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SUMMARY. :

The dose-tesponse curves for acute radiation
symptoms reported by atomic bomb survivors
are compared by city, dose estimation method,
class of dose estimation, and shielding category.
The goals of these analyses are twofold: 1) to
identify groups of survivors whose dose estimates
may be especially biased or subject to an unusual
amount of random error and 2) to investigate
the consistency of air doses and transmission
factors that have been proposed as possible
replacements for the tentative 1965 dose
estimates. Circular symmetry of acute effects
is also investigated.

It is found that response rates for acute symptoms
differ considerably by dose estimation method
and shielding category even after controlling for
both gamma ray and neuiron exposure as well as
for age and sex. It is not possible, however, to
separate differences resulting from varying
degrees of random error from differences
resulting from systematic bias. Thus no firm
conclusions can be reached regarding the appro-
priateness of proposed changes in dose estimates.
One interpretation of these analyses is that the
doses of survivors who were in Japanese type
houses estimated by the 9-paramefer method
are subject to the least random measurement
error, while doses of survivors who were in the
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open and shielded by terrain, who were totaily
shielded by concrete buildings, or who were in
factories are subject to the greatest' amount of
error. The analyses also suggest that doses of
Hiroshima survivors are, in general, better
estimated than doses of Nagasaki survivors, a
situation which could easily bias city comparisons
and estimates of relative biological effectiveness.
The hypothesis that doses might be higher in
the westerly direction in Hiroshima is not
supported by acute radiation symptom effects
analyses, but excess acute effects are seen in the
north of Hiroshima.

INTRODUCTION

Over the years, acute radiation symptoms,
including epilation, bleeding, and oropharyngeal
lesions have been used as one criterion for
assessing radiation exposure of A-bomb survivors.
The fact that the response. curves for such
symptoms were reasonably consistent when
plotted by distance from the hypocenter for
those judged to have approximately the same
degree of shielding may have been an important
factor in the decision in the early 1950s to
attempt the calculation of the actual dose
received by those in various shielding situations.!
In 1959, Brill et al®> considered the relationship
of acute symptoms and the subsequent occur-
rence of leukemia. Later in 1963, Jablon et al®
compared proportions of survivors with acute
symptoms in various dose groups between
Hiroshima and Nagasaki as a means of evaluating
the adequacy of the tentative 1957 radiation
dose estimates, while in 1970, Jablon et al®
used data on acute symptoms to evaluate the
relative  biological effectiveness
neutrons.

At the present time several aspects of the dose
estimation process are being reassessed, and at
least two sets of air dose curves®™7 have been
proposed as possible replacements for the revised
tentative 1965 dose (T65DR)® air doses which
have been used for most analyses in recent years.
In addition, there are indications that the house
transmission factors for gamma ray exposure
calculated for the T65DR dosimetry may be too
Iarge,9 while it is uncertain how transmission
factors for those in other shielding situations
may be altered. Since there is now no single
dosimetry deemed best but rather several
candidate dosimetries, it seems especially
appropriate at this time to use data on acute
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symptoms as one way of evaluating the relative
merits of the various dosimetries that have been
proposed,

Data on acute symptoms also have potential
for identifying survivors in particular shielding
situations or locations where dose estimates may
be especially biased or subject to an unusual

amount of random error. Although much effort .

has gone into the development of various
dosimetries, the ‘problems involved in this
estimation process have been enormous, and it
is undoubtedly true that some doses have been
more reliably estimated than others. Data on
acute symptoms may aid in the process of
identifying dose estimates subject to the greatest
amount of error.” Once such problem areas are
identified, they can perhaps be resolved by
improved dosimetry. If this is not possible,
such problems can at least be taken into account
in planning and interpreting various analyses.

MATERIALS AND METHODS

The goal of the analyses in this paper is to
investigate the consistency of the dose-response
relationship for varicus acute symptoms by such
factors as city, method of dose estimation, and
type of shielding. If a given dosimetry is fully
adequate, then the response to any piven gamma-
neutron dose combination should not depend
on these factors; that is, the acute symptom-
response rates for different cities, different
methods, etc., should be the same once both
gamma ray and neutron dose and other variables
such as age at the time of the bomb (ATB) and
sex are controlled. i

Dosimetry -

The analyses of this paper include an evaluation
of various elements of the dose estimation
process as applied to the Life Span Study (LSS)
cohort. The selection of the cohort has been
described by Beebe et al,!® while the dose
estimation process is described by Milton and
Shohoji8 as well as by Auxier.!! This process
is briefly summarized below.

"For each LSS survivor, information on location
and shielding ATB was obtained from the
shielding history.! This involved an extensive
interview with the survivor (or in some cases a
relative or acquaintance), For some survivors
{except 30% for those exposed at 1,600-1,99%m
in Hiroshima or for all cases exposed beyond
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2,200m in Nagasaki), no shielding history was
taken and information from a mail questionnaire
was used instead.

-

Based on the recorded distance from the
hypocenter, the air doses for both gamma ray
and neutron exposure can be calculated for each
survivor. There is now considerable evidence
that the T65DR air doses, which have been used
for most analyses in recent years, will need to
be modified; in particular the Hiroshima neutron
air doses are probably too large, In this paper
two alternative air dose curves are considered;
those given by Loewe and Mendelsohn,®
calculated at the Lawrence Livermore National
Laboratory (LLNL), and those given by Kerr,®
calculated by Pace and Scott at the QOak Ridge
National Laboratory (ORNL). The latter two
air dose curves are nearly identical for Nagasaki,
but ORNL air doses are slightly smaller than
LLNL doses for Hiroshima.

The actual air dose values used in the current
analyses are estimates derived from figures®?
which display the LLNL and ORNL air doses
as functions of distance from the hypocenter.
Values were read at 200m intervals with linear
interpolation used to estimate intermediate
values based on the distances recorded in the
LSS data bases.

For most shielded survivors, the air doses must
be multiplied by transmission factors to estimate
the doses received. For the T65DR doses, this
factor was estimated by one of the methods
described below. :

For the majority of survivors reported to be
shielded tfotally or partially by Japanese type
houses of light construction within either
1,600m of the hypocenter in Hiroshima or
2,000m of the hypocenter in Nagasaki, the
transmission factors were calculated as a function
of nine parameters such as height above the
floor, floor number, the presence of lateral or
front walls, and so forth. This 9-parameter
method was developed as the result of experi-
ments - at the Nevada test site where it was
determined that the effect of shielding could be
expressed reasonably well by such a function.
For some survivors in Japanese type houses,
the detailed information reguired for the
application of the 9-parameter formula could
not be obtained, For these survivors, the
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estimated transmission factor was taken to be
the average value of all fransmission factors
estimated by the 9-parameter formula. The
combined group of those with ‘doses estimated
by the 9-parameter formula and those with
average values assigned will be referred to as
the Japanese type house group or as those in
Japanese type houses.

For survivors who were in heavy concrete
structures, in the open but shielded by nearby
buildings or terrain, and in a variety of other
special situations, the globe method was used to
estimate transmission factors. This method
involved the construction of a model of the
building or shielding situation and the use of a
spherical projector or globe to determine
components of total dose coming from various
directions.

For survivors who reported that they were in
the open with no large structures nearby, the
estimated dose was taken to be the estimated
air dose at the assumed location of the survivor.
Although such doses are not subject to the
sources of variation involved in estimating
transmission factors, it is thought by some that
the errors in location ATB may be greater for
these survivors than for others who could specify
their location in terms of their homes or other
nearby structures. The group classified as
having air doses also includes some survivors
who were shielded to some depree and were
arbitrarily assigned transmission factors of 0.9
for gamma ray dose. In particular, several
hundred survivors who were in factories in
Nagasaki are included in this group. Since it is
now thought by many that this factor is too
high for this group, these survivors are excluded
from most analyses in this paper (an analysis of
this group is discussed in the section on shielding
category). )

Finally, for survivors located beyond 1,600m
in Hiroshima and beyond 2,000m in Nagasaki,
the estimated dose was taken to be the air dose.

Thus these doses are in many cases overestimates -

since shielding was not taken into account.
This group will be referred to as the distal group.

At present, it is not known how these procedures
will be modified with the current dose reassess-
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ment, but Marcum® has suggested that the
house transmission factors.-for gamma exposure
calculated for the T6S5DR dosimetry may be
too large by a factor of about. 1.6. For this
paper T65DR transmission factors have been
applied with the Marcum correction* for those
survivors in Japanese type houses (except where
indicated otherwise).

Because the quality of the information available
for dose estimation varies, estimates have been
categorized as class 1, 2, or 3 with class 1
indicating the most reliable estimates.® Many of
the analyses in this paper have been repeated
with restriction to those with class 1 doses.
Instances in which this restriction alters results
in any important way are noted.

Acute Radiation Symptoms

Data on acute symptoms were obtained through
interview at’ the same time shielding histories
were taken. The fact that evidence of these
symptoms is not based on direct observation and
is dependent on memory after a lapse of several
years must be considered in interpreting results
of analysis of this data. In addition, there may
be some survivors who have experienced these
symptoms for causes other than radiation
exposure ATB, since some survivors exposed
at distances where they could not have received
any significant amount of radiation reported
one or more symptoms,

The symptoms chosen for inclusion in the
Master Sample code were epilation, bleeding,
and oropharyngeal lesions. These were judged
to be *“the most objective, least liable to be
caused by things other than radiation, and most
apt to be clearly remembered by the person.’!?
Only symptoms which were reported to have
oceurred within 60 days after the bombing have
been considered as positive. The degree of
epilation was also reported and coded as “‘slight”
(less than 1/4), “moderate” (less than 2/3, 1/4
and over), and “severe” (2/3 and over).
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*Marcum suggests that the average gamma ray transmission factor for those in Japanese type houses should be
modified from .90 to .55 in Hiroshima and .81 to .50 in Nagasaki. Thus the correction consists of dividing the
gamma ray transmission factors {for those estimated with the 9-parameter or average method) by .90/.55=1.64

in Hiroshima and by .81/.50= 1.62 in Nagasaki.
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The first endpoint considered for detailed analysis
in this paper is severe epilation which was
reported by 1,230 survivors in Hiroshima and
344 survivors in Nagasaki. This endpoint shows
a sharp gradient with dose and is a symptom
which would occur only rarely from causes other
than radiation (it might occasionally have
occurred as a result of protracted high fever
due to typhoid - a disease whose prevalence
increased in Hiroshima after the bombing).
However, false negatives could well be a problem
with this endpoint, since many men were already
bald before exposure and since irradiation of
a specific location, the scalp, was probably
required to produce the symptom. The second
endpoint selected for detailed analysis here is
bleeding (purpura) which was reported by 3,312
survivors in Hiroshima and 1,252 survivors in
Nagasaki.
common than severe epilation, also shows a
sharp gradient with dose, and is 2 more general-
ized reaction to radiation (that is, irradiation of
a specific location is not required). Less detailed
analyses were conducted for the three endpoints
listed below:

1. Epilation regardless of degree present.
This definition of epilation, which includes
slight, moderate, severe, and degree unknown
is also used in defining the following symptom
combinations.

2. At least one of the symptoms present;
bleeding or epilation. Oropharyngeal lesions
were not included in defining this endpoint
since the proportion of subjects reporting
this symptom alone showed no relationship
with dose.

3. All three symptoms present; epilation,
bleeding, and oropharyngeal lesions.

Statistical Procedures

Previous comparisons of acute symptom-response
rates by city have been based on analysis of a
linear function of the gamma ray and neutron
doses.* That is, z=7+Bn, where ¥ indicates
gamma ray dose, n indicates neutron dose, and
B can be interpreted as RBE. As it was desired
to keep results as free as possible from depen-
dency on any particular model the approach used

This symptom, which is more -
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here was to categorize survivors by both gamma
ray and neutron exposure and then to compare
proportions with a given acute symptom for each
gamma-neutron combination by the variable of
interest (city, method, etc.). Since the number
of survivors in any particular dose category is
often very small, results have been pooled using
the Mantel-Haenszel!®> method. Except where
noted otherwise, all analyses are also controlled
through stratification for sex and age ATB
(see Appendix 1).

Analyses were controlled for the 25 gamma-
neutron combinations indicated below. Other
combinations have insufficient data for analysis:

T7OU-FiE, HEREE S CVBRECFETED
MERENICHEREL, ReTEF e hETFD
HatherourHECAEERS AT 3HE %,
RIL Ot R THSER (T, HEg L)z
L. BENBERELSTIHBRLIZL0EE
EFIZL 2D T, BERiEMantel-Haenszel #"7 (2
Lo THREFELTVE., HRELEVRD, wiho
BRERUEEIREBN ORI L » T
LTwa({t81).

Tém2s@loFrv - hfETHAEEGHEIIDT
BT O FEET-/4. 20 oiaShE I mi:
T REEA L0,

Gamma Ray Neutron Gamma Ra Neutron
Dose Range rad rad Dose Range rad v rad
E3dcd s e {4 - RSN = FiEF
Low Dose 1 0 04 High Dose 14  200-299 04
fiE sr 2 19 04 w15 200-299 59
3 19-24 04 16 200-299 10-24
4 2549 04 17 200-299 25+
18 300-399 04
Middle Dose 5 50-74 04 19 300-399 59
R TE 6 7599 04 20 300-399 10-24
7 7599 59 21 300-399 25+
8 100-149 0-4 22 400+ 04
9 100-149 59 23 400+ 59
10 100-149 10-24 24 400+ 10-24
11 150-199 0-4 25 400+ 25+
12 150-199 59
13 150-199 10-24

Because analyses are controlled simultaneously
for both gamma ray and neutron exposure,
observed differences should not be attributable
to differences in the type of radiation exposure.
A limitation of this approach is that the dose
combinations which can be used are restricted
to those where data is available for both
categorics being compared. For example, the
comparison of the two cities must be resiricted
to gamma ray exposure less than 150rad and
neutron exposure less than 5rad. In Table 1,
the number of LSS subjects are presented for
cach city and each dose estimation method by
LLNL gamma rtay and neutron doses.

