, [J=2.0Gy).

Days after irradiation

19 24B. DTD20 Aol gloiA Ad3FE AEF7 A ¥
(@=0.3Gy, O=05Gy, B=1.0Gy, [J=2.0Gy).
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E3Eddol7l d&A 718 Fx27|E DTDO AT FAF &
6945 FE 1194714, DTD20 A T2 A 104 F7H 1584742 BA 34K
o ARE 32V 0FY 1A AHE S d¥dE FE4E 1002T F
# Ea9 AP WAIAE ZAIA] F& dXARY EFEQA

o] &E
Holgg BAARRE AUt F EA APT 1ol WAd e F)
o & B2EEAWEY FUte FHE AP IS YA (29
25). AZFZ7te] @& DTDO 479 F7HAFE 5999 Wi DTD20 48T
o) F7MASE 801¢ 20T V1ediade WA 98 BT 42
of e 34%9) ¥718 Ed¥o] 8902 FHEF AHolth o vt A
F F7te dE EEFEQMEY F/HE o ohe} & 9] s dute] o3

Pink mutations/100hairs

29 25 duAte) E BT EdWole HIALA kS vl
(@=DTD0 A ¥+, A=DTD20 A7),



2. Zutd s BFIe) T F2AE
7 AdzxAe AR
Zot X3 5337] (PP; photoperiod)®] |G 3Fe] )3t TSH 2 EFE¢9W o]
AEg d7sdth. SRS RS F5HHE Y EFol #1 XEAA
A& HEAS AL AFEE 10FE o|4E FIYF223e 005
0.1, 03, 0.5 € 1.0GyY Zvtdg& ZAEAT. WA ZAME i Z22(CT)-S
25 & 20T, B71 1442 9] 1047 AUlEE 75%, =& 15000 luxE
fFrAsET. &H, FFr]d g g3 B437] A4 PP AT
7] 2072k, 7] 4AZh, 185 PP4 AEFL BY] 447 4] 204 3E #A
d9o9 Uz AdxAL CT Ad2d L3A FAF4A
U 25l Hlx w3l
- CT Ag2e FAAFEY 05Gy RAMES 71§22 F& o WA}
Aol 93 EFEAWOIEE XA £ 64 AFH FUH37] AFd xA}F 10
4% 476103402 HAHS 2AT (2 26).

ol

Pink mutations/100hairs

10 - e i-—'i"""i -
5 1 / 0 \Q’/OV§ o .. -
|-"§5g o o PO
0 = —T T T T ¥ T ﬁ—,—“ T ¥
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Days after irradiation

a8 260 AN BFIISAA Y AP BFEQH] ¥x W3
(@=0.3Gy, O=05Gy, B=1.0Gy).
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PP20 A A EFEQAWHELE XA ¥ 6U5EY F7137) AFEd
ZAL 99 Fo) 387103622 Hulgk (¥ 27)S JEld ukd PP4 AP TS
ZA ¥ 12988 F18l7] AEE x4} 239 Fo 7.31%05322 A
(28 28)& YeERAeh. A EF3EAW &0 FUtsts Al7|7F PP4 28
o] thE F XA H|3lY 6Y dAE AFAES ¢ F dden, vAY
Hog gL FFr|e AFENY FeE oA EEEAW|Y 2RV
QA AB7IZ QAT 9SS & F YAT TEZNT S oM E
FEQHo| &L CT A¥7o Hslyq F A@TA A YeEston, &3
PP20%) A8 Brl PP4R AdToNA AF F7ld o4& &€y &

X

Wol F7b Fabel He Fremth dedom uRgdes e

A

Pink mutations/100hairs

4 6 8 10 12 14 16 18 20

Days after irradiation -

a9 27 PP20 2879 AP ESEAW] ¥k W3
(M=0.05Gy, A=0.1Gy, @=0.3Gy, O=05Gy, B=1.0Gy).

