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INTRODUCTION

Earliest published accounts of axial opacities in the
posterior subcapsular area of the lens following large
doses of ionizing radiation report instances in a few
persons involved in cyclotron accidents' and in a few
survivors of the Hiroshima and Nagasaki atomic bombs.?
This latter report from ABCC represented part of an
effort to examine the eves of a large number of atomic
bomb survivors in the two cities. More comprehensive
reports on this work® ® suggest that the rate of posterior
subcapsular opacities visible by ophthalmoscope was
increased in groups sufficiently close to the atomic bombs.
In a later study at ABCC® greater emphasis was placed
on polychromatic changes of the posterior subcapsule
which were visible only by careful slitlamp biomicroscopy,
and such changes were found related to indices of
radiation dose and age.

Reported here are the results of an effort to continue
this line of research into the ophthalmic effects of radiation
at ABCC. Planning was initiated in an undated draft
protocol (Appendix}) and very few other background
documents are available. As stated in this protocol, the
principal objective of the study was to obtain estimates of
the relative biologic effectiveness of neutron and gamma
radiations through comparison of rates of lens abnormalities
in samples of Hiroshima and Nagasaki survivors. Individual
dose estimation was an integral part of the plan.

Although carried out in Hiroshima, the plan was never
extended to Nagasaki. Observations on the Hiroshima
sample are used in this report to examine distance group
differences in lens abnormalities, visual acuity, myopia,
and to examine the relation of rates of posterior subcapsular
lens abnormalities to radiation dose. Inada and Hall have
reported on this same series of examinations.”

1956 — 57
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METHODS

Punchcards used to record the results of efforts to
schedule examinations {code and tabulations on file in
Department of Statistics), indicate that 1599 persons at
1000-1800m from the hypocenter at the time of the
bomb (ATR)and 400 persons beyond 2500 m were selected
for the Hiroshima sample. (One person within 1000 m is
considered throughout this report to have been at 1000m.)
The group within 1800m was divided approximately
equally into 200 m intervals and included only survivors
who were unshielded or lightly shielded. Apparently
persons bevond 2500m were selected to conform pro-
portionately to the age and sex distribution of the group
within 1800 m.

The protocol states that the sample was to be drawn at
random from the Master Sample proposed in 1955 as a
base for all ABCC studies.” However, rather than being
selected from the entire Master Sample which was not
fixed until early 1961," working records indicate that
sampling was from the group of about 20,000 persons
first found eligible for the Master Sample. The order~of
appearance of names on census lists, previous contacts
with ABCC, and continued residence in Hiroshima are
factors which possibly contributed to the order in which
eligibility for the Master Sample was determined, but it
is not easy to assess the influences of such factors. It
must be considered possible that the first 20,000 eligible
cases are not representative of the entire Master Sample
and consequently that the sample selected for this study,
even though drawn randomly from the 20,000, is not
random with respect to the Master Sample.

Of those selected, 812 (50.8%) in the group within
1800 m and 219 (54.8%) in the group beyond 2500m
were seen by an ophthalmologist (CWH) between June
1956 - February 1957, This difference between distance
groups is not statistically significant (P>.10). The distri-
butions by age and sex of the selected sample and of
those examined are given in Table 1. Percentages of
those examined range from zero in females over age 70
years beyond 2500m to over 70% in males age 40-19
years bevond 2500 m. When the 14 sex-age subgroups
were separately tested for distance group differences in
percentages examined, only the contrasts involving these
two most extreme values were found significant (P<,001
and P<.05, respectively). In males of all ages, the
difference between distance groups in percentage examined
is significant (P<.05), but in females it is not.

With a gross participation rate of about 50%, it is
quite possible the group examined is not representative of
the original sample. To evaluate the question with

nE
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TABLE 1 OPHTHALMOLOGIC SAMPLE BY AGE AT EXAMINATION, SEX,
AND DISTANCE FROM HYPOCEMNTER

#1 IRECEREMEAR: MEREERS - 1 Oy S ORERER

= llé{]d-n.'t

2500 +m
Age Original Examined ### %riginlal Examined & ¥4
28 E{ag?péc Number # % ,;;;;p#: Number # %
Male %
1019 142 72 50.7 40 26 85.0
20-29 124 64 51.6 a7 22 59.5
30-39 51 21 41.2 9 5 55.6
40-49 71 27 38.0 21 15 T1.4
50-59 110 60 54.5 24 14 58.3
60-69 100 50 50.0 19 8 42.1
70+ 35 20 57.1 10 4 40.0
Total &t 633 314 49.6 160 94 H8.8
Female %«

10-19 158 93 58.9 50 31 62.0
20-29 124 59 47.6 37 23 62.2
30-39 164 93 56.7 38 16 42.1
40-49 193 91 T4t 40 22 55.0
50-59 182 a8 53.8 43 24 55.8
60-69 103 42 40.8 19 g9 47.4
7O+ 42 22 52.4 13 0 0.0
Total & 966 498 51.6 240 125 B2:1

respect to age, the examined rates in 10-year age groups
were compared treating distance groups and sexes both
separately and in various combinations. Similarly,
differences between examined rates for males and females
were tested for statistical significance treating distance
groups and 10-year age groups separately and in combi-
nations. Of these various tests, the few significant
ones (P<.05) did not fall into a pattern suggestive of a
simple systematic bias with respect to either age or
sex (see Appendix).

Among the 968 persons not examined, 812 refused
examination, 69 could not be located or had moved out of
the city, and 3 were dead. Nothing on record indicates
an effort to contact the remaining 84 selected people, all
of whom were within 1800 m.

Processing through the ABCC ophthalmology clinic
consisted of taking a medical history, uncorrected and
‘pinhole’ distant visual acuities, tactile tonometric measure-
ments, slitlamp study of eyes before and after mydriasis,

and hand ophthalmoscope viewing. It is estimated that no

THIiT 2 7o, 10MREERME T 50T 5 BikR 4 Fit ilds &
RO BKGH LT, FOM 408 LEh87 v TE
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Bl L CLRERB O EXKGH D L, TOMADHLE
od o THEI RN B ORES Tt~ T. Chbns
BE TR BH AP ROF IR (P<C.05) 1%, FhE i
ORIz oW T L, BT RI s L 0 AT
LA A RS foh fn (FHRERD.

BRI o068 R D5 b, BI2BILT2AETL,
BOFULAERTAW S S kit~ LT D, 3R/ L
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more than 2% were examined without mydriasis. Pinhole
acuities, gross ametropias, and lens findings were
recorded on forms designed to facilitate subsequent
statistical processing (Appendix). A stereocamera was
used to photograph lesions of the lid and anterior segment
of the eye in color; but all attempts to film ocular changes
deeper in the eves were unsuccessful. To demonstrate
these impressive findings pictorially, color illustrations
were made by hand directly from slitlamp observation.

Necessity for establishing a more accurate standardi-
zation of clinical ocular measurements by different
investigators at ABCC required installation of a fixed
scale calibrated in millimeters etched on a small glass
dise in one eye-piece of the slitlamp. This gauge, lightly
superimposed on the field in focus, could readily be
rotated with the eye-piece to any desired meridian of the
visual field plane. Initial search for a classification
format for lens findings resulted in selecting one implying
etiology. This seemed the least complex and, clinically
the most conventionally standardized. In retrospect,
use of the terms ‘indicative of radiation effect’ (under
which definite posterior subcapsular opacities, posterior
capsular polychrome plaque or roughening, and excessive
unexplained cortical opacities were included) and ‘non-
radiation opacities’ (including congenital, traumatic,
complicated, and senile opacities) appear to have been
unnecessary commitments. Classification as ‘acquired’ or
‘congenital,’ or more simply as ‘questionable types’ and ‘all
other” would have satisfied the requirements of this study.

During the course of examination, 44 cases were
designated as unacceptable for analysis. However, prior
to systematic tabulation, medical records of these 44 cases
and of an additional 157 cases, with either ‘other’
abnormalities or radiation opacities were again reviewed
for the purpose of excluding cases in the most consistent
fashion possible. From these 201 cases, only 3
IMF 249459, 251058, 248244) were totally excluded
from analysis because of severe iritis, interstitial keratitis,
and buphthalmos which limited lens examinations. In
another 13 cases(MF 256729, 261975, 242410, 401004,
333541, 400472, 289037, 290471, 252767, 841138,
299027, 254990, 211903}, observations from one eye
only have been excluded from tabulations: 5 of these had
evidence of unilateral iritis; 3 ophthalmosteresis; 2 aphakia;
1 pupillary occlusion; 1 leucoma; and 1 degenerative
pannus. Among these last 13 cases, only 1 of the
excluded eves was coded with a change in the posterior
capsular area of the lens; of their other eyes, 4 had
posterior capsular changes.

Lz, i Licu - Chtid 2o 2 %k iz io - S HEE
=ha. b, REEIEERORES I R EER R
A, HiEFAE A SR T AR L CHERCER L
(MEBF). WEE I ORISH oRED A 7 — FEIEE L
SfEm A SEEALE. Lo LIBESO A T T
BRIV B ot ChboO b B R FEE
VR o, MERER TS L O EET T 7 B
HFLE=i.
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L OFE DT, O - EARECHE REL- T
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ZEHEHBINRT, MBI TESTH D Eah i
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248244) 2 FAAEECITR 9, MIEEABR LS L UHRIC X
bk R F ot BT bR e S e, Al
D136 (HEA A T 5 256729, 261975, 242410, 401004,
333541, 400472, 289037, 200471, 252767, 841138, 299027,
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RESULTS

Among the total of 2043 lenses for which findings were

tabulated, opacities of all types were recorded in 775(37.9%),

Of the subjects included in the analysis 609 (59.2%) had
clear lenses, 356 (34.6 %) had lens opacities in both eves,
This
last group included one from among the 13 cases for

and 63 (6.1%) had opacifications in only one lens,

whom findings in only one lens was tabulated. Because
of this great preponderance of bilateral involvement,
also seen when types of opacities were examined separately,
analysis was simplified by tabulating cases rather than eyes.

