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HEMATOLOGIC STUDIES IN HIROSHIMA AND A CONTROL
CITY TWO YEARS AFTER THE ATOMIC BOMBING

FR2FROLESIVHBRTICH T 2MELHFR

FRED M. SNELL, M. D.
JAMES V. NEEL, M. D., Ph. D.
KOICHI ISHIBASHI, M. D. (Fifi#t—)

INTRODUCTION

The atomic bomb explosions in Hiroshima and
Nagasaki, in August 1945, subjected large numbers
of persons to significant amounts of radiation.
The immediate, acute effects of the exposure
have been evaluated by a group of United
States Army and Navy and Japanese civilian
investigators, usually referred to as the Joint
Commission.! Their observations did much to
confirm and extend the already recognized picture
of acute radiation sickness and the early periods
of recovery in man. There exists, then, at the
present time, a considerable body of knowledge
pertaining to the findings during the first few
months after the exposure of man to ionizing
radiation.

In contrast, relatively little is known concerning
the late effects of irradiation of the whole body
in man, such as may develop after apparent
recovery. The data which do exist deal largely
with the sequelae of repeated exposure to small
doses occurring in radiologists before the necessity

of adequate shielding was fully recognized, or

following chronic poisoning with long-lived
radicactive elements. A large number of the
survivors of Hiroshima and Nagasaki, on the

other hand, were persons who had received in an
extremely brief time varying amounts of ionizing
radiation, ranging from negligible to the maximum
tolerable. The need for long range, detailed,

methodical studies of the cases of these persons
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cannot be overstated in an era when increasing
numbers of people will, in the very nature of
current scientific developments, be exposed to
significant amounts of radiation. Recognition of
this fact resulted in the issuance, on Nov 26, 1946,
of a presidential directive, charging the National
Research Council with the responsibility of
conducting appropriate studies of the surviviors of
Hiroshima and Nagasaki. The background for this
directive, as well as for subsequent organizational
developments, has been briefly detailed elsewhere.?

One of the foremost of the many problems
clamoring for investigation relates to the cellular
The studies described in
the present paper were carried out in Hiroshima
and Kure, Japan, from March 1947 to April 1948.
They were designed to answer the question:

elements of the blood.

What is the peripheral hematologic picture twenty
to thirty—-three months after atomic bombing in
persons who received large amounts of radiation
to the whole body? Such studies serve the dual
purpose of attempting to evaluate the current
hematologic status of these persons and of
providing a base line by comparison with which
subsequent developments may be appreciated.

PRESENT DAY CONDITIONS IN JAPAN

A reference to health conditions in Japan at
the time of this report is essential to an under—
standing of some of the problems and difficulties
which beset a survey study of the present tvpe.
Japan suffered rather severely during the previous
decade. The maintenance of a large fighting
force necessarily invoked considerable privation
on the general populace. Japan had never been a
country of abundance and, in fact, was existing
at a near equilibrium level during the prewar
days. The increased demands imposed by the
war reduced the peneral standard of living
significantly beneath the initial plane. The lowest
ebb of general conditions was probably reached
shortly after the cesg;tinn of hostilities, During
the several years previous to this report there
has been a considerable improyement in living
standards, but at the time of writing many
essential commodities remain in short supply.
Available provisions consist, for the most part,
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of the carbohydrate staple products, seasonal
vegetables and a small amount of fish. Only on
festive occasions does the average family enjoy
significant. amounts of animal fat and protein,
The official government ration during the period
covered by these studies was about 1,500 calories
a day. Inflation had forced the cost of the
necessary additional calories to fantastic levels,

Although a full appreciation of the true
circumstances and conditions is difficult without
firsthand observations, it may be appreciated that
the general health conditions parallel the standard
of living. This is well illustrated by the reported
tuberculosis mortality rates for four years®: In
1944, there were 2402 deaths per 100,000 persons;
in 1945, 280.0; in 1946, 264.2, and in 1947, 189.0.
For comparison, the mortality rate in the United
States in 1945 for all forms of tuberculosis was
40.1 deaths per 100,000 persons.* Imamura,’ in a
recent photofluorographic survey of 144,350
persons in Osaka and its suburbs, observed 2.0
per cent with active tuberculosis and 1.5 per
cent with suspected lesions. The morbidities of
ascariasis and ancylostomiasis among the general
population have been estimated to be from
80 to 90 per cent and from 50 to 60 per cent,
respectively.® Dysentery and diarrhea, due to a
variety of causes, are much more prevalent than
in the United States,

Thus, despite the significant accomplishments
of the Public Health and Wellare Section, General
Headquarters, Supreme Commander for the Allied
Powers,” and the strenuous postwar efforts of
various Japanese groups, health conditions in Japan
during the period covered by this study were
significantly below those in the United States, a
fact extremely pertinent to any consideration of

the results described.

PLAN OF OBSERVATION

General Dala.— An attempt was made to
compare certain aspects of the hematologic status
of Japanese of Hiroshima who, at the time of
the atomic bombing, had been relatively heavily
irradiated with the findings for an appropriate
control group. The minimum interval in man

between exposure to radiation and development
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of such possible late hematologic complications as
leukemia or aplastic anemia is known only
vaguely. The rapidity and degree of completeness
of hematologic recovery in a group such as that
irradiated in Hiroshima is unknown. Adequate
follow-up studies in Hiroshima, therefore, called
for frequent sampling of the irradiated population.
Unfortunately, between the termination of
activities of the Joint Commission! and the
initiation of the investigations of the Atomic Bomb
Casualty Commission there elapsed, for various
reasons, a period of some sixteen months, during
which only a few observations were made; these
were largely by Japanese groups working
under considerable handicap. Moreover, the early
activities of the Atomic Bomb Casualty Commission
were largely exploratory and not designed to
support a large scale study. Hiroshima, in 1947,
contained very little in the way of laboratory
facilities, and the city was depleted of much of
its native medical and technical talent. The plan
whereby our observations were carried out repre-
sents a compromise between inadequate laboratory
and technical facilities and the desirability of

getting observations under way as quickly as
possible,

Subjects.— The survivors of the Hiroshima
bombing received varying amounts of radiation,
according to their distance from the explosion and
the amount of shielding protecting them. In this
first survey it was felt desirable to study those
persons who had received relatively large doses
of radiation. The Joint Commission had established
the fact that epilation of the scalp was one of
the more reliable and objective signs of the
absorption of large amounts of radiation.! It may
be assumed that the majority of persons who
received sufficient radiation to the scalp to cause
epilation received corresponding amounts of
radiation to the whole body. The epilating dose
of gamma radiation of this type is estimated to
be about 400r. Consequently,
utilized as the criterion for the selection of

epilation was

subjects. In order to control the observations on
these irradiated persons, parallel studies on
comparable nonirradiated persons were carried

out in the city of Kure. Located 18 miles (28.97
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kilometers) from Hiroshima, and about half its
size, Kure is also a seaport town, with a
comparable population pattern and nutritional
status.' Being the site of a principal naval base,
it had been subjected to severe incendiary and
explosive bombing raids, with extensive damage,
although casualties were extremely few in
comparison with Hiroshima.

Precautions.— Prerequisite to a study of this
type are the elimination of as many undesirable
varieties as possible and the observation of
sufficiently large samples to validate the results
statistically. Sampling was executed in such a
manner as to insure maximum comparability of
the two groups, aside from the factor of radiation.
For instance, it was well appreciated that a
large number of the survivors of Hiroshima,
pretentiously  suffering from “atomic bomb
disease,” would desire inclusion in such an
nyestigation, with the hope of receiving treatment
and advice for their ailments, the symptoms of

" which most conveniently dated from the atomic
bombing. The inclusion of such persons in a
sample would obviously have created a bias in
the form of extraneous pathologic factors, which
would have been extremely difficult to duplicate
in parallel controls.

In order to minimize the occurrence of unrelated
hematologic complications and biologic variation,
as well as for reasons of convenience, it was felt
desirable to study, so far as possible, the vounger
age groups in schools.

To eliminate such systematic errors as might
have arisen through the use of different groups
of technicians in the two laboratories, all
observations in the two cities were made by the
same technicians, who alternated days between
Kure and Hiroshima. During the last four months
of the investigation, as many as possible of the
originally selected subjects were reexamined and
the results of the two observations averaged,
thereby reducing seazonal changes and possible
systematic laboratory errors. Actually, only about
one half of the subjects were reexamined, the
interval between the two examinations varying
from three to eight months.
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Finally, to test the comparability of our technics
and results with those of other investigators, a

small group of 25 United States Army personnel
were examined.¥*

GENERAL PROCEDURES

A random selection of epilated subjects, with
the elimination of a maximum of undesirable bias
of the aforementioned type, was insured through
the adoption of a screening questionnaire, This
included a variety of direct questions, relating to
the subject’s injuries and to his symptoms after
the atomic bombing. The form was distributed
to many of the schools in Hiroshima and likewise
to a randomly selected portion of the remainder
of the civil population. Approximately 16,000
screening questionnaires were completed. Those
persons listing epilation were requested to report
for examination. All were unaware of the
criterion of selection.

In Kure, selection of the control sample was
achieved through the principals of the wvarious
schools and through wvarious local organizations,
persons being selected to equate in sex and age
to those actually examined in Hiroshima. All heads
of organizations responsible for selection were
fully appreciative of the possibility of undesirable
bias arising from the inclusion of “volunteers.”
The accompanying histogram indicates comparison,
by age and sex, of the epilated and control
samples. )

The selected subjects, on reporting to the
laboratory for examination, were interviewed by
a trained interpreter, who, after asking specific,
direct questions, completed a detailed questionnaire.
The items on the record were chosen in an
attempt to bring out possible significant relations

between hematologic findings and the history at

the time of the bombing, with emphasis on
position of the subject at the time of the explosion,
signs and symptoms of radiation sickness, and
associated trauma. It should not be assumed that
the record in all instances represents an entirely
true account, considering the fact that the
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# The United States Army personnel were volunteers from the Chugoku Military Government Region
and the Hiroshima Military Government Team, whose headquarters were in Kure.
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interview was conducted eighteen to thirty months
after an intense experience.

