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Beginning in 1989, the RERF Technical Report Series is no longer being
published in the traditional Japanese-English bilingual format. However,
major reports continue to be available in both languages as separate
publications. Selected reports of a highly specialized nature, for which
there is presumably less general interest, are produced only in English
with an extended Japanese summary. '

~ In this way, the Foundation will be able to more expeditiously report
recent findings on the late biological effects of exposure of man to ionizing
radiation resulting from the atomic bombings of Hiroshima and Nagasaki.
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Summary

Of all data sets pertinent to estimating the genetic risks to humans after
exposure to ionizing radiation, potentially the most informative is that comprised
of the cohort of children born to atomic bomb survivors. We present here an
analysis of the relationship between parental exposure history and “untoward
pregnancy outcomes” (UPO) within this cohort, using to the fullest extent
possible the recently revised estimates of the doses received by the parents—the
so-called DS86 doses. Available for study are 70,073 pregnancy terminations,
but DS86 doses have not been or presently cannot be computed on 14,770 of
these. The frequency of UPOs, defined as a pregnancy terminating in a child
with a major congenital malformation, and/or stillborn, and/or dying in the first
14 days of life, increases with combined (summed) parental dose, albeit not
significantly so.

Under a standard linear model, when the sample of observations is restricted
to those children whose parents have been assigned the newly established DS86
doses (n = 55,303), ignoring concomitant sources of variation and assuming a
neutron RBE of 20, the estimated increase per sievert in the predicted frequency
of untoward outcomes is 0.00354 (+ 0.00343). After adjustment for concomitant
sources of variation, the estimated increase per sievert in the proportion of such
births is 0.00422 (4 0.00342) if the neutron RBE is assumed to be 20. A one-hit
model with adjustment for concomitants results in an almost identical value,
viz., 0.00412 (+ 0.00364).

SFull Japanese text will be available separately.
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When the sample is extended to include parents lacking the full array of dose
parameters necessary to calculate the DS86 dose, but sufficient for an empirical
conversion of the previously employed T65DR dose system to its DS86 equivalent,
we find under the linear model that the estimated increase per sievert in UPOs
is 0.00264 (+ 0.00277) at an RBE of 20, after adjustment for concomitants.
(Now n = 69,708; for 367 of the 70,073 outcomes, neither a DS86 nor an ad
hoc dose can be calculated). The corresponding value with the one-hit model is
0.00262 (+ 0.00294). The former value is some 31% higher than that published
previously.

Introduction

Estimation of the genetic risks to human beings after exposure to ionizing
radiation has been and continues to be one of the most important and difficult
tasks that confronts radiobiologists. A variety of experiences and data is
available on which to base estimates; these include 1) exposure to diagnostic
and therapeutic doses of X-ray and radioactive materials such as radium or
cobalt-60; 2) occupationally incurred exposures, e.g., in uranium mining or the
maintenance of nuclear reactors; 3) geographic areas with high natural or man-
made background radiation levels; and 4) the atomic bombings of Hiroshima and
Nagasaki. Exposure from these sources varies substantially, qualitatively and
quantitatively. It may be acute or chronic, of a single quality or of several, whole-
body or partial, prompted by illness and hence possibly confounded by health
status, and so forth. Indeed, so disparate are the exposures and the methods of
case ascertainment that it is impossible to examine these data in any collective
manner,

Of all these possible data sets, potentially the most informative is the cohort of
children born to A-bomb survivors. Recognition of this fact led to the initiation of
a joint US—Japan program of investigation shortly after World War II, conducted
initially by ABCC and now by RERF. From these experiences has been gathered
a body of data which exceeds that from all other similar studies combined. It
needs to be noted, however, that although the sample sizes available are large
by the standards of conventional epidemiological studies, the average gonadal
doses are well below those employed in an experimental setting. On the other
hand, the study deals with a “natural population”; these data do not confound
medical indications for the use of ionizing radiation with the effects of the latter,
and the survivors themselves represent both sexes, as well as a variety of ages,
socioeconomic statuses, occupations, and the like. Finally, there has recently been
employed a new system of dosimetry which provides better estimates of in dividual
doses than have heretofore existed for the survivors; these dose estimates are
unquestionably more reliable than those known for the majority of other groups
and represent a considerable improvement over the earlier dosimetry system,
T65DR (tentative 1965 dose revised).

At one time or another, most of the various mutational surveillance strategies
that were feasible for human populations have been employed in the study of
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these offspring: These include a search for changes in the frequency of a) certain
population characteristics—for example, the occurrence of major congenital defect
or premature death!; b) sentinel phenotypes®; ¢) chromosomal abnormalities®;
and d) biochemical variants of a structural or kinetic nature.®!? Although these
alternatives are diverse, their aims are the same—to estimate the probability
of mutation per unit exposure to ionizing radiation and to ascertain the public
health implications of an increase in the mutations measured.

The purpose of this presentation is to reexamine one facet of these studies
of the offspring of the A-bomb survivors of Hiroshima and Nagasaki, viz., the
clinical data on adverse pregnancy outcomes obtained in the years 1947-53.
This reanalysis is prompted by the revised dose estimates that have just become
available. The results of this reanalysis, of interest in their own right, will shortly
be combined with the results of similar analyses of all other data now available
on these children to generate an estimate of the lowest amount of radiation (95%
probability level) which will produce a mutational impact equal to that arising
spontaneously in each generation, i.e., a minimal doubling dose, and also an
estimate of the actual doubling dose suggested by the analysis !

Materials and Methods
The study sample

Elsewhere we have deseribed in extenso the nature of the birth registration
process involved in ascertaining between 1948 and 1953 the 70,073 pregnancies
lasting at least five lunar months which resulted in the potential study group, the
completeness of this process, and the information that was collected.! In brief, a
continuous genetic surveillance of the children born in Hiroshima and Nagasaki
after the A-bombings began on a substantial scale in 1948. The initial study, the
one of concern here, used the postwar Japanese rationing system as a case-finding
mechanism. A provision of this system entitled pregnant women, who registered
their pregnancies after the fifth lunar month, to supplementary foodstuffs. As
a consequence of the stringency of the postwar economic circumstances, most
women registered their pregnancies, so in this way, it was possible to identify
more than 95% of all pregnancies persisting for at least 20 weeks of gestation
and upon the termination of each for a physician to examine the outcome.! These
observations, generally made in the home, were supported by an infant autopsy
program and a second examination of some 30% of surviving infants 7-10 months
after their birth at the clinical facilities of ABCC (for a fuller description of this
study, see Neel and Schull').

The indicators with a genetic component obtainable from a program of
examining newly born infants, such as that just described, included sex, birth
weight, viability at birth, presence of major malformation, and occurrence of
death during the first weeks of life—all potentially confounded by a variety of
extraneous factors. Among the latter for which data exist, the most important
were year of birth, city, sex, birth rank, and parental ages at the birth of the
child.
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In this analysis, interest focused on three aberrant outcomes of pregnancy,
viz., the birth of a child with a major congenital anomaly, and/or who was
stillborn, and/or who succumbed within two weeks following birth. (Note: A major
congenital anomaly in this context was defined as one that was incompatible
with survival, was life-threatening, or seriously compromised the individual’s
capacity to function normally in the society of which he or she was a member.)
We designated a pregnancy that terminated in an infant exhibiting one or more
of these potential indicators of radiation damage, as an “untoward pregnancy
outcome” (UPO). Elsewhere we will identify what fraction of these untoward
outcomes can be considered directly responsive to mutation in the preceding
generation.!! -

Dosimetry

Given the variety of expressions which have been used to describe exposures or
doses, to avoid ambiguity in the paragraphs to follow, we define the four terms we
shall use, viz., the free-in-air (FIA) kerma (kinetic energy released in material),
kerma in shielded areas, organ-absorbed dose, and organ dose equivalent. The
first describes the kerma in tissue at a point in air over bare ground (i.e., not
in or near a building); the second describes the kerma of the individual with
allowance for structural shielding; the third describes the radiation (gamma,
neutron) absorbed by the organ or tissue under consideration; and the last
describes the sum of the products of the various absorbed doses multiplied by
their quality factors (RBE). By convention gamma radiation has an RBE of 1; at
the generally low gonadal neutron doses received by survivors, we here use an
RBE of 20 for the genetic effect of neutrons. The justification for this latter value
is given elsewhere.!? Kerma and organ-absorbed doses are expressed in gray (1
Gy = 100 rad), and the organ dose equivalent in sievert (1 Sv = 100 rem).