Table 2 shows the distribution by age, sex, and distance
groups of the 419 cases with any type of opacity in one
or both eyes, The percentages in this table were obtained
using the total number of cases in corresponding age,
sex, distance groups as denominators. Within every
sex-distance combination, the percentage of cases with
opacities increased with increasing age. Tested separately,
each of these age trends was statistically significant with
all probabilities less than .01 and most less than .001.
When tested within age-distance combinations, only one
of the nine sex contrasts was significant (P<.05), and
when totalled over age, the remaining three contrasts
were not significant. However, it will be noted that in
every instance the percentage of females with opacities
This
extreme event would occur by chance alone with a
probabhility less than .005 if rates in both sexes were
the same.

exceeded the corresponding percentage of males.

S

At ROBE A BRI ATI204318D 5 5, &0
BENFEEIh TS L0775 1R (37.9%) Thoto. R
T AV BRI D 5%, 6094 (59.2%) LKL T
T, 3564 (34.6%) IXMREEHE, 63% (6.1%) (X 1R
HoRE R S B - 72, ZORBOFLIL, 1EETOR
RSl 13O 1 g ths. WRCEEELFT
HENKEST, FMCREBOEEA N Bl R
D ERNFEDLRLOT, BI b LAEMCES{HE
Ao TIRFTR Ak L1z,

TR F 2 MRIZ A A S0 ORBLYHT 5 419 Hl0
i, Mk L OB RS A R 2 10T, AROESR
VRIET SEK, s X OBEEER T 0T D HiREE OB
o BHOEH LTk i, &8 - BRI s kT, i
OInE & LR AT S BEOHSEIIRmT S, Bl
CRETS &, ORI -Fhd Bt Eanc A o

FREE DI 2 BT 2 TRER T - TofE®, 92D
K#D5 5, 12833FET (P<L.05), EHdas L
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TABLE 2 LENS OPACITIES OF ONE OR BOTH EYES BY AGE AT EXAMINATION, SEX,
AND DISTANCE FROM HYPOCENTER

#2 —RBEAZEMBAKEORSD: BEFERE & - BOMD 5o EEEN

Age <1400 m 14001799 m 2500+ m

i Number # % Number # % Number #f %
Male 2

<30 10 21.3 13 14.6 6 12.5

30-49 9 33.3 5 23.8 35.0

504 34 53.1 44 66.7 16 64.0

Total &t 53 38.4 62 35.2 29 31.2
Female %

<30 18 25.7 15 18.3 15 27.8

30-49 36 45.0 39 37.9 14 36.8

50+ 54 73.0 62 71.3 22 66.7

Total & 108 48.2 116 42.6 Bl 40.8




Distance trends of percentage with opacities are regular
in both sexes with all age groups combined, but within
age groups they are quite irregular. When tested under
these conditions and also with sexes combined, trends
were not significant.

Posterior Subcapsular Opacities Opacities of the axial
posterior subcapsular area were coded bilaterally for 15
cases and unilaterally for 7, of whom one had had the
other eye enucleated. The distribution by age, sex, and
distance of these 22 cases is shown in Table 3. Small
numbers severely limit analysis, but an exact test!’
applicable to the male totals in distance groups of Table 3
was significant (P<.01), and with sexes combined the
usual chi-square approximation was significant (P<.01)
for distance groups differences. The exact testing
procedure was attempted on female totals in distance
groups of Table 3 but interpretation was ambiguous.

BT 2 %50 SROMEERML, T-3TOFEmEE
wfal Licla, SHaiUncs cHANE Luyad, s
CRETHRINTHED. COX5RFNOL & TR - o
Ek LU &‘ﬁui Lo OfES, A B
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KEEFETRE WCHESE TR S mtr%
L#FILET, ChBA1IRBCTED LR THDILTHT
t.:@7%@6%1%@,mo—ﬁmm%ﬁmtfnﬁ;
Zh B22ioEnAl, MRk L ORISR IR LT
H5. FHEHVPIR O TR CHEL T 5%, £3
DEFHE ST B2 BT OREICH LTE AT E 5 ERER
BeE” BAET (P01, Bick il LicBain, HiEiK
FRDEH 35— D H 4 ZRTEEIEE (P01 T
Btz 3 ORPEX T RITHLFOEFIT DV TIERE
IHEDFRE A, TOMFUITNETSHS.
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TABLE 3 POSTERIOR SUBCAPSULAR OPACITIES OF ONE OR
BOTH EYES BY AGE AT EXAMINATION, S5EX, AND DISTANCE FROM HYPOCENTER

#3 —MEALGHEBAMFZEEDRSE:

PRTERESE @S - 1 - RO D 5 @R

Age <1400 m 1400-1799 m 2500+ m
iR Number # % Number # % Number ¥ %
Male B
<30 3 6.4 i.1 0 ]
30-49 2 7.4 [ 0 0
50+ 3 4.7 1.5 0 ]
Total # B 5.8 1 0 0
Female %

<30 1 1.4 1] 1 1.9
30-49 i 2.5 1.9 0 ]
50+ 4 5. 1.1 1 3.0
Total # T 3.1 1.1 2 1.6

Posterior subcapsular ‘radiation’ opacities were recorded
in two females at distances bevond 2500 m. All records
available at ABCC for these two cases have been carefully
reviewed, and there is no doubt that the examining
ophthalmologist recorded these findings and considered
them essentially the same as those in the other 20 cases.
Both patients were a little more than 3100m from the
hypocenter in quite different parts of the city, and there is
nothing to suggest that either has received unusual
amounts of radiation in any other way.

2500m BUHO FERHZ #5172 40°F 2 BC R REEIE T O [
S | BE IR TVv i D 2 Ficon-T ABCC T
b BRTV AT TORSE ASICHRE LR, BEd
S LR B ME s O RERE LT, thaio204
DOFFRERENZH T TH L EE 2 fo 2 EREEHO St
Ve A ER TR TR DA T - TR TR LS 53100
m# A Lkl A o, A KRERLENC oMo
7 b O R TRE SRS ZIT s v mET5 1
DVITL Frls,



In both of these women the posterior capsular opacities
were unilateral with estimated average diameter less
than 1 mm. Corrected acuities were 20/30 or better, and
there were no eye complaints. One of them (MF 252667),
born in 1897, had posterior capsular polychromatic
changes and immature senile cataracts in both lenses,
The other (MF 262570) was born in 1930 and had a
congenital opacity in the lens without posterior subcapsular
changes. At recent examination (by RJM) subecapsular
changes could be found in neither of these women.

Among those within 1800 m, 10 had posterior subcapsular
opacities of estimated average diameter less than 1 mm
bilaterally and 4 had these small opacities unilaterally;
another 5 cases had bilateral opacities ranging in size
from an estimated average diameter of 1-2 mm to 5-6 mm
and the remaining case had a large posterior subcapsular
opacity unilaterally.

Eight of the 14 cases with small opacities also had
polychromatic changes on the posterior capsule. Further
findings were unremarkable in 10 of these: There were
no complaints of eye trouble and corrected acuities were
20/30 or better. The other four all had cortical or
nuclear lens changes, but these were not considered
unusual. Two of the five cases with large bilateral
opacities were diabetic, and another had severe myopia
with degenerative changes. The other two had marked
senile cataractous changes. The case with a large
unilateral posterior subcapsular opacity also had a corneal
scar in the same eyve and gave a history of trauma,
suggesting that the subcapsular lesion possibly was
secondary to iridocyclitis following puncture wound.

Other Opacities There were 406 cases coded with
opacities of all types other than of the posterior subcapsule.
These were tabulated in two groups: 171 cases coded as
having ‘excessive unexplained cortical opacities’; and
235 cases with congenital, traumatic, complicated, or
senile opacities. Included in the first group of 171 were
2 cases who also had posterior subcapsular opacities,
and 7 such cases were included among the 235. There
were 24 cases, with both cortical opacities and one or
more of the other types. These were included in the
former group of 171.

Among the 171 cases, 139(81.3%) had cortical opacities
bilaterally and 32 (18.7%) had them in only one eye.
The unusual age distributions seen in Table 4, as well as
the terminology used, suggest that these are highly
selected findings. There is nothing in file to indicate
how selection was made or how findings not considered
excessive were coded. Thus, the data are impossible to
interpret, and significance tests of no value.
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In the second group of 235 cases, 203 (86.4%) had
opacities bilaterally and 32 (13.6%) unilaterally. Table 5
shows their distribution. Rates were markedly higher in
the oldest groups, a finding which corresponds with the
possible differential classification of cortical opacities as
radiation or nonradiation effects and suggests age played
some role in that classification. Only the low percentage
of opacities in males of all ages at distances beyond
2500 m suggests a radiation effect. However, differences
in rates between groups within 1400 m and at 1400-1799 m
would not support such a conclusion. In the six age-sex
groups, five actually show an increase in opacities with
increasing distance. Only in males under age 30 is the rate
for the group beyond 2500 m appreciably lower than in
the closest group.

Posterior Capsular Polychromatic Changes In addition
to opacities, various types of changes localized axially on
the posterior lens capsule were frequently encountered.
Most of these, even the ones with minimal opacities,
when viewed by oblique focal illumination with the slitlamp,
presented in common a background color phenomenon
which formed a discrete island, plaque, or crust of
granular iridescence ranging in diameter from 0.2 mm.to
1.o5mm. On shifting to direct retro-illumination of the
lens, the plaque disappeared against the bright retinal
light reflex, and therefore by optical test did not appear
to be an actual opacity. Range of texture was from a
definite splotch of roughening in the chagreen to those
with a denser crusty basrelief pattern. Visualization of
this phenomenon was greatly enhanced by use of a late
model Zeiss slitlamp. Routine slitlamp sweeps over the
dome span of the posterior lens capsule failed to reveal
such plaques at any location other than the posterior
pole, and none could be seen with the hand ophthalmoscope.

Among 467 cases with such polychromatic changes,
12 (2.6 %) also had opacities of the posterior subcapsule
and another 222 (47.5%) had opacities of other types.
The distribution of these cases is shown by age, sex, and
exposure distance in Table 6. In each sex the highest
percentage of these changes occurred in the group
within 1400 m (P's<.01 and .001, respectively), but when
tested separately by age groups only in males under 30
vears and females under 50 years were the differences
among distance groups statistically significant (P's<.001).
In the two youngest groups rates consistently decreased
with increasing distance, but in other age groups they

did not.

