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In ghe continued interest of af:cﬂrarely defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radiation exposure doses are periodically refined. If warranted by
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
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SUMMARY

A comparison of chromosome data from 408
atomic bomb survivors (229 in Hiroshima and
179 in Nagasaki) was performed by determining
the frequency of cells with radiation-induced
chromosome aberrations plotted against the
current 1965 dosimetry revised system (T65DR),
and the recently proposed dosimetry systems
from Oak Ridge National Laboratory (ORNL)
and Lawrence Livermore National Laboratory
(LLNL). Preliminary analysis shows that the
intercity difference in aberration frequencies
1s still apparent at every T65DR dose level,
while the aberration frequencies based on both
the ORNL and LLNL systems do not differ
strikingly between the two cities, particularly
in the dose range below 200 rad.

INTRODUCTION

In the previous cytogenetic study of A-bomb
survivors in Hiroshima and Nagasaki,'! a close
relationship was found between radiation dose
and frequency of cells with residual chromosome
aberrations. A difference in aberration frequency
was noted between Hiroshima and Nagasaki
with the frequency of aberrant cells consistently
higher in every dose range in Hiroshima. One
possible explanation for this difference was
thought to be the contribution of the neutron
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component released from the Hiroshima bomb.
Estimated radiation doses for individual survivors
used in the cytogenetic study were derived from
the tentative 1965 dose revised (T65DR) system,
currently in use at RERF. The T65D was
calculated by Auxier et al> in 1966 and by
Milton and Shohoji® in 1968, and was modified
later (T65DR).?

Recently, reevaluation of A-bomb radiation
air dose was made by Loewe and Mendelsohn® of
LLNL, and independently by Kerr® of ORNL.
The major difference between the current
T65DR and the two proposed dosimetry systems
is that in Hiroshima the estimates for the relative
magnitude of the neutron component are much
lower for the ORNL and LLNL systems than
for the T6SDR system.

The purpose of this study is to compare the
somatic chromosome aberration frequencies
among Hiroshima and Nagasaki A-bomb survivors,
based on the T65DR, ORNL, and LLNL dose
estimates.

MATERIALS AND METHODS

Subjects of the present study were selected
from participants in the Adult Health Study
sample, who visit RERF for biennial clinical
examination as part of regular procedure based
on the A-bomb Survivors Medical Treatment
Law. Cytogenetic samples consisted of exposed
and control groups, in the former were survivors
exposed proximally (within 2,000m from the
hypocenter) at the time of the bomb (ATB)
with an estimated T65DR dose of 1 rad or more,
while the latter were distally exposed survivors
at a distance of more than 2,500 m from the

hypocenter, with an estimated dose of less than
1 rad.

Excluded were those who had received radio-
therapy or radioisotope exposure at any time
prior to the cytogenetic examination, those
whose dose was estimated to have exceeded
1,000rad by the T65DR system, and those whose

scorable metaphases were found to be less
than 30.

For comparison of the T65DR, ORNL, and
LLNL dosimetry systems, the samples were
further limited to those survivors exposed either
in the open or in Japanese type houses. Marcum’s
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TABLE 1 FREQUENCY OF CELLS WITH CHROMOSOME ABERRATIONS BY DOSIMETRY
SYSTEM, HIROSHIMA AND NAGASAKI

#1 REHRREFzEHFIT MO HE, REHEESAN, L8 - &F

Dosimetry system
T65DR ORNL LLNL
Dose in rad
Mean Mean Mean
Cases Abemant total Cases Aberrant total Cases Aberrant total
cells cells cells
dose dose dose
Hiroshima
0 82 1.6% 0.0 82 1.6% 0.0 82 1.6% 0.0
1- 99 17 33 359 36 51 60.8 23 4.1 53.0
100-199 44 1.2 153.9 69 11.5 144 .4 62 9.3 152.3
200-299 35 13.6 255.1 27 19.8 231.0 39 16.4 2499
300-399 21 14.6 347.7 10 27.0 329.7 13 250 346 .4
400499 19 233 434.7 4 11.0 449 8 5 288 4396
500+ 11 228 744.7 1 28.0 513.0 5 144 578.8
Nagasaki
0 77 1.6 0.0 77 1.6 0.0 16 1.6 0.0
1- 99 9 1.6 47.2 36 2.8 55.1 37 2.7 ST
100-199 27 3.5 1449 39 95 147.2 40 9.7 152.6
200-299 24 6.5 264.7 21 11.5 227.7 20 11.2 231.5
300-399 17 8.9 351.3 5 13.0 342.8 4 14.3 327.3
400499 17 14.4 436.5 0 - . 1 8.0 404.0
500+ 8 18.1 586.5 1 28.0 516.0 1 28.0 502.0

shielding factors were employed as dose B L #1212 Marcum O &GS (# 2 ( Kerr ®)

attenuation factors for survivors exposed in

> Huw 7=,
Japanese type houses (Kerr®).
Table 1 shows the number of cases eligible for 1121, AREIZHFLTREIISE L 2408 (L5
this analyses, 408 in the two cities (229 in 200, E#517961) % . &% & ¢ T65DR 45,