Our previous analyses of radiation-related risks among the offspring of A-
bomb survivors have been based on the estimated T65DR doses of their parents;
these estimates resulted from the work of Auxier and his colleagues of the
US Oak Ridge National Laboratory.!® This system of dosimetry estimated for
most individual survivors (98%) within the RERF Life Span Study (LSS) sample
(to which most of the proximally exposed parents belong) a kerma in air
with allowance for shielding, where appropriate.l* Organ-absorbed doses were
assigned using fixed coefficients to describe the attenuation of radiation through
other superimposed organs and tissues before it reached the specific organ or
tissue of interest.!® Kerma and organ-absorbed doses were estimated separately
for neutrons and gamma rays.

In 1976, Preeg of the Los Alamos National Laboratory (Letter to C.P. Knowles,
R & D Associates Subject: Neutron and gamma-ray output for Fatman and Little
Boy. Los Alamos, NM: LANL.) reexamined the gamma-ray and neutron spectra
from the Hiroshima and Nagasaki A-bombs and discovered that they differed
considerably from the spectra used in calculating the T65DR dose. Simple
calculations based on these spectra suggested that the T85DR neutron FIA
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kerma was markedly overestimated for Hiroshima. Subsequently, Loewe and
Mendelsohn'® and Kerr'” independently calculated the air doses in Hiroshima
and Nagasaki and reported that both the neutron and the gamma-ray FIA kerma
differed substantially from the T65DR estimates. These findings prompted a
binationally sponsored complete reassessment of the A-bomb radiation dosimetry.
(For a fuller account of the events which preceded this reassessment see Kerr et
al.'®) Out of this reappraisal has come a new system, known as the Dosimetry
System 1986 (DS86).'?

Patently, evaluation of the genetic effects of the A-bombs requires the most
precise knowledge possible regarding the radiation exposure of the pertinent
individuals—in this instance, the parents of the children in the study sample.
Accordingly, we describe in some detail exactly how these doses were estimated.
We begin by distinguishing between two sets of doses: one is the DS86 system
and the other is the ad hoc dose system developed by ourselves. DS86 in this
context implies a dose calculated by one of the methods employed at RERF
by Science Applications International Corporation. The bases and manner of
computing doses in these instances are described either in Roesch!® or in Preston
and Pierce.?’ Recently, as an addition to the descriptions in references 19 and
20, the system has been extended to include direct computation of doses for
those survivors in Nagasaki who were terrain-shielded or exposed in factories.
This involved approximately 1,000 survivors in the LSS sample. Rules have also
been formulated for indirectly estimating doses for a larger number of survivors
exposed beyond 2,000 m. Specifically, this includes individuals exposed in the
open or with no shielding information.

While this recent development has further reduced the number of survivors
without DS86 doses, there remain at present classes of individuals for whom
doses are still not available. Many of these individuals had been exposed within
2,000 m, and can be presumed, therefore, to have received significant doses. The
primary focus of the ad hoc doses was this latter group, which involved one or both
of the parents for approximately 14,000 pregnancy terminations. The exposure
data on these parents were collected between 1948 and 1954,! a decade before
the present detailed exposure history was codified, and although a T65DR-type
dose can usually be calculated, the data are simply not in sufficient detail for the
DS86 system.,

To avoid, if possible, the “loss” of these children, the study of whom has
required a major effort and who constitute a 26% addition to the DS86 sample,
and to provide information applicable to other samples for which a similar
problem exists, we returned to the original sample tape for this study. By
matching parental master file numbers on this tape with the roster of individuals
with formal DS86 doses, we divided the parents into two groups, viz., a) one in
which both parents have a computed DS86 dose, and b) one in which neither
parent has a computed DS86 dose. Within each of these two groups, we tabulated
the categorical data on parental shielding recorded in the course of the study.
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The results are shown in Table 1. The tabulated values are percentages of
individuals reporting particular types of shielding among 12,207 parents in the
“DS86 unknown” group and 17,010 among the “DS86 known.” It should be noted
first, that the most common shielding by far for each group has been a Japanese
wooden building. Second, although more parents are in the “other” category
when the DS86 is unknown, this category does not necessarily imply shielding
in a concrete structure or air raid shelter, but also includes parents who stated
that they had been behind fences or trees, under the eaves of buildings, and the
like. Presumably, a DS86 dose could have been computed on most of the DS86
unknown group in wooden structures had detailed shielding information been
available, and possibly on some in the other category as well.

Table 1. A comparison of the shielding of parents with reference to
whether DS86 doses have or have not been assigned

DS86 dose known DSB6 dose unknown
Shielding category Mothers  Fathers Mothers  Fathers
In open 3.4 5.9 4.1 6.1
Japanese building 86.4 81.7 71.2 65.2
Other 10.2 i2.4 24.7 287

In Hiroshima and Nagasaki combined for those parents with calculated TE5DR
doses, we divided the DS86 known and unknown groups into two mutually
exclusive subgroups, viz., survivors i) exposed at 2,000 m or less, and ii) exposed at
more than 2,000 m. These two groups were further sorted into the asymptomatic
and the symptomatic, i.e., those survivors who reported one or more of three
cardinal symptoms of acute radiation sickness, i.e., epilation, subcutaneous
bleeding, or oropharyngeal lesions. Individuals in the eight resulting groups
were then distributed over five dose intervals, and within each interval the mean
T65DR dose was computed. The results are shown in Table 2.

It should be noted that within each dose interval the mean T65DR is virtually
the same for the DS86 unknown and DS86 known groups, and this is true with
respect to persons exposed at or less than 2,000 m, at more than 2,000 m, or who
were symptomatic. We also note that within a T65DR dose group, the percentage
of symptomatic individuals is approximately the same in the DS86 known and
unknown groups. These facts suggested that for these individuals the distribution
of T65DR doses is not dependent upon the ability or inability to compute a DS86
dose. If this is so, then the distribution of DS86 doses within the subgroups when
both doses are known can be used to provide an ad hoc estimate of the total kerma
for the subgroups when the DS86 dose is unknown.
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Table 2. A comparison of the TE5DR doses assigned when a DS86 dose can be assigned
and when it cannet, further subdivided by distance and by presence or absence of symptoms.
Further explanation in text.

T65DR dose in rad

Distance Symptoms 1-600 19 1019 2049 50-99 >100 o]

TeEDR known, D586 known
< 2000 m Symptoms No. 2471 217 240 374 319 1321 15
Dose 165.1 58 14.7 311 75.0 2783 00

No Symptoms  No. 10235 2034 2555 2448 1612 1586 6276
Dose 55.7 57 146 315 702 2087 0.0

Total No. 12706 2251 2795 2822 1931 2907 6291

Dose 77.0 5.7 14.6 315 710 2403 0.0

> 2000 m Symptoms No. 225 168 57 295
Dose 53 2.1 14.7 0.1

No Symptoms  No. 4180 3632 547 1 16297

Dose 33 1.6 14.3 19.6 0.0

Total No. 4405 3800 604 1 19592

Dose 3.4 1.6 14.3 19.6 0.0

TBEDR known, DS86 unknown
< 2000 m Symptoms No. 470 18 28 37 68 318 22
Dose  204.2 4.5 157 34,7 747 2802 0.0

No Symptoms  No. 1408 213 229 287 260 409 95
Dose 80.2 5.4 155 321 708 230.6 0.0

Total No. 1878 232 257 334 328 727 117
Dose  118.7 53 155 324 716 2523 0.0

> 2000 m Symptoms No. 15 9 & 2
Dose 7.3 39 i2.5 0.2

No Symptoms  No. 269 206 63 65

Dose 54 2.7 13.9 0.2

Total No. 284 215 69 67

Dase 55 2.8 13.8 0.2

Various methods of assigning an ad hoc dose come to mind. We proceeded on
the principle that within the nine dose intervals (0.01-0.19, ..., > 4.0 Gy), the
T65DR dose for an individual could be multiplied by the ratio of the DS86 to the
TE5DR mean total kerma to obtain an ad hoc kerma dose. Accordingly, within
the DS86 known group, the mean total kerma as well as its gamma and neutron
components, in 10 dose intervals, were computed for the two cities separately
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(data not shown). From these data, we have calculated the ratio of the means
for the total DS86 and total T65DR kerma. These ratios we termed the dose
conversion factors. These factors were strikingly different between the two cities,
as was to be anticipated because of the difference in the T65DR schedule in the
neutron component attributed to the two explosions. Furthermore, whereas the
dose conversion factors were functionally dependent upon the dose interval in
Hiroshima, there was a much lesser dependence, if one at all, in Nagasaki. Again,
the latter was in keeping with the changes in kerma associated with the DS86
system.'?