BT, FYvBRURE T REEO WS
DLTRIFCHEFThILE30T, HEI LN
RERRROMMOE CERT 33740, 20
TTO-FORRE, BHATEIRROMEI S
BT ERCETARRABOATVLALOL
BEShTwAILThs. BlLE, Wk
T, B IREEE 150 rad R, L T-REEE
5rad RMICBELZHER 52V, R1THBR
PECRHORE BGRIERL & b2, BHRT
LLNL @ # v = EUFET RN IR L .
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TABLE 1 NUMBER OF 188 SURVIVORS? WITH DATA ON ACUTE SYMPTOMS BY GAMMA AND
NEUTRON DOSEb, DOSE ESTIMATION METHOD, AND CITY
%1 SEEKCBTIENRET3RGNELATORBERS VLo BRYT
PR, mRHEEE, RO

Neutron Dose in rad

Hiroshima Nagasaki
0-4 59 1024 25+ 04 59 10-24 25+
Japanese Type House
Gamma ray dose: 0 0 0
(zad) 19 23 370
10-24 1719 965
25-49 3375 732
50-74 1611 284
\ 7599 759 104 270
‘ 100-149 75 702 38 322
150-199 0 79 327 133
200-299 0 0 285 76 93
300-399 0 0 3 98 23 13
400+ 0 0 0 B8 1 13 12 4
Air Dose
| Gamma ray dose; 0 0 0
| (rad) 1-9 0 1]
} 10-24 0 130
| 25-49 429 227
50-74 194 76
75-99 55 7 43
100-149 0 78 7 67
150-199 0 0 48 34
200-299 0 0 19 40 93
300-399 0 0 o 24 14 13
400+ 0 0 ¢ 25 13 11 - 7
Globe
Gamma ray dose: 0 0 168
(rad) 1-9 26 104
10-24 83 388
2549 514 (6) (2) 317
50-74 419 (8) 7 208
75-99 202 13 (O (1) 162 0
100-149 30 216 10 4 166 1 0
150-199 1 24 88 %) 83 4 0
200-299 0 10 106 49 63 7 1 0
300-399 0 1 9 69 21 11 2 0
400+ 0 0 ¢ 97 3 - 21 28 10
Distal
Gamma ray dose: 0 16702 3630
(rad) 19 18500 7734
10-24 7770 1163
2549 2423 0

a- Categories in parentheses are not used in any analysis since there is no comparable data for Nagasaki or for
other dose estimation methods in Hiroshima.
EREZAREESR e FAORF -LEVE - Lniold, EfiiidEtar—sidad, 4, EBTR
FofoptEERECI T, RETIERFIZVEIHTHS. :

b- LLNL doses with Marcum correction are used in this table.
FHTIE Marecum TIEESML 4 LLNL B8R E A VL.
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Results are summatized by presenting Mantel-
Haenszel odds ratios for the low, middle, and
high dose ranges indicated above. Since these
groups are based on gamma ray’ exposure, they
will often be labeled as 0-49rad gamma ray
dose, 50-1991ad gamma ray dose, and 200+rad
gamma ray dose. Suppose, for example, that the
two cities are being compared and that Puj is
the proportion with a particular effect in
Hiroshima where j indexes one of the 25 dose
categories listed above. - Let py; be the corre-
sponding proportion in Nagasaki. The odds
ratio for Hiroshima relative to Nagasaki is then
‘puj{1—pN;}/pni(1—py;)  for dose category j.
The Mantel-Haenszel odds ratio can be thought
of as a weighted mean of these odds ratios over
several dose categories (as well as sex and age
ATB categories). Note that an odds ratio
exceeding unity indicates that response rates
are greater in Hiroshima than in Nagasaki while
an odds ratio less than unity indicates the
reverse. The test for whether a particular odds
ratio differs from unity is the usual Mantel-
Haenszel test. Confidence intervals for the odds
ratios are calculated using the test-based proce-
dure of Miettinen! Additional detail regarding
these procedures is given in Appendix 1.

The approach described above has the major
advantage that it does not require assumptions
about the shape of the dose-response curve,
that it is possible to control for several variables
simultaneously, and that it does not require
iterative calculations. This procedure should
be adequate to test most of the hypotheses
of interest in this paper. The reader should,
however, bear in mind that the Mantel-Haenszel
odds ratio is not a maximum likelihood estimate,
and that the test-based confidence intervals are
strictly valid only when the true odds ratic is
equal to one! Since exact quantification of
relationships was not a major goal in this paper,
the iterative computations necessary for
maximum likelihood estimation did not seem
justified,

In interpreting results of the analyses presented
here, it should be noted that one of the effects
of random dose errors will be a weakening of
the dose-response relationship. Cochran'® has
noted this result for simple linear regression,
while the results of Jablon'? and Gilbert!®
indicate that in the LSS cohort the response
at high estimated doses is likely to be lower

10

L@EoE, b, SEAURIZ-20 T, Mantel-Haenszel
O RiAM (odds ratios, HHEBEENRELELL T
WEMEbRB) Ik THBLEHLA Chs
HRA Y HEBIESTOTLINT, ELOMG
0-49rad, 50-199rad R IF200+ rad H#H <
Cxdeshs PAEHHEOIREET-> TWT py; A
ERIsUIHEORREATIHATHILTS.
(2L, jEliEnsRREn—DRT). £4
Py ERIEHB T ARBTOMETHE T 5
23t 5E, BEWIIETAREO AR, HMh
Bj20T py(1—py;) S o (1 —ppy) &% 5.
Mantel- Haenszel @ B, BoA o BT (30
EERCESREEHER) CETINsOHARD
MEPHHEE2 5N 5. RALHNF 1L Lod{
LBORIGEFARBELIVRTHY, LEN IS0
BMEXZOREMNTHEBZ EIENT NETHE.
BEORALENFIERLE2EIEMRETZNN
AE D Mantel-Haenszel MET & 5. R A ko {EH
AN, BE 238 L 3 Miettinea" O Hik &)
THETZ., ChoDEMIIMTSE0@o M
JURIEfFER L IZR L /<.

LEDT Fo—Fiiy, BREEHEOBRCMTS
BE*SELGT, Bor0 T HIZMT 2 HE%
AT I e ATE, FARBMHEOLEI T,
ZrokEndEFE5. ZoFikid ARgho
Ak b AWM LALESDOBTHRERZITI 25T
31T THE. LAL, Mantel-Haenszel M RGAL
ERALEHRFETEE L, BECEITe TR
ShEFHERBTEDRRARFN LIELVIRAILNA
FBEIZ ML LD TCHAI LA TILEN
5. FW|ETIR, MBECowTHEEEERE
FEBHETR I - A0T, RAREHREICSESL
REHEETS I LERETE LB bR

ZITHRLAEBHOREREERTIECE, BESE
GREZOBBO—2L LT, ERRIGHE 254t
BHHZEHFHBEIZFEHTNETHS. Cochran’
MM — K ERICEET 2 ZOERIIRTVTVWS S,
Jablon” B U Gilbert® i 812, HGAELEA L
FPOUTHVEEERTIAAFEMsASHEmGI L 5



than expected because these doses will tend to
be overestimated, Thus odds ratios that differ
significantly from unity do not necessarily reflect
systematic bias. They may indicate instead
that doses for one group are subject to more
{(or less) random error than doses in another
group. In fact, if group A is subject to greater
random error than group B, one would expect
the odds ratio of group A relative to group B
to decrease with dose. In particular, the odds
ratio for the high dose range (200+rad) will be
reduced so that, to some extent, the odds ratio
in this range can be considered a measure of
the amount of error in group A dose estimates
(relative to group B), with a small odds ratio
indicating a large amount of error.

RESULTS

City Comparisons

The only way that data on acute symptoms
can be used to assess the adequacy of either the
LLNL or ORNL air doses is by comparing
response rates in Hiroshima and Nagasaki. Dose-
response curves and odds ratios for Hiroshima
relative to Nagasaki are presented in Figures 14
for both LLNL and ORNL dosimetries. The
approach described in the previous section,
in which those with common gamma ray and
neutron doses are compared, requires that
analyses be limited to lower doses. Thus, the
odds ratios presented are for the dose ranges
0-49rad gamma ray and 50-149rad gamma ray
{(but are controlled for finer dose categories)
and include only those with neuiron doses less
than 5rad. Results are presented separately for
each method of dose estimation - the Japanese
type house group, air dose, globe method, and
distal group. The odds ratios are controlled for
sex and age ATB, but the plots are not.

In addition, city comparisons restricted to those
with class 1 {(most reliable) dose estimates are
presented in Table 2. It is noted that for the
Japanese type house group this is nearly equiva-
lent to restricting the comparison to those with
doses estimated by the 9-parameter method,
that is, excluding those with doses estimated
by the average method. Dose estimates of
survivors in the distal group were all judged
class 3; thus the distal group is not included in
Table 2,
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DT, FTOLIHRCHITAREETALY K
T HB L ERLT A, LA TIEAEIZ
RBAasHARE, BT LLRENEEY FRMT 2
FHRS v, FRSWE, LLAKBHEAHL,
TR EN L £ (P H ) HLiRe
et IsFRTPE LA, N, AN
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FIGURE ! CITY COMPARISON: PROPORTION REPORTING SEVERE EPILATION V5
LLNL GAMMA DOSE2

Bl WHORE: BEENAREOBBED LLNL # ¥ v matd 5 ks
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a- Only survivors with LLNL neutron dose <5 rad ave included.
LLNL ST HR N <S5 rad THEHMBEDL L ED L.

b- For LLNL gamma dose range (-49rad — odds ratio of Hiroshima relative to Nagasaki,
95% confidence interval for odds ratio, and p-value for significance test of odds ratio,
LLNL # > 7S RBR0-49 rad QRIS VTO, RRAHEBEORZE, RAKOBBEHER, RV
HRRo#HERREIZMY 3 p .

¢ For LLNL gamma dose range 50-149rad — odds ratio of Hiroshima relative to Nuagasaki,
95 % confidence interval for odds ratio, and p-value for significance test of odds ratio.
LLNL # » v 82 tiR50-149 rad DB DT O, EHSEBORRE, Rdkos%E3HEN, RS
RAROHRERE T S p
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FIGURE 2 CITY COMPARISON: PROPORTION REPORTING SEVERE EPILATION VS
ORNL GAMMA DOSE3
2 WHORE: ZECHEBERE L AFNHE, 2 ORNL ¥ <&t *
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Footnotes a, b, and ¢ are identical 1o Figure ! except: change "LLNL" to “ORNL".
BWita, b B cli, LLNLA# ORNL KE b2~ EdRIE, M1 2{FALTHA.
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PROPORTION REPORTING BLEEDING

FIGURE 3 CITY COMPARISON: PROPORTION REPORTING BLEEDING V§
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FIGURE 4 CITY COMPARISON: PROPORTION REPORTING BLEEDING VS
ORNL GAMMA DOSE?
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Footnotes a, b, and ¢ are identical to those in Figure 1 except; change “LLNL" to “"ORNL".
B a, by ¢ (3, LLNL #f ORNLAZE H-oASbE2BE, M1 2<{BLTHAS.
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TABLE 2 CITY COMPARISONS FOR THOSE WITH CLASS 1 DOSE ESTIMATES ONLY;
LLNL AND ORNL DOSES

#2 Class 1 DEREEM&ETE2E0HCHAT 50HHEO REG
LLNL &' ORNL &

Gamma Dose in rad

LLNL ORNL
0-49 50-199 049 50-19%
Japanese Type House
Severe epilation OR® 048 1.08 047 2.26
cre €0.25, 0.90) (0.53,2.23) (0.28, 0.80) (1.14,447)
p-value - 0,022 >0.50 0.005 0.019
Bleeding OR 0.99 1.03 0.96 1.37
CI (0.75, 1.30) (0.78, 1.38) (0.74,1.25) (1.05,1.81})
p-value >0.50 >0.50 >0.50 0.023
Air Dose .
Severe epilation OR 7.01 0.58 3.90 0.29
CI (0.69,71.4) (0.083, 4.06) (0.46, 33.0) (0.037,.2.23)
p-value 0.10 >0.50 0.21 0.23
Bleeding OR 0.95 071 1.11 0.72
. Cl (0.31,2.90) (0.22,2.31) (0.39,3.16) (0.19,2.71)
p-value >0.50 >0.50 >0.50 >0.50
Globe .
Severe epilation OR 097 3.04 1.40 3.89
CI (0.24, 3.98) (0.74,12.5) (0.40, 4.88) (1.00, 15.2)
p-value >0.50 0.12 >0.50 0.051
Bleeding OR 0.90 - 0.99 0.94 1.34
CI (0.48,1.70) {0.51,191) (0.55, 1.62) (0.71, 2.54)
p-value >0.50 >0.50 >0.50 0.37

a- OR= odds ratio of Hiroshima relative to Nagasaki

OR =1L b4 Faf o FLA k.

b-Cl= 95% confidence interval for odds ratioc CI =R A K0 95% FHE M.

Results for those in Japanese type houses are
discussed first. The odds ratios for severe
epilation are significantly less than unity in the
low dose group for both dosimetries. As canbe
seen from Figures 1 and 2, this difference results
from an excess number with severe epilation in
the 2549rad group in Nagasaki. Since this
effect is not seen for bleeding, and since the
proportion with severe epilation in Nagasaki
in the next highest dose group (50-74 rad) is not
as large, this finding does not seem particularly
meaningful. Aside from this oddity, the dose-
response curves for severe epilation in the two
cities agree quite well with the LLNL air doses
for those in Japanese type houses. However,
with ORNL air doses there is some evidence

HEFEARIIWAZSOERERW IR ~3, {EHL
Bid0Tl, AFOBHEIIHETIRALI, ©Th
OBBHETLLIINEB I 2. HIEU22S
A5NB L1, ZOEIE, BEKO5-49 rad Bz
EEORELRTEF SO BT E. 20
BEEHzovwTRESAT, FARIEVER
B(S0-Mrad) B SRBOAE R EBOEH A 1L
ERFAEL VDT, ZOMRBEIFCEELE
Bbhhzw., COBRLBERIIETHE, MifOEE
REET 2HRKCHBE, BFEBARwWESE
LM 5 LINLZEABRE A2 0 S — KT 3.
LAL ORNLERSRTCE, dTHEREoRR%
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that the proportion with severe epilation is
greater in Hiroshima than in Nagasaki for those
with doses in the middle dose range. This
difference is statistically significant when the
comparison is restricted to those with class
1 doses. This comparison is based mostly on the
50-100rad dose range since there are less than
100 survivors in Hiroshima with gamma ray
doses between 100-150r1ad and neutron doses
less than 5 rad.