Hiroshima and 179 in Nagasaki), by city and
100 rad intervals for each of the T65DR, ORNL,
and LLNL dose systems. It is evident that
although the number of cases is fairly reasonably
distributed in each dose category by the T65DR
system, there is a large deficit in the number of
survivors in the high dose ranges for both the
ORNL and LLNL systems, particularly those
over 400rad in Hiroshima and 300rad in
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Nagasaki. Further data collection on survivors
with high radiation dose is obviously needed
in the future for detailed statistical analysis.

Blood samples from eligible cases were collected
between 1970-71, and all chromosome
preparations from both cities were examined by
the same observers in Hiroshima without
knowledge of exposure status. Thus, any inter-
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city difference due to errors in identification and
scoring of induced chromosome aberrations was
minimized.

Cytogenetic Methods. Blood samples drawn
from each donor were cultured for 52 hours, and
chromosome slides prepared according to the
flame-dry method using conventional Giemsa
stain described elsewhere.! Cultures were judged
successful when a minimum of 30 metaphases
were analyzable cytogenetically, but no more
than 100 metaphases were examined for each
case. No banded preparations were available for
the present study.

RESULTS AND DISCUSSION

As reported previously,' exchange-type chromo-
some aberrations demonstrable in cultured
lvmphocytes of A-bomb survivors consisted
almost exclusively of the symmetric type,
commonly referred to as stable-type aberrations
(reciprocal translocations, inversions, insertions,
etc.) all of which are identifiable as abnormal
monocentrics. In striking contrast to the
predominance of stable-type aberrations,
asymmetric exchanges, or unstable-type aber-
rations (dicentrics and rings with accompanying
acentrics) were far less frequent. The ratio of
unstable to stable aberrations was 1:10-20.

A preliminary test of the culture system showed
that, when the culture was terminated after
52 hours of incubation, approximately two-
thirds of the observed metaphases were found to
be in their first in vitro cell division, while the
remaining cells were already in the second cell
cycle. The culture conditions used would thus
yield a decreased frequency of metaphases that
carry unstable-type aberrations, since it is known
that the cells with such aberrations are likely
to be eliminated during mitosis due to structural
disadvantages. However, the majority of
abberant cells scored in the present study were
of the stable type, occurring with a frequency
which appeared to remain constant regardless of
the number of in vitro cell divisions. Thus, the
culture conditions used here did not seem to
affect the frequencies of aberrant cells.

The number of aberrations (or exchange events)
per aberrant cell increased proportionally with
increasing radiation dose to the survivors. The
dose-dependent increase in the frequency of cells
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with complex chromosome aberrations among
survivors is also apparent in the high dose range.
This phenomenon has been confirmed by an
analysis of G-banded preparations by Sofuni
et al’ and Ohtaki et al.®

A number of unresolved problems remain in the
use of stable-type aberrations as a biological
dosimeter for irradiated persons, since the type
and frequency of these aberrations cannot be
determined with precision in nonbanded prepa-
rations. In addition, there are no standardized
criteria for the identification of stable-type
aberrations.: It therefore seems difficult at
present to make any interlaboratory comparison
for the yield of stable-type aberrations, at least
when nonbanded chromosome preparations are
used. These technical difficulties can be elimi-
nated by the use of various banding methods,
but a great deal of time and experience are
required to obtain banded preparations of high
quality for detailed karyotype analysis.

Because of these underlying difficulties, the
metaphases in conventionally stained preparations
were examined only to determine whether
structurally rearranged chromosomes were
present. The dose-response analysis in the
present study was consequently based on the
frequency of aberrant cells among the total
metaphases examined, and not on the frequency
of aberrations per se.

Table 1 shows the frequency of aberrant cells by
city and dose group for the T65DR, ORNL,
and LLNL systems. For intercity comparison
by dose system aberration frequency is shown
in Figure 1. The dashed lines indicate that the
number of samples is too scanty to represent the
corresponding dose categories.

As shown in these data, for T65DR dosimetry an
intercity difference in the frequency of aberrant
cells is apparent with Hiroshima consistently
higher than Nagasaki in every dose group. This
again confirms the previous findings.’