To obtain the ad hoc estimates of total kerma, we have multiplied each
individual’s T65DR estimate of kerma within a dose interval in the unknown
DS86 group (for the 10 intervals) by the dose conversion factor within that
interval in the city where the parent had been exposed. To partition the estimated
total kerma into a neutron and gamma component, the ad hoc total kerma dose
was multiplied by the proportion of the known DS86 dose within the interval
ascribed to neutrons. Finally, the ad hoc total kerma was divided into a neutron
and gamma dose using these proportions. When the T65DR dose was stated to
be zero, we have presumed the DS86 to be the same and we assigned this value
as the ad hoc estimate.

To obtain the putative gonadal doses, the ad hoc kerma estimates were
multipled by the DS86 average ovary and testes transmission factors for gamma
and neutron emanations based on the LSS cohort. These values are 0.74 and 0.16
for gamma and neutrons, respectively, for the ovary, and 0.78 and 0.32 for the
testes. We have disregarded the neutron—gamma capture factors, for it seemed
too tenuous to attempt to specify the appropriate fraction of the total kerma
assignable to neutron capture gamma. In keeping with the higher frequency of
one or more symptoms of radiation exposure encountered in the DS86 unknown
dose group within 2,000 m at the time of the bombing (ATB) (25%, to be compared
with 19% for the DS86 known group), we found that the above described system
assigns to them an average kerma dose of 0.75 Gy, in contrast to the dose of 0.53
Gy computed for the DS86 known group within 2,000 m.

The approximate nature of this procedure is clear. Possibly the most
important assumption on which it rests is the tacit one that the distribution
of types of shielding is the same, or approximately so, in the DS86 known and
unknown groups, since the DS86 doses used to obtain the crude adjustment
factors are estimates of kerma. As earlier shown, this assumption seems
reasonably well met by the data on shielding as categorically defined. In this
connection, we were impressed at how well the biological dosimetry reinforced
the physical.

Based on only those pregnancy terminations for which both parents have a
formal DS86 dose or for which one or both are known not to have been in either
city ATB, Table 3 summarizes the number of pregnancies ascertained, the mean
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Table 3. The distribution of joint parental DS86 gonadal dose equivalents, based on a neutron
RBE of 20, by city and dose category, for the cohort of children examined for untoward
pregnancy outcomes

Desa category (Sv)

City Total 0 0.01-0.09 010-0.48 0.50-0.9¢ 1.00-249 >250 > 0.01
Hiroshima  Subjects 31283 24449 3761 1958 586 416 113 6834
N mean {Sv)® 0.01 0.00 0.00 0.02 0.08 0.23 0.87 D.04

G mean (Gy) 0.06 0.00 0.04 022 0.61 1.29 284 0.26

T mean (Sv) 0.07 0.00 0.04 024 .69 1.52 amn 0.30

Nagasaki Subjects 24020 20760 1724 FAR] 4B8 286 51 3280
N mean (Sv) 0.00 0.00 0.00 0.01 0.03 0.09 0.32 0.02

G mean (Gy) 0.05 0.00 0.03 0.25 0.69 1.36 3.34 0.34

T mean (Sv) 0.08 0.00 0.03 0.25 0.73 1.46 3.68 0.38

Both Cites  Subjects 55303 45209 5485 2669 1074 702 164 10094
N mean (Sv) 0.01 0.00 0.00 o.01 0.08 0.18 0.70 0.03

G mean (Gy) 0.05 0.00 0.03 0.23 0.65 1.32 3.00 0.29

T mean (Sv) 0.08 0.00 0.03 0.24 0.70 1.49 3.70 032

*N = 20 x neutron dose, G = gamma dose, T = total (gamma + 20 x neutron) dose

combined (summed) parental absorbed gonadal dose, and the dose equivalent,
assuming an RBE for neutrons of 20, by city for six dose categories, viz., 0,
0.01-0.09, 0.10-0.49, 0.50-0.99, 1.00-2.49, and 2.50 Gy or more. Table 7 gives
the comparable values when the parents on whom ad hoc doses were calculated
are included. The lowest combined dose group, i.e., those individuals exposed
to less than 0.01 Gy, includes not only those persons present in the city and
exposed to less than the stated dose but also with respect to parents in the city
ATB, any spouses who were not present in the city ATB (the so-called not-in-city
group [NIC]). As will be noted from a comparison of the average gonadal absorbed
doses with the average dose equivalents given in Table 3 (see also Table 7), other
values for the neutron RBE would not materially alter the results to be described
subsequently, for under the DS86 system of dosimetry the neutron contribution is
small, and the RBE assigned to neutrons is of minor importance in determining
the slope of the dose-response relationship.

Statistical methods

In the analysis of UPOs, the effects of radiation were estimated using two
overlapping samples of observations. The first sample (n = 55,303) was restricted
to those pregnancy terminations for which both parents have a formal DS86 dose
or were known to be NIC ATB. The second sample (n = 69,706) consisted of the
first augmented by those pregnancy terminations for which an ad hoc dose could
be computed on the basis of a previous T65DR dose estimate. In fact, data were
collected on 76,626 infants. But after exclusions because a pregnancy had not
been previously registered or because the biomedical or exposure data had been
deficient in some respect,! the number available for analysis was 69,706. In the
original analysis,! the offspring of consanguineous parents were excluded because
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of the possible heterogeneity they might introduce to the sample, but inasmuch
as a subsequent analysis®! revealed no suggestion that they responded differently
to radiation, they were included in the present analysis.

Available on all of these infants was information regarding the diagnosis of
a major congenital defect, or the occurrence of a stillbirth, or death in the first
14 days following birth. The decision to restrict this treatment of death to the
first 14 days rested on the following considerations: In the years from 1947-53,
more than 90% of all pregnancy terminations occurred in the home rather than
a hospital or clinic, and most mothers were reluctant to take a newly born child
out until the child was several weeks old. Of necessity, therefore, the initial
examination of the infant occurred in the home, generally within the first two
weeks following delivery. Thus, the information available to us on mortality
from this study can be presumed to be complete for only about the first 14 days
of life. (Subsequent deaths became known through another program, the findings
of which will be described elsewhere.)

Although a variety of dose-response models have been fitted to the data, the
results of only two will be described here in detail. The first involves fitting a
linear dose-response model to the occurrence of the various indicators of radiation-
related damage treated as binary response variables (i.e, 1 if the event occurred
in a given individual, and 0 if it did not). Data were available on six background
or concomitant variables, in addition to summed parental dose, which might
influence the occurrence of an event of interest, viz., city (Hiroshima, Nagasaki;
Hiroshima was assigned the value 1, and Nagasaki 0), sex (male, female; males
were assigned the value 1, females 0), maternal age (years), paternal age (years),
year of birth following the bombing, and birth rank. Specifically, we fitted a
model of the following form:

P; = Constant + 3 bjx;; (Background) + bp Dose;
i=1

where P; is the expected frequency of the event of interest in the i-th individual
(i=1, 2,..., n;i.e., the total number of subjects) having backeround characteristics
x5 G =1, 2,..., 6), and dose i. The constants, b; and bp are the parameters to be
estimated. The effects associated with the background characteristies are useful
in providing standards of comparison with the risk of exposure. When these
latier variables are treated as risk factors to be estimated, rather than part of the
background, the model indicated above takes a slightly different form, indicated
in Table 6.