With bleeding, the two cities agree quite well
with ORNL doses, but there is evidence of a
significantly lower response in Hiroshima with
LLNL doses in the 50-150rad dose range.
However, when these comparisons are restricfed
to those with class 1 dose estimates the difference
in the middle dose range is no longer present
with LLNL doses while the response is signifi-
cantly higher in Hiroshima than in Nagasaki with
ORNL doses.

City comparisons for those in Japanese type
houses have also been made without applying the
Marcum correction. Since this change is applied
to both cities, the effects noted above simply
occur at higher dose levels when the Marcum
correction is not used. '

The comparison for those with air doses is
limited to those with 25-99rad gamma ray
exposure. The proportion in Hiroshima with
severe epilation shows a striking significant
excess in the 25-49rad gamma ray dose group
which is present for both LLNL and ORNL air
doses. As described later, this group appears
as an oddity in several comparisons; probably
it does not reflect a problem with the LLNL or
ORNL air doses. The proportion with bleeding
in Hiroslima at 25-49rad also exceeds the
comparable proportion in Nagasaki, but the
difference is not statistically significant for
either dosimetry.

For the limited number of individuals with doses
estimated by the globe method, there is some
evidence that the proportion with severe epilation
is higher in Hiroshima than in Nagasaki (the
difference is of borderline statistical significance
with ORNL doses). No meaningful differences
are observed for bleeding. Those in the distal
group show significant excesses in Hiroshima
for both symptoms and for both dosimetries.
Those differences are found in both the 1-9 and
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1024 rad categories, but are not seen in the
Orad dose group. In Nagasaki, none of the
distal group have doses exceeding 25 rad, so this
comparison is limited to doses below this value.

Most of the analyses described above were
conducted separately for each sex. Although
severe epilation (but not bleeding) is more
frequently reported by females than males, this
is true in both cities and intercity differences
are similar for the two sexes. The sex differential
for severe epilation very likely results from this
symptom being more often noticed and reported
by females.

Other effects and combinations of effects have
also been analyzed. Results for epilation
including all degrees are similar to those for
severe epilation, while results for at least one of
the symptoms, bleeding, or epilation are similar
to those observed for bleeding alone. Finally,
for those with all three symptoms, the Japanese
type house group in Hiroshima shows a signifi-
cant deficit in the lowest dose group for both
dosimetries (odds ratios are 0.37 and 0.51 for
LLNL and ORNL dosimetries, respectively),
With the LLNL doses a significant deficit is also
observed for those with higher doses (odds
ratio is 0.62). For the air dose group, there is
an excess in the Hiroshima 25-49rad group,
but this difference is significant only with ORNL
doses.

The above analyses have been restricted to
smaller doses. Because it seemed desirable to
expand the dose range for these comparisons,
analyses based on the sum of the pamma ray
dose and the neutron dose multiplied by a
constant B, were conducted. That is, acute
effect-response rates were compared between
cities for common categories of z=vy+Bn. The
categories used were the same as those specified
earlier for gamma radiation. The rationale of
these analyses was that if a constant B could be
found such that there were no significant
differences between cities, then any differences
identified with consideration of total dose
possibly could be explained by the difference
in the neutron contribution to dose, Failure to
find such a constant does not necessarily reflect
inconsistencies between cities. It may simply
mean that the model is inadequate. Since the
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neutron contribution is less than 5Srad for the
analyses presented-in Figures 1-4, the differences
already noted will generally persist for moderate
values of B. ’

In Table 3, odds ratios for Hiroshima relative to
Nagasaki are presented for B=1, 5, and 10 for
both LLNL and ORNL dosimetries. An analysis
with B=20 is also shown for severe epilation
with ORNL doses.

Results for those in Japanese type houses are
discussed first. With LLNL doses, the differences
observed previously in the low dose range for
severe epilation and in the middle dose range
for bleeding persist as expected. Aside from
these differences, results are consistent for the
two cities with either B=1 or B=5 for severe
epilation. For bleeding, results are consistent
in the low and high dose ranges with all three
values of B, but the odds ratio in the middle dose
range (which is significantly less than unity even
with B=1) decreases as B increases. With ORNL
doses, consistent results are obtained for severe
epilation with B=10 (aside from the previously
noted difference in the low dose range) and for
bleeding with B=5.

For those with air doses, odds ratios for severe
epilation are significantly greater than unity

" in the high dose range for all three values of B
and for both dosimetries. These odds ratios
decrease as B incréases, but clearly a value of
B large enough to yield consistent results for the
air dose group would be too large to yield ‘such
consistency for
Results for bleeding in the air dose group,
however, are consistent for both dosimetries and
all three values of B.

For those with doses estimated by the globe
method, significantly elevated odds ratios are
found for both dosimetries and all three values
of B mainly in the highest dose range. However,
these elevated odds ratios may result from
differences in the shielding situations between
the two cities for those in the globe group.
This point will be addressed further after
presenting comparisons by dose estimation
method and shielding category.

those in Japanese houses.
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TABLE 3 CITY COMPARISONS BASED ON z=v+Bn, LLNL AND ORNL DOSE
#3 z=y+BnilES{AAIMOLE:; LLNL 21 ORNL it

. Dose in rad®
LLNL ORNL
049 50-199 200+ 049 50-199 200+
Japanese Type House
Severe epilation B=1 OR®2 0.55 1.18 1.29 0.54 - 2.37 1.76
CI1b(0.32,0.95) (0.89,1.56) (0.91,1.84) (0.34, 0.88} (1.79,3.12) (1.20, 2.59)
p-value 0.032 0.24 0.16 0.013 <0.001 0.004
B=5 OR 0.56 0.75 087 . 055 141 1.38
CI (0.32,0.98) (0.55,1.01) (0.63,1.20) (0.34,0.89) (1.05, 1.89) (0.98, 1.94)
p-value 0.041 0.061 0.40 0.016 0.022 0.061
B=10 OR 0.55 0.46 0.68 053 0.90 1.14
CI (0.31,0.97) (0.33,0.64) (0.50,0.92) (0.32,0.87) (0.66,1.24) (0.83,1.55)
pvalue 0.038 <0.001 0.013 0.013 >0.50 C 042
B=20 OR 0.54 0.51 0.77
CI _ (0.31,0.95) (0.36,0.73) (0.57,1.03)
p-value 0.031 0.002 0.082
Bleeding B=1 OR 0.98 0.81 1.01 094 . 1.26 1.02
C1 (0.77,1.26) (0.68, 0.96) (0.97,1.05) (1.20,0.74) (1.06, 1.51) (0.67,1.53)
p-value >0.50 0.013 >0.50 >0.50 - 0.009 >0.50
B=5 OR 1.05 0.60 0.93 091 0.96 0.98
CI (0.83,1.33) (0.51,0.71) (0.65,1.32) (0.72, 1.16) (0.80,1.14) (0.68, 1.41)
p-value >0.50 <0.001 >0.50 045 . ->0.50 >0.50 .
B=10 OR 0.96 041 105 0.90 0.68 L12
CI (0.75,1.24) (0.34,048) (0.77,144) (0.71,1.15) (0.57, 0.81) (0.80, 1.55)
. p-value >0.50 <0.001 >0.50 042 <0.001 >0.50
Air Dose
Severe epilation B=1 OR 8.36 2.52 531 8.92 3.29 8.17
: CI (1.56,44.8) (1.15,5.52) (2.88,9.81) (1.73,46.0} (1.57,6.88) (4.31,15.5)
p-value 0.013 0.021 <0.001 0.009 - 0002 <0.001
B=5 OR 7.30 2.00 3.40 9.21 2.07 4.70
CI (1.30,41.5) (0.91,441) (1.87,6.17) (1.77,48.0) (0.94,4.56) (2.52,8.77)
. p-value 0.024 0.085  <0.001 0.008 0.073 <0.001
B=10 OR 6.30 148 246 872 1.80 3.54
Cl (1.03,38.4) (0.65,3.38) (1.39,4.35) (1.66,45.7) (0.82,3.97) (1.98,6.34)
p-value 0.046 0.35 <0.002 0.010 0.14 <0.001
B=20 OR : 5.17 1.59 3.03
c1 (0.80,33.3) (0.63,4.02) (1.71,5.37)
p-value 0.084 0.33 <0.001
Bleeding B=1 OR 141 1.03 1.12 1.40 1.14 142
Cl (0.73,2.69) (0.64,1.64) (0.62,2.02) (0.76,2.55) (0.69,1.86) (0.77,2.62)
p-value 0.30 >0.50 >0.50 , 027 >0.50 0.26
B=5 OR 1.36 . 0.93 087 1.44 1.09 " 1.04
CI (0.74,2.51) (0.59,147) (0.52,147) (0.78,2.65) (0.67,1.78) (0.58, 1.89)
p-value 0.33 >0.50 >0.50 . 025 >0.50 >0.50
B=10 OR 1.45 080 ' 081 — 1.37 1.12 0.90
Cl (0.74,2.85) (0.49,1.31) (0.49,1.33) (0.73,2.56) (0.67,1.88) (0.53,1.53)
p-value 0.28 0.37 0.40 0.33 >0.50 >0.50

( Continue % <)
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VDOSB in rad
! LLNL ORNL
049 50-199 200+ 049 50-199 200+
Globe
Severe epilation B=1 OR 1.84 1.92 3.08 2.30 2.96 4.05
CI (0.54,6.22) (1.21,3.06) (2.07,4.58) (0.76,6.91) (1.90,4.62) (2.63,6.25)
p-value 0.33 0.006 <0.001 0.14 <0.001 <0.001
B=5 OR 1.75 1.38 2.29 1.98 2.05 345
C1 (0.49,6.27) (0.82,2.30) (1.57,3.35) (0.64,6.14) (1.28,3.28) (2.32,5.15)
p-value 0.39 0.22 <0.001 0.24 0.003 <0.001
B=10 OR 2.02 0.97 1.83 1.14 1.49 247
Cl €0.55,7.39) (0.54,1.74) (1.26,2.66) (0.68,6.75) (0.88,2.52) (1.69,3.61)
p-value 0.29 >0.50 <0.002 0.20 0.13 <(.001
B=20 OR 3.05 1.16 1.83
Cl {0.95,9.85) (0.63,2.12). (1.27, 2.63)
p-value 0.062 >0.50 0.001
Bleeding B=1 OR 1.04 1.14 2.24 1.05 1.49 270
¢l (0.67,1.62) (0.87,1.51) (1.52,3.32) (0.70,1.57) (1.13,196) (1.77,4.11)
p-value >0.50 0.34 0.002 >0.50 0.004 <0.001
B=5 OR 1.04. 0.77 1.99 0.98 1.19 241
CI (0.68,1.58) (0.58,1.01) (1.39, 2.84) (0.65,1.47) (0.90,1.58) (1.65,3.53)
p-value >0.50 0.061 0.002 >0.50 0.23 <0.001
B=10 OR 0.94 0.73 1.79 1.02 0.90 2.29
CI (0.58,1.52) (0.54,0.99) (1.26,2.55) (0.66,1.55) (0.67,1.21) (1.60,3.27)
p-value >0.50 0.040 0.001 >0.50 0.48 <0.001
a- OR =odds ratio of Hiroshima relative to Nagasaki
EBHEED RAK.
b- CI=95% confidence interval for odds ratic
HiA o5 %EHER.

¢~ These categories are based on the value of z=+v+ Bn and might more appropriately be called rem if B is

thought of as an RBE.

cheMERR z=7+ B, OffllcETuTHY, BE RBE E#£ 15251, rem LA AL S LHDTH S,

Before moving on to the next topic, a few words
regarding city comparisons using T6SDR doses
seem to be in order. Because there is almost no
overlap in common gamma-neutron categories
for the two cities with T65DR doses, the direct
comparisons presented in Figures 1-4 and Table 2
are not possible with this dosimetry, that is,
differences between the two cities can be
explained in terms of the RBE of the two types
of radiation. It is, however, possible to conduct

21

KOMBIZ® A, T6SDRARIZEAWHM O
Elicown TS L T &, TEDR ML TE,
Ml T 3Ty = - pEFEBBEXFIZRIELALY
FHNFGVWOT, MI~4 FUFR2 IRLAERED
I oBREEFCETIAERCHS. 29,
FHHloER 2EBEOKR SO RBE THHENTE
Larl, #ICHRLALIERIFEITIZ LI
WMHiETH 5. HIE, Zhid Jablon 57 Ik o TERE

LrAR N



RERF TR 9-83

the sort of analyses' presented in Table 3; in
fact this was done by Jablon et al* although
their analyses did not separate the various dose
estimation methods. For bleeding, they obtained
fairly consistent results between cities with B=5,
We also have obtained consistent results for
T65DR doses with B=35, although Hiroshima
shows significantly more bleeding for the highest
dose range in the globe group (as with ORNL
and LLNL dosimetries).

For severe epilation, a difference between cities
is found in the air dose group for the high dose
range. As with LLNL and ORNL dosimetries, a
value of B large enough to reduce this difference
to nonsignificant levels leads to inconsistencies
in the reverse direction for the Japanese type
house group. Thus, the differences identified
in Table 3 do not seem to result from the choice
of dosimetry (LLNL, ORNL, or T65DR) but
rather from oddities between cities that will
persist with almost any reasonable choice of air
dose curves. A summary of the resulis of city
comparisons is given in Appendix 2A.

Dose Estimation Method Comparisons

With an ideal dosimetry,” the response at any
specified estimated dose should not depend on
the method by which the dose was estimated.
However, since the problems of dose estimation
vary by the shielding situation of the survivor,
it would be surprising if all doses were estimated
with the same degree of reliability, As noted
earlier each dose estimation method offers its
own potential sources of error.