A similar questionnaire was used for the
controls, but in the section devoted to the history
only identifying information was recorded.

After the interview, a brief physical examination
was carried out, with particular regard to general
health, extent of injuries and occurrence of gross
pathologic features. Persons with minor infections
were common and were not eliminated from the
series. Comparable examinations were made on
both epilated and control groups. No physical

examination was made at the time of reevaluation.
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An attempt was made to secure the following
hematologic data for each subject: ervthrocyte,
leukocyte and differential counts; hemoglobin
concentration; hematocrit reading, and plasma
protein values. In addition, reticulocyte counts
were obtained for a limited number of persons.
Leukocyte and differential counts were made on
blood flowing freely from an incision of the ear
lobe.

from a 5cc.

The remaining observations were made
sample of venous blood, drawn
with no particular reference to meal time; all
precautions were taken to avoid stasis. However,
it should be noted that during the cold months,
with the absence of adequate heating and, in
some instances, adequate clothing, the peripheral
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circulation of the extremities was in many persons
relatively static, as evidenced by slight cyanosis
This factor introduced the
possibility of some seasonal variation but did not

of the fingers.

invalidate the results, for the climatic condiitions
were comparable in the two laboratories. The
venous sample was placed in a clean, dry tube
containing 5 mg. of potassium and ammonium
oxalate, in the proportions recommended by Heller
and Paul.® The various hematologic determinations
were usually made within an hour, and always
within four hours, of the time the specimen was

secured.

HEMATOLOGIC PROCEDURES AND
EVALUATION OF ERRORS

Erythrocyie and Leukocyte Counts.— The
erythrocyte count was carried out in the standard
manner, using Army-Navy .equipment which was
not certified by the United States Bureau of
Standards. Dilutions of 1:200 were made with
filtered Hayem's solution, samples of blood being
withdrawn from the well mixed oxalated venous
sample. Pipets were vigorously shaken for three
to five minutes just prior to filling the chamber.
Counting was carried out in 5 0.004 cu. mm.
volumes. Duplicate dilutions and counts were made
in all instances. When the original pair differed
by more than 400,000 cells per cubic millimeter,
one or more additional dilutions and counts were
made. The average of all counts was taken as the
final value. (The practice of utilizing only that
pair of a series of repeated counts on the blood
of an individual subject which differs no more
than a set amount is statistically an unsound
procedure. The establishment of a range limit,
by which a pair of counts may acceptably differ,
should be considered only as a means to aid in
the detection of technical errors.)

Leucocyte counts were also carried out in the
customary manner. Capillary blood was routinely
employed; dilutions of 1:20 were made with
filtered Turk's solution.”® Pipets were vigorously
shaken for three to five minutes just prior to
filling the counting chamber. Counting was
carried out in 4 0.1 cu. mm. volumes. Duplicate
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dilutions and counts were made in all cases.
When the difference btween the pair of counts
was greater than 20 per cent of the mean,
additional dilutions and counts were made if the
subject was still available; otherwise, the original
pipets were reshaken and the leukocytes recounted.
In every case, the final value accepted was the
average of all counts.

The problem of error involved in the estimation
of numbers of erythrocytes and leukocytes has
been examined by several investigators.!" The
work of Berkson and his collaborators¥=—¢ was
most extensive. They carried out repeated
dilutions and counts on a series of blood samples,
utilizing standard pipets and a photographic—
mechanical method of enumerating blood cells in
a standard chamber.

In these circumstances, the standard deviation
for the determinations on any one sample was
+390,000 cells when the mean was approximately
5,000,000 cells per cubic millimeter, resulting in
a coefficient of variation of (0.390/5.00) %100, or
7.8 per cent. When each item in the frequency
distribution of counts was an average of duplicate

dilutions and counts, the standard deviation was
reduced to ;7%’:(0,390, or +276,000 cells, and

the coefficient of variation for the paired count
means was 5.5 per cent. Approximately 95 per
cent of the averages of all duplicate counts on
a single blood sample might be expected to
fall within £552,000 cells (twice the standard
deviation), or +11.0 per cent of the mean, at a
mean of 5,000,000 cells.

Similarly, in regard to enumeration of leukocytes
by the standard procedure, the coefficient of
variation of a distribution of repeated dilutions
and counts on a single sample of blood containing
about 7,000 leukocytes per cubic millimeter was
10.7 per cent. The use of the averages of

duplicated dilutions and counts reduced this to
;/%xlo.?' per cent, or 7.6 per cent; approxi-

mately 95 per cent of paired count means might
then be expected to fall within £15.2 per cent of
the mean, if the mean were approximately 7,000
leukocytes per cubic millimeter,
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The errors in these two hematologic procedures

are considerably than is

greater generally
appreciated.

D_ettrminak'or: of Hemoglobin and Plasma
Protein Content.— These determinations were
made by the copper sulfate method for measuring
specific gravity,

others.” One hundred cubic centimster portions

as described by Phillips and

of copper sulfate solutions, graded at intervals of
0.001 gm. per cubic centimster, were prepared
according to instructions with appropriate dilutions
of a stock solution, prepared either from commer—
cially weighed samples of copper sulfate or by
the saturation technic. Each set so prepared was
calibrated by direct measurement of the specific
gravity of representative samples, either with a
calibrated hydrometer or by comparing the weight
of a filled pyknometer with that of one filled
with water at the same temperature. During the
last six months of the survey, the solutions were
prepared in 200 cc. portions and divided into two
sets, one for the Kure laboratory and the other
for the Hiroshima laboratory. Venous blood was
used for all determinations and correction applied
for the anticoagulant. Each set was used for
determinations on the blood of not more than 100
persons. The bulk of the data represent single
determinations, but occasionally an average of two
determinations made by different independent
technicians was employed. The revised nomogram
was utilized to compute the hemoglobin concen—
tration and the protein values.

The usefulness and relative accuracy of the
determination of specific gravity of whole blood
and plasma, in estimating the hemoglobin
concentration and plasma protein content of blood,
which is not grossly abnormal, have been well
"established,! although two investigators'! have failed
to demonstrate satisfactory correlation between
the ‘specific gravity of the plasma or serum and
its protein content. The propriety of using this
method in determinations on grossly

blood is still open to question.

abnormal

In an attempt to evaluate at least a portion of
the Jerror of this method in our laboratories,
duplicate estimates of hemoglobin content were
made by two independent technicians in 191 cases.
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Statistical analysis of the differences revealed no
significant systematic error on the part of either
technician; that is, regarding the mathematical
sign of the differences, the mean difference was
—0.01 +0.016 gm. per cubic centimeter.* The
the

differences was + 0.22 gm. per cubic centimeter.

standard deviation of the distribution of
Taking twice the standard deviation as indicating
the significant limits of wvariability, 95 per cent
of the absolute differences between duplicate
estimations were within (.44 gm. per hundred
cubic centimeters. Utilizing the fact that the
standard deviation of differences is equal to /" 3
times the standard deviation about the mean, one
can estimate from the variation of differences
between two determinations of hemoglobin content,
the variation about a mean value for hemoglobin

content, Thus, the standard deviation about the

mean equals '%02&!, or +0.156 gm., and 95 per

cent of the values might be expected to fall within
twice the standard deviation (+0.31 gm.) or, at
an assumed mean of 13 gm. per hundred cubic
centimeters, within +2 4 per cent of the mean.
The last value, then, is an estimate at a fiducial
limit of 0.95 of the error in determination of
hemoglobin concentration by the method of observed

differences in specific gravity.

Similar treatment of the differences in 191
duplicate estimations of plasma protein contents
gave a mean difference of +0.003 +0.015 gm.
per hundred cubic centimeters when the mathe-
matical sign of the differences was taken into
The standard deviation was £0.20
the standard deviation

consideration.
gm.; again, if twice
were taken as indicating the significant limits of
variability, 95 per cent of the differences might
be expected to fall within 0.40 gm. per hundred
cubic centimeters. Again, the 95 per cent expected
variation about a mean plasma protein value was

-:':'q_;o" +0.28 gm., or within 3.7 per cent of

a mean of 7.5 gm. per hundred cubic centimeters.
When one again assumes a fiducial limit of 0.95,
+3.7 per cent is an estimate of the error in
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determination of plasma protein content by the
method of observed differences in specific gravity.

Hematocrit Reading.— All hematocrit readings
were made with Wintrobe tubes, utilizing oxalated
venous blood. The tubes were centrifuged routinely
for one hour at 3,300 revolutions per minute in a
centrifuge with a radius of 15 cm. from the
4,000
revolutions per minute in a centrifuge with a
from the midpoint of the tube.
This resulted in equal centrifugal force in the two

midpoint of the hematocrit tube, or at

radius of 10 cm.

centrifuges.’* The buffy coat layer was not included
in the reading. In an attempt to evaluate the
parsonal error involved in reading the hematocrit,
duplicate readings were made by two independent
technicians in 192 cases. Statistical analysis of the
results, taking the mathematical sign of the
differences into consideration, revealed that there
was a slight systematic variation between the work
of the two technicians, The mean difference was
—0.082 £0.017 cc. per hundred cubic centimeters,
a systemic error of only 0.18 per cent at a mean
The

standard deviation of the frequency distribution of

of 45.0 cc. per hundred cubic centimeters.

the differences was +0.24 per cent, and 95 per
cent of the absolute differences might be expected
to be within 0.48 per cent. The 95 per cent
level of wvariability about a mean is given by the

. 0.24
calculation Zx‘/ 2

or £0.34 per cent, this

" variability being due to the error involved in the
reading of a hematocrit. Therefore, at a mean of
45 per cent and a fiducial limit of 0.95, this error
is estimated at 0.76 per cent. Moreover, the error
has been shown to be systematic: on the average,
one technician read but

higher than the other.

slightly, significantly,

In the attempt to evaluate the error in the
hematocrit readings due to differences in tubes
and to the personal error introduced by a single
observer, fifty-two determinations were made on
the same blood, utilizing fifty—-two different tubes,
all of which were read by the same person. The
mean hematocrit reading in this experiment was
47.84 per cent, wi_th a standard deviation of +£0.27
This indicates that 95 per cent of
obseryations might be expected to fall within +0.54

per cent.