The rate of polychromatic changes in all male patients
was 43.5%, and in all female patients was 46.7%. This
difference was not significant nor were any of several
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TABLE 4 EXCESSIVE UNEXPLAINED CORTICAL OPACITIES OF ONE OR BOTH EYES BY AGE AT EXAMINATION,
SEX, AND DISTANCE FROM HYPOCENTER

Fd —MRE 2SR RS O K SRR RR A TR - - LA 5 o REESY

Age . <1400 m T 1400-1799m ] 2500+ m

i Number # % Number # % N Number # %
Male %

<30 6 12.8 10 1.2 5 10.4

3049 7 25.9 4 19.0 5 35.0

50+ 2 3.1 1 1.5 4 16.0

Total 15 10.9 15 8.5 16 17.2
Female %

<30 14 20.0 g 11.0 10 18.5

30-49 29 36.2 31 30.1 12 31.6

50+ 13 17.6 4 4.6 3 9.1

Total #t 56 25.0 44 16,2 25 20.0

TABLE 5 CONGENITAL, TRAUMATIC, COMPLICATED, OR SENILE OPACITIES OF ONE OR BOTH EYES BY AGE
AT EXAMINATION, SEX, AND DISTANCE FROM HYPOCENTER

25 R AIEWIRORES, SMEME, SR, 3 AGERE: MRAGEE M SO 5 0N

Age <1400 m 1400-1799 m 2500+ m

i Number # % Number # % Number #i %
Male 8

<30 3 6.4 2 2.2 1 2.1

30-49 0 ] 1 4.8 0 (]

a0+ 31 48.4 43 65.2 12 48.0

Total # 34 24.6 46 26.1 13 14.0
Female %

<30 3 4.3 6 7.3 5 9.3

30-49 ] 6.2 T 6.8 2 5.3

50+ 38 51.4 57 65.5 19 57.6

Total &t 46 20.5 70 25.7 26 20.8




TABLE 6

POSTERIOR SUBCAPSULAR POLYCHROMATIC CHANGES

OF ONE OR BOTH EYES BY AGE AT EXAMINATION, SEX, AND DISTANCE FROM HYPOCENTER

= oo

2 b

MR E LW ARA R E O £ AR MERFERS - 1 B OH S 5 0 ERER

Ape <1400 m 1400-1799 m 2500+ m

4 Number % Number # % Number % %
Male %

<30 23 48.9 24 27.0 7 14.6

2049 17 63.0 8 38.1 11 55.0

5o+ 36 56.2 36 54.5 15 60.0

Total # 76 56.1 68 38.6 33 35.5
Female %

! <30 33 47.1 20 24.4 6 b
30-49 55 68.8 42 40.8 20 52.6
50+ 45 60.8 45 51.7 24 72.7
Total 3 133 59.4 107 39.3 50

40.0

In the 1400-1799m
and 2500+ m distance groups there was a distinct

other tests contrasting the sexes.

increase in rates with increasing age, and in both sexes
these differences were significant (P's<.01 and 001,
respectively). No such regular trend oceurred in either

sex in the group within 1400 m.

Other Findings Pinhole visual acuities were tabulated
separately for all right and left eyes and for the worst of
the two eves. This latter tabulation showed 38(10.5%) of
those within 1400m, 44(9.8%) at 1400-1799m, and
16 (7.3 %) beyond 2500 m with acuities of 20/70 or poorer.
Only in females under 30 years old and over 50 years old
were there differences suggestive of decreased acuity in
the closest group However, the small numbers in these
groups with acuities of 20/70 or worse and the lack of
consistency with other groups suggest that these differ-
The
left eves produced results

ences were the result of sampling fluctuation.
tabulations of right and
essentially the same as these.

Myopia was coded for 29(8.0%) subjects within 1400 m,
59(13.2%) at 1400-1799m, and for 25 (11.5%) bevond
2500 m.
myopia, showed no relation to exposure distance. There

Fifteen of these, classified as having high

were 167 subjects coded as having other abnormalities.
Of these 89 also had a lens opacity and the remainder
did not.

167 patients the abnormality consisted of one or more of

Review of records showed that in most of these

trachoma residuals including pannus and corneal and lid
scarring with trichiasis; hypertensive retinopathy; pigmen-

tary retinal degeneration; or pterygium. Miscellaneous
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diagnoses such as chronic conjunctivitis, old chorio-
retinitis, and strabismus were made in one or two cases
each. Because these findings were not coded in detail,
and because they seemed so heterogeneous, no effort

was made to evaluate their rate of occurrence.

Radiation Gradient In an effort to explore the gradient
of changes in the axial posterior subcapsular and sub-
capsular regions with radiation dose, all those with such
opacities or polychromatic changes were distributed by
age, sex, and exposure distance in 200m increments,
and the result is shown in Table 7 for the sexes separately
and combined. Sexes also were combined using unweighted
arithmetic averages of percentages. The two methods
produced essentially the same results except in the 30-49
years age group at 1400-1599m. In contrast to 44.9%
obtained by the method used, the unweighted mean is
32.2%. This difference is entirely attributable to the
difference in numbers of males and females examined in
this age-distance category.

There were no significant differences between the
sexes, and with minor exceptions trends in the two sexes
were similar. Thus, attention has been restricted to the
panel of Table 7 for males and females combined.
Several features of these data deserve comment:

fo. EOiEH, BT, W IREEBA S L ophE i v
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TABLE 7 POSTERIOR CAPSULAR AND SUBCAPSULAR FINDINGS
BY AGE AT EXAMINATION, SEX, AND DISTANCE FROM HYPOCENTER

ET KanfEm#EL L

V% FATR: BESEH -

5 BLb b 5 o BREER

Age T Zizoo

1200-1399 1400-1599 1600-1799 2500+
B Number # %  Number # %  Number # % Number % % Number #% %
Male 8
<30 15 53.6 9 47.4 11 36.7 14 23.7 7 14.6
30-49 11 64.7 6 60.0 1 14.3 7 50.0 11 55.0
50+ 22 66.7 16 51.6 14 60.9 23 53.5 15 60.0
Total & 48 61.5 31 51.7 26 43.3 44 37.9 33 35.5
Female 3¢
<30 18 56.2 16 42.1 10 35.7 10 18.5 7 13.0
30-49 34 65.4 22 78.6 21 50.0 22 36.1 20 52.6
50+ 30 69.8 16 51.6 20 50.0 25 53.2 24 727
Total # a2 64.6 54 55.7 51 46.4 57 35.2 51 40.8
Malet+ Female B4 &
=30 33 55.0 25 13.9 21 36.2 24 21.2 14 13.7
30-49 45 65.2 28 73.7 22 44.9 29 38.7 3 53.4
50+ 52 68.4 32 51.6 34 54,0 48 53.3 29 67.2
Total # 130 63.4 85 54.1 77 45.3 101 6.3 84 38.5
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There were strikingly significant (P<.001) differences
between the age groups beyond 2500m where the
radiation dose probably was negligible;

In the two oldest groups, the percentages with abnor-
malities were less at 1600-1799 m than 2500+ m(P’s<, 10),
In the youngest group the reverse was true (P<.30);

Considering groups within 1800 m, the oldest showed a
maximum difference between lowest (1200-1399m) and
highest (<1200 m) rates of 17%. The two youngest
groups had maximum differences of about 35%:

Again in groups within 1800 m, in the oldest, the
largest difference between successive distance groups
(17%) is within 1200m to 1200-1399m, in the 30-49
vears group it is at 1200-1399 m to 1400-1599 m, and in
the youngest group at 1400-1599m to 1600-1799 m;

Within 1200 m, differences between age groups are not
significant, but at 1600-1799 m they are (P<.001);
When combined over distance, the percentages with
abnormalities are not significantly different in the*two
older groups, but the percentage in the youngest group
is significantly different from each (P<.01).

Individual dose estimation is a complex process which is
not applicable to all survivors and has a wide margin of
error. ' Table 8 shows the number and percentage of
patients within successive 200m bands for whom tentative
T57D estimates'' of both gamma and neutron dose have
been made, the arithmetic mean of total individual doses
obtained by simple summing of the two components, and
the standard though
sampling for this study was restricted to unshielded or
lightly shielded survivors, only about 60% of subjects
within 1800m, and about 80% in the closest groups,
have had both gamma and neutron doses estimated. This

errors of these means. Even

variation in rates of completed estimates by distance is
largely the result of a systematic effort to complete dose
estimation within- a given small radius before extending
to more distal groups.

When mean T 57D estimates for adjacent distance groups
are tested one against another in pairs, all differences
001}
dence limits on population dose means are, from near to far
306r, 363r; 177r, 22671,
Ranges of individual doses

are highly significant (P's<. However, 95 % confi-
distance groups, respectively:
69r, 84r; and 33r, 52r.
emphasize the uncertainty associated with selection of a
specific value to represent all survivors from a given 200m
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band. Again from near to far distance groups, these
ranges are 18-1025r, 51-942r, 15-253r, and 8-378 r.
Using means to represent the estimated total dose for all
persons within respective 200 m bands, the percentages
from the lowest panel of Table 7 have been plotted in
Figure 1. Because the logarithm of mean dose approxi-
mates a linear function of exposure distance, the relations
among distance and age groups mentioned above remain
essentially unchanged in Figure 1. Using mean dose on
the abscissa does emphasize the observation that the
greatest change in percentage with abnormalities occurs
in different portions of the curves for different age groups,
and that the gradient with radiation is most steep in the
youngest group and progressively decreases with ad-
vancing age.

LRSS DS S EAEA LTS, I OREIE,
AT L D OEETEERE AN T 18-1025 1, 51-942 1, 15-253
r, 8-378r THL. £200m I L DK ZET D R
LB ARRREHEEO UEEE LT, oL vT
FRTOTHROEEOETHEY R 11257 Uiz, FEHEEONE
VRO LB LR 5 DT, LRk &
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T, FEiasiftincon TREMCEAT 5 L b Blgikic
B Basicic 5.