In Table 4, odds ratios for those with air doses,
for those with doses estimated with the globe
method, and for the distal group are presented
relative to those in Japanese type houses.
Results are given separately for the two cities
and are controlled for both LLNL gamma ray
and neutron exposure as well as age ATB and sex
as described earlier. Since these comparisons
are made within each city and since dose is
essentially used as a control variable, results
should be similar regardiess of the choice of air
dose curves. This was verified with repeat
analyses made with ORNL (and in some cases
T65DR) doses.
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TABLE 4 DOSE ESTIMATION METHOD COMPARISONS FOR EACH CITY
#4 RAMeEHOLK, W5
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Gamma Dose in 1ad

Hiroshima Nagasaki
049 50-199 200+ 049 50-199 200+
Air Dose vs Japanese Type House
With Marcum Correction
Severe epilation  OR3 8.13 1.12 0.38 0.81 0.59 0.21
CIb (4.69,14:1) (0.77,1.62) (0.54,1.42) (0.25,2.64) (0.31,1.14) (0.12,0.39)
p-value <0.001 >0.50 >{.50 >0.50 0.12 <0.001
Bleeding OR 1.67 0.56 0.46 0.94 0.46 0.34
Ct  (1.17,2.39) (0.42,0.73) (0.22,099) (0.56,1.56) (0.31,0.68) (0.19,0.63)
p-value 0.005 <0.001 0.047 >0.50 <0.001 <0.001
Without Marcum Correction®
Severe epilation  OR 9.78 4.84 0.84 247 1.68 0.67
CI  (5.39,17.7) (2.66,8.80) (0.43,1.63) (0.61,9.98) (0.82,3.45) (0.35,1.30)
p-value <0.001 <0.001 >0.50 0.20 0.16 0.24
Bleeding OR 1.96 1.74 0.24 1.30 1.13 .59
CI  (1.35,2.84) (1.15,2.63) (0.12,0.48) (0.74,2.28) (0.76,1.70) (0.36,0.57)
p-value <0.001 0.009 <0.001 0.36 >0.50 0.037
Globe vs Japanese Type House
With Marcum Correction
Severe epilation OR 2.45 0.73 0.87 0.62 0.50 0.25
CI .(1.23,4.84) (0.54,1.00) (0.65,1.17) (0.23,1.67) (0.31,0.80) (0.14,0.43)
p-value 0.010 0.048 0.36 0.34 0.004 <0001
Bleeding OR 1.62 0.64 0.79 1.47 0.43 041
CI | (1.19,2.20) (0.53,0.78) (0.58,1.08) (1.06,2.05) (0.33,0.57) (0.25,0.68)
p-value 0.002 <0.001 0.13 0.022 <0.001 <0.001
Without Marcum Correction
Severe epilation OR 3.33 2.85 1.05 1.08 1.39 0.74
Cl  (1.71,6.48) (1.82,4.49) (0.76,1.45) (0.28,4.07) (0.81,2.37) (045,1.22)
p-value <0.001 <0.001 >0.50 >0.50 0.23 0.24
Bleeding OR 1.98 1.63 0.65 1.68 1.10 0.49
CI (141,277 (1.25,2.11) (0.46,093) (1.15,247 (0.84,1.45) (0.32,0.75)
p-value <0.001 <0.001 0.017 0.007 048 <0.001
Distal vs Japanese Type House
With Marcum Correction
Severe OR 1.30 0.39
CI  (0.84,2.02) ((0.12, 1.20)
p-value 0.24 0.10
Bleeding OR 0.76 0.62
Cl  (0.64,090) (0.42,0.92)
p-value 0.002 0.017
Without Marcum Cosrection
Severe epilation OR 160 0.31
CI  (0.84,3.05) {0.06, 1.50)
p-value . 0.15 0.14
Bleeding OR 0.89 0.70
Cl  (0.68,1.15) 0.42, 1.18)
p-value 0.35 0.18

a- OR= odds ratio relative to those in Japanese type houses.
AFEBREZwLRICHT SRR

b- CI=95% confidence interval for odds ratio.
RARNB%HEMERE M.

¢~ Since without the Marcum correction there is almost no overlap of common gamma-neutron categories in the
100-400 rad range in Hiroshima, the odds ratio for the middle dose range is based on the 50-99 rad group
while the odds ratio for the high dose range is based on the 400+ rad group.
Marcum TEEEX AV 2 wBEE, EAOW-40rad RO >~ - PR FHARD KENRIZLALZ0OT, DRAM
ORALIZS0-9 rad BIZHF VTV IH, HRBEOLALII00+ rad BERL LTV 5.
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Those in Japanese type houses were chosen
as the comparison group since this is the largest
group and there is some reason to believe that
the doses of these survivors have been estimated
the most reliably. Distance from the hypocenter
is probably known fairly accurately for such
survivors, and because the majority of survivors
fall into this category, considerable effort has
gone into evaluating the shielding effects of the
typical Japanese type house. However, as noted
earlier, there is now some question concerning
the appropriate transmission factors for gamma
ray exposure to these survivors.

In Table 4, results are presented both with and
without the Marcum correction for those in
Japanese type houses. These results are
summarized in Appendix 2B. With this cor-
rection, the average transmission factors for
gamma ray and neutron exposure are 0.55 and
0.35, respectively. Average values for the two
transmission factors are also fairly simialr for the
globe method, so that there is considerable
overlap in the gamma-neutron combinations
with data for various dose estimation methods
(this can be seen in Table 1). If, however, the
Marcum correction is not applied, gamma ray
exposure for those in Japanese type houses is
attenuated much less than neutron exposure
and only limited overlap of gamma-neutron
combinations with data is found in the
100-400 rad gamma ray dose range in Hiroshima.
Nevertheless, those in Japanese type houses were
compared with those with other dose estimation
methods without applying the Marcum cor-
rection, using the limited data available. In
Nagasaki, there is no problem in carrying out
this comparison, since there is so little neutron
exposure.

In Figures 5-8, the dose-response curves for
severe epilation and bleeding are plotted for
each city by method. For the Japanese type
house group, the curves are plotted both with
and without the application of the Marcum
correction. Unlike the analyses presented in
Table 4, these curves are plotted only by gamma
ray exposure and are not controlled for age and
sex. However, as noted above, except for those
in Japanese type houses in Hiroshima without
the Marcum correction, the neutron doses are
fairly comparable for the different methods.
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FIGURE 5 DOSE ESTIMATION METHOD COMPARISON: PROPORTION REPORTING
SEVERE EPILATION VS LLNL GAMMA DOSE,2 HIROSHIMA
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a- Neutron dose categories are poocled for these plots, but are fairly comparable for all methods
except the Japanese type house without the Marcumn correction. (In this case, the neutron
dose is smaller). Differences in the 100-399rad dose range for this method could result
from differences in neutron exposure.
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FIGURE 6 DOSE ESTIMATION METHOD COMPARISON: PROPORTION REPORTING
SEVERE EPILATION VS LLNL GAMMA DOSE,2 NAGASAKI
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a- Same as footnote of Figure 5.
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FIGURE 7 DOSE ESTIMATION METHOD COMPARISON: PROPORTION REPORTING

BLEEDING VS LLNL GAMMA DOSE,2 HIROSHIMA

M7 MEHEEOLE: BNPHEELALFORE, B LLNL /> <v&R°S ES

PROPORTION REPORTING BLEEDING

.70

&0

.50

A0

30

.20

10

JAPANESE HOUSE
WITH CORRECTION®

AIR DOSE
JAPANESE HOUSE

o =T NO CORRECTION
A —m—ea ~GLOBE
[ L 1 1 (] 1 Il I 1 L N—|
0 100 200 300 400 S00
LLNL GAMMA DOSE IN RAD
*MARCUM CORRECTION

a- Same as footnote of Figure 5.
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FIGURE 8 DOSE ESTIMATION MEHTOD COMPARISON: PROPORTION REPORTING

BLEEDING VS LLNL GAMMA DOSE,2 NAGASAKI
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a- Same as footnote of Figure 5.
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The comparison between those with air doses
and those in Japanese type houses will be
considered. First, it is noted that the excess
effects for the Hiroshima air dose group for those
with less than 50rad which was observed in the
city comparisons, now shows up in the
comparison between methods in Hiroshima.
This excess is seen for both severe epilation and
bleeding (although it is most striking for severe
epilation) and both with and without the
Marcum correction.

Aside from this oddity, the dose-response curves
for those with air doses and those¢ in Japanese
type houses are quite comparable for severe
epilation in Hiroshima provided the Marcum
correction is applied to the latter group. However,
without the Marcum correction, those with air
doses have sipnificantly more severe epilation in
the middle dose group than do those in Japanese
type houses.

For bleeding in Hiroshima and for both symptoms
in Nagasaki, the dose-response curves for those
with air doses are not as steep as for those in
Japanese type houses. With the Marcum
correction, this results in significantly fewer
effects for those in the two highest dose groups.
Without the Marcum correction, .the response
curves for those in Japanese type houses begin
their ascent at higher dose levels so that signifi-
cant differences are seen only in the 200+rad
group (although for severe epilation in Nagasaki
this difference is not significant).

For those with doses estimated using the globe
method, there are.significantly more reporting
symptoms in the lowest dose group (<50rad)
than for those in Japanese type houses. This is
true for all analyses presented except severe
epilation in Nagasaki and possibly suggests that
some globe doses have been underestimated.
In Hiroshima, the dose-response curves for both
severe epilation and bleeding are shifted a bit
to the right of the corresponding curves for those
in JYapanese type houses with the Marcum
correction resulting in significant differences in
the middle dose ranges (50-199 rad). However,
the globe curves are still to the left of the
Japanese type house curves without the Marcum
correction. Thus in this case, significant
differences in the opposite direction are seen in
the middle dose range. For bleeding, the
response is significantly lower for those with
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doses estimated by the globe method in the
highest dose group (without the Marcum
correction). In Nagasaki, the dose-response
curves for those with the globe method are not
as steep as for those in Japanese type houses.
In fact, in Nagasaki, this comparison yields
results that are quite similar to those for air
doses noted above. Since the globe method was
developed for use with T65DR dosimetry, this
comparison was repeated using T65DR total
dose (without the Marcum correction). Results
were fairly similar to those with LLNL doses
without the Marcum correction.

The distal group shows significantly fewer
survivors reporting bleeding in both cities than
for those in Japanese type houses. This result
could be explained by the fact that shielding has
not been taken into account in estimating the
doses of the distal group.

The analyses reported above have been repeated
with restriction to those with class 1 dose
estimates. The only instance in which this
altered results in any important way was for
severe epilation in Nagasaki. In this case, both
those with air doses and those with doses
estimated by the globe method show steeper
dose-response curves up to about 300rad.
However, significant differences persist for doses
exceeding this value. Analyses have also been
conducted for the two sexes separately with no
meaningful differences being detected.

Limited anlayses of other symptoms and
symptom combinations were also made. Results
of analyses of at least one symptom (including
bleeding and/or any degree of epilation), and of
all three symptoms were similar to results for
bleeding alone, while results of analyses of all
degrees of epilation were similar to those for
severe epilation. However, in Hiroshima the
proportion with any degree of epilation was
significantly lower for those with air doses than
for those in Japanese type houses (with the
Marcum correction) in the highest dose group.

Class of Dose Comparisons

As noted earlier, individual dose estimates have
been classified as to their judpged reliability. If
this judgment is meaningful, it should follow
that those with class 1 dose estimates will have
more pronounced doseresponse curves than
those with class 2 or 3 estimates. That is, the
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odds ratios of those with class 2 or 3 estimates
relative to those with class 1 estimates should
decrease with dose, These odds rafios are
‘presented in Table § by dose estimation method
and city.
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TABLE 5 CLASS OF DOSE COMPARISONS FOR EACH CITY
#5 HREMEOLE, FHHH

Gamma Dose in rad

Hiroshima Nagasaki
049 50-199 200+ 0-49 50-199 200+
Japanese Type House
Severe epilation ORA 0.88 0.68 0.15 0.59 2.56 0.43
‘ CI® (0.37,2.08) (0.48,0.98) (0.09,0.24) (0.18,1.92) (1.49,4.35) (0.11,1.61)
p-value >0.50 0.039 <0.001 0.38 <0.001 0.21
Bleeding OR 0.76 0.74 047 0.83 1.28 0.52
Cl (0.56,1.04) (0.60,0.92) (0.29,0.75) (0.50, 1.39) (0.89,1.85) (0.15,1.79)
p-value 0.094 0.006 0.017 0.48 0.18 0.30
Air Dose
Severe epilation OR 0.36 1.15 1.11 1.23 0.22 0.59
Ct  (0.14,0.92) (0.56,2.38) (0.32,3.85) (0.09,16.7) (0.07,0.70) (0.16,2.13)
p-value 0.032 >0.50 >0.50 >0.50 0.011 042
Bleeding OR 0.66 0.78 0.34 0.28 0.86 2.33
CI  {0.32,1.37) (0.45,1.37) (0.11,1.08) (0.12,0.69) (0.27,1.45) (0.59,9.09)
p-value 0.27 0.40 0.068 0.006 0.27 0.22
Globe
" Severe epilation OR oo 0.78 0.56 0.09 1.25 0.23
ClI - (0.38,1.59) (0.36,0.88) (0.01,1.16) (0.33,4.16) (0.08, 0.62)
p-value 0.28 >0.50 0.014 0.065 0.75 0.004
Bleeding OR 1.19 1.33 0.60 0.83 0.85 0.30
Cl  (0.52,2.70) (0.84,2.13) (0.37,0.98) (0.48,1.47) (0.50,1.45) (0.13,0.68)
p-value >0.50 0.22 0.040 >0.50 >0.50 0.004

a- OR= odds ratio of classes 2 and 3 relative to class 1.

Class 2 B class 3 Mclass 1 I+ 5 RBMK.

b- CI=95% confidence interval for odds ratio.
AR 095% {3 HIX M.

For those in Japanese type houses results follow
the expected trehd, especially in Hiroshima
where numbers are large enough to permit more
reliable inferences. It is evident that the class
1 doses are in fact better estimates. The
comparison of dose classes in this instance is
basically a comparison of those with doses
estimated using the average method (all class 3)
with those estimated using the 9.parameter
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method (mostly class 1 with a few class 2 dose).
It is not surprising that the 9-parameter method,
which considers the position of the survivors
relative to the shielding by the House, provides
better estimates than the average method which
does not take this shielding into account. The
elevated odds ratio for severe epilation (and, to
a lesser extenf, bleeding) in the middle dose
range in Nagasaki is difficult to interpret, but
indicates an excess for those with doses
estimated by the average method.