12

AT EIUy PRIE—~=F 2V » FIIETIE
ThoSe LiEkEF b Y v a2 2 iR s,
wintrobe ¥ Z{EMLI, ~vF 2 Y2 FFEOHL
* CONREH 15enTH L0 AR T 1 7314 3, 300!
155 5 IR orh.l F TONEES 10en OB
BT 1 7MH] 4,000 45T 1 FEEIRO Lo, —OXET
12 oDBOLAMOROINZE LY B ED #Hl
BHEIE Lishote, ~=r 2 Vo PGS S8
FRIZ L APRELIES 5729 192 fi = U TE BN
E 2 AOERRIZL D Gl 41247 > 7. BEFEATHIZ
I BB AR TREIFRIMDT 217 70 > foB L,
2 Aol ROzl s E P 2B s L
Ent-, FHEIT100ce i2oF —0.082+0.01Tce T,
SEHfliA 100eeizD X 45.0ce DG, EREITH T,
0.18% Cih= fz, FEOMEBGAOEERZ L £0,24%
THY, EOHEMED 5 H95%120. 8% LN LD &
5bh%,¥ﬁMDEMQ%%mmm.2xﬁ%%m
H40.34% T, COEMI~v 2 Uy MIDF LD
BECIELOTHD, Mo THEIHAS% 55 X T0.95
DIEWRHETIE, TORE0.76% LHEShD, &
B, FOELEMAML Lo THDL X EDSBA,
¥4 LC—Jdioki Ao E o &l L L b3
Tlkd BATRLD L,

KRBT OER L BEAI I TRIBAES, ~=
b2 Yy PRECCH D BRERET D0 RIS
Btk LT, F—UuBARIZ 20 Ts2R D 5 - ikl
FEAT, A—RENSEOME Lot &
OERI-EITE Fi~=t 2 Y » FIENL 47.84%
€, EHREILL0.21% THh 1, THIZERITRHR
DY5% 4% +£0.54% (EIHEZED 2 £5), M PHlio



per cent (twice the standard deviation), or +£1.13
per cent of the mean.

The variance due to the error involved in reading
a hematocrit has been estimated at 0,172, or 0.0289,
per cent, The variance due to this source of error
plus the error introduced by the use of different
tubes has been estimated at ﬁz, or 0.0729 per
cent. The difference between these two variances,
or 0.0440 per cent, is a rough estimate of the
variance introduced by differences in hematocrit

tubes. The latter source of error, therefore,
appears to outweigh the personal error.
Determination of Cell Constants.— The cell

constants, mean cell volume, mean cell hemoglobin

and mean cell hemoglobin concentration, were
routinely calculated in the usual manner.)” A
preliminary discussion of the error involved in the
determination of these ratios and of the variability
of normal values seems indicated at this point.
The normal mean cell volume for healthy adults
is commonly stated to be 87 cubic microns and
the normal range from 82 to 92 cubic microns.'*
The mean has been confirmed, but the basis on
which the normally accepted range rests is probably
less secure. Pearson," in 1897, reported an equation
for the standard deviation of a ratio of two variables
where the coefficient of variation of the numerator
and denominator and the degree of correlation

between them are known:
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Ml

in which 8. D. y is the standard deviation of the
T
ratio 4 "z isthe mean of the first variable, z, ¥
=
is the mean of the second wvariable, ¥, Yx and Yy
are the coefficients of variation of the two variables,
x and y, expressed as simple proportions rather
than as percentages, and r »y isthe coefficient of
correlation of z and y.

One may assume, for the moment, that one is
dealing with a single sample of blood and that
repeated erythrocyte counts and hematocrit deter—
minations have been made. In this instance 7 is

zero, since separate subsamples are used for the
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determinations. The coefficients of variation due h 602 - oARR-H TIN5 L PGMBRER

to error inherent in the procedures have bee = b 2
: : ¢ procecures QAVE DN oTEAMEMLT DT LK, RIERKOR—
estimated in the foregoing paragraphs. Applying

these data to the preceding equation, the expected RE (v2=0.078), ~< 2V 7 POM—RWE (vy=
variation in the mean cell volume can be calculated. 0.0057), 5 USR5 Hi—Mfli (X = 1m?

Assuming a single estimate of the erythrocyte count

(Y£=0.078), a single hematocrit determination 285,000,000, ¥=43.557 O, HIAKO
(Yy=0.0057), and single values for the mean HOTHSB,
(X=5,000,000 cells per cubic millimeter and

¥=43.5 per cent) the computation is:

S. D, = g?bg X 10/ 70.078)° + (0.0057)°

3
x

= 87y/61.16 x 10—
= +87 (7.82 x 1079
= +§.8 cubic microns. ¥
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error further, in the proportion of —1-, in which

n
n is the number of determinations averaged,
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men, for whom the mean erythreceyvte count is
5,500,000 cells per cubic millimeter, the mean
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healthy men may be estimated as +0.90 gm., at
a mean of approximately 16 gm. per hundred
This standard deviation for the
erythrocyte count of a population is only slightly
greater than Berkson's
repeated duplicate determinations on

cubic centimeters.

standard deviation for
the same
sample. The discrepancy between theory and
“observation” may well be a result of the sampling
bias introduced by the probably not infrequent
statistical malpractice of repeating, because of too
rigid criteria of acceptability, those counts which
look “off" and then accepting only those which
discarding the *off”
counts as errors in technic, when actually they

appear more ‘“‘reasonable,"
may well be chance variations.) These values would
have corresponding coefficients of variation of 6.01
and 6.28 per cent.
correlation coefficient between these two determi—

One may assume that the

nations is 0.60. (The correlation coefficient, as
calculated from data appearing in the literature,®
likewise shows considerable variation, ranging from
0.10 to 0.75. The value quoted previously is a
the
correlation coefficients for 143 male control subjects
aged 15 to 30 were 0.520 for erythrocyte count
and hematocrit reading 0.569 for hemoglobin

concentration and ervthrocyte count, and 0,782 for

working estimate. In the present study,

hematocrit reading and hemeglobin concentration.
On substitution of
values in the equation, the standard deviation of

the aforementioned assumed

the mean cell volume is estimated to be +5.2 cubic
microns. The mean plus or minus twice this value
indicatés an estimate of the range within which
95 per cent of the values of mean cell volume for
the assumed population might be expected to fall.
The range would be 76.6 to 97.4 cubic microns.
In this the utilization of additional
ervthrecyte counts and hematecrit readings, to

instance,

calculate the mean cell volume for each person,
would not reduce the variation by ?7%, but by

somewhat less, for in following such a procedure
one can only approach the true biologic variation.

In a similar manner, assuming approximate
coefficients of variation of the hematologic determi-
nations, as mentioned previously one can calculate

the expected ranges of the other cell constants,
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mean cell hemoglobin and mean cell hemoglobin
concentration. For determinations on a single blood
sample, then, the means and standard deviations
are 29,0+2.3 micromicregrams for mean cell
hemoglobin and 34+0.45 per cent for mean cell
hemoglobin concentration, utilizing single hema-
telogic determinations in computation of the ratios.
The standard deviations would be reduced by 7—%—

if the average of duplicate determinations were
employed in the computation.

One may assume that in the case of a population
sample, the correlation coefficient between eryth—
rocyte count and hemoglobin concentration and
between hemoglobin concentration and hematocrit
reading is 0,60, and that standard deviations
for the population are as previously: mentioned
(erythrocyte count, 380,000 cells; hemoglobin
concentration, =0.90 gm., and hematocrit reading,
-+3.0 per cent), thus giving, at their respective
means, ccefficients of wvariation of 6.91 per cent,
5.62 per cent and 6,28 per cent. In a normal
population, then, the ranges of variability of 95 per
cent of values about the means of the mean cell
hemoglobin and mean cell hemoglobin concentration
become 29.0+3.4 micromicrograms and 34+3.6
per cent, respectively.

By utilizing the averages of repeated determina—
tions for each person, one can only approach the
true biologic variation.

Differential Count.— Blood films were prepared
from free-flowing capillary blood by the cover slip
technic. The prepared films were routinely stained
with Wright's stain. The differential counts were
made only by physicians. Two hundred or more
consecutive cells were differentiated. All films were
checked by one of us (J. V.N. or F. M. S8.), and
in cases of apparent discrepancies, additional cells
were differentiated and averaged with the previous
differential count.

the
expressed as a percentage,

The question of the error involved in
differential count,
received adequate treatment by Goldner and Mann.*
They stated the belief that the greatest error was
the statistical error of sampling and that the
variability could, in spite of skewness of distribution

in case of means on either side of 50.0 per cent,
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be estimated with reasonable accuracy by the

formula for the standard deviation of a percentage.

The formula is S. D.= \/_&:f_n, where z is the
number of cells counted, # is the estimate of the
mean percentage of the cell in question and g is
100—p#. Thus, at a mean neutrophil count of 60 per
based on the

cent, differentiation of 200 cells,

S, D.=\/%q= +3.46 per cent, and 95 per cent

of successive differential counts on 200 cells of this
blood might be expected to fall within +6.9 per
cent of the mean of 60 per cent. Ponder and
others!™ stated that a considerable portion of the
error in differential counts depended on the technics
of preparation.

Reticulocyte Count.— Reticulocytes were stained
vitally by the method described by Osgood and
Wilhelm.* Smears were then prepared in the usual
manner and counterstained with Wright's stain.
The number of reticulocytes per 3,000 ervthrocytes
was counted in each case and the percentage
computed.