The second dose-response model, employed in an earlier analysis of the data,?
involves fitting an exponential curve of the kind deseribed as a one-hit model, of
the following form:

I

6
Pi =1 — exp-(Constant + )~ bjxj (Background) + bp Dose;)
F=1
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where Pi, xjj, and Dose; are as previously defined. It is important to note in
this connection, first, that in the earlier analysis employing this model? 25
dose categories were used (five maternal and five paternal groupings), and the
background variables were treated somewhat differently. Second, the simple
linear model described above is a first approximation to the exponential, and the
results of fitting the two models would not be expected to differ greatly. We offer
the results of the exponential only for continuity with earlier analyses which
have used this model. In both instances, the parameters of the model have been
estimated by the method described elsewhere.?

Results
Analysis employing DS86 doses only

Of the 55,303 pregnancy terminations analyzed, 2,760 culminated in a UPO
(Tables 3 and 4). Among these latter terminations were 770 infants with a major
congenital defect, 894 who were stillborn, and 1,230 who, although live-born, died
before the 15th day after birth. These individually designated categories were
overlapping, and 134 of the 2,760 event occurred in conjunction with another. As
shown in Table 3, which presents the relation between parental dose category
and UPOQ, the background or control rate is 4.99%.

Table 4. The distribution of untoward pregnancy outcomes (UPO) and total subjects by
parental gonadal dose equivalent in sieveris (DS86), based on an assumed neutron
RBE of 20, sexes and cities combined, DS86 cohort only

Falher's gonadal dosa In siovert (DS88)

Mother's gonadal <0.01 0.01-008 0.10-0.49 0.50-0,99 >1.00

dose in E:’:zuert s = = Mean
(DS86) Subj UPC  Subj UPO  Subj UPO  Subj UPD Subj UPO dose
1.00 288 10 21 2 9 0 9 15 1 185
C.50-D.89 B51 44 H*] o] 24 1 a7 4 17 1 0.70

0 10-0 49 1655 81 124 2] 209 13 41 2 20 i} 024
0.01-009 3790 179 700 27 133 & 27 2 45 2 004
«0.01 45234 2257 1104 &0 510 21 238 12 268 17 000

Mean dose 0.00 0.03 0.25 0.7 2.08

Table 5 sets forth the resulis of this data analysis when the concomitant
sources of variation which can be identified in these data are taken into account.
We noted no significant effects of city, sex, nor mothers’ of fathers age. At
face value, somewhat more untoward pregnancies occurred in Hiroshima than
in Nagasaki, more occurred in relation to exposed males than exposed females,
and adverse outcomes decreased slightly with paternal age and increase with
maternal age. All of these findings are consistent with our own previous studies
of this cohort."%?%23 The regression on parental radiation exposure is positive
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as expected, based on the hypothesis that radiation produces mutations but well
below the level of statistical significance. The results obtained by fitting the one-
hit model differ negligibly from those just described (see Table 5).

Table 5. Increments or decrements of change in the frequency of
untoward pregnancy outcomes in the ariginal cohort of births per sievert of
joint parental gonadal dose equivalent based upon an assumed neutron
RBE of 20, DS86 cohort only

Regression Standard
Variable coefficient error

6
Regression model: P; = Constant + E by xij(Background) + bp Dose;
I=1

Background effects
Constant 0.04282 0.00662
City 0.00110 0.00189
Sex 0.00262 0.00184
Mean age of father —0.0003959 0.00022
Mean age of mother 0.00034 0.00031
Birth order of child 0.00039 0.00075
Year of birth 0.00173" 0.00061
Excess risk
Joint parental exposure 0.00422 0.00342

Cov(Constant, Dose) = -0.2980 x 1078
Corr(Constant, Dose) = 0.0128

6
Regression model: P = 1 — exp-(Constant + Z b x;j (Background) + bp Dose;)
j=1

Background effects

Constant 0.04324 0.00714
City 0.00110 0.00203
Sex 0.00262 0.00168
Mean age of father ~0.0004054¢ 0.00024
Mean age of mother 0.00034 0.00034
Birth order of child 0.00048 0.00080
Year of birth 0.00172** 0.00066
Excess risk
Joint parehtal exposure 0.00412 0.00364

Cov(Constant, Dose) = —0.3515 x 107°
Corr(Constant, Dose) = -0.0135

Signilicance levels: SU9(P < 0.10), *(P < 0.05), **(P < 0.01)
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In Table 6, we present separate analyses for malformations, stillbirths, and
neonatal deaths, with both statistical approaches, to determine whether “hidden”
within the gross regression coefficient there might be a stronger suggestion of a
radiation effect upon one of the three indicators. In fact, within the statistical
limits imposed by the data, all three indicators behave in a similar manner.

Table 6. Increments or decrements of change in the individual frequencies
of congenital malformation, stillbirths, and neonatal deaths in the original
cohert of births per sievert of joint parental gonadal dose equivalent, based
upon an assumed neutron RBE of 20, DS86 cohort only

Regression Standard
Variable coefficient error

6
Regression model: P, = Constant + Z bi x; (Background) + b, Dose,
=1

[

Malformation
Joint parental exposure 0.00089 0.00184
Birth order of child 0.00087* 0.00042
Year of birth 0.00120** 0.00032
Stillbirths
Joint parental exposure 0.00151 0.00199
Birth order of child -0.00054 0.00042
Year of birth —0.00048 0.00035

Neonatal deaths

Joint parental exposure 0.00237 0.00233
Birth order of child 0.00011 0.00049
Year of birth 0.00094** 0.00041

6
Regression model: P, = 1 — exp-(Constant + E b’ xil(Background} + by Dose,)
jui

Malformation
Joint parental exposure 0.00106 0.00233
Birth order of child 0.000915v8 0.00054
Year of birth 0.00116** 0.00042
Stillbirths
Joint parental exposure 0.00138 0.00244
Birth order of child ~-0.00064 0.00054
Year of birth —0.00050 0.00044

Neonatal deaths

Joint parental exposure 0.00233 0.,00272
Birth order of child 0.00028 0.00059
Year of birth 0.00101* 0.00049

Significance levels: SU8(P < 0.10), *(P < 0.05), **(P < 0.01)

13



RERF TR 13-89

The role of possible sources of extraneous variability is potentially trouble-
some; to examine, albeit crudely, their effects on the estimate of the genetic risk,
we have, ignoring all of the concomitant variables, fitted a simple linear model
to the data given in Table 5, assigning as the dose in each of the 25 cells the
sum of the individual mean parental doses given in the marginal entries (data
not shown). A further purpose of this analysis was to determine the effect of
grouping of doses on the estimates of intercept and slope. The estimates of the
latter two parameters in the restricted sample, for an RBE of 20, obtained by the
method of maximum likelihood, are 0.0497 and 0.00354 (4 0.00343), respectively.
As can be seen from a comparison of these estimates with those given in Table
5, grouping and ignoring the extraneous sources of variation does not appear
to have a profound effect on either estimate; they change by about 16% when
compared with the linear model including the background factors, suggesting
that the extraneous sources of variation are more or less randomly distributed
with respect to dose.

Analysis employing DS86 and ad hoc doses

The use of ad hoc doses added 14,403 outcomes to the sample. Of the 69,706
pregnancy terminations included in this extended sample, 3,498 culminated in a
UPO (Tables 7 and 8). Among these UPOs were 950 infants with major congenital
defect, 1,148 who were stillborn, and 1,565 live-born infants who died within 14
days of birth. When abnormal terminations were scored in this matter, 165 of the
3,498 events occurred in conjunction with one other. As shown in Table 8, which
presents the distribution of UPOs with respect to parental dose, the background
rate is 5.02%.