_.62_



30

25 4

Pink mutations/100hairs
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Y 28 PP4 AdTe AEd REEAWHo vk W3
(A=0.05Gy, A=0.1Gy, @=0.3Gy, O=05Gy, B=1.0Gy).

o AEF7] AR

AEF7) AAE 03Gy, 05Gy ¥ 1L0Gye AR ZAbEe] glolA
CT 4879 A ZANAEF 03GyE AT ZE ZATo] WALA ZALE
6d Aol 71 =& FE (¥ 29), PP20 AJFL TE FAMA Z A WALA
ZAF ¥ 6dA M T2 &S JEhdol A4S AR(29 300§ B ki
PP4 ATl AUJAE 03Gy & 1.0Gy ZAbEd YA E AP ZAE 9
Ao 7 TL S JEMIAI 065Gy ZAFEY Yol e HHAMY FALE 6
A 71F ¥L S JEMAATHZE 31). 48T EF UAMA ZAL F A
Zvol Agel we NEFV] AAE RelAE FAFE Btk RAAF] A
zrztke] AEF7] AAE CT AP0l 047~0492 ZAbZd w2t Add 3}
o] Bolx Fgron] PP AP 0.33~0.38E 05Gy ZAMEAA 713 &
< Z& JERIQY. PP4 AFTL 036~04002 05Gy FRAMEAAN M =
< g, 03Gy RAFEAA 7B e & JEude
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AARE 1197HA], PP20 48w A 64 FHE 1249714, PP4 49
ZAF 129 329 1842 YEYY (E 12). 227|059 A3 A%E §F
o dgdz S¢9 10023 FT Q&S Aoy A S
32 e MEAIRY BEFEIWLS BAARER AT 2E7
STdolH2HE AR P EFEIW] NEE dAEFH MEF-uhs
AE vetdiz ot o) HNFA #AAY IV ASFE CT 24822 0.
PP207} PP4 A87< 77} 098 ¥ 09924 L A8 F94do] aAd
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05.9%9) Z7b &oE UEUIAT (27 32). 53] Aol F7hekel me e
% AYFHT PP4 AT YA H% ¥ BFEANILY FitE
deblEd, ol FFI7F #25F Purde A% Fb) mE BEFEUW
ole F77k AA&sd e ovlshs Aok

F 12 b #F7)9 FxAE 98 TSH EEFEd¥e] Aok

A HY 2
Ch:Ae A nxY 277
4 Gy | @zrsp) | O 22703
0.3 2.95+0.00 11 6~11 day
cT 05 476034 10 "
(14X 7 =3) | T
1.0 10.07£1.04 11 "
0.05 1.48+1.04 16 6~12 day
0.1 1.37+0.00 19 "
PP20 03 2.61£0.26 7 z
(207 7+ %3 | R
05 3.8710.36 9 "
1.0 9.21+1.28 6 "
0.05 0.88+0.17 4 12~18 day
0.1 2.02+0.32 13 "
PPd 03 4361063 92 "
4N 7 =3 ) A
05 731053 23 "
10 | 1644+154 18 "




Pink mutations/100hairs
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29 32 A BF7] TR 3 EFEAW] AHSE
(@=CT 438, M-PP20 438, A-PP4 43+

~—"
.

ZAvtd 05GyE ZIEAFLE HUEta e o CT A¥TS ALY A £
6d AFHARE EFWol&o] FU8lr] AFEA EAF T 108 A o H gkl
ol23t}. PP20 HAFTolAE WAL XA ¥ 6Y ATAREH Ed¥olE]
FAEe7] AFste] ZAL & 9 Ao Hagho] o2t} wlde PP4 HFET
o gleldE XA F 109ARYH EdWo|&o] Fx F78lr] AFEe 23Y
A Hagrel =Tt X7 Foll oA EIFEAW|ES CT
ATl vzt F AET A dEsten, 53 PP20¢ 43T EY PP4
A APTFAA AF F7tol 2 &Y EFEAN] F7} Fol O F
szt ZERoZ uAYH o #L FFI e AFEAN Fedel o
o] 3} WALM 9 EEFEAW] FHRAEAJE FIIAIIE FAlM WALAM] o
FAR £49 FEL ARV AAAFE Qle] A
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3. A #3899 FxFEe WE 1
AFEu e gloja ALAQY Ed¥e] e 9, 2x9 IV EFEH
Z2 g4 §4898 sto Y