TABLE 8 T57DOSE ESTIMATES BY DISTANCE FROM HYPOCENTER
#£8 BOMASLONBER TSTHTERE

T57 Dose Estimates

T57 Dose T 574k & rad

: Examined 4 s
Distance §ifg m R B T 5745 R Mean Standard Error of Mean
Number # % RaEeh it T iR A%

1000 - 1199 205 161 78.5 334.3 14.46

1200 - 1399 157 124 79.0 201.4 12.61

1400 - 1599 170 111 65.3 76.8 3.80

1600 - 1799 278 105 37.8 42.5 4.60

Total #t 810 501 61.9

FIGURE 1 POSTERIOR CAPSULAR AND SUBCAPSULAR FINDINGS BY SLIT LAMP BIOMICROSCOPY
AS A FUNCTION OF MEAN T 57 DOSE ESTIMATE AND AGE AT EXAMINATION
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DISCUSSION

In the groups examined in this study, the percentages of
posterior subcapsular opacities(Table 3)and polyehromatic
changes on the lens capsule (Table 6) are higher within
1400 m than at 1400-1799m. This is true of both sexes
and in the three age groups considered. Comparison with
rates from their earlier studies, reclassification of present
findings after review of records, and inability to confirm
findings in two subjects all suggest that the findings
coded and tabulated in this study as opacities indicative
of a radiation effect (Table 3) are not comparable to the
‘cataracts’ reported by Cogan, Martin, Kimura, and Tkui®
and Kimura.*

These investigators reported five patients with cataracts
of the posterior lens capsule which were thought to have
resulted from radiation and five additional patients with
changes suggestive of the radiation type. These 10 cases
were seen among a group of 231 survivors within 1000 m
In an unpublished repurt4
this Hiroshima series was increased to 869 patients
within 1000 m, 449 at 1000-1099 m, 1544 at 1100-1999«’,
and 66 beyond 2000m. The numbers of patients with

of the Hiroshima hypocenter.

posterior subcapsular cataracts reported for these groups
were 84 (9.7%), 13(2.9%), 0, and 0, respectively.
alization by ophthalmoscope was required for the diagnosis
of a cataract.

In the present sample there was only one survivor
from within 1000 m. However, there were 75 from 1000-
1099 m, and 10 (13.3 %) of these were coded with definite
opacification of the posterior lens, subcapsularly by
slittamp examination. This is a significantly higher
rate (P<.01) than the 2.9% reported for the comparable
distance by Cogan et al. On the assumption that survivors
in their sample were evenly distributed over the 1100-
1999 m band, Cogan et al saw about 870 in the 1100-1799m
band, and the rate from the present study implies they
would have observed about 14 patients with opacities in
this group. Their observed number 0 is significantly
smaller than this expectation (P<.01),

On review of medical records of the 20 survivors under
1800 m coded with definite opacities,
that only 6 had true axial opacities of the type associated
with radiation and visible by ophthalmoscope. These
were survivors from about 1000, 1005, 1015, 1020,
1115, and 1130m, and thus produce rates of 5.3% and
0.3% which are more nearly comparable to those of

it seemed likely

Kimura.* The remaining 14 of these 20 patients are
probably better considered as having polychromatic

changes of the type tabulated in Table 6.

Visu-
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That rates of posterior subcapsular opacities are higher
in the present study than reported by Cogan et al may be
due to sampling errors in either or both studies, to
differences in the age composition of the samples, or to
an increase in the prevalence of such changes during
the 7 or 8 years between the two studies. However, the
evidence strongly suggests that the higher rates are
due to differences in examination procedures and possibly
in criteria for the selection and classification of findings.
There is no way of definitely choosing among these
alternatives with the information presently available.
Some further insight might be gained through careful
follow-up examination of selected survivors from the
study groups by a single observer.

Sinskey6 has reported rates of posterior subcapsular
polychromatic granular ‘plaques’ using the extent of
epilation within 3 months of the explosion as an index of
radiation exposure. While he sometimes differentiated
plagues visible with ophthalmoscope and those visible
only by slitlamp, he usually referred to all changes as

plaques without qualification. Thus in many places his

term is ambiguous in that it lumps together a spectrum of '

clinically recognizable changes. During 1951-53, he
examined 3700 survivors, but explicitly reports rates only
for a preliminary study in Hiroshima of 164 persons not
in the city ATB and 165 survivors giving a history of
90 to 100% epilation. In the former group he reports
16 (10 %) with polychromatic plagues, and in the latter
139 (B4 %).

The higher rate of polychromatic changes reported by
Sinskey than found here (Tables 6 and 7) may have resulted
because Hiroshima survivors with nearly total epilation
received higher doses than did those in the distance
zones employed in this study, or because degree of
epilation is an index of general sensitivity to radiation.
Sinskeys reported data which is consistent with both of
these interpretations. Within each of several Nagasaki
distance groups, among those with comparable shielding,
the rate of posterior subcapsular changes was higher
among survivors with a history of epilation than those
without. In other respects Sinskey's results generally
correspond with those of the present study. Polychromatic
chaiges were more frequent at older ages, especially
among persons thought to have received very small
radiation doses; were approximately equally frequent in
males and females; and, in the Nagasaki sample, were
decreasingly frequent with increasing distance from the
hypocenter. He found no appreciable visual acuity loss in
154 survivors with ophthalmoscopically visible plagues.
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Possible errors inherent in the procedures now available
for estimating individual doses, possible sampling bias
toward individuals with high dose estimates, and wide
variation among individual estimates even within a 200m
band, all dictate caution in the use of mean T57D estimates
as absolute values. However, these means probably are
useful as relative indices to doses received by survivors
in the 200 m bands. With this restricted use of mean
doses in mind, trends of Figure 1 can be interpreted as
suggesting that in this sample the relative threshold dose
for posterior capsular and subcapsular lens changes(i.e., the
lowest dose at which the rate of such changes is reliably
elevated above the normal background rate)is dependent
on age.

The data suggest this relative threshold dose is lowest
in the youngest group and somewhat higher in the 30-49
year old group. Depending on the interpretation given
to the rate found in the group beyond 2500 m, these data
may not show an elevation above background rates in the
groups over 50 years old. If there is an elevation, it
seems to occur at the highest dose of any of the three
age groups. Such thresholds would be consistent with an
hypothesis of greater sensitivity to radiation at young
ages. It is not possible to assign actual doses to these
relative thresholds with confidence or to determine
whether age at exposure or at examination is the more
There is of
course no evidence of an absolute dose threshold (i.e., the
lowest dose at which the rate of findings is reliably greater
than zero) for these posterior subcapsular lens changes.

important determinate of the threshold.

Miller '* has reported an acuity loss in children within
1800 m who were 16 to 19 years old at the time of
In his group of 337 children 20.8% had
uncorrected acuities of 20/70 or less in the poorer eye,
and in 361 children of the same ages at distances beyond
1800 m, 9.1% had such acuities. In younger age groups
differences in the same direction were not so large, and

examination.

there was no difference between male and female children.
With the smaller numbers, especially in the young ages,
and different procedure for assessing acuity, it is not
surprising that the present series does not confirm
Miller’s result. Visual acuities in five of the six persons
who seemed most likely to have axial opacities of the
posterior subcapsule were all 20/40 or better, andin the
other were 20/100 and 20/200.

Mixed into the present sample were patients examined
in previous years and apparently considered by other
examiners to have had radiation-induced lens changes.
Comparison of clinical features of old and current
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findings in those few cases failed to demonstrate any
remarkable differences.

In Table 7
a lower rate of posterior subcapsular changes at 1600-
1799 m, where the average T57D estimate is 42.5rad,
than at distances beyond 2500m. If comparison of these
groups is valid, observed dlfferences would be consistent

and Figure 1 the two oldest age groups show

with findings for leukemia'* and selected skin diseases,
and might imply a suppressive or protective effect of low
radiation doses for such lens changes. However, because
such comparison is open to question, " this interpretation
cannot be entertained seriously.

It has been possible to reconstruct the original sample
(Table 1), but neither the mechanics of selection nor the
population sampled are definitely known. Specifically, it is
not known how the sample selected for this study relates
to the ABCC Master Sample from which the sample for
the Life Span Stud_vn3 Only about half of
those selected were examined, and, although there was no
clear evidence of important bias with respect to distance,
age, or sex, it remains quite possible that ophthalmic
findings in the group examined are not representative of
abnormalities present in the original sample. All of
these factors make influences beyond the data ex-
tremely hazardous.

was drawn.

SUMMARY AND CONCLUSIONS

Results of ophthalmic examinations, including slitlamp
biomicroseopy, during 1956-57 of 812 Hiroshima atomic
bomb survivors within 1800m and 219 beyond 2500 m
are reported. Losses at the time of examination, from
the original sample of 1999 subjects, occurred without
serious detectable bias with respect to sex, age or
distance. However, lack of knowledge about the population
base and the mechanics of sampling make influences
beyond the data extremely hazardous.

Comparison is made of age and sex specific rates of all
lens opacities; posterior subcapsular opacities; cortical
opacities; congenital, traumatic, complicated, and senile
opacities; polychromatic changes of the posterior capsular
region; pinhole visual acuity; and myopia in groups within
1400 m, at 1400-1799m, and beyond 2500m from the
hypocenter. Using the mean of known dose estimates(T57D)
of persons within 200 m bands to represent the estimated
dose of all survivors examined from those bands, the
rates of all posterior subcapsular changes are plotted as a
function of dose. Opacities of the posterior subcapsular
region were significantly more common within 1400 m in
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males, and in both sexes. Female differences could not he
tested. Posterior capsular polychromatic changes were
significantly more common within 1400 m in persons of all
ages. No difference
between distance groups in rates of visual acuity loss of

Male and female rates did not differ.

20/70 or poorer or in rates of myopia were found.

The trends in rates of all posterior axial capsular and
subcapsular changes, with mean dose, suggest that the
relative threshold dose (i.e., the lowest dose at which the
rate of such changes is reliably elevated above the
normal background rate) is dependent on age and is
lower at younger ages. Absolute dose values cannot

confidently be assigned to these relative thresholds.

Careful review suggests that only six patients had true
axial opacities of the type usually associated with radiation
and visible by ophthalmoscope.
these patients was not seriously impaired.
these six patients, the rate of such opacities is about b%
in survivors at 1000-1099m,
previously found by Kimura.