Table 9 presents the results of the analysis of the extended cohort. All of the
findings observed in the more restricted subset of data are repeated. Again, the
regression of UPO upon parental radiation exposure is positive, as expected, if the
exposure had induced deleterious dominant mutations. But the regression is well
below statistical significance and is insignificantly lower than that obtained with
the DS86 only cohort. Furthermore, none of the components of the UPOs gives
any hint of responding differentially to parental radiation (Table 10). There is no
suggestion of significant heterogeneity between the two data sets. As expected,
the standard errors of the various regression terms are appropriately decreased
in the larger data set.

Comparison with previous analysis

Our previous analysis of these data with the one-hit model, employing
the T65DR doses and a somewhat different computational technigue, yields a
regression on summed parental doses per sievert of 0.001824 + 0.003232.% The
regression most nearly comparable to this in the present analysis (one-hit model,
full data set, RBE of 20) is 0.00264 + 0.00277. This increase in the regression
under the current analysis reflects the reduction in the gonadal dose estimated
with the DS86 system and the use of slightly different statistical procedures.

14
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The reduction in the estimated gonadal dose is a very complex phenomenon,
depending, inter alia, on a major reduction in the neutron component attributed
to the Hiroshima bomb (forcing us to alter the neutron RBE from 5 to 20) and on
a decrease in the transmission of the radiation by Japanese-style buildings, but
also depending on an increase in the estimate of radiation tissue transmission,
especially for gamma radiation. The exact reduction in gonadal dese varies with
distance from the hypocenter; but for all parents receiving doses > 0.01 Sy, it is
about 30%.

Table 7. The distribution of joint parental gonadal absorbed dose, by city and dose category
in the cohort of births seen in 1948-53, extended (DS86 + ad hoc dose) cohort.
A neutron RBE of 20 is assumed.

Dose category (Gy)

City Total e] 001-003 010049 050089 1.00-249 >250 >001
Hiroshima Subjects 34113 26300 4229 2230 867 507 180 7813
N mean (Sv)? 0o 0.00 0.00 0.02 nns 024 093 0,05

G mean (Gy) 007 000 0.04 022 061 1.29 280 028

T mean (Sv) 008 Q.00 004 0.23 069 1.53 aa2 0.33

MNagasaki Subjects 35593 30997 2257 1088 737 409 105 4596
N mean (Sv) 000 000 0.00 001 003 009 020 002

G mean (Gy) 005 0.00 0.03 028 068 1:88 307 0.37

T mean {Sv) o005 0.00 0.03 0.27 0.71 1.44 336 0.40

Both cities  Subjects E9706 57257 G4B6 3318 1404 916 285 12409
N mean (Sv) oot 000 0.00 oo 0.06 D18 D.69 0.04

G mean {Gy) o.os 0.00 0.03 0.23 065 1.31 2.96 0.32

T mean (Sv) 0.06 0.00 0.03 0.24 0.70 1.49 3.65 0.36

"M = 20 % neutron dose, G = gamma dose, T = total (gamma + 20 x neutron) dose

Table 8. The distribution of untoward pregnancy cutcomes and total subjects by parental
gonadal dose in sieverts (DS86) based on an assumed neutron RBE of 20, sexes and
cities combined, extended (D386 + ad hoc dose) cohort

Father's gonadal dose in sievert (DS8E)

Mother's gonadal <0.01 0.01-0.09 0.10-0.49 0.50-0.99 >1.00

dose in sievert z'lean
(DS86) Subj UPO Subj UPQ Subj UPO Subj UPO Subj UPo dose
>1.00 528 24 36 a3 13 0 12 1 19 1 178
0.50-0.99 834 53 25 o 27 2 53 4 24 1 089
0.10-0.49 1984 95 151 10 235 15 53 2 30 1 023
0.01-009 4428 207 755 28 179 T 54 2 ra| 3 0.03
<0.01 57322 2880 1428 79 728 a6 339 18 380 23 0.00

Mean dose 0.00 0.03 0.25 0.70 212
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Table 9. Increments or decrements of change in the frequency of
untoward pregnancy outcomes in the original cohort of births per sievert of
joint parental gonadal dose equivalent, based upon an assumed neutron
RBE of 20, extended (DS86 + ad hoc dose) cohort

Hegression Standard
Variable coefficient error

6
Regression model: P, = Constant + Z b; x; (Background) + by Dose,
|1

Background effects

Constant 0.03856 0.00582
City 0.00100 0.00167
Sex 0.00238 0.00165
Mean age of father -0.00023 0.00020
Mean age of mother 0.00034 0.00028
Birth order of child 0.00019 0.00066
Year of birth 0.00179*" 0.00055
Excess risk
Joint parental exposure 0.00264 0.00277

Cov(Constant, Dose) = -0,2827 x 107?
Corr(Constant, Dose) = -0.0175

8
Regression model: P, = 1 — exp-(Constant + z l:lI X (Background) + by, Dose))
j=1

Background Effects

Constant 0.03868 0.00827
City 0.00101 0.00180
Sex 0.00237 0.00177
Mean age of father -0.00024 0.00022
Mean age of mother 0.00035 0.00030
Birth order of child 0.00022 0.00071
Year of birth 0.00179"" 0.00059
Excess risk
Joint parental exposure 0.00262 0.00294

Cov(Constant, Dose) = —0.3299 x 10-8
Corr(Constant, Dose) = -0.0179

Significance levels: *(P < 0.058), **(P < 0.01)
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Table 10. Increments or decrements of change in the individual
frequencies of congenital malformation, stillbirths, and neonatal deaths in
the original cohert of births per sievert of joint parental gonadal dose
equivalent, based upon an assumed neutron RBE of 20, extended

(DS86 + ad hoc dose) cohort

Regression
Variable coefficient

Standard

arrar

6

Regression model: P; = Constant + E bj xj(Background) + bp Dose,

j=1

Malformation

Joint parental exposure 0.00101
Birth order of child 0.0006459
Year of birth 0.00131**
Stillbirths
Joint parental exposure 0.00082
Birth order of child -0.00059
Year of birth -0.00028

Neonatal deaths

Joint parental exposure 0.00128
Birth order of child 0.00026
Year of birth 0.0006858

]

0.00154
0.00036
0.00028

0.00163
0.00038
0.00032

0.00185
0.00043
0.00037

Regression model: P = 1 — exp-(Constant + Z b x;j (Background) + bp Dose;)
j=1

Malformation
Joint parental exposure 0.00120
Birth order of child 0.00064
Year of birth 0.00130"*
Stillbirths
Joint parental exposure 0.00091
Birth order of child —0.00075
Year of birth -0.00029
Neonatal deaths
Joint parental exposure 0.00128
Birth order of child 0.00047
Year of birth 0.000745"9

0.00194
0.00047
0.00038

0.00200
0.00048
0.00040

0.00218
0.00052
0.00044

Significance levels: SUY9(P < 0.10), *(P < 0.05), **(P < 0.01)

17



RERF TH 13-89

As noted, none of the models we have used revealed an effect of combined
parental exposure which is statistically significant, although all showed that the
risk of an untoward pregnancy increases with increasing dose. Previous analyses
have also failed to disclose a significant effect.!* We note once again, however,
that in associating errors with these regressions we do not imply a test of the null
hypothesis. Radiation has resulted in an increased frequency of mutation in every
well-studied organism, and it is inconceivable that humans are an exception.
Next, we will discuss the appropriate uses of these data.

Uncertainties

As in most, if not all, epidemiological studies of similar scope, a number of
uncertainties attend this one and the analyses we have presented. Two of these
warrant particular comment, viz., errors in the estimation of the organ-absorbed
doses, and the completeness of the ascertainment of death and defect.