For those with air doses, the only eviderice that
class 2 and 3 doses might be more poorly
estimated is found for severe epilation in
Nagasaki, and here the decrease in odds ratio is
limited to the 50-199rad dose group. It will
be recalled that in the method comparisons of
the previous section, the only instance in which
restricting the analysis to c¢lass 1 estimates
altered resulfs was for severe epilation in
Nagasaki. The reversal of the expected trend
seen for bleeding in Nagasaki and severe epilation
in Hiroshima is difficult to interpret. Possibly
those with class 2 and 3 estimates were subject
to shielding that was not adequately taken into
account in their dose estimates. This would
explain a reduction of the odds ratios for dose
class comparisons, but does not explain why
this finding is so pronounced in the lowest
dose group.

For those with doses estimated using the globe

method, numbers are small, but for those with

doses exceeding 200rad, the odds ratios are
" significantly reduced.

Shielding Category Comparisons

A qualitative classification of the shielding
situation of each survivor was made by the
interviewer at the time the shielding history was
taken. These categories are defined as follows:

(1) In open and unshielded

{2} In open or behind some building, but
unshielded or partially unshielded

(3) In open but totally shielded by terrain

(4) In open but totally shielded by building

(5) Shielded totally by concrete building

(6) Shielded totally by Japanese type house
or by wooden or light frame building

(7) Shiclded totally by factory building

(8) In air raid shelter

{9) Miscellaneous
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LFEILEAEREOMFEEEET 59134 -9 -4
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BEzaFBENLI0EHAGBS LI LIRS
izl hHun. REohEGiEScsrs8HED
BE(RUVZAIOVEBEEIREVA ML) RALRD
FROBREEL VY, FHEESS L5 HFETHENM
MELIT>ABLCLZ2hAEZ 0 &EBHL T 5.

ERERFEz S ELHOBE, BEOREORE
DBEDH, class 2R class 3OHMHEEWED
FREEFELr->EZOTIREVAEVIT L ERTER
FAESLSNLZ, 2FVRALOH L I1£50-199 rad
BEBICEEERTWA, ABOFEORECTCL,
BN % class 1OHEERMICBELABSLIHES
TEhollil, BHOREOREBIIETILNNST .

BolZriMEahiwv, EHodl, ERED

BEORFTL>OTHFLALOLEOHEAHD
SN EIBHELEY. BS5 <, class 2K U
class 3 OHEE M & H T 2 HOMURLHE 2 01 E R TR
FlIagRImEATUE2EOHE LR, ZThiZ
Lo TEROBEORBI-STIRAROK P
HHTESN, FEZOMRYFREERFIZZAIEY
YA TH A HIEIFHATE 2.

Globe H& Bt T S RHER & 15 2 B OB P
A, MEA200rad Lo FEOBSIRALITEEL
MT 5.

MEREK 5 O 8%

WA, EREERESCAEREOERKED
BERE LTk ChEORMEADOL D 2HHE
L

EH TRzt w1 F
DEHN X GREOBIZVES, EFHEATHE
Hokf, XEHTHILrERshTVE

Bl

I ESCwAEN, MBICE-TREIIERsH
TwiE

4) FH w2, BEMICL > TH &Mk
ERTwiEE

Bl oy — bEEMICLE-TEZCHERE L
TWVi#H

6 AFER, soviERESLBEORED:
Lo THEIERsh g

NILHEOERH L TEEICEREIWEE

BB Iz wiE

8) £



The number of survivors in each shielding
category by city and dose estimation method is
given in Table 6. The distal group, who with
few exceptions have no shielding histories, are

excluded from this table.

TABLE 6 NUMBER OF LSS SURVIVORS BY DOSE ESTIMATION METHOD,
SHIELDING CATEGORY AND CITY?

#6 #AOGRERHAFOHEBREL; RRMEES, BBXS, RUBHER®

L.
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6l BEME HOWMBE s, Wili e AL
HEBWIRLALOTH S, PHOBIIERVT,
EHEOES W VENEERIEE 0 R, 5 ERIE

Dose Estimation Method

Shielding Category
Air Dose  9-parameter  Average Globe Total
Hiroshima

1- In open - unshielded 564 2 0 436 1002
2- In open - partially shiclded 5 255 H 27 287
3- In open - shielded by terrain 1 1 0 22 24
4- In open - shiclded by building 19 10 1 1244 1274
5- Shielded totally by concrete building 3 0 1 189 193
6- Shielded totally by Japanese type house 82 7077 7 53 7219
7- Shielded totally by factory building i3 3 0 0 16
8- In air raid shelter 0 0 0 23 23
9- Miscellaneous 12 0 1 14 27

Unknownt 306 1 2003 0 2310

Total 1005 7349 2013 2008 12375

Nagasaki

1- In open - unshielded 208 0 0 151 359
2- In open - partially shielded 160 201 o 59 420
3- Inopen - shiclded by terrain 101 220 o 502 823
4- In open - shielded by building 18 0 0 252 270
5- Shielded totally by concrete building 1 1 1 457 460
6- Shielded totally by Japanese type house 94 2385 2 29 2510
7- Shiclded totally by factory building 742 2 0. 54 798
8- Inair raid shelter 0 0 0 248 248
9- Miscellaneous 7 6 1 14 28

UnknownP 61 0 416 2 479

Total 1329 2815 420 1768 6395
a- Survivors in the distal group and survivors without data on acute symptoms are excluded.

EBHEROHBRERUSHEERCH T I ERNO s wEREEBRAL 2.
b- These survivors have no shielding histories. Information obtained from mail questionnaires was

used to determine their dose estimation method.
ZHNEOFEBRFCIEEE ML, BEEMBETCEAKEEIAVWT, thfhoRREeErRELL.
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It is emphasized that the shielding categories
are based on the subjective judgment of the
interviewer, while the choice of dose estimation
method was based on consideration of far more
detailed and extensive information also obtained
during the interview. For example, for many of
those categorized as being in the open and
unshielded (1), the shielding histories indicated
that there were nearby buildings or terrain that
may have provided some shielding. Thus,
attenuation factors for these survivors were
calculated using the globe method, On the other
hand, air doses were assigned to many survivors
other than those categorized as in the open and
unshielded, especially in Nagasaki.

Those with doses estimated using the $-parameter
method include primarily survivors in the open
and partially shielded (2), in the open and tofally
shielded by terrain (3), and totally shielded by
Japanese type houses (6). Over 97% of survivors
in buildings of light construction (6} with
shielding histories had their doses estimated with
this method, but a few were assigned air doses
or had their doses estimated with the glaobe
method. All three dose estimation methods
were used for those in categories 2 and 3,
especially in Nagasaki.

Those survivors with doses estimated by the
globe method are found in several shielding
categories. In Hiroshima, however, by far the
largest group with doses estimated by the globe
method are those in the open but totally
shielded by a building (4). The other two
relatively large groups are those categorized
as unshielded (1) and those categorized as
totally shielded by a concrete building (5).
In Nagasaki, those with doses estimated by the
globe method include survivors in the above
three groups as well as fairly sizable groups who
were in the open and totally shielded by terrain
(3) plus those who were in air raid shelters (8).

In Table 7, odds ratios for those in various
shielding categories are presented relative to
those in category 6. These results are summarized
in Appendix 2C. For the unknown group,
results are presented separately for those assigned
air doses and those in Japanese type houses
whose doses were estimated by the average
method. Category 6 is by far the largest group
and consists primarily of survivors in Japanese
type houses with doses estimated by the
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9-parameter method. For some of the compari- DESHITE, BIEBOLOCLHWT, #E
soms, the ‘numbers are quite small, especially PHED i,
in Nagasaki.

TABLE 7 SHIELDING CATEGORY COMPARISONS FOR EACH CITY
#7 EWEEH Ok, WA

Gamma Dose in rad

Shielding Category to be
Compared vs Japanese Hiroshima Nagasaki
Type House (Categ 6)2

049 50-199 200+ 0-49 50-199 200+
1-Open - None
Severe epilation ORD 9.43 1.64 0.63 1.80 1.99 0.53
CI® (5.15,17.3) (1.19,2.26) (0.40,0.98) (0.48,6.84) (0.95,4.16) (0.26,1.09}
p-value <0.001 0.003 0.042 0.38 0.067 0.086
Bleeding OR 2.14 0.57 0.35 1.55 0.79 0.68
Cl (1.49,3.08) (045,074 (0.22,0.56) (0.82,2.90) (0.50,1.23) (0.34, 1.38)
p-value <0.001 <0.001 <0.001 0.17 0.29 0.28
2- Open - Partial
Severe epilation OR 2.34 2.26 1.09 4.20 2,66 0.80
Cl  (1.06,10.5) (1.27,4.03) (0.34,3.51) (1.78,9.95) (1.56,4.54) (0.39,1.63)
p-value 0.039 0.006 >0.50 0.001 <0.001 0.54
Bleeding OR 2.19 1.34 0.80 1.29 0.95 0.55
Cl  (1.29,3.73) (0.87,2.06) (0.31,2.09) (0.68,2.46) (0.58,1.55) (0.26, 1.15)
p-value 0.004 0.18 >0.50 043 0.83 0.11
3-Open- Tesraind .
Severe epilation OR 0.46 0.38 0.092
CI (0.11,194} (0.11, 1.31) (0.014,0.59)
p-value 0.29 0.11 0.012
Bleeding OR 1.13 0.56 0.13
Cl (0.72,1.79)  (0.35,091) (0.021,0.81)
p-value 0.60 0.019 0.028
4- Open - Bldg
Severe epilation OR 1.99 0.36 0.76 0.92 0.59 0.33
Cl (0.76,5.22) (0.23,0.59) (0.52,1.13) (0.12,6.95) (0.20,1.71) (0.13,0.85)
p-value 0.16 <0.001 0.13 0.94 0.33 0.021
Bleeding OR 1.29 0.57 0.84 2.28 0.32 071
Cl (0.85,1.96) (0.45,0.72) (0.56,1.28) (1.26,4.12) (0.16,0.61) (0.25,2.02)
p-value 0.24 <0.001 042 0.007 <0.001 >0.50
5- Concrete bldg
Severe epilation OR 0.00 0.38 0.14 0.00 0.36 0.09
Cl - (0.12,1.23) (0.072,0.28) - (0.13,097) (0.037,0.23)
p-value >0.50 0.11 <0.001 0.28 0.044 <0.001
Bleeding OR 1.55 0.33 0.39 1.95 0.38 0.11
Cl (0.6%9,347) (0.13,0.84y (0.20,0.75) (1.06,3.58) (0.26,0.57) (0.048,0.27)
p-value 0.29 0.020 0.004 0.031 <0.001 <0.001
7- Factoryd
Severe epilation OR 0.00 0.19 0.20
ClI ‘ - (0.089,0.39) (0.093,042)
p-value 0.32 <0.001 <0.001

{ Continue #i < )
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TABLE 7 % 7 (Continued ¥ %)

Gamma Dose in rad

Shielding Category to be <
Compared vs Japanese Hiroshiima Nagasaki
Type House (Categ 6)2
0-49 50-199 200+ 049 50-199 200+
Bleeding OR 1.32 0.32 094
ClI (0.58,3.03) (0.23,0.44) (0.48,1.86)
p-value 0.51 <0.001 >0.50
Average
Severe epilation OR 0.97 0.66 0.16 0.64 2,67 043
CI (0.41,2.32) (0.45,0.95) (0.095,0.26)(0.093,4.45) (1.37,5.19) (0.12,1.51)
p-value >0.50 0.028 <0.001 >0.50 0.004 0.19
Bleeding OR 0.80 0.72 0.45 0.93 1.55 0.63
CI  (0.58,1.10) (0.58,0.84) (0.28,0.71) (0.45,1.92) (1.03,2.35) (0.19,2.08)
p-value 0.16 0.003 <0.001 >0.50 0.037 0.45
Unshielded® Without Histories
Severe epilation OR 595 0.62 0.40
Cl (2.58,13.7) (0.30,1.29) (0.17,0.94)
p-value <0.001 0.20 0.036
Bleeding OR 1.56 0.49 040
Cl  (0.88,2.77) (0.31,0.78) (0.20,0.82)
p-value 0.13 0.002 0.013
a- 1-Open-None Fi-##% L =inopenand unshielded. Fiticw TEEE R TV 5o 2.
2- Open - Partial 7 ib- 855 = in open but partially shielded. Fébizwv 24, SamEgshTwi.
3- Open - Terrain F 4} - 10 = in open but totally shielded by terrain. FiHitv 4, METEECERs ATV A,

4-Open-Bldg F5-iEH = in open but totally shielded by building. Fitizwis’, M T 2ITEBEsAT VL,
5- Concrete bidg o > # Y — + = totally shielded by concrete building, 2> 7 J— PSR ENRLCE@HEhT VA,
7-Factory T = totally shielded by factory building. T#ioR#H T2 B s h T,
b- OR=o0dds zatio relative to Japanese type house (categ 6).
HAEZRBAI VAR (B6 E5) 12+ 5 RAL.
¢- C1=95% confidence interval for odds ratio.
R o 95% EBRE M.
d- The number of Hiroshima survivors in categories 3 and 7 is too small for meaningful analysis.
WIRUBIER &I IEBOHBEHIE, AEERNLTICRDP LAY 5.
e- The number of Nagasaki survivors in this category is too small for meaningful analysis.
IOESEFUAENOEBAREAEARNET IR LLAES.
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For bleeding in Hiroshima, results of the
comparison of in open-unshielded (1) and
totally shielded by Japanese type house (6) are
quite similar to those obtained in the comparison
of those assigned air doses and those in Japanese
type houses reported earlier. This is tiue despite
the fact that the unshielded group in Hiroshima
includes many with doses estimated with the
globe method that were not included in the
earlier comparison, while the earlier Japanese
typehouse group included many in open-partially
shielded (2) as well as those with doses estimated
by the average method (no shielding histories)
that are not included in the present comparison.
For severe epilation, these changes do not reduce
the significant differences in the lowest dose
range, but do alter results in the higher dose
ranges. A significant excess for the unshielded
is now seen in the 50-199rad group while a
significant deficit is seen in 200+rad group.
In Nagasaki the groups being compared in

Table 7 (in the open and unshielded (1) vs-

totally shielded by Japanese type house (6))
also differ in the ways noted above from the
earlier comparison of those with air doses and
those in Japanese type houses. In addition, there
is a fairly large number of survivors in Nagasaki
who were assigned air doses but who were not
included in the unshielded group. (As noted
earlier, a large number of factory workers have
not been included in the analyses of this paper
but are included in Table 6.) Because of these
differences, it is not surprising that the compari-
son of categories 1 and 6 in Table 7 does not
show the significant differences seen earlier in
the comparison of those with air dose and those
in Japanese type houses (Table 4). In Hiroshima,
results for the unknown group assigned air doses
are very similar to those for the unshielded
group. In Nagasaki, there are too few survivors
in this category for a meaningful analysis.