The wariation invaolved in the estimates of
reticulocytes on a percentage basis (not in absolute
number, since this would likewise involve the error
of estimation in the erythrocyte count) may
probably be assumed to follow the gaussian curve
of error in a manner similar to that of the error
in the differential counts. If such is the case,

limits of variability for 95 per cent of values may

be estimated at 2 J—é-%-g-g—, or £0.36 per cent, at

a mean of 1 per cent and with the count based on
a total of 3,000 cells.
Laboratory Checks.—

reliability of our hematologic procedures, from time

Further to insure the

to time during the course of the study a 10 cc.
sample of venous blood was drawn from a subject,
unknown to the staff of technicians. The sample
was divided into two of the usual 5cc. pertions
and treated in the laboratory as the blood of 2
individual subjects. Analysis of the differences in
fifteen such tests indicated variations within the

limits of error of the technics.
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TABLE 1.

MEAN HEMATOLOGIC VALUES AND STANDARD DEVIATIONS

IN UNITED STATES ARMY PERSONNEL

£ 1 REBRTTAOPSGMEFN S X OB L
Observation® § #£ 1] H ::E}her Meesn nE;iertandard g;i?adﬁgi
e | TONRUERERE B e
Erythrocyte count FRHIEREL ...coooiiiiiiiiniiniiiinninns 25 5,674,000+114,000 +570,000
Hemoglobin concentration HEZME......ccoienns 25 15.97+0.19 +0.93
Hematocrit reading —~—=< F 2 ¥ » FHEf............ 25 47.9440.50 +2.50
Mean cell volume SFEIGMMERTTHL...ooovvmrerrerrennasenenas 25 89.9+1.4 +7.0
Mean cell hemoglobin  SFHEIMER ....vvveerrreerrenieninnes 25 29.5+0.4 +2.0
Mean cell hemoglobin concentration S Fi e 25 33.4%0.3 +1.4
Leukocyte count PRIIEREL...ooviviiiiiiiiininiininnnnns 24 8,084+ 481 +2,359
Neutrophils FFHER....ooeeiiiiiiiiiineniinnn ........... 18 60.6+1.8 *7T
Lymphocytes: 7S ity 18 30.3x1.5 +6.5
Monocytes HER ..oooovevenrriinins T PPy LT ety 18 6.0+0.6 +2.6
Eosinophils TFEEER...ccoovererireremsneeseesnsnsemessarens 18 2.84+0.4 +1.9
Plasma protein value MEREME oo, 25 7.66+0.08 +0.38

#Tn this and subsequent tables, erythrocyte count is expressed in cells per cubic millimeter; hemoglobin
concentration, in grams per hundred cubic centimeters; hematocrit reading, in per cent; mean cell

volume, in cubic microns;

mean cell hemoglobin,

in micromicrograms; mean cell hemoglobin

concentration, in per cent; leukocyvte count, in cells per cubic millimeter; differential count values,
in per cent, and plasma protein values, in grams per hundred cubic centimeters.

COFE LUHBEOER ZE LT, HINEREL 1 m’ hOMfaEC, MEFRREEL 100en® 220 TOD 7 7 L
T, ~= b2 Yy PIEITESE T, PHMBRENE o ¢, PEHIIERL pe g, PG REE R E
=, EIMERELL s chOFIRE TR B T, MUEIRA ML 100en® 220 TD 7 7 AMTRbER TV D,

CONTROL STUDIES ON AMERICANS

The mean values and respective standard deviations
for the various hematologic procedures performed
on 25 United States Army volunteers are presented
in Table 1. The subjects formed a group of healthy
voung men who had a rather heterogeneous racial
background. For instance, the series included
second generation Japanese and Chinese. Hamre
and others*®~—m found no significant racial differ—
ences in the cellular elements of the blood in
persons in the Hawaiian islands, having studied the
problem rather extensively in a variety of age
groups.

It may be noted in Table 1 that the mean values
for the various hematologic determinations agree
with the usually accepted means.'” The variabilities
about the means, however, are somewhat higher
than the usual standards. This question of acceptable
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variability has been discussed and will be returned

to again near the end of this report.

STATISTICAL PROCEDURES

Although every effort was made to establish two
within the cities of Kure and
all

exposure to anatomic bombing, there existed within

subpopulations

Hiroshima comparable in respects except
each of these two populations considerable hemato-
legic variability, introduced by such well recognized
factors as age and sex. Comparison of the two
populations in terms of the means and the standard
error of the difference is a relatively crude
statistical procedure, since in these circumstances
the standard error of the means, on which the
evaluation of the significance of any observed
difference rests, receives a substantial contribution
of variation from the aforementioned factors, which
are of no particular interest in the present study.
In order to refine the comparison of the two
groups, each epilated person was paired at random
‘with a control subject of the same sex and of
similar age. The differences between the corres—
ponding hematologic values of these pairs were
then treated statistically. Once pairs had been
established,

subsequent analvsis.

the same pairs were retained for all
Since only those persons who
had been seen twice were included in this paired
series, the total number of pairs which could be
established was far less than the number of obser—
vations, so that this procedure, while inherently
more sensitive, entailed sacrificing a considerable
However,

number of observations. the procedure

did ayoid, in part, the necessity of establishing
multiple regression eguations for adequate com-—
parison of the two groups. It was felt that the
survey was not sufficiently complete, in many
respects, to justify treatment of the data by the

more elaborate analysis of covariance.

PRESENTATION OF DATA
Over-All Blood Picture.— Table 2 presents the

mean, standard deviation, and standard error of the
mean for all the hematologic determinations carried
out in Hiroshima and Kure, as well as a summary
of the pross differences between subjects in the

two cities. These differences are expressed in
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between the

means of the various determinations carried out in

two ways, first as the differences
the two cities, and secondly as the mean differences
between the series of the aforementioned paired
individual subjects. In both methods, the ¢ statistic
was used to eyaluate the significance of any
observed difference. With samples of this size,
any value of ¢ in excess of 2,0 indicates a difference
significant at the 95 per cent probability level,
whereas a value in excess of 2.6 denotes a
difference significant at the 99 per cent probability
level. Differences greater than twice their errors,
corresponding to a ¢ value in excess of 2.0, are
printed in bold face type in all tables. Differences
are listed with an arithmetical sign, -+ indicating
a higher value for controls, and — indicating a
higher value for epilated persons.

Because most of the hematocrit determinations
were made during the latter part of the study,
there were not sufficient duplicate observations
on the same persons to warrant an analysis by
differences of the established pairs, a fact which
resulted in the omission also of the analysis of
mean cell volume and mean cell hemoglobin
concentration by this method. The small number
of reticulocyte counts likewise did not justify an
analysis of the differences of established pairs.
These ommissions are also evident in subsequent
tables.

A number of interesting facts emerge from a
study of Table 2:

1. Determinations of erythrocyte count and
hemoglobin concentration, by both types of analysis,
were slightly lower in Hiroshima than in Kure,
Hemaiocrit values were also lower in Hiroshima.
These differences are of statistical significance.
There is, on the other hand, no significant difference
with respect to differences in mean cell volume,
mean cell hemoglobin or mean cell hemoglobin
The

series, epilated subjects and control subjects, thus

concentration. differences between the two
appear to be quantitative rather than qualitative.
However, a discussion of standard deviations appears
later in this report.

2. Leukocyte levels were practically identical

in the two cities and were probably on the high
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SUBJEULS IN HIRUSHIMA AND THUSDSE 1IN KUKHE

;2 IR Kyts 0T 38t 5 K o It 22 PR o R84 10 bk
Subjects in Kure Flody¥dié#  |Subjects in Hiroshima m"’.:’mﬁ&%‘biﬂerencﬂr* ::: No: of Di?’g:raennce
No. of | Mean and [ g o .'| No. of | Meanand | g o & (Value| 2% Pairs | and |Value
Ohservation #] %2 177 [] Ohbserva— | Standard T)ear'l ;1_1‘ Observa— | Standard De T;ati:) Error of | for ¢ Tr t Standard | for ¢
o | IR | s | st | BT | e | BRSR | o PRI s SR
& SR e i | s | 2SR 26 el =
OB | o i e | Pt | mseonc | EGIRT | e | ZREE | omERATEO LR IEEY o
: _ 4,604,000 4,521,000 +83,000 465,000 |
Erythrocyte count FRIMEREL .ovvvveneinrennes 709 +17.000 4 442,000 629 l £20,000 4501, 000 +26.000 3.211.29 437 +£97°000 2.4
|
Hemoglobin concentration [ {A3EH8HE. ... 912 [13.14%0.041] +1.25 872 [12.84::0.046] +1,34 Igggl 4.9 |1.15| 447 Ig:%% 3.5
Hematocrit reading —~= F # U FJ05%H 802 (41.46+£0.13 | £3.60 757 !40.98:&0.14 £3.73 ig?g 2.8 | 1D8|  mm | esees
Mean cell volume SEISMERTEE ..overrennn. 620 [87.85--0.28 | +6.00 546 [88.34+0.30 | £7.26 | 304 | 1p|1an| e | e
Mean cell hemoglobin SEHIIERI (A ... 708 [28.74-:0.088) +£2.34 627 [28.5540.14 | -2.59 ig:%g 1.2(1.23| 433 Ig% 1.6
Mean cell hemoglobin conceniration —0.05
e T 665 |32.15+0.053 +1.37 757 [82.20£0.052 £1.48 | Tovo2, | 0.7 [1.09| e [ e
Plasma protein value JMYERFUL. .vceeer... o12 | 7.59£0.017 £0.500 | 872 [7.65+0.019) +0.540 | 1O | 2.4[1.20| a3 |30 | 08
Leukocyte count  [UIEREL -..coooveeennnnenn 707 [0.903+101 | +2,693 | 645 [9847x122 | +3,100 | 130, | 0.4|1.32] 455 |12 | o
N R 1 1 707 [54.96::0.35 | £0.35 | 637 [54.96+0.39 | x0.94 | 000 | o0 113 43 |33 | 0.9
ik . ; +1.39 +2.02
Lymphocytes U Y3 oiiiiiiiienniiennns 707 [29.40+£0.28 | 4:7.54 637 [28.01£0.31 | £7.89 +0.49 3.6 1.10 432 +0.48 4.2
_ +0.03 +0.02
Monocytes HEER .....ovveeeeeeessesenssissessensons 707 | 6.350.085 +2.26 637 |6.33£0.093 +2.35 | o3 | 0.2]|108| 432 | 7002 | 01
T ~1.83 —0.99
Bostoopiile BB . ovuiiniimssimins 707 | 8.93+0.26 | £7.02 637 [10.76+£0.32 | £7.97 | Tq'4) 45|120| 42 |pe | 21
Reticulocyte count * SERIARIERLL ........... 133 | 0.89+0.03 | +0.38 120 |0.9640.04 | 20.49 | 00T | 14f172| o | e o

#1In this and subsequent tables, reticulocyte count is expressed in per cent of erythrocytes.