Pinhole visual acuity in
Based on

a value similar to that
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APPENDIX
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PROPOSED DESIGN FOR STUDY OF LENTICULAR CHANGES IN SURVIVORS OF THE HIROSHIMA
AND NAGASAKI ATOMIC BOMBS

REBLURBEORBHBEEE CK TS KEEE(CHT S AEHEE

Preliminary draft for comment and criticism only (undated)

INTRODUCTION Studies made at ABCC by various
investigators including Cogan, Martin, Kimura, Sinskey
and Kellet have established bevond reasonable doubt that
many of the heavily exposed survivors of either the
Hiroshima or Nagasaki bombs have lenticular changes
{including ‘radiation cataracts’) which may be associated
with exposure to the atomic bomb. It was originally
thought by the early investigators that the effect of
radiation was to produce a ‘radiation cataract’ of a specific
nature which could be differentially diagnosed on the
basis of its characteristics and the history of the patient.
Work by Sinskey and Kellet has thrown doubt on this
concept and there seems to be evidence that one of the
effects of radiation is to increase the incidence of certain
types of lenticular changes which may ordinarily oceur
in nonexposed individuals.
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Several semiquantitative studies have been made in an
attempt to relate the percentage of people showing
lenticular changes or abnormalities to the distance from
the bomb or to a combination of distance and the amount of
shielding material. These studies have indicated that the
frequency of lenticular changes is a function of the
distance from the bomb both in Hiroshima and Nagasaki.
The circumstances of the studies were such, however,
that no direct comparison of the two cities was possible
and an evaluation of the relative effects of the two bombs
carinot be made.  Since the relationship of lenticular
changes to distance from the bomb is well established the
remaining point of interest from a quantitative, radiation
effects standpoint is a comparison of the relative effects
of the two bhombs.

The Hiroshima and Nagasaki bombs differed in strength,
altitude of detonation and composition of the emitted
jonizing radiation. The radiation from the Nagasaki bomb
was mainly gamma rays while that of the Hiroshima bomb
was a mixture of neutrons and gamma rays. It has been
estimated that the Nagasaki bomb emitted only one-tenth
as many neutrons as did the Hiroshima bomb. Since
neutrons are known to be considerably more effective
than gamma rays in producing cataracts there could be
quantitative differences between the percent-cataract-
Other types of
differences such as in types of cataracts and ocular
changes other than lenticular might also occur.

dosage relations of the two cities.

It is highly desirable that an attempt be made to establish
data that will permit comparison of cataracts in the two
cities and will allow actual estimation of roentgens of
ionizing radiation received.

Objective of the Study The main objectives of this
study should be two-fold, namely: To survey the occur-
rence of cataracts, lenticular changes and abnormalities
in survivors of the Hiroshima and Nagasaki hombs in such a
fashion as to permit comparisons of the results from the two
cities; To obtain data on the exposure and shielding of
examined patients that will permit computation of the

actual dosage of ionizing radiation received. This will

allow correlation of actual dosage and cataract occurrence.

The second objective is basic to the first one. In the
past exposure has been measured rather crudely as simply
distance from the hypocenter or presence or absence of
radiation signs. Recent developments suggest that actual
radiation doses in quantitative units can be obtained.
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Experimental Design In the experimental design pro-
posed below it is assumed that a detailed study is to be
made taking into account all of the factors known or
thought to be important in the occurrence of cataracts
and lenticular changes in the survivors of the Hiroshima
and Nagasaki bombs. The following factors should
be considered:

Dosage of Radiation Received This factor is of major
interest in this study. It is well known that ionizing
radiation can induce lenticular changes but the ‘dose
received -cataracts produced’ relation is not well estab-
lished for man and this study offers a chance to obtain
the necessary data. In order to estimate the dosage of
radiation received it will be necessary to know the
distance of the person from the bomb and the amount,
type and distribution of shielding material.

Difference in Bombs The bombs in the cities of Hiroshima
and Nagasaki had qualitatively and quantitatively different
characteristics. The study is to be designed to compare
the effects in the two cities in such a fashion as to
allow a valid comparison. To this end the procedures,
design and criteria must be the same in the two cities.

Age at Time of Exposure Studies made by Dr. Sinskey and
analyzed by Dr.Woodbury indicate that there might well be
an effect of age upon cataract incidence but this could
not be proven with the limited amount of data available.
Further study is needed on this point.

Sex Previous studies have failed to demonstrate any
effect of sex upon the incidence of cataracts but it
should be checked further.

History of Radiation Signs and Symptoms Occurrence or
absence of radiation signs and symptoms is one objective,
though rather crude, measure of radiation dosage
received. A correlation of the presence or absence of
radiation signs and cataracts would be useful and
informative.

Irradiated Patients to be Used By the terms of the
directive issued by Dr. Cannan in his letter of 29 November
1955, the program of ABCC is to be oriented to conform
to the general principle of the Francis Unified Program.
Among other things this implies, in general, that all
patients to be studied are to be drawn from the fixed or
‘Master Sample’ specified in the ad hoc conference report
of 27 November 1955.

It is proposed that the irradiated patients utilized in
this study shall consist of a random sample of patients
drawn from the master sample and subject to the following
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restrictions: Exposed at less than 2000 m. Beyond this
distance the possible dosage of radiation is too small to be
of concern; Shielding type (in the open and unshielded,
exposed in a Japanese style house or in a light wooden
building, exposed in a factory building of light construction,
in the open but shielded by some building or structure,
in the open but shielded by terrain).

Alive and resident within contacting range of the
cities of Hiroshima or Nagasaki at the time of examination.
Contacting range is the distance from the center of the
city of study beyond which it is economically unfeasible to
bring in the patients. The distance varies with the
priority assigned to the project but is generally taken to
be about one hours automobile ride from ABCC for
important projects.

Controls Examinations by Dr. Sinskey showed that about
10% of nonexposed individuals examined by him had
lenticular changes indistinguishable from those seen in the
exposed group. Dr. Kellet suggested that certain types of
coronary cataracts found in exposed individuals which are
normally considered as ‘evolutionary’ or ‘physiological’
were in fact radiation induced. The general pattern
that has emerged seems to be that the effect of ionizing
radiation is not only to produce one specific type of
identifiable lens abnormality but to cause an increase in
several types of cataracts which may occur normally.

If this concept is correct, and the evidence suggest
that it is, then controls must be studied along with the
exposed group in order to estimate the base level of
occurrence. Iwo groups of controls should be used in
order to isolate possible interfering factors and to properly
estimate the base level of occurrence. They are:

Lightly Exposed This term is slightly ambiguous but
refers to those people who were in the cities of
Nagasaki or Hiroshima at the time of explosion of the
atomic bomb but were so far distant from the hypocenter
that they received only a negligible amount of ionizing
radiation. This distance is usually taken to be 2000 m
or more from the hypocenter of the bomb. The people
in this group in effect received no radiation but did go
through the difficult period of inanition, lack of housing
and disease which followed the explosion. In general
they would have had roughly the same living conditions
as those who received radiation and any possible
lenticular effects caused by the adverse conditions of
existence should be equalized in the two groups.

Nonexposed This group is not as essential to the study
as the previous group as its principal object is to
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evaluate the effects of the conditions following the
explosion upon the lightly exposed group of people. In
effect this control would serve to measure the ‘disaster
effect’ if such a thing exists.
Results of Examination A review of the various studies
made at ABCC indicates that no one type of cataract or
lenticular change or abnormality can be assigned only to
radiation. Any or all of them seem to be present to a
limited extent in nonexposed individuals. It is therefore
suggested that the results of examination of the lens
shall be recorded and coded in full detail whether the
abnormality appears to have any connection with radiation
or not. Analysis should be on all types of abnormalities
found and the values found in the control population
should be used to sort out the types of cataracts which
do not show anv correlation with radiation dosage.

Classification to be Employed A detailed scheme for
classification of the cataracts and abnormalities apt to be
encountered is beyond the scope of this project design
and will have to be decided on by the ophthalmologists.
However the classification employed by Dr. Kellet in his
studies at ABCC has several points in its favor which
should be considered. Dr. Kellet recorded the ordinary
types of cataracts in conventional terms and for the
‘radiation cataract’ emploved the Oak Ridge system of
classification described by Dr, Ham in the Archives of
Ophthalmology (50:618-43, 1953).

Whatever system is chosen should be worked out by the
ophthalmologists involved before the project gets very
far underway.

Sources of Error, Bias and Precautions to be Taken

Observer Bias In any long-term study bias may arise.
This is particularly true when the object being studied
requires a value judgement. The bias stems from changes
in standards of judgement due to the increased experience
These changes in judgement will result
in a systematic bias unless the individuals seen in a given

of the observer.

period of time are a representative sample of the whole
group being studied. This can be accomplished hy
selecting the patients to be seen in each calendar month
in such a fashion that they constitute a representative
unbiased sample of the whole group which is to be studied.
be distributed at
randem over the whole sample and will appear only as

In this way the systematic bias will
an increase in the error term.
To avoid unconsecious observer bias patients should be

presented to the examiner in such a fashion that he has no
knowledge of whether the patient is exposed or is one of
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the controls. The examiner should have at his disposal of
course any pertinent medical information on the patient
but all information dealing with exposure of the patient
should be deleted from the chart.

Certain endocrine disturbance,
notably diabetes, and some pathological conditions may in
themselves cause or contribute to cataract formation.
Serious consideration should be given as to whether all
patients should receive a physical examination along

Complicating Diseases

with the ophthalmological examination.

Comparison Between Cities One problem that arises is
that of the use of two ophthalmologists in the study, one
at Hiroshima and one at Nagasaki. The problem is
important because of the fact that in the end the analysis
is based upon the number of individuals classified as
With pro-
nounced cataracts no problem arises but with minimal

having cataracts or lenticular abnormalities.

borderline cataracts there may be a systematic difference
Systematic
differences of opinion between two investigators could
very well render comparisons of incidence of cataracts
between the two cities invalid. One possible solution
would be for the two ophthalmologists to alternate between
the two cities so that each would do the same percentage
of examinations in both cities. Such a procedure would
tend to balance out small systematic differences at the

of opinion between the two investigators.

price of an increase in the error term.

Alternatively the analysis could be placed on a regres-
sion analysis basis with the primary attention paid to
analysis of the rate of change of cataract incidence with
This would allow analysis of the
results of the examination with each city done by a
different investigator. It would not, however, allow direct
comparison of the incidence of cataracts in the two cities.

changes in dosage.

It is suggested that the best procedure would be for the
two investigators to closely coordinate their work and to
also interchange between the two cities. This combined
with a representative sample each month should equalize

the differences.