& Wed, B A7 B 72w
A7k Qe ARZo) Yool ABEARe| &L Azko] AHe] wel F7h)
a7k HEEE A BAW, ALWAT B 49 oAE LE

o st AFEAW] WErl HAFHo2 FEE & F UAT ol ¥
& 2xoA AFEQHIZF BA dojun, A £x Wil 93 dm
ARTGE BRA2Hn FAT 25 ¥t 93 dmAd ot AREAR
Y%7} F748thE Imail et @l.(1991) [41]19) A7 ARgx X Fr}d. Mericle
et al.(1975) [42]= 71&dmz7t ALZQl FFEAHNE WA= 9
Fol Uz Hgtown, T-02 SE oA ALFHQA EdWevizs} ¥4 Y
Bus e Ao Zo dazte] g At Hnsyr

Ichikawa(1981) [43]% KU 20 Z&¢] oA B XA ALEHHo]
g ¥A YEte EAE /e AL, ARFoz2 dojuEs DNA &4
B7)Re] ¥ 2xA o AFHFoy] WEoln o] & 7)Fe 9%
olgtx FAEHoH, Imai et al.(1991) [41]12 KU 20 E&9 A2FH &
Wols 2xo Uidtd guA# #AE UeEd, ot AEFom dojue
DNA £39 3E7|ge] & 2xoA o ZHZH 7] wio|n, xLEd
ol doded AAE Axfe) T2 &S Fod ol& AxPY FH
Al B8 o st dojdAolgtn 5890w, Ichikawa(1994) [44]= A
Fiin Fedd ALy Ed¥ol FHEX #E AdFE F3td KU 20
ZE oA AREQAW FH 2AFY U= AAX AxF g3
A3 4 AolFa FASAY B AFINE BZEAH)LT FHEA M
& BEF daxpt & A@TA nxU)|e] AdHE A 9 + IR
=3

AFEAud M Fed Hd FEE T4 T HTF AESFE 3
A7t 288 RYFE bR o 2 A4Sy [45], HAM MFe Frld we}

2 >-i
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$¢d9 BAAYS BA5Ee Ay B $59YF AEST AR
2 2HA AH46) B ATANE B £49 Fo ojNE B4 o
252 oty gasEs AP HYOoU F¢de) BFE ATSe YolAE
ek WEE Holx AYTh RS A AT YA Y FET B
U5 AFo] A Bk FANA FAE YeAth £3 &
o B AESE REY WA ABIl BE FAE ngEY E

3 MFo] ES4E T3 AAE HYEd ok F4Y AXY £49%3 4
Aol g AAtEdWold] Frlo A& o2 AZ4dr)

AEF7102 (AEEGLDE A58 EXATT Fd digh @5 254
49 HE&g Yy, @5 EEAXY Fd2 AXFFT FEES
phase)o]Fo F2¥ EdWeld Ax [31]0]7] wf&d AEFIAAE HHAL
A A % QxR 3P AEE 4 5 U HEU E0h B 49 2

oA HE di 27 fleir e HEFI]QI
E Ho|Re @goyt Wb AP Fo
Z71FE EoRE & & AATH HAMAE ZARE AT SlojA = HRALA
ZA & 6~79 Atold M =& S YEd A
daF AT &2 AJEYG EE4E & F AN olF wWhakd XAMATEO]
Igell ot WopAlE AEde BRATh dFo]l FUhge wE AXF7|AA}
¥ #g UEhE Ao Hol Anpde HF FIF AFEH FEE Y
AAEEGH Y QoA AXZIRFE dodled F83% 8o #AF
S ¢ F AAY. FEFoE & Z9 JEduxte} FEEHA FFU] AA=
Aol AEHAZA JFEAY FEE AErF HALE 2F &43E 3
Ao lojA] AFE TAFOZA WAL 8 FEEE AAXE 2aHl9
EAFA F7He g £33 5 Afanz Qg EdHoly nx7|7HE A
AA7I= 4ol €k

2 #4260 o Aokd Ao
| F715tel wE N EF7]949]
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CFA] =1

He6d ssd7/MY =5 EHE &

thel7|ol =

k]

YA ABHE A9 PBE HFQAZH AFAR AFEi6 FEE
g5 9 FA7&S 03] AT AFAF7 FAHAYT EF=AAEYA
TARRE Rz dFd kA AFE0iu] S8 A FHAFAVES
ggstgen 7t 289 712 EAXAEE IS5t A LET HAK dig
ABD AF AF-u3HA §H8)2 EE WAL 9% TSH E9d0] 249
71€E FEst A3 aATHAAE AR o] MAste T AFHSHA
& GYToA 1AUE ATNLEES SR |