Z 0B LULHBEORT ST, FIRRIEREIRIMERE- S T2 E0RE LTERLEh TV S, EEATOIZED 2 (5L D Kie 2 L OIXAKDEETRLTH S,

*In this and subsequent tables, differences carrying a plus sign indicate a higher value for control subjects and those carrying a minus sign, a higher value

for epilated subjects.
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++Values for ¢ in excess of 2.0 indicate differences significant at the probability level of 95 per cent; values in excess of 2.6 differences significant at the

99 per cent probability level.
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+++Values for F in excess of 1.16 indicate differences significant at the probability level of 95 per cent; values in excess of 1.24 differences significant at the

99 per cent probability level.

In this and subsequent tables, differences greater than twice their errors are indicated with bold
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TABLE 3. RELATION BETWEEN AGE AND SEX AND

EPILATED SUBJECTS: MEAN VALUES

£ 3 BHENSLLOUCTONBOEREIUEE
Subjects in Hiroshima EEOMNRE Mean Difference +Standard Error
Male 3 Female % FakLRRpRE
Mean and | Standard Mean and | Standard g c
Number | Standard Error | Deviation Number| Standard Error | Deviation Male Subjects Female Subjects
“ ngﬂ& i B R % ;iﬂ'ﬂ L s et g H
85 4.5750003;33.000_‘1345.001: il - +38.000£54,000 [ e
79 14,682,000 +39,000 + 346,000 i S | e —36.000+50,000 | =00 eeeesseer
94 14,898,000+ 46,000 + 447,000 72 1,461,000+ 41,000 £346.000 | —16.000+£59.000 | -+169.000=66.000
46 |4,813,000£72,000 £ 490,000 106 4,223,000 + 43,000 + 447,000 —9_000+89,000 +|5§.[I:l]j:ﬁ4.l'.'[l]
74 [4.408,000 61 0001529 000 73 4.031.000:43.000;410.000 +154,000£78.000 | +107,000£64,000
127 12.34+0.077 | £0.87 | +0.31£0.12
150 12.5540.082 | £1.00 weennnenn | +0.31+0.10
140 13.73+0.112 | +1.32 135 12,78 +0.084 i +1.05 +0.46+0.15 +0.18+0.12
47 14.4740.193 | +1.32 107 12.21+0.118 | £1,22 —0.0240.23 +0.38£0.17
73 13.39+0.165 | £1.41 73 12.03+£0.155 | £1.32 +0.55+0.22 +0.23£0.20
|
120 38.63+0.23 | +2.53 i B | st +O.BED.I2. | L ewsesss
43 | 39.35+0.25 | £3.00 e | e +0.58+0.29
135 | 43.28+0.30 | +£3.46 122 | 40.78%0.24 | #2.65 +0.77£0.44 +0.15+0.33
36 46.00£0.51 | +£3.04 85 | d0.24%0.38 | £3.46 +0.141£0.67 +0.43£0.55
57 43.90+0.56 | +4.20 59 39.86+0.44 | +£3. +1.18+0.71 +0.02+0.62
a1 B3.40+0.56 | +5.00 L e —0.17£0.78
77 84.40+£0.60 | +£5.29 +0.66+0,.81
90 84.18+0.60 | +5.66 62 +5.66 +3.97+0.88 —1.25%1.05
36 91.33+£0.94 | £5.66 B4 +7.48 —0.33+]1.25 ~1.49£1.55
s7 94.72+£0.96 | £7.21 59 92.391+1.01 £7.72 —1.50£1.26 —2.26+1.26
85 26.76+0.24 | +2.24 +0.09£0.30 | 0 eeeseenn
79 27.17£0.23 | £2.00 +0.5140.29
94 28.23£0.23 | +2.24 71 | +1.02£0.30
46 | 29.96+0.34 [ +2.33 106 I +0.21+0.43
i 020,31 +2. 7 ) B
73 | 30.36:0.3 2.65 73 40.3120.38
120 32,11£0.12 | +£1.26 +0.17+0.18
143 32.09+0.13 | £1.50 40.15+0.16
135 32.43£0.13 | +£1.55 122 +0.06£0. +0.18
36 33.33+0.17 | £1.04 8 =0.78+0. —0.24%0.23
57 2.11+£0.22 | +1.66 59 —0.12+0.29 —0.21+0.23
87 12,305+ 386 +3,606 +270+£500
79 11,791 £363 +3,226 —1.820+£420 X
95 10,394 +£303 +2,956 84 — 460+ 400 +3"f}131
47 9,053+342 2,347 105 —110+ 440 +940£350
73 8,555:£274 +2,338 i +720:£360 +270+350
87 49,53£1.07 | £10.00 - -0.73£1.35 sresiisen
79 51,19+1.01 | & 9.02 —0.83+1.28 srnevasen
95 52.64+£1.09 | £10.61 84 58.13£1.13 | £10.31 +2,14£1.35 +3.06+1.43
45 56.58+1.30 | + 8.75 103 57.34+0.85 | + 8.66 +0.25+1.78 —0.21%1.27
71 57.76£1.03 | = B.G6 73 57.76+£0.97 | + 8.29 —0.6511.47 =1.28%1.%2
87 32.14+0.89 | +8.29 Ll I il IR 40.75+1.13 esunanes
79 30.11+£0.89 | +7.91 e | s | s +3.10£1.16
95 27.46£0.81 | +7.91 84 26.46+0.75 | +6.91 +0.68+0.98 —0.30%1.04
45 27.084£1.12 | £7.48 103 26.15£0.74 | £7.46 —=0.49+1.46 +0.94+1.00
71 26.64£0.77 | %6.51 3 28,10£0.93 | £7.91 +1.95£1,18 +2.23+1.23
87 6.06:0.23 | £2,10 we | s e +0.514+0.31
79 6.4240.27 +92.37 TITTTTTIN BT —0.2240.32 | 0 seeersens
95 6.30+0.22 | £2.17 84 5.70+0.23 | £2.06 +0.34+0.32 =0.00+0.32
45 6.63+0.34 | +2, 103 6.1410.22 | £2.25 —0.34+0.42 +0.16+0.33
71 7.20£0.33 | £2.75 73 6.54+£0.31 | £2.65 —0.3220.M6 —0.37+£0.39
87 12.08£0.89 | + 8.29 LU I IRt -0.50£1.19 sesarneen
79 12.14+0.83 | £ 7.39 e . Hanes =20T£1.07 | eesenee .
95 13.93£1.09 | £10.61 84 9.79+0.83 | +7.64 —3.4411.34 —2.28+1.02
45 9.34+1.11 | £ 7.42 103 10.21£0.73 | £7.37 +1.14:+1,61 —0.61+1.05
71 B.72+0.66 | £ 5.55 73 8.34£0.70 | £6.04 —1.66+0.80 ~1.43+0.89
127 7.52+0.05 | £0.57 e L MR —0.06+0.06
150 7.64+0.04 | +0.53 serasenpy. || wewny —0.15+0.06 : ke
140 7.85+0.04 | £0.49 155 7.78+£0.04 | £0.53 —0.21+0.06 —0.09+0.06
47 7.63+0.09 | +£0.59 107 7.61£0.05 | £0.54 —0.13+£0.12 +0.17=0.07
73 7.37£0.06 | £0.53 73 7.63£0.06, | £0,50 +0.20+£0.08 +0.07£0.08
11 0.92+£0.17 | £0.56 ¥ 4 —0.08+0.22 xemasasy
17 0.90£0.10 | +0.43 way B vessemier L renises ~—0.05+0,.13 saviense
2 0.84+0.12 | £0.54 16 1.38+£0.17 | +0, —0.11£0.13 -0.28+0.18
10 1.06+0.13 | £0.42 18 0.95+£0.09 | +0.37 +0.05+£0,16 =0.02+0.14
14 0.79+0.07 | £0.25 14 0.89+0.10 | +0. —0.04£0,11 =0.17£0.12

*in thls and the subsequent table, data for subjeets nnder 14 are not differentiated
IHEBITVHEORTEWT, WX HUToMSORIEC L VRS Licvw.
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HEMATOLOGIC FINDINGS IN CONTROL AND
AND DIFFERENCES BETWEEN MEANS
MR R & OBIR: SFSiEE X USEafik] o

g Subjects in Kure & % @ &
Age, Male 3 ) | Female 4
Observation 3 !

! mremn Years Mean and Standard | | Mean and Standard

£ Number Stand?rd Error Deviaticn | Number| Standard Error | Deviation
B | FPUERE pega | g | FOMCER | peg
Erythrocyte count ..o 0=19 99 4,714,000+ 38 ﬂﬂﬁl +0.378 | Zrr ™t L 1S |
HUER T 10-14 | 111 [4646.000+32.000 £0.310 | raseorss |
15-19 101 14,882,000£37,000 +0.368 | 84
20-39 52 14,804.000+53,000 £0.333 | 95
0+ 90 14,562,000.+£48,000 £0.457 | 77
{ | !
Hemoglobin concentration..........| 0-9 | 136 | 12.65+0.080 | +0,93 |
R HE {10-14 | 187 | 12.86+0.063 | £0.86

15-19 | 118 | 14.19#£0.105 | #1.14 |, 157 12.96+0.080 | +1.00
20-39 | 51 14.45£0.122 | £0.87 96 | 12.59+0.126 | £1.24
0+ | 90 | 13.94£0.140 | +1.33 77| 12.26%0.1%2 | £1.16

Hematocrit reading.