Type of Analysis It is proposed that the analysis of the
data collected in this study be done by the methods of
regression analysis since the primary comparisons and
data desired from this study will be in terms of the
change of cataract incidence with dosage of radiation
received. Evaluation of age, sex and radiation signs and
symptoms effects will also be done in this manner.
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Numbers of Patients Needed In order to estimate the
number of patients needed for this study, information
must be available on expected percentages of cataracts,
dose of radiation at different distances and expected
Little of this

information is available and so the estimates of numbers

change of cataract incidence with age.

required must of necessity be of a preliminary nature.
Calculations were made using the cataract incidence figures
obtained by Dr. Sinskey in 1952 and 1953. In addition it
was assumed that numbers of patients seen in each 200m
distance group should be such that each incidence figure
would have equal weight in a regression probit analysis.
A further assumption was made that it was desirable to be
able to detect, at the minimum, a 15%-20% difference in
cataract incidence bhetween successive 20-year age groups.
No account was taken of the number necessary to demon-
strate a difference between cities as the necessary
information on the distance radiation dosage relations is
not available.

Using the above assumptions the following table of
required patients of all ages and sexes was computed for
Nagasaki:
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Distance from Number of Expected Percent
Hypocenter (m) Patients Required Cataracts (Sinskey)
MLt s QR BELMRAY P B o0 HA 3 5 e
800-999 1020 96
1000-1199 420 84
1200-1399 300 60
1400-1599 330 30
1600-1799 540 10
1800-1999 1560 21
Tutal 3 4170

It must be emphasized that this table of patients needed
is highly tentative and is to be used only as a preliminary
guide. Actually the data should be analyzed month by
month and the numbers required recalculated on the
basis of known data rather than upon loose assumptions.
The low percentage of cataracts to be expected at the
1800-1999 m distance zone and the large number of
patients required to make this a reliable figure suggests
that after a preliminary study to check the correctness
that consideration be given to dropping this distance
zone from the study. The same recommendation applies
to the 800-999m group. This would decrease the estimated
numbers of patients required to 1590.
required in Hiroshima will be about the same and a

The numbers

separate calculation will not be made until enough patients
have been examined to allow proper computations.
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Conirols The numbers of controls needed cannot be
computed on the basis of present information. A prelimi-
nary estimate indicates that about 300 to 500 controls in
each group should be seen. This number will be modified
as the examination of the controls proceeds and actual
figures as to incidence of cataracts in the controls

become available.

Shielding and Dosage Detailed shielding and radiation
histories will be taken on each patient examined on this
program so that relative radiation dosages can be estimated
for current use and when further information becomes
available actual dosages can be obtained. The standard
methods currently employed in the shielding study will
be used.

PATIENT PARTICIPATION IN OP210

Memorandum to Dr. Miller from Dr. Nefzger,
Dated 9 June 1964

Observations in a sample will permit inferences about a
population if the sample and population are appropriately
related. However, the failure to examine all members of a
sample even though selected properly, introduces the
possibility of bias and, as a consequence, of improper
inference. Specifically, the group which is examined
may differ systematically from the entire selected sample
in respect of one or more characteristics of interest.
Obviously, this possibility usually cannot be evaluated
directly because the characteristics of interest are
unknown in that portion of the sample not examined.
Indirect evaluation is sometimes possible when other
secondary characteristics are known for all members of the
sample. Thus, even though we cannot determine whether
those examined have a higher rate of abnormalities
than do those not examined, we sometimes can determine
whether the percentage of, say, males is greater in the
examined or not examined groups or, what amounts to the
same, whether males and females differ in the percentages
examined. Statistically significant differences in respect to
such secondary characteristics are useful in two ways:

If it is known that the characteristics of secondary
and primary interest are related, then it can be inferred
that the group examined is biased with respect to the
primary characteristic;
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If within the same data it is found that, say, males and
females differ in respect of the characteristic of primary
interest, this may be the result of having examined
more of one sex than of the other.

Failure to detect differences is reassuring in respect of
the secondary characteristics themselves, but unfortu-

nately is inconclusive in respect of the primary characteristic.

The following table shows the numbers of persons
originally selected for OP210 examinations and the
numbers Hall actually examined by age decades, sex,
and major distance groups. From the total sample of
1999 persons, 1031 (51.6%) were examined, and the
examined percentage ranges from 0.0% in females over
age 70 years beyond 2500m to 71.4% in males aged
40-49 years beyond 2500m. Clearly the opportunity is
present for bias in the group examined. Possibly those
who were having trouble with their eyes were more
willing to undergo examination. Possibly the opposite
was true.
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NUMBER AND PERCENTAGE OF ORIGINAL OP210 SAMPLE
ACTUAL EXAMINED BY DISTANCE, SEX AND AGE

OPRLI0EEA BT AE TERICHE L Z 20 EE g% - 4 - FEpm
. <1800m 2500 + m
Be
P q:"iginal Examined # % Osl"igina] Examined ## &
T Sample 5 ample , Z
A Number #; % i Nu_rr.i-bfr # %
Male #
10-19 142 72 50.7 40 26 65.0
20-29 124 64 51.6 37 22 59.5
30-39 51 21 41.2 9 5 55.6
40-49 faid 27 38.0 21 15 714
H0-9 110 60 54.5 24 14 58.3
60-69 100 50 50.0 19 8 42.1
TO+ 35 20 57.1 10 4 40.0
Total # 533 314 49.6 160 94 58.8
Female %

10-19 158 93 58.9 50 31 62.0
20-29 124 59 47.6 a7 23 62.2
30-39 164 93 56.7 38 16 42,1
40-49 193 91 47.2 40 22 55.0
50-59 182 98 53.8 43 24 55.8
6069 103 42 40.8 19 9 47.4
0+ 42 22 52.4 13 0 0.0
Taotal it 966 498 51.6 240 125 Y |
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This question cannot be answered directly, but indirect
evidence was sought by evaluating the variation in
percentages examined among distance groups, sexes, and
age decades. In total 50 significance tests (chi-square
approximations) were made as follows:

Comparison of distance groups: (a)Combined ages and
sexes-1 test; () Combined ages, sexes separately - 2
tests; (¢} Separate age decades, sexes separately-14 tests,

{a) Combined distances and ages-
1 test; (b) Separate distances, ages combined-2 tests;
(¢) Age decades separately, distances separately-14 tests;
{d) Age decades separately,

Comparison of sexes:

distances combined-7 tests.

{a) Combined distance
groups and sexes- 1 test; (b} Combined distance groups,
sexes separate-2 tests; (c) Separate distance groups,
combined sexes-2 tests; (d) Separate distance groups,
separate sexes-4 tests.

Comparison of age decades:

Among these 50 tests, 7 were significant with P’s<.05
and another 4 were of suggestive significance with
Ps< .10 as follows:

Comparison of distance groups: Males, 40-49 years-
p<.02; Females, 70+ years-p<.01; Males, all ages-
p<.05.

Comparison of sexes: 70+ years, 2500+m-p<.05;
30-39 years, <1800m-p<.10.

Comparison of age decades: Females, all distances-
p<.05; Both sexes, 2500+ m-p<.01; Both sexes, both
distances-p<.05; Female, <1800m-p=.10; Female,
2500+m-p<.10; Both sexes, <1800m-p<.10.

If the 50 significance tests were strictly independent, the
probability of finding so many with low probability values
would be quite small. However, the various tests are
For example the low participation
rate of females over 70 years beyond 2500 m contributes
both to a significant distance contrast and to a significant
sex contrast. Thus, a completely objective assessment of
test results is not possible, and evidence of systematic
patterns must be sought.

not independent.

Concerning distance group comparisons, it seems to
me that only the result in males of all age is of any
consequence: Significantly fewer were examined in the
group under 1800m than in the group beyond 2500 m
However, because ophthalmic findings seem unrelated to

sex, this difference in male rates plays no role in the
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interpretation of those findings. I can disregard the
one significant test contrasting the sexes because of the
small numbers involved (10 males, 13 females), and the
contrast at 30-39 years under 1800 m is only suggestive.
Participation rates do seem to vary by age decades, and
to examine the pattern of variation rates have been

computed for all subjects:

L B ol CiiAEEEN 1 o3n bR, SR
s (104, 18t O TER TS Z L TE S,
1800m 3D 30-39 MEOFE I L b B 30 25 LR e 4
Oz iy, BERRIIIETEREEINCESH S L 5T,
T OEOHAETAL DI G E e R IT 2 THEAEIE L
Tz,

Age Original Sample

Examined

=g i B R %

10-19 390 222 56.9
20-29 322 168 52,2
30-39 262 135 51.5
40-49 325 155 47.7
B0-59 359 196 54.6
60-69 241 109 45.2
T0+ 100 46 46.0
Total #t 1999 1031 51.6

Except for a major inversion at ages 50-59 years and a
modest inversion over 70 years, where numbers are
relatively small, the above rates decrease with advancing
age. When examined separately by distance and sex (see
table), such a trend is suggested only in the groups
beyond 2500 m.

The implication of decreased participation in older
ages is not perfectly clear. While some classes of eye
abnormalities are age related, changes associated with
radiation usually are not apparent to the patient. Thus,
it seems unlikely that poor participation at older ages
represents a tendency to suppress symptoms of radiation
induced eye abnormalities. Poor participation could be
due to the presence of other medical conditions which
are indirectly related to the presence of eye abnormalities.
The less striking trend in the group under 1800m
suggests that, whatever the reason maybe, the age
trend is not aggravated by the fact of exposure.

In general it seems to me that participation rates are
not dependent to an important extent on these secondary
variables of age, sex, and distance. However as noted
above, such a conclusion is reassuring, but it is not
conclusive in respect of the direct dependence of partici
pation on the presence of eye abnormalities.
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Atomie Pomb Casualty Commission

OPHTHALMOLOGY RECORD

[Romaji) Family Name Given Name {Kanji Master File Number

and’,
Furigana)

Marital Seatus: Male Marical Status: Female Date of Birth Date of Record
Never Macriad b5, o B
Dﬁever Married [:|m\-. or Sep. SE g - - - —
1. 3. ) I:I Masried m Wi dowed Hiroshima Non-exposed Nagasaki Non-exposed
[ Married [] widowed B, 5. Hiroshima Distal Exposed Nagosaki Pistal Fxposed
2. 4. Z = -
Distance Hiroghina Prm&xxw;‘:ls&d MNagasaki Proximal Exposed
PART I
(1) Visual Acuiry
0.D. —> T Glasses Pinhole Correctable to:
0.5. —3>3 T Glasses Pinhele Correctable to:
(2} Tactile (Intra-ocular) Tension: {3) Oprtic Discs:
PART T1 Midriatic used: Miotic used:

(1) 10% Neasynephrine Ik crelagyt [ ] other [_]

PART II1I Gross Abnormalities:
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Atemic Bomb Casualty Commission

OPHTHALMOLOGY RECORD

(Homaji} Family Name Given Name tKa!éji Master File Number
F‘ariganal
Date of Birth Date of Record
PART ¥vI1

A, Definite Dpacities

Classification - Based on Specific Linear Measurement

LENS CHANGES INDICATIVE OF RADTATION EFFECT

DESCRIPTION

Shape, Composition, Color, etc.