In an attempt to clarify the above results, two
additional comparisons were made. First, the
unshielded who were assigned air doses were
compared with the unshielded whose doses
were estimated by the globe method. No signifi-
cant or even suggestive differences were found,
but of course numbers are small. Secondly,
for those assigned air doses in Nagasaki, the
unshielded were compared with those in other
categories excluding the factory group. This
comparison indicates that for those with doses
over 50rad, the unshielded group has signifi-

35

RERF TR 9-83

FaORnLoBEs, FhontEfishih 2K (1)
LOEFERIE»THEIEHShTVAR (62D
KR, kicd~k, Basti5irde
A+xERALIwAELORBTHLILOELIED
FERLTVS., KEOEHsATuE, 2O
iz, LD BoBESERTuEd -7 globe E I
FoTHERZEELZELOFHFETLTED, —F,
B0 BAEFRBATICIG, BIHow TSI ERE
shtwhHE(2)F2HETH, PoSRODEHIC
BYadonPHELSATEREE LT 1%
(E#EEOL2VWE)FEETATVLILOIRHICE
Ahbe¥, COZLERETHS, AKOIEED
BE, ChsnBIck->T, BREBRERIIHGS
FRAEFBELTIILE0HN, BERABICIHTS
HEREIEHS, B#shTuib-~HEG, RED
L2 A50-19rad BIZHZEIZZ A, 200+ rad TF
TIRHHERELL P LR DLISE, EMTIE,
HTTHBLTVWAIR(FHACwWTEREL TS
orH(1) EAFERBIE-~TRELERELT
W)tk b, ERERNEISATVS
HLBAEBRIZVWAEE R IARLLOILEER
ERERDATRE-TL 3. 20, Rzl
ERBRELSE I SATIIVEN, EWEhTuido
ABUSIATVEVHBE 22028550 5.
(i@ k e, FROBH L EHOTIHFE
BEEbhhokH, HELEEDE) IR 5N
ko7, BTOW1, R FLOES, RIZ
ERBREYESISNAEEAFEERLIVWLAHELD
HE(H4)TROSNALI ABARELBEIRE LY
ZERECIIE AL, EBTIR, ERMAE
Bz ohAFHRBOERE, ERshTuidoar
BOBRELBEML TV, RETE, FELRITE
fFI12E, ZORFOHEBFRHEIDIIL AN,
LEitoBBesms o a4, B2 _>0kis
ok, B2, AICCERZR TV L2 AHD
3%, ERGRESINHL globe FIZ LT
BRAMELAZEEOREET-/~, 8L, X2
REMNLRZBHREBoRE,r27, botb 0L
Bhhhot, BT, ERBEREFSILONLEHO
Fizowld, BRshtwid LB e, TIRHE
BLEQMORF EDRB A o4, TORETE,

HRHS0rad DLETHBHL FuTElifizshtw:

olBCE, ZTOROEFOELINL, HiIED



RERF TR %-83

cantly more survivors reporting severe epilation
than those in other categories. Regarding
bleeding no significant differences were found
however. Thus, the deficiency for severe
epilation for those with air doses seen in Table 4
is more pronounced for those in categories
other than the unshielded. Dose estimates of
survivors in these categories were nearly all
judged class 2 or 3 (in fact this comparison is
quite similar to the class comparison for the
air dose group presented in Table 5).

The comparison of those in open bui partially
shielded by buildings (2) with those totally
shielded by Japanese type houses (6) is mainly a
comparison within the 9-parameter method.
This comparison was repeated with restriction
to those with doses estimated by the 9-parameter
method with similar results to those reported
in Table 7, Those in shielding category 2 show
significantly more survivors reporting severe
epilation in the lower dose groups for both
cities. This result suggests that doses of survivors
in category 2 could be underestimated relative
to category 6. In addition, those in the lowest
dose group in Hiroshima show a significant
excess for bleeding. It should be noted that the
Marcum correction was applied for all doses
estimated by the 9-parameter method, that is
for both groups involved in this comparison.

In addition to categories 2 and 6, the Japanese
type house group includes those with doses
estimated by the average method. For survivors
in this group in Hiroshima, the response for both
symptoms in all but the low dose range is signifi-
cantly lower than the response for those in
shielding category 6. The differences are
especially large in the highest dose range. In
Nagasaki, the response rate for both symptoms
is significantly elevated for the average group in
the middle dose range. This comparison is very
similar to the comparison of dose classes for
those in Japanese type houses presenied in
Table 5. Again it is noted that the Marcum
correction was applied for both groups invoived
in this comparison.

Analyses given earlier showed that when
compared to those in Japanese type houses,
those with doses estimated by the globe method
exibited more acute effects than expected for
those with doses less than 50 rad, but less effects
than expected for those with higher doses
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(although no excess was seen in -the low dose
group for severe epilation in Nagasaki). These
same trends are reflected in Table 6 in the results
for those in the open and totally shielded by a
building (4). Those in the open and shielded by
terrain (Nagasaki only), and those in concrete
buildings and totally shiclded (5) also exibit
these trends and show particularly large
deficiences for those with doses exceeding
200rad. The category 5 group includes many
survivors located within 800m of the hypocenter
whose doses were estimated by multiplying a
large air dose by a small transmission factor. The
results given in Table 7 suggest that there could
be large dose estimation errors for those in this
shielding category.

The one remaining category with a fairly large
mumber of survivors with doses estimated by the
globe method is the air raid shelter group (8)
in Nagasaki. Because over half the survivors in
this group have estimated doses of Orad, and
because almost no survivors in category 6 (or
other shielding categories) have Orad doses,
comparisons of the air raid shelter group with
category 6 are very limited (no significant
differences were found however). However,
the proportion of those in the air raid shelter
group (with Orad doses) reporting bleeding is
significantly higher than for others with Orad
doses in the distal group. None of the air raid
shelter group with Orad doses reported severe
epilation.

Finally, those survivors in factories (7), most of
whom have been excluded from other analyses
in this paper, are seen to exibit significantly
fewer symptoms than those in category 6. Ina
supplementary analysis (not shown), this group
was also found to exibit fewer symptoms than
other survivors assigned air doses. This factory
group consists mainly of workers in the
Mitsubishi factories who were assigned trans-
mission factors of 0.90.

The differences in the dose-response relationship
for wvarious shielding categories will affect
comparisons between cities especially for those
with doses estimated by the globe method. Even
though the city comparisons presented earlier
were conducted separately for each dose
estimation method, from Table 6 it can be seen
that there are important differences between
cities in the distribution of survivors by shielding
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category within methods. For example, most
Hiroshima survivors with air doses are in category
1 (unshielded) while in Nagasaki, survivors with
air doses are distributed over a variety of
categories. For those with doses estimated using
the globe method, the Hiroshima group consists
primarily of those in open - totally shielded by a
building (4) while the Nagasaki group is a
mixture of several categories, Of particular
importance is the fact that the MNagasaki group
includes proportionally more survivors in open -
totally shielded by terrain (3) and totally
shielded by concrete building (5}, both of which
show weak dose-response relationship.

Because of these differences, city comparisons
of the type presented in Table 3 were repeated
with control for shielding category. This does
not greatly affect results for those in Japanese
type houses or for those with- air doses, but
does tend to reduce the odds ratios of those
with doses estimated by the globe method in
the highest dose range. With LLNL doses,
these differences are no longer significant for
bleeding (B=1, 5, 10) and are significant for
severe epilation only for B=1. With ORNL
doses, differences are not significant for bleeding
with B=5, 10 and are not significant for severe
epilation with B=10.

For those with air doses, the odds ratio for
severe epilation in the high dose range is still
significantly elevated for both dosimetries when
the shielding category is controlled, but the
pvalue is increased (from <0001 to 0.014
with B=5 and LLNL doses}. For the high dose
range, the unshielded air dose group in Hiroshima
has a higher proportion reporting severe epilation
than either the unshielded air dose group in
Nagasaki or those in other shielding categories
assigned air doses in both cities. The excess for
this group is small, however — only about five
cases with B=5 and LLNL doses.

For those in Japanese type houses, the small
odds ratio for severe epilation in -the low dose
range is increased only slightly when the
shielding category is controlled, but then the
ratio no longer differs significantly from unity.
This is true for both dosimetries and all values
of B. The reduced odds ratio for bleeding in
the middle dose range with LLNL doses is also
no longer significantly different from unity when
the shielding category is controlied. However,

38

TESRER*5I0NAFRIILACES L (GERE
ERaboE) ICET AN, BT, ERERE
HA5hABEREEEETIbE2THHELTY S,
Globe Bi & AW THEEE T LB Z20nT,
EBOBEELLT, PHLOTEEDIIELT
SELABEERTVAE M) 25437, REOHIT
BorOEFDORATH B FILRAETHLIDIL,
BEBOBZE, FRowTERISEEIsERE N (3),
Niar2)— pPESERIZ - TRBCEHSENT
v (5) HBENEISNEL, TneThiAFHL
BRFERFERERL TV,

ChEsMEFS L, BftoHcuTHE:
v, #ILRTEILEHMOLEEEHROEL 2,
Zhitk - THERERBACIWABELEAHLES 2
ShAEOEBIRVEELZT T 220, MH
BRBIIEOTHEY globe IRk THEELLHAD
RARITE S+ 5Em A5 5. LLNL SAEEMNL ~
B, Them#® MM (B=1, 5, 10) 22Tl
LEPHBETIHES 234, REOREIIOOTIE
B=10HBECO#HFETHS. ORNL BILoH G
i, HOAB=5RUWTH54L0, TATENKE
HB=10TH3LDI2VTIE, BUTETIIE Y.

HABRESRASALELOLTE, BERS &
WELLHER, BREARCHIIAEOKEN

RAKE, wFho@RifEEcseTHERABLELT

HEREICZERLTHY, plAbL MM 5 (B=5RV
LLNL 88T, <0.001%5 0.014% T). St
Wizsw Tk, EBOBES LG » - BRI
i, EMoEfishir> LERERBEIREHTO
ERERESZ SR ZOMOEBRR FOROVTR
&b, EEOBREERETSHEI H, XL,
IOMIIEG MMM EC, B=5K U LLNL #it
DFJESFISHIT T EZ 0w,

AAERBALI0ARORE, BHtHETCoOEED
BEoSsWRAKE, ERERILEBRLEES
ZLhTRLAMILZVY, COLEEORHBL
1eOMIzbEPHBEBEELZ. ThiE, wFho
GR#EFEIZO>VTE, EABOTNTOHIZ2VWTE
W5 N3, LLNL SEE M0 2846, SIEi
Welme BRI B LARE, BEES W
ThIFLIEL1 DM EZ 2224225, AEL,



for those with doses estimated by the average
method the odds ratios for both severe epilation
and bleeding and for both dosimetries are signifi-
cantly less than unity in the middle dose range.
Perhaps this result could have been predicted
from the results presented in Table 7 comparing
the average group with shielding category 6.

Transmission Factors

The analyses discussed in this section are aimed
at evaluating the transmission factors calculated
using either the 9-parameter formula or the
globe method. In the previous section, signifi-
cant differences were found when comparing
shielding categories in open - partially shielded
(2) and totally shielded by Japanese type house
(6) within the 9-parameter method. In addition
significant differences were identified when
comparing shielding categories in open and
unshielded (1), in open but totally shielded by
terrain (3), in open but totally shielded by
building (4), and totally shielded by concrete
building (5) for the globe method. These differ-
ences could reflect problems in the transmission
factors used for certain shielding categories.

To further examine the estimated transmission
factors, analyses were conducted which were
controlled for distance from the hypocenter
(in 100rad intervals). The range of the trans-
mission factor for each method (9-parameter
and globe) was then subdivided into five intervals,
and observed and expected numbers of acute
effects were calculated for each interval. The
linear trend test of Mantel'® was then used to
determine if acute symptom effect rates increased
with the value of the transmission factor once
distance was controlled, Since at a given distance,
the estimated dose increases with the value of the
transmission factor, one would expect a cor-
responding increase in acute effects rates.
Separate analyses were conducted for the 9-
parameter method and the globe method, for
gamma ray and neutron transmission factors and
for the two cities (that is there were eight
analyses for severe epilation and eight for
bleeding).

The results of these analyses can be readily
summarized, since in every case the acute effect
rates showed significant increases with the value
of the transmission factor. This was true even
for the neutron transmission factors in Nagasaki,
a result which can probably be attributed to the
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high correlation of these factors with the gamma
ray transmission factors (since there is very
little neutron exposure in Nagasaki).

Further analyses of this type were conducted
in which each shielding category was evaluated
separately. These comparisons indicate that only
for shielding category totally shiclded by Japanese
type house (6) is there fairly clear evidence that
those with larger transmission factors have higher
acute effect response rates than those with
smaller factors. However, these comparisons
are based on fairly small numbers so that fajlure
to identify significant trends may simply be
due to lack of power of the tests conducted.

In summary, it can be stated that the trans-
mission factors do serve to quantify the differ-
ence in shielding between those in the various
shielding categories, but, with the exception of
the 9-parameter method as applied to those in
Japanese type houses, there is little evidence
that the transmission factors provide further
meaningful differentiation of dose within
shielding categories.