Errors in the estimation of the gonadal doses. All estimates of the doses to A-bomb
survivors are subject to at least three sources of error, i.e., those that stem from
a) the FIA dose curves themselves, b) the estimation of the attenuation of energy
through tissues, materials, and the like, and c¢) the recollections of the survivors
as to their locations. There is, however, no particular reason to believe that
in the present instance these errors are any larger, or smaller for that matter,
than those obtained in any other study based on the A-bomb survivors of these
cities, where it has been estimated that individual doses could be in error by as
much as 30%.2* Be this as it may, these errors can affect inferences on the overall

shape of the dose-response relationship as well as parameter values defining that
shape.24-26

Completeness in ascertaining death and defect. As we have previously stated,
ascertainment of the pregnancies whose outcomes we report occurred at or shortly
after the fifth lunar month of gestation, and generally well before the pregnancy
itself terminated. Thus, the design was inherently prospective, and from a variety
of lines of evidence, including examination of the births officially recorded in
these cities, we estimated that more than 95% of qualifying pregnancies were
identified. Many of those pregnancies which were not registered did subsequently
come to our attention through the attending physician or midwife. Most involved
either children conceived out-of-wedlock or born to women who had applied for
rations elsewhere or were unaware of the provisions of the rationing system.
There is no evidence that pregnancies persisting for 20 weeks or more and
terminating untowardly went unregistered more frequently if one or both parents
were exposed to the bombing.

Discussion

In principle, an increase in untoward outcomes in the pregnancies of women
exposed to the A-bombs could reflect an altered maternal physiology and/or
depressed socioeconomic status and/or genetic events, i.e., an increased mutation
rate in the woman and/or her husband. The average child entering inte this
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study was conceived about five years following the bombings, by which time any
acute effects of the bombings had certainly disappeared. The intensive studies
sponsored by RERF have revealed an increase in a variety of malignant tumors
as a late sequela of the bombings,?” but except from leukemia, these had not yet
made their appearance at the time of the study. We will therefore argue that
an altered maternal physiology was unlikely to have affected the indicator (but
would only inflate any observed effect). With respect to socioeconomic status, we
have reported that the parents who were nonexposed to the effects of the bombs
(who came to Hiroshima and Nagasaki following the bombings, as released service
men, repatriates, spouses, or immigrants) were slightly younger and had a little
more education and somewhat higher occupational ratings than the exposed.l™
In principle, this might result in a higher indicator frequency in the children of
exposed (and might also lead to an overestimate of radiation effects).

It is important to note that the estimate of genetic damage following exposure
to ionizing radiation derived here rests on mutational events manifesting
themselves as a UPO recognizable between 20 weeks after fertilization and 14
days following birth. Clearly, this does not represent all of the mutational damage
that could be expressed throughout life nor even all of that which might occur
from fertilization to 14 days postpartum. Pregnancies terminating before the 20th
week were not ascertained in this study, and te the extent that such occurrences
were dose-related, reflecting mutational damage, our data would underestimate
the risk. The magnitude of this possible underestimation is uncertain—indeed
impossible to estimate—since pregnancies terminating within four weeks of
fertilization, before a menses is missed or before other symptoms of pregnancy
become apparent, are often unrecognized by the prospective mother. Although
the proportion of pregnancies terminating this early in gestation is not precisely
known, it appears relatively large. However, from the societal standpoint, these
early losses are much less traumatic than the UPOs of this study.

Since radiation has caused genetic damage in every species properly studied
in an experimental setting, we assume that some genetic damage resulted from
the Hiroshima-Nagasaki experience. We must then also accept that the data
from these children, despite their limitations, provide the best available basis
for estimating the confidence limits to be placed on the computed genetic risk
involved in exposure to ionizing radiation.

In brief, under a linear dose-response function, the excess relative risk for
genetic effects can be defined as the ratio of the slope to the intercept. When
concomitant sources of variability are taken into account (Tables 5 and 9), this
ratio at an RBE of 20 is 0.0986, based on the restricted sample. The 95% lower
confidence limit on this doubling dose estimate is approximately 0.15 Sv. The
comparable values for the extended sample are 0.0685, and 0.19 Sv, respectively.
In order to use these estimates to derive a doubling dose applicable to the
genetic component, however, it is necessary to postulate what fraction of the
indicator may be attributed to spontaneous mutation in the preceding generation.
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Elsewhere, we shall provide an estimate of this fraction based upon current
information, and combine the findings of this study with other genetic endpoints
that have been measured in the children of survivors to derive estimates of both
the minimal and most likely doubling dose.!
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HObsh, "2 7539 FERPETRL2L2GETCRBLAZETHS. 501, Lo
BB T T VIMERMEEOE LIEHUTHY, 20 2O T FLOEER BI- k& 505y
GWEEBZLNSZETHAE. AMTHE, COETLEHVEBEORIT L OIS L -
S, IHMBOBRELTERERT A, WThOHEIch, R CHML - HET
ETFLDINT A -5 2HEEL &

w B

DS86 R D & & A = 8RiF

AT L 7= AR URAEAS 55, 30301 0 5 &, URERFEERS RE L 2,760 Ch 72 (X3 KR T4). —hb
DIERME RO 9 5, EEOLERMEEE 2L 5 2004 R A 7700, FEME 5 89418, FEE Tt
G LALERISHAMCIEC L AEH1,200lb - 7. #HLHOh oy frsms
TA2L0LHD, 2,7600 03 1AM HFHIZHEY LA BOBRK S &I REE RS0
MR dmT&3I2bhiE, HREERINBRIIL 9% TH- 7.

FT4 HOEMBEE YA D — S b (DS8E) iif;U@&iﬂﬁ%-ﬁ?ﬂﬁﬂﬂ&U‘i-’r?ﬁﬁlJf?J’y}ﬂi.
DS86 It M o a . Bk WS A, hIYEFE O RBE %20 & (.

RO E - b (DS86)

AL 4 R It <0.01 0.01-0.09 0.10-0.49 0.50-0.99 >1.00
=~k (DSB6) kit
Subj UPO  Subj UPO Subj UPO Subj UPO Subj UPO
>1.00 388 19 21 2 a 0 9 1 15 1 166
0.50-0.99 651 44 19 0 24 1 47 4 17 1 070
0.10-0.49 1655 81 124 9 209 13 41 2 20 0 024
0.01-0.09 3790 179 700 27 138 5 27 2 45 2 004
<0.01 45234 2257 1104 60 510 21 238 12 268 17 0.0
“Pight 0.00 0.03 0.25 0.17 2.08

Subj-f R E, UPO- S 05 8% b5 104 M 22

51, ChoD7F— S RO NAMMEREEEBCANRLET— SHBIFORELTL TV A,
MiE, A, BEXELROERBC LI BIERE CR Ao, BilIMNIZIE, MR
BN RIG LD LIRS, BRAELD L BBERECREL Toe g BELTEY, LHO
Bl LR LI hE AL L, BEOEME ML TV, INsDrRiE, FaT
BRI O F DM 222 L —H T 5, MMM RATRAE L 42 203 ik
TTFHLEE BN, ﬁmﬂﬁﬁ-ﬁﬁm&iimwﬁwﬂﬁﬁyé LArL, St 121k H Skt s
PENThl-7, 1y PEFLABSL 28R, LD ERLZHFIE L AERTE S
BIEOMWTH S (F5BE).
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®H HMOLEEM ZHT S HOS RIS RS - YA
TEURAS 45 S 82 B O, DSSe IRIEH O & .
P - @ RBE %20 & (KE.