17 27
Grade 0.0. 0.5, 0.D. 0.5.
= 0 - lmm.. .1 ! 1
-l
-E 22 1 - 2em...11 2 7
g5%
S 2 - 3mm...I11 3 3
-
i2%
= 3 - dmmn . IV 4 4
SeE
= o 4 - Smm.. .Y 5 bl
w LG
°8: 5 - Gam...VI 8 5
g @ e
b
5= - Tmm...VIL 7 T
= 7 - gam...VIIL 8 8
F. Polychrome Posterior
Capsular Plague 18 i 28
C. Polychreme Poscerior 1% ;
Capselar Houghening 29
. Excessive Corcical an an
Opacities - Unexplained
PART VII
NON-BADIATION TYPE OPACITY
DESCRIPTION
0.0, 0.5 o.D 0.5,
Congenital Opacicy 21 31
Traumatic Opacity 29 47
{other than radiation} i 2
Complicated Opacity 23 33
Senile Opacity 24 34
Other Eye Abnormalities 25 35
Mo significant eye abnormalities 26 if

Remarks:

Impression:

Examining Physician:

a7

=

Page 2 of 2 puges
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OPHTHALMOLOGY CODE - OP210

Dated 27 November 1956

1
&
3

iy

o

[tem

Master File number
Elapsed time after A-homb in months

Sex and marital status
Male  Female

Never married 1 5
Married 2 6
Divoreed or separated 3 T
Widowed 4 8
Unknown 9

When the marital status is not to be coded, code sex as follows:

Male 1
Female 5
Unknown 9

Age at time of examination in months
Exposure

Hiroshima proximal exposed
Hiroshima distal exposed
Hiroshima nonexposed
Nagasaki proximal exposed
Nagasaki distal exposed
Nagasaki nonexposed

L B R B o T

Hiroshima, exposure unknown
# Magasaki, exposure unknown

Distance from hypocenter {in hundreds of meters)

00 Less than 100m
01 100-19%m

10 1000-109%9 m

X Unknown distance

Lens changes indication of radiation effect{OD)

A Definite opacities

1 Grade {1 5 Grade 4
2 Grade 1 6 Grade 5
3 Grade 2 7 Grade 6
4 Grade 3 8 Grade 7

- 1f not checked

B Polychrome posterior capsular plaque
1 If checked - 1f not checked

C Polychrome posterior capsular roughening
1 If checked - If not checked

D Excessive cortical opacities unexplained

Card Column

#— KBl

1-6
7-9
10

11-13
14

17-20

19

20

{Abnormal peripheral lens opacities not explained by age, disease, etc.}

1 If checked - If not checked
MNon-radiation type opacity (0D)

A Congenital opacity
1 If checked - If not checked

B Traumatic opacity
1 If checked - If not checked

21-25

21

22 -

31

HH
1

2

3

4

7

8

iR #2575 -0OP210

1956 F 11 B 27 H

BARLHE S
R i R H 2
25 & CHBHARTE

5 i
3 1 5
BEIE 2 8
BEWS & 7= 15 s 3 7
FEH| 4 8
ESLE] 9

BRREE R LAOBARKD 5 Bk
HET%

5 1
i 5
A+ 4
Fr g o) o b

i HR e

1 Ih AT R B4 1R

2 TR E Fh e B

3 IR EAE R

4 R R BE A

5 R B AL

6 FEIE R

T OEE, BHRRETH

8 BhiRE, BEHEORTE A5 H

BRUH A S o BEEE (100 m HAT)

00 100m i

01 100-199m

10 1000 -1099m

X MEEA

Heatm R R Rk R AR B (G

A WHEE L EE
1 HoE 5 OH4IE
2 B1E 6 HEHHE
3 W2 T E6HE
4 W3 & HmTH

- HAOLEVwED
B IS E 6 IR

1 AmEALD - BADLEWVELED
C s 2oyt
1 BA0HEZELOD — AN E®

D D E A4S B o0 BE R TR i
(fEf, B L Y rEHHTE L RGRBLEOR
1 ADHEEM - BAD LD

JEH A ER R o iR E (AR

A EEMERSE

1 EAMELZED - BHBADEVED
B MBI RS
1 HADHELELED — HADLEWED



[tem

# = FHl

C Complicated opacity 23
1 If checked - If not checked

D Senile opacity 24
1 Tf checked - If not checked

E. Other eye abnormalities 25
1 If checked - If not checked

4 No significant abnormalities noted (0D) 26
10 Lens changes indication of radiation effect (0S) 27-30

A Definite opacities 27
1 Grade 0 6 Grade 5
2 Grade 1 7 Grade 6
3 Grade 2 & Grade 7
4 Grade 3 - 1f not checked
5 Grade 4

B Polychrome posterior capsular plague 28
1 If checked - If not checked

C Polychrome posterior capsular roughening 29
1 If checked - If not checked

D Excessive cortical opacities unexplained a0

{Abnormal peripheral lens opacities not explained by age, dmease ete.)
1 If ehecked - If not checked

11 Non-radiation type opacity (08) 31-35
A Congenital vpacity 31
1 If checked - If not checked
B Traumatic opacity 32
1 If checked - If not checked
C Complicated opacity 33
1 1f ehecked - If not checked
D' Senile opacity 34
L If checked - If not checked
E Other eve abnormalities 35
L If checked - If not checked
12 No significant abnormalities noted (0S) 36
13 Examining doctor 37
1 Hall
14 Vision 0D 38-39
20020 01 Finger count {FCy 16
20430 02 Hand motion {HM) 17
20040 03 Light perception (LP) 18
20/50 04 Blind 19
20470 05
200100 11
20/200 12
15/200 13
10200 14
5200 15
15 Vision 05 40-41
20020 01 Finger count (FCY 16
20/30 02 Hand motion (HM) 17
20040 03 Light perception (L.P) 18
20/50 04 Blind 19
20470 05

32

Card Column

10

11

12
13

14

15

mH

C OFREfERE

1 HAosasto =
D EAMES

1 #ANsELD -
E zoftoBRofs

1 dEAdsHszE0 =

LADGVE®D

LAD TV E D

EADLEWED

HEZREED 40 CHRR)
AR & ok B L (iR
A AEE LR
1 0K 6 W5
2 BEl1mE T OEER
3 EoE 8 Wi
4 ®3IE - @ADL VLD
§ Wal

B HBHEH £ AEMENFURES
1 BAGHEALD - L
C HEBEEOMENMT
1 RAOaHEZED
D BEAH O R

(ffy, HELL EREA R - 5 B R
HIRE)
1 fAOFEIED - BHADLVED

S BHR R o R (RERR)
A EEER®E

1 EADHRZED - HLADE
B MBS

1 WADEZED -
C etk RiE

LAiDEwim

- &ALV i@

1 ﬁk@ﬁé%@

E  ZofbhoiRosy
1 ADmEELD =

- RBADLELLO

LAOLZVED

FREAIRFEIEB L { FEHE)

filt 7 [ fi

1  Hall

WA A

20,720 01 T #H (FC) 16
20,730 02 o] { HM ) 17
20,740 03 ol ({LP) 18
20,750 04 B 19
20,770 05

20,100 13

20,7200 12

15,7200 13

10,7200 14

3 200 15

MWl AR

20,720 01 iR (FC) 16
20,730 02 il { HM ) 17
20,740 03 e (LP) 18
20,750 04 B 19
20,70 05



Item Card Column EHH

be considered as questionable
6 Ocecurrence of symptom questionable

This column is a summary of the three previous columns and
indicates whether the persons are to be considered in the
early radiation signs and symptoms group or not The
criteria are as follows:

Positive Epilation: punch 1 through 4 Bleeding: punch 1
or 2 Oropharyngeal lesions: punch 1 or 2

Any one of the above or any combination is to be regarded
as positive.

Questionable  Epilation: punch 5 or 6, other symptoms; %)i;’;‘i;:bt;)? IJ;E-S,Q ; 6

i F o ! £ 2t S ol -4 i o
punch - or 0 Bleeding: punch 3, 4 or 5, other symptoms; FUESOBRANAD, i
punch ~ or 0 Oropharyngeal lesions: punch 3, 4 or 5, other At 3

symptoms; punch - or 0.

Any one of the above combinations is to be coded as questionable.

Negative Epilation, bleeding and oropharyngeal lesions all
punched as (0 are to be coded as negative,

No information Epilation, bleeding and oropharyngeal lesions
all marked as - are to be coded as information unknown.

33

n—
200100 11 20,7100 11
20/200 12 20200 12
15/200 13 15,7200 13
10/200 14 10,7200 14
5/200 15 5,200 15
16 Early radiation signs and symptoms 4245 16 W BCSHEEIR & & UHER
A Epilation 42 A HE
Code only epilation oceurring between time of hombing and RS A 5 19454E10R 6 H 3 TOMICE L RHEBD A&
6 October 1945, bt 5.
V Nonexposed per se Vo OdeHEEE
- No information ~ ®EHLEL
0 No epilation 0 BELZL
1 Slight epilation (less than 1/4) 1 SEORE(GETF)
2 Moderate epilation (less than 2/3, 1/4 & over) 2 HEEOKRE AT, WELE)
3 Severe epilation (2/3 & over) 3 HEORECGILLLE)
4 Present, degree of epilation unknown 4 WREHFH- LHF, RESRY
5 Present in some degree but date of onset is unknown. To 5 HAREOBRENSH LA, SEEOER A

ThEEEb LV EEZ SN,
6 ERMRELLATAHED L.