0-9 . 119 | 3.11£0.22 | +2.41

|
~xbkslz ram@fm 1-14 | 171 | 39.63£0.15 | £2.00 | e T
115-19 | 116 | 40.05+0.32 =340 | 137 | 40.93+0.23 | x2.74
[ 2039 | M g 46.14£0.45 | £2.96 | 77 | 40.67+0.40 | £3155
0+ I 74 | d5.08+£0.43 | =3.89 B4 | 30.88+0.43 | £3.47
| 1 ) 1
Mean cell volume ......cooveeeeeel| D=9 | 95 | 83.23+0.55  *5.35 |
Ris Tz e 3 | 10-14 109 | 85.06£0.55 3.76
| 15-19 99 | BR15+0.64 +6.34 67
| 20-39 44 | 91.00=0.89 & +5.88 i
i 0+ 74| 93.22+0.82 | £7.00 64
Mean cell hemoglobin...c.ccocceccoe.) 0=9 99 I 26.85+0.18 =1.76 ‘ | RETI
SRR 1 fm FERE | 10-14 U1 * 27.68£0.18 = £1.01 | l
15-19 101 | 29.25+0.19 | £1.89 | 84 | 28.24+0.22 | £1.97
20-39 | 5l 30.17£0.27 | £1.94 | 95 | 28.75£0.25 | £2.10
| 40+ 90 | 30.67£0.22 | £2.12 | | 29364025 | +2.20
1
Mean cell hemoglobin concentra—... 0-9 ‘ 105 | 32.28£0.13  £1.3 | .
tion  SREINER N (5 e L1014 180 0 32.24#0.09 107 .
15-19 | 99 32.49+0.14 | £1.3% | 73 31.94:0.14 | £1.22
| 20-3 | 43 i 32.55+0.25 | *1.52 77 31.76+0.17 | £1.48
04+ | T3 31.99£0.19 | £1,84 6. A.87£0.17T | £1.37
Leukoevte Count uvvvarernisiaronssss 0—9 | 100 I 12.570£312 | £3.124
FaIfiLEE ¥ 10-14 112 | 9.973£206 | £2,177 | o | e
1 15-19 | 101 | 9.926+243 | £2,467 84
20-39 | 52 | 8,942+277 | +1,003 %
40+ | 88 | 0.2842240 | £2,251 75
|
Neutrophils.. | 0-9 100 i 48.80£0.82 | £8.19
§Fepezh | 10-14 | 112 | 50.36+0.79 | +8.35
| 15-19 101 54.78+0.79 | £7.96 84
| 20-39 52 56.83+1.22 | £8.78 95
| 40+ 83 57.11+1.05 | £9.97 75|
Lymphotstes civinminnmmmrsiorines, 0=9 100 32.894£0,70 | £6.98 J.
U ooiER | 10-14 1z 33.21£0.75 | £7.89 e
' 15-19 101 28.14+0.56 | =5.67 84 | 25.96%0.72 | +6.60
| 20-39 52 26.59+0.94 | £6.79 95 | 27.0940.67 | £6.66
| 0+ 88 28.80+0.90 | £8.33 75 | 30.33+£0.81 | =7.02
! | i
MONGEYIES 2vvornmronsiirsnsnssscrsonsesss 0=9 100 6.57+0.21 | £2.08 | - | el
HiEk | 10-14 112 6.20£0.18 | £1.89 T I T
15-19 101 6.64+0.23 | £2.36 84 | 5.704£0.22 | £2.03
20-39 52 6.29+0.25 | *1.79 95 6.30+0.24 | £2.37
0+ 88 6.88+0.32 | £3.02 75 | 6.17£0.23 | £2.03
Ensinophilsiusiainiiniaiin 0-9 100 11.58+0.79 | £7.89 e | asserer b e
FAER 10-14 112 10.07+0.67 | £7.09 e | wesssessd £
15-19 101 10.49+0.78 | £7.91 84 7.514+0.60 | +£5.51
20-39 52 10.48£1.15 | £8.37 95 9.60+£0.76 | +£7.52
40+ 88 7.06+0.45 | £4.24 75 6.91+0.55 | +4.83
Plasma protein value.....cveierenns] 0-9 | 136 7.46+0.04 | £0.48 el T
s Feafil 10-14 | 187 7.40£0.04 | £0.50
15-19 118 7.64+0.04 | £0.46 157 +0.48
20-39 51 7.5 £0.08 | +£0.57 96 +0.48
40+ 90 7.57+0.05 | £0.48 77 +0.53
Reticulocyte count ...oocooooocoeel| D=9 7 0.84£0.14 | £0.37 |
FAPR M ER 10-14 11 0.85-.0.00 | £0.31 | = Ebaseiy
15-19 25 0.73£0.06 | £0.28 | 28 1.1040.05 | +0.29
20-39 15 1.1140.10 | £0.40 | 14 0.92+£0.11 | £0.41
40+ 16 0.75£0.08 | £0.32 | 17 | 0.72£0.07 |+0.28

aeeordlng to sex.
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side by American standards. However, there
appeared to be slight differences in the percentage
values for some of the various types of leukocytes.
By comparison with Kure, the number of lym-
phocytes showed an absolute depression of 1.39 per
cent in Hiroshima, and the number of eosinophils
was elevated by 1.83 per cent. These differences,
although small, are statistically significant.

3. Plasma protein values were slightly higher
in Hiroshima than in Kure, but the significance of
the difference is problematic. In both cities, plasma
protein values were slightly elevated by American
standards.

4. For every hematologic characteristic studied,
the standard deviation was larger in Hiroshima
than in Kure. Taken singly, these differences are
because of the large
involved, they are, in several cases,
statistically significant, as indicated by the F test,
on which data are included in Table 2.} With the
number of degrees of freedom involved here, a
value of F' in excess of 1.16 indicates a difference
significant at the 95 per cent probability level and
one in excess of 1.24 exceeds a 99 per cent
probability level. Six of the thirteen values exceed
the 95 per cent level and four of these, the 99 per

not striking. However,
numbers

cent lavel. Moreover, the facts that the differences
are, in all instances, in the same direction and that
the value for F, in all instances, exceeds 1.08 are
of themselves of great significance. It may be
concluded that the Hiroshima population studied
was hematologically more variable than that studied
in Kure.

There were,

then, a number of slight, yet

statistically significant, differences between the
peripheral hematologic pictures in the two cities,
The appreciation of the meaning of these differences
can perhaps be furthered through additional analysis
of the data with respect to these questions:

1. Is there evidence that any particular age or
sex group contributed disproportionately to the
observed differences?

2. Is there evidence that the traumatic injuries
and flash burns which were so frequent and severe
in Hiroshima played a role in the hematologic
difference?
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3. Is there evidence that the amount of radiation
over and beyond the minimal epilating dose, as
estimated by distance from the hypocenter of the
explosion, extent of epilation or degree of severity

of radiation sickness, influenced the final picture?

3.

B2 SoEE, HEOBESSHUIHRGHR

EEOEEE» LR ORERESEVE L 5 i
ZEF L BLh A HT, WSRO0 ST IS
I o L HENE 5D

TABLE 4. RELATION BETWEEN AGE AND SEX AND HEMATOLOGIC FINDINGS:
COMPARISON OF MEAN DIFFERENCES OF ESTABLISHED PAIRS,
GROUPED ACCORDING TO AGE AND SEX
# 4 SEfigds & O MR AT R & OB S Agu - MR ofEh « I EEED g
Male Subjects H# Female Subjects i
s - W% T H %Eg:lfs Mean Diéference Mean Difiference
ervation % an an
D Number Standard Error Number Standard Error
% ERES LU % SEigEts YU
EEE =5 E
Erythrocyte count ... 0-9 55 +3,000+59,000 we: | 000 speseswes
ZRINER B 10-14 55 + 3,000+ 69,000 i
15-19 91 — 45,000+ 66,000 42 |+110,000+84,000
20-39 31 |—131,000+92,000 66 |-+114,000+81,000
40+ 49 |+232,000+92,000 48 |+210,000+70,000
Hemoglobin concentration.........cccovevveieaee | 0=9 56 +0.294+0.167 SRR
I R EE 10-14 55 +0.22+0.164 o
15-19 94 +0.2440.160 42 +0.24+0.182
20-39 32 —0.25+0.280 68 +0.28+0.221
40+ 51 +0.69+0.289 49 +0.27+0.250
Mean cell hemoglobin........ s 0-9 55 +0.46+£0.312
SPHER I ¢4 3R AL 10-14 55 +0.5040.357
15-19 94 -+0.71+0.254 40 —0.30£0.306
20-39 31 | —0.0540.454 65 +0.044£0.371
40+ 49 |  —0.13£0.446 47 —0.59+0.458
Leukocyte COURE......ccorvviiiiiniinianspresssansas 0-9 71 +218+566
B IMER 10-14 61 —1.484 +499
15-19 87 —604+ 379 39 —64+533
20-39 29 —155+596 68 +1,427 +399
40+ 52 +320+£ 374 51 +500+ 396
Neutrophils........cccecueeeeienensinvnrerennseesnss| 0=9 60 | —1.87+1.77
fFepER 10-14 85 | —1.27%1.81
15-19 79 | —1.29+1.43 37 +4.59+2.18
20-39 30 | +0.40£2.15 69 +0.14+1.59
40+ 52 i —0.85+1.93 51 —2.00+1.77
Lymphocytes . iimnaniarnavinssinn] 0=9 60 | +2.33+1.44
Y vesER 10-14 55 +1.554+1.46
15-19 79 +1.76+1.07 37 +1.66+1.53
20-39 30 +0.07+1.68 69 +1.12+1.15
40+ 52 +2.88+1.47 51 +3.90+1.49
MOHOEYEER!, 1vvarsnsewnbasnsonesrsssnsnt smnnssabsss 0-9 60 +0.88+0.35 L
iz 10-14 55 —0.06-:0.40 e T
15-19 79 +0.07+0.31 37 —0.61+0.42
20-39 30 —0.43+0.54 69 +0.38+0.42
40+ 52 —0.75+0.42 51 —0.15+0.42
Eosin0phild. .. cisvvinssiissvasaisvirssmnsviss] . D=0 60 —1.40+1.60
EFREER 10-14 55 —0.53£1.15
15-19 79 —0.34+1.23 37 —3.86+1.70
20-39 30 +1.33+1.49 69 —0.88+1.09
40+ 52 —0.81%1.15 51 —2.41+1.18
Plasma protein value.......cccccoeevivvviiienee. | 0-9 56 —0.09+£0.07 sre werersess
il S 10-14 56 —0.18+0.08
15-19 94 —0.16+0.06 42 +0.07+0.10
20-39 32 —0.05+£0.09 67 +0.18£0.07
40+ 49 +0.18+0.09 49 —0.01+0.08
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Relation Between Age and Sex and Response
ta Atomic Bombing.— A breakdown of the results
of hematologic observations on the control and
epilated groups, with respect to age and sex, is
given in Tables 3 and 4. Data are not distinguished
with respect to sex at ages below 14. Although