I LET WA FAHAAE ABAEY wES o83ty A & =
71€E Yty st FAAMY AMF dde] tiste] TSH MAXWo
BAS AAsE 33 XA did AFAE S FA HuElEEA A4
F FAAAC A ABAS AFAPeH I AFEsN6] T-44300] e}
e FARAY Az AEEAE a3H8] (RBE; relative biological
effectiveness)& AR FEEZN AAE 24d: AWML EEE A3 A

MAo] zt7] ©+& 3 LETH A LET WAMAG 93 E3ut-sg 3r}sy
Aste] el ZALE FAA XA B FAA AR g0k 2AE QA
of XAl ¥ TSH BEFEFW] MEE B43dn. &3 F2 848
Ql1¢l 7] @3} (diurnal temperature difference)®t 337 (photoperiod) 7}
At A AFgoin)e] &3S W JeldEs IXIALS AgFe=
TH3E 78 A3ty HBAHE 349z AFNLEEE A AL

B IFAFAL A 2ALE(06. 12. 25, “HALA &2 dF @A
L--8R A AnAE AN, FFLE(%6. 3. 9 ‘AFLNEE WAL
TEA ®), FFYE (96. 2. 14, HARAE AFLH] AbETE AAR
) & F8 A8WMA HEE Tt FREF 54 rdsgen 9=



B 3He TR 100909 F2ATEE, 839 ATF1ERIA U 2 )
AE Sotod B ERATALAY (FATEATADY hAelA 98D
2A olMASAY. B B FEAT0 vsted EA= UG Féo] 2y
@ B EBHE 5 FASNY FF AAEE Folk HIE IV
om §F9 FT% YHBA T3 AV AAZAAE sl @ w} =vh

B A7/NLE Bdste) Yeldoz Yud ABRE, FEEE © A7/
£u34 5 AFAHEL Goh 2o
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Memorandum of Understanding
between
Institute of Nuclear Physics
| and
Korea Atomic Energy Research Institute

Institute of Nuclear Physics (INP) and Korea Atomic Energy Research Institute
(KAERI), hereinafter referred to as the Parties, recognize their mutual interest in
promoting cooperation in the peaceful uses of nuclear energy. To this end, the
Parties agree to undertake the activities as set forth below.

Article 1 - Objectives of Cooperation

The general objectives of cooperation are to provide ¢pportunities to exchange
ideas, information, technology, personnel and to collaborate on subject matters
of mutual interest.

Article 2 - Fields of Cooperation

The Parties will cooperate in the fields of nuclear energy for peaceful purposes.
The collaborative activities under this Memorandum of Understanding (MOU),
hereinafter referred to as the Collaborative Program, will be outlined in the
Annexes to this MOU by mutual agreement of the Parties. The contents of the
Collaborative Program will be subject to modifications or supplements from time
to time as agreed upon by the Parties.

Article 3 - Methods of Cooperation

The principal methods of cooperation include the transfer of information from
one party to the other, meetings organized to discuss specific and agreed topics,
visits of or attachments by teams or individuals representing one party to
facilities of the other party, the implementation of joint research projects or
specific projects sponsored by either party, and using one party's facilities, built
or to be built, to do R&D work desired by the other party.

Article 4-- Coordination

A coordinator will be designated by each party to provide a central point of
contact in each organization, and through whom all communications and
arrangements for cooperation will be made. The Parties may establish a joint
meeting for the effective coordination of cooperative activities under this MOU,
composed of representatives designated by each party. The meeting will
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conduct a joint review and formulation of the Collaborative Program and take
place alternately in the Republic of Poland and the Republic of Korea. Within
the framework of the Collaborative Program, coordinators of the Parties may
agree to carry out specific projects by concluding separate arrangements between
them, if necessary. '

Article 5 - Sources of Finance

The cooperative activities under this MOU will be, in principle, based on
financial support available to each Party. Such financial conditions will be
specified in the Annexes to this MOU which outline the details of the
Collaborative Program pursuant to Article2 above. The Parties may depart from
this general principle in financial sources by mutual agreement, when necessary.
Prior to being involved in any specific projects according to Article 4 above, the
Parties will determine the detailed terms and conditions including financial
sources to be set out in separate arrangements.