Circular Symmetry

All dosimetries (T65DR, LLNL, and ORNL) for
LSS subjects that have been proposed to date
have been based on the assumption that air doses
are symmetric about the hypocenter. It is
possible however that asymmetries in the
distribution of doses could result from a tilt
in the axis of the Hiroshima bomb, from gamma
radiation originating from fission products, or
from immediate fallout of radioactive particles.
These possibilities are discussed in greater detail
by Peterson et al,?® who recently investigated
the circular asymmetry of cancer mortality and
found that in Hiroshima mortality from stomach
cancer, leukemia, and colon cancer is significantly
higher in the westerly direction. Although these
findings provide some support for the possibility
of dose asymmetries, Peterson et al interpret
their findings as more likely resulting from
asymmetries of other risk factors such as socio-
economic status and smoking. This interpre-
tation is supported by the fact that in general
the evidence for asymmetries is no greater for
those survivors exposed within 1,600 m from the
hypocenter than for those exposed more than
1,600 m from the hypocenter.
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Data on acute symptoms have been analyzed
with respect to circular symmetry with results
presented in Figures 9 and 10 and Table 8.
For these analyses, each city was divided into
octants and the odds ratio for each octant was
calculated relative to the remaining seven
octants. All analyses are controlled for LLNL
gamma ray and neutron doses as well as for age
and sex. The analyses presented in Figures 9
and 10 and in the first three columns of Table 9
include only survivors exposed within 1,600m
from the hypocenter in Hiroshima and within
2,000 m from the hypocenter in Nagasaki and are
controlled for dose estimation method (air dose,
Japanese type house, and globe). Table 8
includes separate odds ratios for the low, middle,
and high dose ranges as well as analyses of the
distal groups. To keep this table to a reasonable
length, confidence intervals and p-values are not
given; instead statistical significance is indicated
by asterisks.
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FIGURE 9 OCTANT COMPARISONS FOR HIROSHIMA SURVIVORS
EXPOSED WITHIN 1,600 m?

=

SEVERE EPILATION
N

1.82 1.64
{1.40,2.35) | (1.07,2.52)
P<0.001 | P=0.025

0.81
{0.63,1.03)
P=0.080

1.18
{0.89,1.56)
P=0.26

0.69 0.87
{0.54,0.90) {0.70,1.07)
P=0.005 P=0.18

0.90
(0.69,1.17)
P=0.43

1.16
(0.90,1.50}
P=0.24

EE O 1,600 m RN O IEMECHIR L2 H 2T 5 85 MHBHLE

BLEEDING
N

——

1.60 1.66
(1.34,1.91) | (1.29,2.15}
P<0.001 | P=0.001

0.81
10.69,0.95)
P=0.010

1.10
(0.90,1.34)
P=0.34

0.98
{0.84,1,14)
P<0.50

0.80
{0.69,0.93)
P=0.003

0.87
(0.72,1,04)
P=0,12

1.03
{0.86,1.23}
P>0.50

a- Odds ratios of each octant relative to the remaining seven octants are presented with 95%

confidence intervals and p-values.

E8AMORIEOVEFHIZHTIRRNE, SUEHEMREpETRLL.
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FIGURE 10 OCTANT COMPARISONS FOR NAGASAKI SURVIVORS EXPOSED
WITHIN 2,000m2

B0 R¥® 2,000 mEMOERECHER L AFICHET 5 8 MBIk

SEVERE EPILATION BLEEDING
N N

0.63 1.14 1.39
{0.35,1.16) (0.81,1.61) {(0.68,1.20) }(1.12,1.72}
P=0,14 P=0.46 P=0.003

1.06
(0.64,1.74)
P>0.50

1.04
{0.50,2.15)
P>0.50

096
(0.66.,1.39)
P>0.50

0.61
{0.37,1.00}
P=0.051

1.87
(1.02,3.79)
P=0.043

0.91
(0.40,2.06)
P>0.50

1.86
{2.21,2.84)
P=0.004

0.59
(0.31,1.13)
P=G_11

1.03 0.86
(0.72,1.46) | (0.61,1.21)
P>050 | P=0.38

0.85 0.97
(0.68,1.05) | (0.82,1.16)
P=0.14 P>0.50

5 5

a- Same footnote as in Figure 9. K9 LR UEE.

TABLE 8 OCTANT COMPARISONS?
#8 BoMokER®

Gamma Dose in rad

Hiroshima : ‘Nagasaki
Within 1600 m Within 2000 m
0492 '50-199 200+  Distal 049 ° 50-199 200+  Distal

Severe epilation West: NNW2 (.38 2.27%  1.7%*  0.50% 029 0.76 0.66 0.84
WNW 0.39 “0.57** 1,34 093 1.32 1.03 1.06 0.00

WEW 0.78 0.58** 088 1.29 -0.00 145 432 000

Ssw 1.82 0.89 0.69 1.11 2.15 0.95 0.76 0.59

East: NNE 1.20 3.11% 075 0.88 1.7 1.35 0.63 351
ENE 1.19 1.18 1.17 1.16 0.36 0.68 2.01 1.24
ESE 1.07- 1.00 0.67* 1.17 0.00 2.37 0.61 0.61
SSE 1.70 1.05 1.14 0.92 0.53 0.77 1.25 1.50

Bleeding West: NNW 1.13 2.11%* 118 1.04 1.02 0.90 0.51 2.23%%
WNW 0.95 0.68*%* 1.13 0.89 0.56 0.87 1.82 1.49
WSW 1.02 0.98 091 1.04 243 2.04** 1,06 0.00
558w 1.05 0.85 0.63 1.02 0.97 0.83 071 1.03

East: NNE 1.29 229+ 241 1.15 1.14 1.35% 2.84% 092
ENE 1.16 1.07 1.14 0.99 0.49 0.60 0.95 0.59

ESE 0.71* 0.82* 0.89 0.85% 0.26% 1.00 0.75 0.41%*
SSE 0.96 1.05 1.07 1.07 1.17 0.92 0.76 1.03

*Significantly different from unity at the 0.05 level. 0.05 KBTI HBIENL 3.
**Significantly different from unity at the 0.01 level. 0.01DKMT1 LH I L 3,
- a Odds ratio of each octant relative to the remaining seven octants. & 8 FFINR Y LoOHF L OO RA O LK.
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TABLE 9 NUMBER OF LSS SURVIVORS BY CLASS OF DOSE ESTIMATION,
‘ SHIELDING CATEGORY AND CITY?
%9 PAFEEHERATOEMEN; KREEORE, EEX S, RUBHHC

Hiroshima Nagasaki
Shiclding Category Class Class
1 2 3 1 2 3
Unknown 1 0 2309 1 1 477
1-In open - unshielded 761 286 0 291 67 1
2-In open - partially shiclded 268 17 2 197 198 25
3-In open - shielded by terrain 8 16 0 163 660 0
4-In open - shielded by building 1156 117 1 209 61 0
§-Shielded totally by concrete building 0 7 186 6 21 433
6-Shielded totally by Japanese type house 7065 112 42 2223 285 2
7-Shielded totally by factory building 3 13 0 2 789 7
8-In air raid shelter 3 12 8 223 25 0
9-Miscellaneous [ 17 4 6 20 2

a- Survivors in the distal group and survivors without data on acute symptoms are excluded.
WEMRTORER, RUAKERINTZREOLVERE LRI LL

The results presented in Figure 9 show signifi-
cantly elevated odds ratios for both severe
epilation and bleeding for survivors exposed in
the northern part of Hiroshima (NNW and NNE
octants), For severe epilation, there is a signifi-
cant deficiency in the WSW octant, while for
bleeding there are significant deficiencies in the
WNW and ESE octants. Other symptom
combinations were analyzed and also show
excesses to the north of Hiroshima. From
Table 8 it can be seen that the observed trends
are strongest for those in the middle dose range,
and that the distal group does not show the
same asymmetries exibited by survivors exposed
closer to the hypocenter, More detailed examina-
tion of the results does not reveal any important
differences in asymmetries for different dose
estimation methods. However, the asymmetries
seen in Figure 9 are especially strong for
survivors exposed between 1,100 and 1,200m
from the hypocenter.

In Nagasaki (Figure 10 and Table 8) significant
excesses are observed in the WSW direction for
both symptoms. For severe epilation, this excess
is strongest in the high dose range, while for
bleeding the excess is confined to the middle
and low dose ranges. In addition bleeding shows
a significant excess in the NNE direction which
increases with dose. It is perhaps worth noting
that a WSW excess was also observed for lung
, cancer in the Peterson et al analysis.
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Because Peterson et al controlled their analyses
for distance and shielding category instead of
dose, repeat analyses of acute symptom were
made using this same approach.” Results do not
differ from those presented in any important
way. Also we have conducted some analyses
of cancer mortality using the methodology of
this paper (with person-years substituted for
cell counts). Results of these analyses are in
general agreement with those presented by
Peterson et al.

DISCUSSION

Interpretation of the findings described above is
not easy and a number of points should be kept
-in mind in proposing an interpretation. First,
a large number of statistical tests have been
conducted, so some faise positive findings are to
be expected. Second, the statistical procedures
used do not take account of the fact that
observations for different survivors may be
correlated (for example, one person may have
reported for other members of the family or the
same interviewer may have conducted the
shielding history for several survivors in a
particular location}. Third, some survivors may
be more likely than others to recall and report
the occurrence of  symptoms. Finally, the
occurrence of symptoms as well as survival of
the subject may be related to the situation of
the subject in the weeks immediately following
the bomb. Those who were able to obtain good
medical care, eat good food, obtain adequate
rest, and so on, may have been less likely to
develop symptoms and more likely to survive.
It is not obvious how bias resulting from the
above factors is related to city, dose estimation
method, and other factors considered in this
paper, but the possibility that such bias could
affect results certainly cannot be ruled out.

The simplest explanation (although not the only
one) for many of the results obtained is that
doses of survivors in certain situations are subject
to more random error than doses of survivors in
other situations. As noted earlier, such error
will result in a weakening of the dose-response
relationship, so that when a group with large
error is compared with another group with
smaller error, the odds ratios will decrease with
dose. Thus one explanation of many of the
results in Table 4 is that those with air doses
and those with doses estimated by the globe
method are subject to a greater amount of error
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than those in Japanese type houses. Further,
the results of Table 7 could indicate'that those
totally shiedled by Japanese type house (6) are
subject to less dose estimation erfor than those in
other categories. Doses of survivors in open -
shielded by- terrain (3), shielded totally by
concrete building (5), and shielded by factory
building (7} seem to be subject to especially
large errors as evidenced by the small odds
ratios in the highest dose range. It should be
emphasized that since these findings are based
on comparisons within cities they are fairly
independent of the choice of air dose curves
(LLNL, ORNL or T65DR).

There are a number of oddities in the results
presented which have no obvious explanation.
These include the excess of severe epilation for
those with Hiroshima air doses of 25-49 rad, an
excess of both severe epilation and bleeding for
those with doses estimated by the average
method in the middle dose range in Nagasaki,
as well as other less striking oddities. Although
the possibility that these findings indicate a
problem with the dosimetry cannot be ruled out,
it scems more likely that they are false positive
findings (many statistical tests having been made)
or that they result from the biases discussed at
the beginning of this section in a way that is
not currently understood, With regard to the
first oddity, it is perhaps worth noting that
this excess is particularly striking for those
judged to have class 1 dose estimates. Also, as
it happens, most survivors in Hiroshima assigned
air doses in the 25-49rad range were exposed
in the southeastern section of the city ATB.

The excess number of survivors reporting acute
symptoms in the northern part of Hiroshima,
which is particularly striking for survivors exposed
1,100-1,200m from the hypocenter, also has
no obvious explanation. In the absence of a
rationale that would support higher doses for
survivors in the north, other explanations such
as reporting bias must be considered. Perhaps
the most important conclusion to be drawn from
the analyses of circular symmetry is that they do
not provide support for higher doses in the
westerly direction, a possibility that is supported
to some extent by analyses of cancer mortality
by Peterson et al, who interpret their findings
as more likely resulting from factors other than
dose asymmetries; this interpretation seems
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especially appropriate in the light of failure to
find similar asymmetries for acute symptoms,

The city comparisons presented in Figures 1-4
and Table 2 provide no particularly convincing
evidence that either the LLNL or ORNL doses
are inadequate. The significant differences at
low doses probably do not result from dosimetric
problems. The difference observed in the middle
dose range for bleeding (and other symptom
combinations) for those in Japanese type houses
results mainly from a difference between the two
cities for those with doses estimated by the
average method (class 3). Since it is restricted
to this group, it probably does not reflect a
problem with LLNL air doses. The results
for the class 1 Japanese type house group
(9-parameter) mildly suggest that ORNL doses
in Hiroshima could be slightly too small, but the
evidence for this is not strong.

The significant differences between cities for the
distal group (for both dosimetries) could result
from incorrect air doses far from the hypocenter
in one or both citics. However, these differences
could also result from differences in shielding
for the distal groups in the two cities since
air doses were used for these survivors, It should
be noted that since there are no survivors in
the distal group in Nagasaki with doses over
25rad, the distal group comparison is limited
to doses less than this value. Since it is not
clear that doses this small can cause acute
symptoms, differences at this level may reflect
reporting bias.

The city comparisons presented in Table 3
suggest certain  additional inconsistencies
between cities at higher dose levels. However
the differences observed for those with doses
estimated by the globe method seem most likely
to have resulted from differences between the
Hiroshima and Nagasaki shielding situations.
The elevated odds ratios for severe epilation for
those with air doses in the highest dose range
observed for both dosimetries is difficult to
interpret. As can be seen from the dose-response
curves for severe epilation in Figures 5-6, the
Hiroshima air dose curve closely parallels the
curve for those in Japanese type houses, while
the Nagasaki air dose curve is strikingly different
from that observed for those in Japanese type
houses. Thus, it is impossible to find a value of
B that leads to consistent results between cities
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for both those with air doses and those in
Japanese type houses, One explanation of these
findings is that the air dose group in Nagasaki
may be subject to more random error than in
Hiroshima because the hilly terrain in Nagasaki
provided some shielding that has not been
adequately accounted for. If this were the case,
one would expect similar inconsistencies for
bleeding. However, as can be seen from Figures
7 and 8, both Hiroshima and Nagasaki dose-
response curves are moderately lower for those
with air doses than for those in J apanese type
houses.