When the frequencies are plotted against the
ORNL and LLNL dose systems, the dose-response
curves for the two cities appear to approach one
another (particulary below 200 rad) more closely
than the T65DR system indicates (Figure 1).
Although the number of cases among high dose
groups for the ORNL and LLNL systems i1s not
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FIGURE 1 FREQUENCY OF ABERRANT CELLS BY DOSE SYSTEM, CITY, AND TOTAL DOSE
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sufficient to warrant strict statistical analysis,
aberration frequency is generally higher in
Hiroshima than in Nagasaki in the high dose
groups. The reason for these intercity differences
remains unclear.

This preliminary analysis seems to indicate that
on the basis of the ORNL and LLNL dose
estimates, the dose-response curves for Hiroshima
and Nagasaki resemble each other more closely
than do those derived from the T65DR dosimetry.

REMARKS

In the previous study, a difference in aberration
frequency was observed between Hiroshima and
Nagasaki, and the shape of the dose-response
curve appeared to be linear for Hiroshima and
exponential for Nagasaki. One possible inter-
pretation for this intercity difference was
thought to be the difference in radiation spectra
between the two cities, based on T65SDR dosim-
etry. The increased level of the neutron compo-
nent in Hiroshima was thus considered to be
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responsible in part for the elevated aberration
frequency at every dose range.

Recent reevaluation of the T65DR system
together with shielding factors for individual
survivors, suggests that the dose-response curve
for Nagasaki may not be exponential as had been
previously reported, but linear. This supposition
is reinforced if the cytogenetic data derived from
a subgroup of survivors who were irradiated 1in
a factory in Nagasaki are excluded from consider-
ation because of large ambiguities in the shielding
factors.

Given the uncertainties (shielding and attenu-
ation factors, among others) inherent in the
current (and earlier) dose estimates for the
Hiroshima and Nagasaki survivors, any conclusion
concerning the correctness of any one estimation
over the others is premature. Further collection
of cytogenetic data, now in progress, constitutes
a basic part of the biological dose reappraisal
program currently underway.

RERF TR 8-83

By ellizgs 8 mamicBlsE L Twa
EE X bRtz

%2 OFHEE DGR #5772 TESDR X 12 k5
HEELRIE (C A3 A I AT b N, =l D Fid—
Rich#E i esh &) 2 EEEET L (4
HEgg - a0 HeEp s h . RGO THAT
BB L A O DEH D S 7 a5 1R
%, EEEFEHIIAHIBEZEAEZ D TEEDIR L

Ll S, FitoagEiz k¢ 3.

AT (b 2 W IELIAT) OIRES - RWFO #HEEE DEL WL HEE
12, BEDAEEER (L LrAT L, Mk VRS
FZ%) b sLThE, —DDHEHEAFTIEZHL»DED
ENZOEMELIFVTHEV I EmTF R
He v, BAEETPOMAEE FMNERINE
HIMEDH A Z LN, BRIETL TV 2EM AL
B 7o 7 5 L0EEE & 5.

REFERENCES
2 E XM

1. AWA AA, SOFUNI T, HONDA T, ITOH M, NERIISHI S, OTAKE M: Relationship between radiation
dose and chromosome aberrations in atomic bomb survivors of Hiroshima and Nagasaki. J Radiat Res

19:12640, 1978 (RERF TR 12-77)

2. AUXIER JA, CHEKA JS, HAYWOOD FF, JONES TD, THORNGATE JH: [ITree-field radiation-dose
distributions from the Hiroshima and Nagasaki bombings. Health Phys 12:425-9, 1966

3. MILTON RC, SHOHOIJI T: Tentative 1965 radiation dose estimation for atomic bomb survivors,

Hiroshima and Nagasaki. ABCC TR 1-68

4. KATO H, SCHULL WIJ: Studies of the mortality of A-bomb survivors 7. Mortality 1950-78: Part 1.
Cancer mortality. Radiat Res 90:395432, 1982 (RERF TR 12-80)

5. LOEWE WE, MENDELSOHN E: Revised dose estimates at Hiroshima and Nagasaki. Health Phys 41:

663-6, 1981

6. KERR GD: Review of dosimetry for the atomic bomb survivors. Paper presented at [Fourth Symposium
on Neutron Dosimetry, Gesellschaft fur Strahlen und Umweltforschung, Munich-Neuherberg, 1-5 June

1981

7. SOFUNI T, SHIMBA H, OHTAKI K, AWA AA: A cytogenetic study of Hiroshima atomic bomb
survivors. In Mutagen-induced Chromosome Damage in Man. Ed by EVANS HJ, LLOYD DC. LEdinburgh

University Press, 1978. pp 108-14

8. OHTAKI K, SHIMBA H, SOFUNI T, AWA AA: Comparison of type and frequency of chromosome
aberrations by conventional and G-staining methods in Hiroshima atomic bomb survivors. RERF

TR 24-81