B Bleeding 13 B il
This includes purpura, petechiae, bleeding gums and other “f”‘iﬁk&[ 4!\'i|Lf[L,’ @Eﬁ;‘ﬂ%i‘a‘J:}U;*:Ej")fﬂ!ﬂ;‘ij.[ﬁl_[f:
bleeding, Code bleeding as positive when any one or any ,{’ 50 el 1 Di;fg%ﬂﬁf f}:%"'—' & NI,
combination of these is reported. Use the following code: 4 & ng"l_& frefb+ s, UTrFofssBEVvas,
V Nonexposed per se v JF?IH?%’.
- No information = = ﬁﬂ < l; s
0 Symptom did not oceur ? }‘%E Iij‘; EJ' 13 )‘;f # : ;- ¢ - 5
GenE . : I5T 1 1% T IZAER AR Z 5 2
1 Sympt d within 42 d ft f L f e 5 4
th);mé)oﬁ-lnl'; occurred within ays of time of explosion o E{%jﬁ‘ﬁ%&]&‘[ﬁé_’%ﬂ\ f\‘ E: ?f ~ J’J‘\,I %qi)r’ié?oii
2 Symptom cccurres;ﬂ S{teri;IZ 1i'la)s but rIi]ttfore 6 October 1945 é\%ﬁféfﬁ i}* ;] 2 FLIAT, EeWi 71319455105
H 945 ki i sl
in Hiroshima or ctober in Nagasaki 3 EETIE1045% 101 6 Ll B394 101
3 Symptom occurred after 6 October 1945 in Hiroshima or 9 HElE TR A T 5 & 4 . DAL F DA
9 October 194_-’)‘|n Nagasaki. This is considered as being HEED L ;C'.g?- inhE. -
Keemp 4 BIRBEZ - 24, FOREEARGEREATY
4 Symptom occurred, date of onset not remembered B,
5 Ocecurrence of symptom questionable 5 HHEFRELLAATANED L
Symptoms after 31 December 1945 are to be ignored. 194512 F 31 5 LLi% o g4 o Be 45 J 4.,
C Oropharyngeal lesions 44 C ONEEESEE
This includes sore throat, sore gums, and sore mouth. Code ad il[ilﬁlsﬁﬁi, MR s L ULEEE S, R L
these symptoms as positive when any one or any combination -) F oL 3' ARG, 2 ODREAR B FRYE 2 T
is reported. Use the same code as for bleeding. £+ 5, ;ﬂm;_} BCHEEHVS :
D Summary of major symptoms 45 D FEEEROEY

FHE o3 oMo BESTE D, SN IHRSIEL
FUIEREET AT LT waAaTheat, F0k
HELTFOEEN THA.

Bt HE: 15437 *G)ZHL?&*'})'MJJ}. M 1
FhE2OFIFEL L0, DIEEESHE: 1208
2»’)?&?5":59 .

FEowiFhhrol o2 AEgHrs LEEEE T 5.

o%éé.m. 11 I oy R 9 T
N, POMOERF-FLE0D

PRHLE GhdOu TN TEED LV E LT 5.

Batt HE, WMk TSRS, W hd 0
EiLLit ok, BMELFELT 5.

EROLZWHD M%,%Mn;ﬁu%@a%
Thad -Ta s b0k, BMTRLAFSES

Br

P
.



ltem

17

18

20

21
22

Card Column

5= iR

Code categories as follows:

V Nonexposed per se

- Mo information

{} MNegative. No positive or guestionable symptoms

o

Positive. This signifies that person belongs in the group
that reported major early radiation signs and symptoms.
Use only for people under 2500 meters in Hiroshima or
under 3000 meters in Nagasaki.

2 Questionable, Information on symptoms incomplete or
questionable

e

Positive but distance so great that radiation signs and
symptoms are open to question or further discussion. Use
for people exposed between 2500 and 10,000 meters in
Hiroshima and 3000 and 10,000 meters in Nagasaki.

6 Positive. Use only for nonexposed people (beyond 10,000
meters ATB) who entered the city within 1 month of the
bombing.

BUTI'JS

V Nonexposed
No information
Mo burns
Flash burns

0
1
2 Fire burns
3 Both fire and flash burns
9 Nature of burns uncertain

-

Shielding =
This is a rough summary of the shielding of the individual.
V' Nonexposed

- Mo information on shielding available

1 In open and unshielded

2 Inor behind some building of light construction, but unshielded
or partially unshielded

3 In open but totally shielded by building or some other things

4 In open but totally shielded by terrain

5 Inside of concrete building and shielded totally

6 Inside of building of light construction and shielded totally

7 In air raid shelter

8 In street car or train

9 Miscellaneous type

0 Indeterminable as to shielding

X 2000 meters (includes 2000 meters) over

(ccupation

Code industry and occupation from attached code
Location ATB from MSQ
Use appended code for localities

Gang punch (OF 210 Group Number)

Patients to be disqualified from survey for natural or inciden-

tal defects
Group 1

- No information
Aphakia
Cheorioretinitis
Complicata cataracts
Cyelitis
Glaucoma
Intersticial keratitis
Iritis
Primary retinal degeneration
Uveitis

Wooe =1 T W R W DS e

46 17
47 18
48-52 19
53 20
54 o
55-58 22
55

34

HHH
HEGOFEREL Fo L8
Vo OdEHRE
- HHLL
0 B, BiEFrsgEb LuERL L.
1 bsth, AU L R B RR BUE & & U ST
& RBIZBTAANERT. EETIE2500m LA,
BTk 3000m AN G A £ DAV A,
2 BhLuio. ERI2VTOEEIA e 3.2A
AE L EE S L,
5 BUETH AN, MEEAEER CE Y, FUEE R
R R R A R A, S IRERET AL
M. HETIE2500m —10,000m, B8 TiE3000m —
10, 000m o @EEH 22 TRV S,
6 BEUE EEBSFRLAALMAIARLAEERS
(JEUBERE R Lobl A 5 10, 000m DIaE ) on & (2R 5 2k
AR
Vo SRR
- #E¥ZL
0 BAELL
1 Bl
2 kB
3 BB, MEXLIZKS
9 BB, AEBEoiMETR
JHE i
ChEdAoBiioMEcs s,
VooJRmEH

Ml A ER L L

Btz v TR A S o

ERGE OBRFEMO M gz uhs, BikahTw

Lo, BESEVICEREE R T VA

3 BRI A, BESE A RS OBOMERZL -
TREIIEfR AT LA,

4 Bihowiad, s TRECEfE AT v A,

5 Iy — MESEHMOGT, SECERENT A,

6 FHEOREMODT, TEIEREAT LS.

7

§

9

ifchs 30 R o

HHEE AR,
9 oo
0 MHREIZowTRETEL VL O.
X 2000mbl F(2000m % & 42)
g
EESLUVBEZFITE LS THELT 2.
B fiE1:, RFEEFUMEro R0 3.
EIZSBTIREEOFEZH G5,
BWIL(OP2I08E S
FRmEL Lz oMo IcBE CREE LB
ENES

- HHZL
1 Bk GAR
2 IRASHE L 2%
3 FFEEENE
4 B R
5 HRPE
6 [HRAER
7 fIEH
8 Gl A
9 FhoUlEs



Item

23

24
25

26

L
-1

Group 11
- No information
1 Arteriosclerotic retinopathy, grade III & IV
2 Diabetes mellitus
3 Hypertension retinopathy, grade III & IV
4 Retinitis pigmentosa
5 Retinitis proliferans
6 Vitreous hemorrhage

Group 111
- No information
1 Dislocation and subluxation of the lens
2 Iris prolapse
3 Traumatic cataracts
Group IV

1 When M.D. has specifically stated to be dropped but reasons
stated does not apply in Groups I to IIL.

Myopia

1 High

2 Low

3 Not classified

Age at time of examination in five year age groups

Summary of lens changes indicative of radiation effects.

This is a summary of both eyes and a positive finding in either

eye is counted as positive in the summary.
1y, 27)

1 Either eye with positive finding

- Both eyes negative

A Definite opacities

B Polychromatic posterior capsular plaque (18, 28)
Same code as item A

C Polychromatic posterior capsular roughening (19, 29)
Same code as item A

D Excessive cortical opacities unexplained (20, 30)
Same code as item A

E Summary of any lens changes indicative of radiation effects.
This is a summary of any positive finding in 72-75 above.
Same code as item A

Summary of any non-radiation type opacity

This is a summary of any positive finding in either eye of any

non-radiation type opacity. Summary of 21-25 and 31-35
- Both eves negative
1 Either eye with positive finding

Summary of patients classified as no significant abnormalities

in either eye (26, 36)
- Patient not marked as having no abnormalities

1 Patient marked as having no significant abnormalities in
either eye

Card Column
A — FH

56

57

58

35

59 2
70-T1 24
72.76 95

72

T3

T4

75

76

7 %

78 2

HH
ENE
- EHLL
1 EFRREEL R, BOES & UBNE
2 ELYENEGE 55
3 BMEMEMEREL, BIEmrLUBENE
4 (EMEENE
5 AR
6 PR
BB
- BEHLL
1 kB EEEA s & CERE
2 HLREBHE
3 MBHEE AR
HIVEE
1 EEAFR BT NE R B ERHALTVRAN, £
?%mﬁmlﬁﬂéﬁmﬁmufhutﬁﬁLéw
i)
1 BEFE
2 BE

3 SHoEADLZwEO
SHERK Ik A MAEERIEOE B
HEEBEE A RTREHELOEY
:nmmﬁSQHTWE%T%n.Hﬁwfhﬁmmu%ﬁ
MRAHRE, FOEHTEEE T3,
A PAEE GRS (BT B & U2THD
1 wFhsOBIEBETRFES.
- MR RELL
B %ML G EBNES (5185 & & U288
AT LR LR F&E VS,
C #H#S2EEEEE (B9 L k208
ABLRLBEREMVA,
D FERHORE K EEEE (5208 & £ U308
AR LT FEHW S,
E BgEoREs mykad BBl nik LidH
72 - TSRl DR R O BRI TH 5.
AM e R a RV
BN OREOERN

ST herORICERSRERORE BT tos 00
EHThS, BA-SW B L URE -BEoENTES.

- WRE LM

1 we¥FnsroRCEBERRSS 5.
BERORICEAEOREL LEHEE AL EEOEN
(552680 & & UF36R] )

- BELLLMEALY S LBH
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