As noted in the discussion of the city comparisons
in which shielding category was controlled, the
difference in cities for those in the high dose
range can be accounted for by a fairly small
number of cases. Furthermore, when all degrees
of epilation are analyzed (not just severe) the
response curve for air doses is significantly lower
than that for Japanese type houses in Hiroshima.
Differences in all degrees of epilation between the
two cities persist for those with air doses, but
they are not as striking as those for severe
epilation.

In conclusion, it can be said that although there
is some evidence of inconsistencies between
cities with both LLNL or ORNL doses, these
inconsistencies have a variefy of possible expla-
nations and do not necessarily indicate problems
with the air dose curves for the two cities.

Results are also inconclusive regarding the
appropriateness of the Marcum correction for
those in Japanese type houses. Although there
are significant differences between those in
Japanese type houses when the Marcum correc-
tion is applied and those with other dose esti-
mation methods, these differences could result
from greater random error with these other
methods. IHowever, in Nagasaki at least, the
dose-response curves are more comparable when
the Marcum correction is not applied, In
Hiroshima, the comparison of methods is limited
when the Marcum correction is not applied,
but significant differences are found both with
and without the correction.

In general, it seems impossible to separate differ-
ences resulting from varying degrees of random
dose measurement error from differences
resulting from systematic bias. Thus, it is

hunT, BHTE,
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not possible to draw firm conclusions either
regarding intercity consistency or the appro-
priateness of the Marcum correction. It is also
difficult to distinguish between possible system-
atic error and random error for the differences
in shielding categories identified in Table 7.
Thus, it seems doubtful that the results of
this paper will prove particularly helpful in
developing improved dosimetry although perhaps
those more knowledgeable in the details of the
dose estimation process will find explanations
for some findings which are not apparent to the
authors.

Whatever the explanation, the analyses here
make it clear that the dose-response relationships
for various acute symptom effects do vary by
factors such as dose estimation method and
shielding category. This means that the dose-
response relationships for other endpoints such
as leukemia and other cancers can also be
expected to vary by these factors although such
variation may nof be as obvious due to the
smaller numbers involved. It is known'® that
the presence of measurement error in the
independent variable will tend to bias the
estimates of regression coefficients downward,
and this bias will obviously be more pronounced
for some segments of the population than others.
The results of the analyses here suggest that it
may be wise to conduct some analyses in which
survivors with especially poor dose estimates
are excluded; for example, survivors in open,
totally shielded by terrain (3), totally shielded by
concrete building (5), and totally shielded by
factory building (7).

The results of the present analyses have particu-
larly important implications for analyses at-
tempting to compare dose-response curves in
Hiroshima and Nagasaki. If such analyses do not
take dose estimation method and/or shielding
category into account (most analyses in the past
have not), a steeper dose-response curve for
Hiroshima can be expected simply because a
higher proportion of Nagasaki subjects fall into
shielding categories for which dose estimates are
subject to large measurement errors. Due to a
smaller proportion of survivors in Japanese type
houses, hilly terrain, and large groups of those in
factories, Nagasaki doses are probably subject to
greater measurement error than Hiroshima doses.
This error can. be expected to bias curves
downward to a greater degree than in Hiroshima.
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Thus, differences observed between the two
cities do not necessarily reflect either differences
in the effectiveness of gamma ray and neutron
radiation or problems in estimating the relative
yields of the two bombs. This finding obviously
has important implications for investigating the
relative effects of gamma ray and neutron
exposure, since such investigation is based mainly
on comparisons between the two cities. It is
suggested that such analyses carefully comntrol
for dose estimation method and probably also
shielding category as a way of minimizing the
biases noted above.

At this point perhaps a few words are in order
regarding the assignment of dose estimates to
class 1, 2, or 3. Presumably one reason for
making such an assignment is to allow investi-
gators to restrict analyses to better estimated
doses as suggested above. Although the results of
analyses presented in Table 5 indicate that in
general class 1 estimates are subject to less error
than class 2 and 3 estimates, it is possible that
a more refined basis can be developed for
selecting survivors with the most reliably
estimated doses. In Table 9, survivors are
categorized by class of dose estimation and
shielding category.

Those with doses estimated by the 9-parameter
method show the steepest response curves for
acute symptoms which may suggest that these
are the best estimated doses. These dose
estimates are nearly all class 1. The acute
symptom effects analyses would also seem
to indicate that those with doses in open -
unshielded (1) and in open but totally shielded
by building (4) as well as those in the unknown
shielding category (mostly average method with
some air doses) are probably subject to more
error than the 9-parameter group, but less than
those in open but totally shielded by terrain (3},
totally shielded by concrete building (5) and
totally shielded by factory building (7). The
unknown shielding group are all in class 3 while
shielding categories 1 and 4 are a mixture of
classes 1 and 2, with the majority being in class }.
The comparisons involving these shielding
categories presented in Table 7 were repeated
with restriction to class 1 estimates., The results
are very similar to those given in Table 7 and
thus provide no evidence that class 1 estimates
are more reliable than class 2 estimates for those
in these shielding categories. Finally, nearly all
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survivors in shielding category 5 are in class 3,
while most survivors in shielding categories
3 and 7 are in class 2.

In general, it does not seem appropriate to
evaluate the quality of dosimetries solely on the
basis of acute symptoms analyses. However,
it may be useful to summarize the results of
this paper by offering the following tentative
hierarchy based on the steepness of the response
curves for acute symptoms:

Most reliably estimated; Doses estimated
by the 9-parameter method (although the
problems noted by Marcum need to be
resolved).

Intermediate; Doses of survivors in open and
unshielded (1) and in open but totally shielded
by building (4) as well as the unknown
shielding category.

Least reliably estimated; Doses of survivors
in open but totally shielded by terrain (3),
totally shielded by concrete building (5), and
totally shielded by factory building (7).

It is hoped that the results of this paper and
possibly also future analyses of acute symp-
toms as well as other endpoints (chromosomal
abberations, for example) can be used to supple-
ment the assessment of error made by those
responsible for estimating doses of A-bomb
survivors. The relative error of dose estimates
of various survivors can then be taken into
account in planning and interpreting analyses
of these survivors.
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APPENDIX 1 MANTEL-HAENSZEL PROCEDURE
151 Mantel-Haenszel %

A description of the Mantel-Haenszel procedure & 3 0 EH 12 B 2 Mantel-Haenszel @ 7 13,

. - P . 21
used for analyses in this paper is gl;.rBen by Fle1§s Fleiss® #7F1- Mantel B Haenszel® 12 &~ THH
as well as by Mantel and Haenszel.® Expressions L
for the various quantities that were calculated FhTvE. FELLBS SHROHAETLRT.
are given below. Let i=1, 2, ..., 1 index the i=1, 2, o, IRBEHIEIIBLHLOHIESH
variable of primary interest for a given analysis (B, BEXEFE) 2RT. j=1, 2, .., J

(city or method, for example). Letj=1,2,.._, R N N
J index the gamma-neutron dose groups defined LA S R LHTERL 27y v - BT

in the section describing statistical procedures SR¥EFRT(Z2Z2TRI=25), k=1, 2, ..., K

(here J=25), and let k=1, 2, ..., K index sex S U E R R A R T, EARRS AR L,

and age ATB groups. The age ATB groups were . " e .
the standard ones that have been used in most CORMORLALORFTEM STV 2T %

analyses of this-data set, that is, 0-9, 10-19, LOTHS. TLabhu0-9, 10-19, 20-34, 35-49,
20-34, 35-49, and 50+ years. Let mjj denote RUSO+HETHS. nyp (2 ik BB T 3HBEHE

the number of survivors in the ijk-th group and _ . . s Ay =
Pjx denote the proportion with the acute L. Py ik =SG5S BEEROHIE 2R

symptom being analyzed in the ijk-th group. 4D &+ 5. Mantel-Haenszel @ BiAiZ, KDL F
The Mantel-Haenszel odds ratio is then given by o 3.
Ny jkN2ik
L ——— Pyjx(1-Pax)

ik I'L,k

NyjkN2jk
].% —n,k_l P2jk(1 —Pljk)

6MH=

where nji = nyjx +nyjk, k is summed from 1 2EL, np=ngtngpCHY, kidl ~K 2THE
through K, and j is summed from 1 through 4 for LTERHE R, §i BT 1~4 £ 70 B
the low dose range, from 5 through 13 for the ® ') {&% " = *ﬂﬁ';’: ’
middle dose range, and from 14 through 25 for ~ FREETR5~13, FRRETLM~BOMEFH
the high dose range. The test for statistical T35, HHNFTEEORER, TROBHGELI®
sxgmﬁcancc.m obtamed_ f{om' the one degree of X GR A R I ETE B,

freedom chi-square statistic given by

N3k N2 jk 2
jz‘:(——'n——'_jk——'—-(Pljk_Pij)] .
2 .
x = - 3
MH MikMik = =
,-21:( Jn—ZJ_ Pix(1—Pjx)
-jk .

;"17}?11':" Pjgc = (nyjkPyjk + najePajk)/njk.

Finally the 95% confidence intervals, obtained g1 Micttinen™ DREHHR > 5 MRS 5 4 ik
from the test-based procedure of Miettinen,

- 1.96
wen by § | 5 196 N ) REo THABBEREML, Opg ' TXyy THRS
are given by OMp ~ Xyy » where X, is
: ha., 270, IygREZERLAXEEOFED
the positive sguare root of szH defined M M @ IE
above, : FHBRTHS.
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APPENDIX 2A SUMMARY OF CITY COMPARISONS PRESENTED IN TABLES 2-3 AND FIGURES 1-4
824 FB-3BUEL-AFLABEHNOLEOEE -

Gamma Daose in rad

0-49 50-199 200+2

Dose Estimation  Acute  Dosimetry
Method Symptom All classes

1 Class 1 only Al cla lasstonly — -
All classes ss 1 only classes (lass I only B=1 B=5 B=10

Japanese

Type House Epilation  LLNL Lb L - - - - L
ORNL L L - G c - -
Bleeding LLNL - - L R - -
ORNL - - _ .G - - -
Air Dose Epilation LLNL G - - - G G G
ORNL G - - - G G G
Bleeding  LLNL - - - - - - -
ORNL - - - - - - -
Globe Epilation LLNL - - - - G G G
ORNL - - G - G G G
Blesding  LLNL - - - - G G G
. ORNL - - - - G ¢ G

Distal Epilation LLNL G

ORNL G

Bleeding LLNL G

ORNL G

a- Basedonz=y+Bn. z =Y +B 2%~ (.
b- In reference to a one-tailed test at the 0.025 level on the odds ratio comparing leos}uma to Nagasaki:
L EMEENT I RAEN0.0250 kI3 55 MKEE.

G=odds ratio significantly greater than unity. 1 k9 #H B A s RA L.
L=odds ratio significantly less than unity, L ko #fi iz s v RRA K.
—=0dds ratio did not differ significantly from unity. RBE L1 20BEHELHIE b1,

APPENDIX 2B SUMMARY OF METHOD COMPARISONS PRESENTED IN TABLE 4
AND FIGURES 5-8
1§28 FTARURS-BIZRL 2HEOLEOBIE

Gamma Dose in rad

Method to be

Compared vs Cﬁ:::ltlgn Acute Symptom Hiroshima Nagasaki
Japanese Type House
043 50-199 200+ 049 50-199 200+
AirDose Yes Severe epilation G2 - - —- - L
Bleeding G L L - L L
No Severe cpilation G G - - - —
Bleeding G G L - - L
Globe Yes Severe epilation G L - L L
Bleeding G L - G L L
No Severe epilation G G - - - -
Bleeding G G L G - L
Distal Yes Severe epilation — -
Bleeding L
No Severe epilation - -
Bleeding - -

a- In reference to a one-tailed test at the 0.025 level on the odds ratio comparing a dose estimation
method vs Japanese type house method,
hEBRBEEL OAREARMOSEELBRT SRR ED 0.0255 KM IZEU S BRE.
G=odds ratio significantly greater than unity. 1 kD iz k Z LW RA K.
L=odds ratio significantly less than unity. 1 k0 #H @iz p v RAk.
—=odds ratio did not differ significantly from unity., Bl L 1 EOMEH T LB LH 0
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APPENDIX 2C SUMMARY OF SHIELDING CATEGORY COMPARISONS
PRESENTED IN TABLE 7
fR2C #7 IR AERRES O RRO B

RERF TR 9-83

Gamma Dose in rad

Shielding Categories
tobe Compared vs  Acute Symptom Hiroshima Nagasaki
Japanese Type House
049 50-199 200+ 049  50-195 200+
1- Open - None Severe epilation Ga G L — - -
Bleeding G L L - - -
2- Open - Partial Severe epilation G G - G G —
Bleeding G - - - — -
3- Open - Terrain®  Severe epilation - - L
Bleeding - L L
4- Open-Bldg Severe epilation - L — — — L
Bleeding - L - G - -
5- Concrete Bldg Severe epilation - - L - L L
Bleeding - L L G L L
7- TFactoryDb Severe epilation - L L
Bleeding - L -
Average Severe epilation - L L - G -
Bleeding - L L — G -
Unshielded - No History® Severe epilation G - L
Bleeding - L L

a- In reference to a one-tailed-test at the 0.025 level on the odds ratio comparing a shielding category
(1-5, 7, average, unshielded) to Japanese type house (category 6):

EEE S (1-5,

0.0250 KB &1 3 FRGE.

G = odds ratio significantly greater than unity 1 k0 gk s RAk.

L =odds ratio significantly less than unity 1xn#H &bz v ERH,

—= odds ratio did not differ significantly from unity. RAHE1:OMIIEE2ZZR 2ok,
The number of Hiroshima survivors in categories 3 and 7 is too small for meaningful analysis.

o
7

FIRUBIRACETIEROEBHNE, EEL2ENETOCRHEN D &,
¢ The number of Nagasaki survivors in this category is too small for meaningful analysis.

CORFIIRT ZEEoRBEERE, TELIBHLTILEHEN LB,
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