- 3] 7 % $k R EHE

8
644 £ 712 Py = Constant + ) by x;(Background) + bp Dose
I=1

Py T rORE

R 0.04282 0.00662

0.00110 0.00189
(3 0.00262 0.00184
O T ~0.00039549 0.00022
THAO P E MG 0.00034 0.00031
T O NG 0.00039 0.00075
i 0.00173** 0.00061

WE A

O &G it 0.00422 0.00342

Cov(Constant, Dose) = -0.2980 x 1072
Corr(Constant, Dose) = 0.0128

6
[l € 57 )+ Py = 1 —exp-(Constant + by x;(Background) + by Dosey)
j=1

Ky 2X5% FOBE

i £ 0.04324 0.00714
i 0.00110 0.00203
es 0.00262 0.00198
O HIERS -0.00040599 0.00024
HERLO T H MG 0.00034 0.00034
ko R AT 0.00046 0.00080
ke iy 0.00172** 0.00086
o E IR Ry
WG R 0.00412 0.00364

Cov(Constant, Dose) = -0.3515 x 1079
Corr(Constant, Dose) = -0.0135

HEAH: Sw(P<o,10), *(P<0.05), *(P<0.01)

W, FERE, HAERCOBRIIMFERMOEMAN T, F03 50— 0 28 v s R
WHODAZENTREENELEIPEPNE DI, LR 20N AEZEAVTZ
ZONEREIRThIE OV TRIFL, TOERSEG6IIRL 2. KB, F—yOfiHm
B AT, ZoofRER T < TEKkOMmETRT.
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#6 WWOHEEA IETABEOEMBEEYMEE Y-V S0
R, FERE, RSB O & A EE O 1
DS86 s it H o &, k-4 @ RBE & 20 & {KE.

#+ [ i 1 24 HLHA LD

]
[ali# £ 5 v : Py = Constant + 3 by x;(Background) + bp Dose,
=1

i 2
Mo &t it 0.00089 0.00184
- {3k @ M4 4 A 0.00087* 0.00042
e R 0.00120"" 0.00032
FEFE
WO ARt R 0.00151 0.00199
F-fit o {1 2R TR —0.00054 0.00042
i o -0.00048 0.00035
Bk B
o frite it 0.00237 0.00233
Tt 0 YA 0.00011 0.00049
H4 0.00094** 0.00041

8
[a]## & 5 )1 Py=1—exp-(Constant +  _ by x(Background) + by Dose)
=1

i
B4t 0.00106 0.00233
F- {3 O3 1 4 MR 0.000915v8 0.00054
Hh 0.00116** 0.00042
TERE
i NORESER 0.00138 0.00244
T o M -0.00064 0.00054
hivge o2 -0.00050 0.00044
Bk R B
B et 0.00233 0.00272
F ik o b A R 0.00028 0.00059
A 0.00101* 0.00049

R AH: SR(P<0.10), *(P<0.05), *(P<0.01)

B &ELAsTHMBERFAEDLICERT 225 LEHBAELTHS. FRET
HBHILTY, ThsPMEIAZHENS I SHBEHETL 20, MEEREE 2]
FRICANYIL, BSILART P-4 CHHAHREEFTLEES S, TOk &, EOMMN
MU EHNTEZRENEPUOBOTHERRE, BEXFOZAETROMELE LA (F-4 1k
FRMOEREEW), SH OB ICBUNCUEREESHEE TS 8, BREFOHH N
IHIEEZAREENNALVWIHM NS -/~ RBE #4204 L/-REEMIZHE 285 & DAL
LWV OO A OMERIT, BRALERICE-TERDAZ, 20, hFh0.0497
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& 0.00354 (£0.00343) Th-7. HSDEE ZOMEMDOIE, b S L1, Hits
Xopl, SMEHEZERLLEE, WFhOHEMILERE2MBE L5 LI 2VWLEITH S,
NP TT Y FRFE RO LMBETVERBT 5L, EMOEDILMNI6S TH 30T,
NOEROFMITHRR OO T—ETEEVWI L Fbh S,

DS86 4%t & AR & % A\ /- B2 AR
RARBEOFI A& N, RIS 014, 4035 & WFHEERM M A 22 L AT & . 2O k%M
DULUEHERE 069,706 O 3 &, IEMRAEERE (S 3,498 Ic@ LA (AT RUB). 2hbd
MIRIRERIE D 9 b, BIEORKIERE N S 20, 95061, FEMILL, 14861, 4i%14H
PIWIZFEC L 2 i R 1Z 1,565 ThH -2, ChoDBEMAREBL TwAold, IFIRSHR
B 3,408 0 5 5 16510 Th o, FH BB OL I G A ITIRAREE RS O &
HLTHEN, BREERIISNR%TH- .

KT 194803151 O H £ WL OB O 5 R IR UL 80 T AR 6. i B Ui
f KB TH (DS86+HIERIE) . P E-F48 RBE 4 20 & £,

BRI (Gy)
i &t 0 001009 0.10-049 050-099 1.00-249 >250 =0.01
A EOR- BTk 34113 25300 4229 2230 667 507 180 7813
N ¥ (Sv)? 0.01 0.00 0.00 0.02 0.08 0.24 003 0.05
G T (Gy) 0.07 0.00 0.04 0.22 0.61 1.29 2.89 0.28
T F15 (Sv) 0.08 0.00 0.04 023 0.69 1.53 3.82 033
Tk Eg RiiE<d 35533 30097 2257 i0as 737 409 105 4598
N “F1 (Sv) 0.00 0.00 0.00 0.01 0.03 0.09 0.29 0.02
G T (CGy) 0.05 0.00 0.03 0.26 068 1.35 307 0.37
T T4 (Sv) 0.05 0.00 0.03 0.27 071 1.44 3.38 0.40
iy ifi EOR LR 69706 57297 6486 3318 1404 ais 285 12409
N T3 (Sv) 0.01 0.00 0.00 0.01 0.06 0.18 0.68 0.04
G Tty (Gy) 0.06 0.00 0.03 023 065 1.31 2.96 0.32
T T# (Sv) 0.06 0.00 0.03 0.24 0.70 1.49 3.65 0,36

IN=20 Xtk F iR, G=A>vBRR, T=& (7m0 hET8) HR

®|B  BOEMIRSAY RS — L F(DS86) 472 0 O IR EE R R O R 2 WO 515,
Tod B O ohi A it Ok KB (DS86+RGE) . ik 740 RBE %20 & E.

WD LRI R S —~n - (DSE6)

<0. 1 X s 49 0. : 21,
HER0) A AR L 0.01 0.01-0.08 0.10-0 50-0.99 21.00 R
¥—oouh (DSB6)  gubj UPO  Subj UPO  Subj UPO Subj UPO  Subj UPO
>1.00 528 24 36 3 13 0 12 1 19 1 178
0.50-0.99 B34 58 25 0o 27 2 4 2 1 068
0.10-0.49 1984 a5 151 10 235 15 53 2 30 1 0.23
0.01-0.09 4428 207 755 28 179 T 2 7 3 0.03
<0.01 57322 2880 1428 78 726 36 339 16 aso 23 0.00
g 0.00 0.03 0.25 0.70 212

Subj- & £ 7 #, UPO-SEARES 45 TUN 3 3%
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FolzaAEMoBITERER Y. ZOo&RIE, NBE LAKHTCHBELLARAE 2 T~T
FRRLTwE, 2Z2ThH, HBVAELEERRERLFRL LT 5L, BOBRHR
PRI 5 AERERE OB TR ESVIETH S, LALZORREESMIZHEET
%4, DSBBERZA T A ERL A RHAA LI AMMELNZLEFETEEVAEL 2T A,
LD, MR L2625 THNO 9 6, A EOL 0N, OB S MLE 2R
MCRBT A RIEA ALV (F£10). —#HoF—yy MI3HERELZRTEEAS LS V.
o ZEBEOMESEE, FHMESIERLAFT Yy P2V THAL 2.

%9 HMOBEREIIC B ZEOEMBBRRYREIH S-SV EH2DO

SR AR AR A SR S S O R, LA SRR (DS86+RAREL) .
d k742 @ RBE % 20 & (K.