Article 6 - Transfer of Information

All proprietary information transferred under or arising from the use of
information transferred under this MOU may be made available for non-
commercial programs of either party, but shall not be disseminated or published
or transferred to third parties without mutual written agreement of the Parties.

Article 7 - Intellectual Property Rights

Prior to carrying out any cooperative activities which may create or furnish an
intellectual property, the Parties will agree on the terms and conditions
applicable to it on an equitable basis in the form of the Intellectual Property
Addendum to this MOU. :

Article 8 - Amendments

Any amendments and supplements to this MOU are sub)ect to mutual written
agreement of the Parties.

Article 9 - Term & Termination

This MOU will be in effect for an initial period of five(S) years from the date of
final signature of the Parties and will be extended automatically for additional
periods of two(2) years, unless it is terminated at any time at the discretion of
either party upon ninety(90) days advance notification in writing by the party .
seeking to terminate the MOU.



IN WITNESS WHEREOF, the Parties hereto have executed this MOU.

On behalf of INP On be:half of KAERI

(11 l‘{‘/ » e eetretensnaveressaresvansosanssanarnesess  sofissessreer 00 casernsnnsmnennsarserensserenon e e
' ig?t‘n{e Signature

Andrzej Budzanowski - Tfhf"IV\ S ;n
ﬁame s e e
4
rotesser . Fresident:
Title ’ Title |
28 November 1995 Dec. /8, [995
Date . Date
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Annex I
to
Memorandum of Understanding
betweeni
Institute of Nuclear Physics
and
Korea Atomic Energy Research Institute

The Parties have agreed to carry out the following project(s) within the
framework of the Collaborative Program:

(1) Biological Monitoring of Radiation Using Indicator Plants

as outlined in the Attachments.

For INP For KAERI

7
Signature : \7([ @/Q"/‘(QQ Aa""/&x"_ Signature /7

7
Name: Antonina Cebulska-Wasilerska Name: Jin szu Kim
Title: Pnd. Assoc.Prof. Tiﬂe’?nje_ér V’.‘av\‘“(] er
Date: 28 Novembe;"1995 Date;’Dec. >3 (3X§"



Project I:

Biological Monitoring of Radiation Using Indicator Plants.

1. Counterparts:

a/ Radiation and Environmental Biology Department, Institute of Nuclear Physics, Cracow,
POLAND,

b/ Radiobiology Group, KAERI, South Korea

2. Objectives:

The purpose of collaborative project are:

a/ to determine an effectiveness of different types of high LET radiation sources in the induc-
tion of various biological endpoints at a cellular level.

b/ to obtain the dose response curves for different genetic endpoints that could be compared
with data from single cell systems of other organisms.

¢/ to study repair processes of subdamage caused in DNA by radiation.

3. Project Period:
At least three years from the beginning of collaborative studies.

4. Scope of Collaboration

The collaborative research proposed can be divided as following:

a/ introduction of TSH-assay to Radiobiology Group in KAERI,

b/ determination of dose response relationship for the induction in TSH by X-rays and various
energy neutrons and charged particles, :

¢/ determination of RBE for different end points measured in TSH-assay for radiation sources
" under the studies

5. Implementation Plan: _
The hybrid clones of Tradescantia will be applied as a biological plant test system. This is the .
most radiosensitive plant system known. The significant features of Tradescantia that make it
useful for radiation studies, particularly at low doses region, are its extreme sensitivity to ra-
diation and relative ease with which the various genetic points (gene, lethal mutations and cell
cycle alteration) in somatic cells can be reliably scored. The flower buds are sufficiently small
to permit irradiation which is uniform with respect to both dose and energy. The objective of
project will be achieved trough mutual and paralle] experiments and exchange of scientists and
graduate students.

6. Financial Condition

Basic research on biological efficiency of X-rays and neutrons from U-120 Cyclotron will be
covered by Institute of Nuclear Physics (INP will cover the costs of labor work of five persons
from REBL, plants cultivation, laboratory preparations, experimental exposures, screening of
cell killing and mutations in TSH). KAERI will cover costs of basic research on KAERI radia-
tion sources. Both Counterparts are supposed to apply for financial support to their National
Science Committees and to International Atomic Energy Agency in Vienna.
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Head of Radiation and Environmental Biology Department.
Project leader ; Prof. Antonina Cebulska—Wasliewska

Surname: CEBULSKA-WASILEWSKA Forename(s) Antonina
Graduated at Jagiellonian University, Cracow, Poland

Associate Professor,

Head of the Radiation and Environmental Biology Department,

Institute of Nuclear Physics, ul.Radzikowskiego 152, 31-342 Cracow, Poland.

Degrees:
Ph.D.- 1974 degree in Chemistry
Radiochemistry and Physical Chemistry,
Chemistry Department, Academy of Mining and Metallurgy, Cracow,
D.Sc. Dr hab 1991 degree in Biology, Genetics,
Biology and Environmental Protection Department, University, Katowice
Posts held; Since 1974
1975-1980
Research Associate; Head of the Radiation Botany Group, Radiation
Biology Department, Institute of Nuclear Physics, Cracow
1980-1988
Research Associate, Head of the Synergistic Effects Research Group,
Radiation Biology Department, Institute of Nuclear Physics in Cracow
9/88-9/89
Visiting Fellow Research Associate, Stanford University School of



Medicine, Radiobiology Division, Stanford, California, USA
9/89-11/92
Research Associate, Head of Radiation and Environmental Mutagenesis
Laboratory, Radiobiolog Department, Institute of Nuclear Physics,
12/92-now
Associate Professor, Head of Radiation and Environmental Biology

Department, INP, Cracow

Experience in foreign scientific organization(s)

a/ country b/ institution ¢/ kind of stay d/ duration
a/ The Netherlands

b/ Institute of Atomic Science in Agriculture,

¢/ International Agricultural Center Fellowship,

d/ 6 months 1979

a/ The Netherlands

b/ Research Institute ITAL, Wageningen,

¢/ International Atomic Energy Agency Fellowship
d/ 14 months 1981/1982

a/ USA,

b/ Stanford University, School of Medicine - Radiobiology Division,
c/ Visiting Fellow Research Associate,

d/ academic year 1938/89

a/ Brazil

b/ Radiation Protection Institute, Rio de Janeiro,

¢/ IAEA Vienna Fellowship, Interregional Course of Radiation Cytogenetics,
d/1 month 1990



a/ Great Britain

b/ Cancer Research Campaign, Gray Laboratory, Mount Vernon Hospital,
Northwood, London

¢/ The Radiobiological Basis of Modern Radiotherapy Innovations, Course:
ESTRO, ESTRO Fellowship, UK |

d/ 1 month 1993

a/ Great Britain
b/ National Radiological Protection Board, Didcot Chilton
¢/ Commission European Community in Brussels Fellowship,

d/ 2 month 1993

a/ Great Britain
b/ Industrial Biology Research Association, BIBRA, Carshalton
¢/ Commission European Community in Brussels Fellowship,

d/ 1 month 1994

a/ the Netherlands
b/ Leiden University, Radiation Genetics and Chemical Mutagenesis Department,

¢/ Commission European Community in Brussels Feliowship,
d/ 3 month 1994

Report on previous research work carried out by a head of project over the past

four years

1/ title of investigation

2/ place, starting and finishing date



3/ source of funding

4/ scientific papers directly resulting from this work

1. "Studies on Mutagenic Effects of Plant Protection Agents used in Agriculture”
2. PAN, Warszawa, 1986-1991

3. Problem W wy

4. A. Cebulska-Wasilewska, S. Macugowski, H. Pluciennik, R. Smolinski.

Investigation on mutagenic efficiency of agrochemicals. (in polish) in: Are

Chemicals more Hazardous to Environment than Radiation? Ed. A.

Cebulska-Wasilewska Report IFJ No. 1511/B,7-27,1990.

A. Cebulska-Wasilewska, J. Smagala. Synergism in induction of mutations in

Tradescantia after combined treatments by agrochemicals and radiation. (in

polish) in: Are Chemicals more Hazardous to Environment than Radiation? Ed.:

A. Cebulska-~Wasilewska. Raport IFJ No. 1511/B, 53-63, 1990.

W. Wajda, A. Cebulska-Wasilewska. Influence of "Decis” and deltamethrin on

mutation level in Tradescantia - Automatization of the data collection.(in

polish) in: Are Chemicals more Hazardous to Environment than Radiation?