HF o] 48 65 £4 R e

8
fal4 € 7 -0 Py = Constant + ) by x; (Background) + bp Dose,
I=1

Wy 2730y FORBE

i # 0.03856 0.00582
iti 0.00100 0.00167
15 0.00238 0.00165
ACHR O T A i -0.00023 0.00020
B3 iNoR ok i 0.00034 0.00028
-k O A T 0.00019 0.00066
AR 0.00179** 0.00055
WE )2y
i 38 & B I 0.00264 0.00277

Cov(Constant, Dose) = —0.2827 x 107°
Corr(Constant, Dose) = -0.0175

8
[ €5 1 Pp=1—exp-(Constant + 2 bj x;; (Background) + bp Dose)
1=1

Hyz 739 FOBE

E ¥ 0.03868 0.00627
ifi 0.00101 0.00180
% 0.00237 0.00177
WO E -0.00024 0.00022
BE 8L o) SF ¥ 0F i 0.00035 0.00030
Tt o 1 A 0.00022 0.00071
Wk 0.00179** 0.00059
dE Yy Ay
i 5, ) TR 0.00262 0.00294

Cov(Constant, Dose) = —0.3290 x 1079
Corr(Constant, Dose) = —0.0179

HREAH: Swe(pP<0.10), *(P<0.05), * (P<0.01)
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TIO LWOMEERCHIT 3BROEMIRERY RS-~V Y 200
FERMEGHE, S, BRI O &5 SIS O R
PERKEF (DS8E+ (g dd) . hiETmo
RBE # 20 & {fis.

B+ [ELERES HRHA 3

8
[} 77 : P = Constant + } by x;(Background) + by Dose
J=1

i ¥
HWoEIER 0.00101 0.00154
F-fik o i A e i 0.000645v9 0.00038
i AR 0.00131** 0.00028
FERE
BositsR 0.00092 0.00163
T8t o ) 4 IR -0.00059 0.00038
Wk i -0.00028 0.00032
ik R IES
HOE IR R 0.00128 0.00185
- {03 M 4 R 0.00026 0.00043
itk 0.0006859 0.00037

[
[]9# & 7 0 ¢ Py =1 —exp-(Constant + ) by x;(Background) + by Dose)
j=1

1
WO 5 i 0.00120 0.00194
F 1o B L 0.00084 0.00047
e fE 0.00130** 0.00038
FERE
W&t dit 0.00091 0.00200
£ ik D R ML —-0.00075 0.00048
k4 -0.00029 0.00040
ik RS
WO Gt it 0.00128 0.00218
T8 D {1 4 0.00047 0.00052
o 0.00074519 0.00044

HEAH: Sw(P<0.10), *(P<D.05), **(P<0.01)

WD BT & DLl

Ley bEFN, TEODREE, XUELRE3T X E2—FHEFAVT, ZheOF—# |2
SEhE L2 LUAT O BEHF Tlk, 2 — 00 b2 22 0 o S #4512 T B[R]0 270001824 £0.003232
Tho . P AEIOEM(1ey bEFL, 25— %+, RBE20) T, THIZH &3F [ &
[30.00264 +0.00277 C& 5. AR CROLENAMIFO IO L ) WML, DS MR AR O
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FEECEDEC MR ROMD EMANFZEOLTIERVIZEZLDTH 5. LR
HEEFR IR DR (I DML BB TH 54, FICRE IS T & h 2 Balo k3K o O
KIE#L (RBE &5 25200 %2 €284 o0) & HEKEOBMHERO ML DIE b,
B 7RO MRS HAEREEM OIS LA R 2 ABETH 4, IEH & EAlE it oRb
fEid, MLlhA2 SO L TREE2D, 0.01SvE ERBEAZTERATXTIZDONT
F130% TH - .

LATARTOEFLICEWT, SIRORIM & L ICFREEREO ) A2 M RT 2L %
ARULAYN, VFADEFVEEOTLNRASHORBREOBE RN CHETIE Lo 7.
BEOBCFLTLAESBHIEAL S, L2 LAL, BENZASONE L
P L Twa v I BHCHEMEOME ZBELTVIOTES V., FLLREITHILL
FANTOEREICHEOT, RS IZEAEREROBINAED o0 b, NEZTHZ oF
HLrnHZLRENBLV, KL, ZOF—YOBELHBIIODVWTEET S,

THeE ZF

L < OMMLT AR AR, ERME LA TRL T AR I AE E RN
HEEE, 2O bREBRINGREE ST L, HERUVRHOMAOTELED 2 5l
SWTLHE, FILERSLETH S,

HSHBREETEICBTSBRE. M EOREHEECETRT, BEIEUSHIERY
LhELELEZDHL. That yZEh A — v g BT, b) i, WL LSemBT 3
kBT ANF—DREHE, o) MIBEAIZMT I HBREQRLETHS. LaLl, liEHED
EE RS MR LAMOME T, BASRICIIN%IZLETZRENHESATLINT
bEDH, M FNSICHBLT, 4AOBENEIIAREYL, XEPhsnsELaIcE 28l
Zu, WFRIZLTE, ChoDOMELTERINSHEDOREROBLET TEL, FORERE
TANTA—FHEEEIILBREFS2F 5.1

RTCRUBERBOTEME. ML Ak 212, A8 THE L AEESEECAD b SIRIED
AL, RS AR IT T OEK, R IEREEODEVUMIZIThAL, LAENS T,
COWEKELEL LIFRIMIAMERM I L BBHICER ITBIHs L lED
MELEO 4 A5, AERB LA EROBUL LITHRATE 2 BT WS, fal
DEASLERIZOWTIE, TOBRIPAVDOTOEESLHERLAL TS 8RBT LN
Ehot, Z0FE, FWHR S, BB EMACZITOAVRBHEONESG & 5
PEPEREENAFHETH S, 0BMEL FEE AR L 2RI BRSNS S L, B
BLOHMBAHEBL VS A, COMBTHELLEVWIENE Lo E 0 I M
Bt
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£ &
TRk R L et 12 TR RS M A T 2002, LT, BGOSR, HES
HEERIRE, AV KENEZ2ORIIETARRERBORME VI BENFERIZES L
Eibhs. FPETCHEL LA THTHBBEHNSEORICRIEATEY, FOIEETIIR
RO BHER R L Tk, BOBWATEM L 26 h 207 13, WMo 50y e
ELTHACESEIEBORENYPMLAZELZMEAIIL TVIHFY ZRPVOREFIE I
HM%H%@K&%%LTV&#w&.L&ﬁuT WA NTRRER OB AFEEIC R
GATVEWLDET I LTS (EREEI AL THIE, BEsh3BE s A2 321
ThHDHI). HREFEREICE L T, HHBLTw vl (FER Fik, 15 B Al
LzBR R, HAE, RME, BWEE) L, BBELAEEID 008, DLSEENEC,
B MO g S e VIS ELAZEDS. L S, BREOTFHRI BT S
BEOEERIEN, 2IT20ELIECE32L LAV (54, ChPBRMSBED
BAHEEA RG220 LAL W),

AT A o T 2 UE MO AR R O EA PR 2 A HETE O L T A0, ZNE 200
PHOERMHOB RSN ERAEBE L VI TR LA ERERRRTHAEZ » &

GhTHEs 20, CORR L, —~E2@0 (AT ARMRERIMESC, RI,65K
MHiﬂu£tﬁ%f~f®%%%£m#&mﬁf5twvu&u.$ﬂﬁﬁu,%%ﬁ
F20ELATIZE U RS OB R EIT OS2 o 20 Z 08 208 LT o 55 48 #RE A0  at
MO REAEREETHE TR, 2AOF— 712 A27 2/ HEELEEEERLT

Bl s, AEOWM LM O ER IR AHEIZ 2 SR002 084 5 4 81 LLKN O4EIR
REEOME, BBLLIREFATNIIRAIH LI EHNEVWOT, 0T ORE L
RHEXETHN, HETUARTHE., Z0F I ICHMIIEET 2 BB A 1220 TIERM 2
T—FEhwhd, pANEnwEIThHA, LAL, HaSmBEEH6 A, FUEREEE I
AWHEO R & L B RAERY L0, S0 EESIL S 2 IE e,

MIEIZHRE s h A FEAMRE T, REGEroflic@ElEsi| szl TwanT,
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£ RBE 27200 2 &, 0.0986Th 5. Zh Do RH#EE (#1241 5 95 %E HEIXH O FIRIE,
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