Ed.: A.Cebulska-Wasilewska. Raport IFJ No. 1511/B, 63-81, 1990.

A. Cebulska-Wasilewska, J. Huczkowski H. Pluciennik. Evaluation of genotoxic

effects of agrochemicals (in polish) in: Are Chemicals more Hazardous to

Environment than Radiation? Ed.:. A. Cebulska-Wasilewska. Raport IF]J No.

1511/B, 93-98, 1990.

1. "Genotoxicity of Chemical Mutagens with Plant Bio-Assays (TSH-assay)”

2. International Programme on Chemical Safety, sponsored by WHO, UNEP and

LWO, and coordinated by EPA, 1987 -1991



3. WHO supply in chemicals, and financial support for participation in Workshops
an Meetings

4. T.-H. Ma, G.L. Cabrera, A. Cebulska—Wasilewska, R. Chen, F. Loarca, A.L.
Vandenberg, M.F. Salamone, Tradescantia Stamen Hair Mutation Bioassay,
Mutation Research, 310 (1994) 211-220.

1. "Biological Monitoring with Total Consideration of Genotoxicity of Benzene
Related Compounds”.

2. IF] Krak , Environmental and Radiation Biology Department, March 1993 -

April 1995

3. PECO 10964 CIPDCT 925100 (Joint Research CEC Project).

4, A, Cebulska-Wasilewska, A. Wierzewska, E. Kasper, B. Palka, L. Koziara,
Biomonitoring of Human Population Exposed to Petroleum Fuel with Total
Consideration of Benzene Genotoxic Component, Book of Abstracts. WHO
Workshop "Monitoring of Exposure to Genotoxic Substances”, Sosnowiec, 1994,
Proc. (1995) 82-95.

D. Anderson, A. Cebulska-Wasilewska, B. Graca, J.A. Hughes, E.Kasper E.
Nizankowska, A. Wierzewska, Factors Affecting Various Biomarkers in Lung
Cancer Patients, Proc. of Host Factors in Environmental Epidemiology, Krak,
(1995) 85-89.

D. Anderson, A. Cebulska-Wasilewska, J. Hughes, E. Kasper, A.Wierzewska,
Biological Monitoring of Workers exposed to Emission from Petroleum Plants,
Envir. Health Persp. Vol. 104, 3 (1996) 609-613

A.Cebulska-Wasilewska, A.Wierzewska. Numerical Chromosome Aberrations in

Human Blood Lymphocytes after Exposures to Benzene Related Compounds,
Proc. of Host Factors in Environmental Epidemiology, Krak , (1995) 129-137.



. "Biological Efficiency of High LET Radiation”

. IF] Krak , Environmental and Radiation Biology Department, March 1993 -
April 1995

. PECO 2992 CIPDCT 925008 (Joint Research CEC Project),

. A. Cebulska-Wasilewska, .A. Wierzewska, E. Kasper, Chromosomal Aberrations
in Human Lymphocytes Induced In Vitro by Different Doses of X-rays and
Neutrons, (paper submitted in 1996 to Nukleonika)

A. Cebulska-Wasilewska, A. Wierzewska, E. Kasper, B.Krzykwa, Adaptive
Response after Combined Treatment of Human Lymphocytes with Deltamethrin
and Radiation, Raport IFJ Krak Nol703/B (1995) 26-25; in Nukleonika Vol. 41
No 2 (1996) 61-69.

. "Comparison Between Biological Efficiency of 56 MeV Neutrons and Fission
Neutrons from NRC Petten Reactor

. IF] Krak , Environmental and Radiation Biology Department, March 1994 -
April 1996

. PECO93 CIPDCT 930110 (Joint Research CEC Project)

. A. Cebulska—Wasilewska, Contribution of Poland to the European Collaboration
on BNCT, BNCT Newsletter 18, p.11, 1994.

A.Cebulska-Wasilewska, M.Litwiniszyn, B.Palka, RBE of 56 MeV Neutrons
Assessed for the Various Biological Endpoints in Two Mutable Clones of
Tradescantia, Nukleonika Vol.40 (1995) 21-32.

A. Cebulska-Wasilewska, D. Nowak, W. Nied ied R. Pawli¥ki, Application of

"Comet Assay” for Study of DNA Damage Induced by Radiation, Raport IF]
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