" the control figures on normal Japanese subjects
bring out the number of facts of general hematologic
interest, these findings will not be discussed at

EREICHEEFRICHT RG & OBE—4H -
Rz, s X OMERH T 2 IHEA TSRO &
ROAREZED &, RIBIVAOMY TH%D, UF
HUTFoRMHEc X Y EHS T, EHAEA
OXBETIZL > T, —AHTIMHEEAIZ MRS 5%

AL O W BT a2, ShbOFRIENON

TABLE 5.

RELATION BETWEEN EXTENT OF ASSOCIATED TRAUMATIC INJURY

AND BURNS AND HEMATOLOGIC FINDINGS FOR EPILATED PERSONS:
COMPARISON OF MEAN VALUES ACCORDING TO EXTENT OF INJURY

£ 5 |HEEO/HEHEEES X OKEORE L Mt L O -
SISl i o FREE P HE
Subjects in Group 1% Subjects in Group 2 Subjects in Group 3
1 Fox & 2 FEOxTE 3Hoxg
Observation %M H Mean and Mean and Mean and
No. Standard Error | No. Standard Error No. Standard Error
¥ P T ¥ a5t kU ¥ P4 fifids £ Tr
Bl ety B
Erythr&:%:e count cisisiiniiny 197 (4,524,000 436,000 294 (4,512,000 29,000 89 4,574,000 +50,000
Hemoglobin concentration...... 302 12.80+0.070 411 12.78 +£0.065 105 12,960,137
JilISE g1
Hematoerit reading.....co.oveneus 268 40,66 +0.232 353 41.08+0.199 93 41,41 £0.384
~= bz )y FHEM
Mean cell VOIUME. cooiinnsinines 174 87.45:+0,528 254 83.60+0.472 76 88.42+0,733
SPIGIMER A Ry
Mean cell hemoglobin...........| 196 l 28.4440,175 294 28.51+0.157 89 28.28+0.252
Mean cell hemoglobin concen—| 268 32.33+0.091 352 32.1540.074 93 32.07£0.164
tration SPEEUILER L iR
Leukocyte count .......cccvveenen| 199 10,394+228 296 9.689+179 88 9,477 +319
ELIIER ZC
Nemg‘t;?lpgﬂlsm.._................. 196 53.80+0.736 294 54.70+0.601 86 55.29+1.009
Lymphocytes. eruesssmerermseses] 196 28.16+0,572 | 294 28.1240. 461 86 27.5340.824
U wiER
M?Egi:\tes 196 6.35+0.163 294 6.42+0.146 86 6.41+0.217
Eosinophils..........‘.............l 196 11.51+0.519 294 10.94+0. 484 86 10.18+£0.894
Plasma protein \raalue‘.,‘..“u..i| 302 7.67+£0.032 411 7.63+0.027 105 7.64+0.050
HuEIR A |
Reticulocyte count .....cocveee.l 37 0.934+0,069 58 0.922+0.065 17 0.874+0.070
AR LR B [

#In this and the subsequent table, group 1 indicates those persons with no injuries, or with minor
burns and glass cuts; group 2, those with moderately severe first, second or third degree burns
involving up to approximately 10 per cent of the body area, or with comparable other traumatic
injury, and group 3, those with burns involving more than 10 per cent of the body area, or with
other types of severe traumatic injury.

COEBIVIEBOEIECT, 1BMITORLLO
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this time but will be considered in another paper.®
It is apparent from the tables that there was no
clear and consistent tendency for any particular
age or sex group to contribute disproportionately
to the observed differences in erythrecyte count,
Rather,
the over-all difference for these determinations

hemoglobin content and hematocrit value.

seems to be due to contributions from most of the
groups studied. Thus, in Table 4, for instance, six
of the eight dilferences in erythrocyte count and
seven of the eight differences in hemoglobin content
agree in sign with that for the group as a whole.
There were, however, a few apparently dispropor—
tionate responses of particular sex and age groups,
which,

significant.

taken at their face value, are statistically
It should be borne in mind that on
the basis of chance alone values in 5 per cent of ¢
tests may be expected to exceed the value of 2.0.
This variation also occurred in determination of the
cell constants, even though there was no significant
The fact that the two different
analytic approaches failed in many instances to

over—all tendency.

vield confirming results lessens the weight to be

given to these findings.

The total leukecyte count and the percentage
of neutrophils and monocytes, which showed no
significant gross differences in Table 2, likewise
showed no clearly consistent tendencies on the break—
down, although there were several minor differences
in the

which may, light of future research,

prove significant, The decrease in percentage
of lymphocytes and the increase in percentage of
esinophils recorded in Hiroshima apparently occcurred
in groups of all ages and both sexes. Differences
in plasma protein values, although statistically
significant in many of the groups, fell into no
simple pattern.

Reticulocyte counts, likewise,

showed no significant pattern.

Relation Between Traumatic Injuries and Flash
Burns and Hematologic Observations.— As noted
previously, many epilated subjects received, in
addition to the radiation, flash burns, glass cuts
and other flying debris. The
possibility that the observed differences between
subjects in Kure and those in Hiroshima were

actually due to these associated injuries rather than

injuries  from
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to the factor of irradiation had to be explored.
Accordingly, Hiroshima subjects were classified
into three groups, Group 1 consisting of those
persons with no injuries or with minor burns
and glass cuts, Group 2 consisting of those with
moderately severe first, second or third degree
burns involving up to approximately 10 per cent
of the body area, or with roughly comparable other
traumatic injury, and Group 3 consisting of those
who received either burns of varying severity
involving more than 10 per cent of the body area
or other types of severe traumatic injury. The
records of relatively few persons, who could not
be readily classified from the available data, were
not incorporated into the analysis. The mean values
in these three groups, and the mean differences
between the established pairs, are shown in Tables
5 and 6.

The significance of the various trends shown
here has been investigated by an analysis of the
variance between and within groups., There was a
tendency for the erythrocyte count to he higher
for those subjects wha received the severest
injuries, This tendency is evident in both Table 5
and Table 6 but is statistically significant only in
Table 6. Moreover, inspection of Tables 5 and 6
reveals that values for hemoglobin concentration
and hematocrit reading tend to vary in the same
manner as do those for erythrocyte count, although
the trend is not statistically significant by this
analysis. One faces, then, the paradox that those
persons most severely burned or otherwise injured
at the time of the bombing later showed a tendency
to an increased number of erythrocytes, with
correspondingly higher values for hemoglobin
concentration and hematocrit reading. This point
will be discussed further later in this report. The
explanation of the over-all differences between
subjects in Kure and those in Hiroshima does not

lie here.

In Table 5 there is indicated a tendency to a lower
leukocyte count for those receiving the severest
injury, but this tendency, although statistically
significant in Table 5, is not borne out in Table
6; therefore, its validity may be questioned.
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Relation Between Amount of .szd'z'aifars and
Hematologic Qbservations.— Although all the
subjects in Hiroshima included in this study
allegedly experienced scalp epilation, which is
probably the most reliable single criterion of the
absorption of large amounts of whole body radiation,
undoubtedly

considerable variation in the actual dose received,

there existed, within the group,
which may have varied from the minimal epilating
dose with this type of irradiation (about 300 r) up
to the maximum tolerated by a few persons (say
700 r). Moreover, it is likely that a few persons
included in the study did not experience true
radiation epilation. One hundred and ninety-three
of 924 persons, or 20.9 per cent of those reporting
epilation, were more than 2 kilometers from the
hypocenter at the time of the explesion, whereas
the Joint Commission found that only 8.3 per cent
of the cases of epilation which they studied in the
weeks immediately following the bombing were in

persons who had been beyond the 2 kilometer zone.!
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TABLE 6. RELATION BETWEEN EXTENT OF ASSOCIATED TRAUMATIC INJURY
AND BURNS AND HEMATOLOGIC FINDINGS FOR EPILATED PERSONS:

COMPARISON

OF MEAN DIFFERENCES BETWEEN ESTABLISHED

PAIRS ACCORDING TO EXTENT OF INJURY OF EPILATED SUBJECTS

% 6 [REHO MR T OOk O & MESFATT R L oM F:
M A HHfont o SEE R o ) FREL B B
Subjects in Group 1 Subjects in Group 2 | Subjects in Group 3
L DR E 2 WDRR | 3D R
9 . . e | 1 ey
Observation <R H g Mean l;)ll.lféerence - Mean g;féer ence | - Mean I:;lféercnu
Standard Error Standard Error Standard Error
# Pl LU # SR s X O # P LU
M e BIHAR Bl e
I
Er::;;_thmcyte [l35 1 vt SO, 135 [+154.000+£51,0000 214 +26.000:I:39.000i 65 |—47,000+65,000
T
Hemoglobin concentration...... 139 +0.46+0.138 216 +0.22+0.107 66 +0.2340.180
L HE e RE
Mean cell hemoglobin............ 135 +0,12+0.239 212 +0.22+0.192 63 +0.72+.306
SPIIER M 54
Leukocyte count ......cc.eeuennees 143 +10+£333 221 —20£237 66 —54+422
e
Neutrophils.....ccoeeieiaienmanine 133 +0.80£1,133 210 —1.52+0,924 ! 66 | —1.46+1.663
fiFrER | ! -
Lymphocytes.........ceeenn] 133 +1.93+0.862 210 +1.82+0.716 | 66 +2.,0041.322
) voER
Mngg;}rtes ........................ 133 —0.17 0,256 210 +0.12+0.220 66 +0.36 40,341
Eosinophils......c...cceciviainans 133 —2.20+0.863 210 —0.44£0.659 66 —0.61+1.181
P REER
Plasma protein value............ 139 —0.07+0.05 214 +0.22+0.038 66 +0.17 0,088
Iy e il
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TABLE 7. RELATION BETWEEN DISTANCE FROM HYPOCENTER AND
HEMATOLOGIC FINDINGS: COMPARISON OF MEAN VALUES
ACCORDING TO DISTANCE

= 7 18 Uity B D FEAE & PR AT R & OBIIR: TG (Ho SR ) e
| Distance from Hypocenter (i HOFRRE
i 0-1 km 1-2 km >2 km
Observation #R%51H Mean and Mean and Mean and
No. St;zrjlgar{d Error No. Starg?rd Er;;)r No. S%njgarg‘& E‘!tr&pr
Ei3s 1O PiGfifits X 5
R | pwme % | peme H O] ppme
Erythrocyte count...............| 135 14,429,000+47,000, 378 14,530,000+25,000, 116 (4,610,000 44,000
Hemcggggﬁ concentration...... 169 12.89+0.113 | 518 12.85+0.058 | 186 12.7740.096
Hematocrit reading............ @ 138 41.384£0.318 440 41.07£0.178 169 40.80+0,208
~+Z Uy FIIENR
Mean cell volume............c..ene 108 89.46+0.745 328 88.46+0.382 108 86.69+0.618
SEE I ER A AL
Mean cell hemoglobin............. 135 28.96+0.265 | 377 28.57+0.122 | 121 27.97+0.225
G MER N & 3%
Mean cell hemoglobin concen— 138 32.44+0.132 440 32.19+0.063 168 32.05+0.119
tration &y MER il ¢ FiREE
Leukocyte count ..................| 135 9,966+ 277 393 9,706 +156 116 | 10,5524299
FER B ,
Ne%lft:;phi]s............... o] 133 53.82+0.840 | 390 | 55.52+0.490 | 115 54,03+0.961
B .
Lymphocytes......oocvverninen. 133 26.55+0.603 | 300 28.30+£0.380 | 115 20,0140.844
) Vo3ER
Mgﬁm;;ytes ........................ 133 6.42:£0.213 | 390 6.30£0.119 | 115 6.41£0.228
Eosigphi]s ....................... 133 13.07+0.782 | 390 10.02+0.360 | 115 9,97+0.689
l
Plasma protein value............ | 169 7.66+0.051 | 518 | 7.63£0.023 | 186 7.7140.039
iilbds =1 | |
Reticulocyte count ................ 27 0.857+0.097 64 | 0.975+0.058 29 0.981+0.109
A MER B : |

However, the two studies are not entirely com-—
parable. In order to analyze the possibility that
those subjects who received the most radiation
to -the observed
differences in the two series, the data have been
In Tables 7
and §, the data are presented in terms of the

- contributed disproportionately

broken down in three different ways.

subject’s distance from the hypocenter of the
explosion, with individual subjects classified as to
whether they were within 1 kilometer, between 1
and 2 kilometers, or beyond 2 kilometers at the
time of the explosion. No attempt has heen made
in this analysis to evaluate further the shielding
factor, In Tables 9 and 10, the data are presented
in terms of the extent of scalp epilation reported
by the subject; three grades of epilation were
established, corresponding to loss of under one

Ll, S02-o0F&EEELECE 3 0T
Vo BREHEAT L 2 BT R, Zo 2 TSI
b BERIT Y L AR M BT A7 70 5 1o ¥
A B O OB 3 DIn Il .
s, 1kabl, 1~2kaBi02mbliEo 0 L
L, #7HITRBITRLA, SORTZHWTIER
O TR T POk S F - f 0k
BEOTME L » TRt &, KIBLTWDHY TH
B, BT 3 DOREXST, LIHELAb®, N
WLBBELAE SO, BEUREEMELLLOS
o, BEc E11, 12022 { PRIED, &R
i5, (EGE, ek, lde, TF, WESUSE, SORI



TABLE 8.

RELATION BETWEEN

DISTANCE FROM HYPOCENTER AND

HEMATOLOGIC FINDINGS: COMPARISON OF MEAN DIFFERENCE
BETWEEN ESTABLISHED PAIRS ACCORDING TO DISTANCE

= 8 LU & DOFEE L MPERRTR & oM @AageitgHoFEEOlE
o Distance from Hypocenter {0750
0-1 km 1-2 km >2 km
Observation ¥I2¢%iH - Mean Ia):lréerente - Mean I:Ii‘féerence - Mean lgligerence
Standard Error Standard Error Standard Error
b SIS L O g Feigids X TX # P ds L TF
B B L
Er%’r_:hrncyte COURE s ciiviavaanss 93 |+212,000£65,000, 256 +1?,0ﬂ0133.000l 83 | —3,000+65,000
Hemoglobin concentration...... 92 +0.64+0.154 264 +0.92+0.100 90 +0.48+0.146
T ik e
Mean cell hemoglobin............ C92 —0.20+0.305 | 250 | +0.44+0.152 88 | +0.97+0.299
S ER i 6 3
Leukocyte count ........ceveerene 91 — 489407 277 +3234+214 88 —852+357
ek
NeutrophilS.......cccomrereneeee] 83 | —0.024£1.427 | 266 | —0.59+0.834 84 | —1.05+1.32
EFehER _ :
LYTPME}EES ..................... 83 | +3.05+1.070 266 +1.23+0.640 84 | +1.86+0.990
) vt |
Mgnocytes.........‘.............. 83 +0.09+0,314 266 —0.00+0.180 84 +0.20£0.349
Eosinophils......coccomieiianainn 83 —2.114+1.178 266 —0.48+£0.573 84 —1.00+£0.988
TFREER .
Plasma protein value............ {92 | —0.10+0.063 | 264 | +0.04+0.036 90 | —0.12+0.057
e T |

third of the hair, loss of between one third and
two thirds, and loss of over two thirds. Finally,
in Tables 11 and 12, the data have been analyzed
according to the reported symptomatologic severity
as judged by the

occurrence of nausea, anorexia, malaise, vomiting,

of the radiation sickness,

diarrhea. pharyngitis,
Grade 1 includes those persons with
nausea and /or anorexia; grade 2, those with vomiting

gingivitis, petechiae and

purpura.

and/or malaise, with or without the symptoms of
grade 1;
diarrhea, with or without the symptoms of grades

grade 3, those with gingivitis and/or

1 or 2, and grade 4, those with pharingitis,
petechine and/or purpura, with or without the
signs and symptoms of grades 1, 2 or 3. In all
three analyses (Tables 7 through 12) available data
for a few individual subjects, not readily classifiable,
have been ommitted. This is admittedly a rough
classification at the best, but it probably is as
satisfactory as possible under the circumstances.
A statistical analysis revealed, as might have been
expected, a high degree of positive association
between these criteria for estimating the relative
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amount of radiation.

From a study of Tables 7 through 12, three
observations of some possible significance emerge:

1. The erythrocyte count showed a uniform
tendency, as indicated in all these tables, to be
the
most radiation, whether judged by nearness to the

lower in the groups presumably receiving

hypocenter, by amount of epilation or by severity
of radiation sickness. There were no unequivecal
or clearcut parallel variations in the hemoglobin
concentration or hematocrit reading, although minor
variations were present.

2. By all three of the same standards, the

depression of the lymphocyte count noted in Table 2
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TABLE 9. RELATION BETWEEN EXTENT OF EPILATION AND HEMATOLOGIC
FINDINGS: COMPARISON OF MEAN VALUES

£ 9 [HEEELMRRMATREOMR: PGl e
| Subjects with Grade 1 | Subjects with Grade 2 | Subjects with Grade 3
i Epilation ¥ - Epilation Epilation
- g 1 EREDONR 2 EEE DX % SEBEONS
Observation R%¢51H | Mean and Mean and Mean and
No. |Standard Error | No. |Standard Error | No. | Standard Error
% e fids X Ot % Gt X OF ¥ Pt X O
BRHURARE B IR 2 ' Bt
Erythrocyte count............... ‘206 |4,542,000+28,0000 116 [4,607,000£45,0000 200 4,464,000+37,000
R IER
Hemoglobin concentration...... 432 12.77+£0.064 159 13.06+0.105 266 12.79+0.092
Binkh -y
Hematocrit reading...............| 383 40.87+0.191 135 41.43+£0.310 223 40.94+0.268
~= b2 9> PR
Mean cell volume.........coeeerena| 265 88.14+0,443 102 88.24+£0.714 164 88.34+0.605
P ERE Rt
Mean cell hemoglobin............| 295 23.43+0.142 120 28.63+0.224 200 28.56 £0.200
P MER 5 |
Mean cell hemoglobin concen—| 382 32.07+0.072 135 32,32+0.122 223 32.3540.106
tration Py (iR I & JEiE EE '
Leukocyte count ........c..cccee| 300 10,046 +£202 120 9,836+242 202 | 9,550+211
B R '
Ne%tggghits ....................... 300 54.52+0.60 120 55.98+£0.822 200 54.61+0.73
Ly;nphc;c%tes ..................... 300 28.80£0.46 120 7.31+0.69 200 27.16+0.53
N e
MONOCYEES ..veerniiirinrinnnnnes 300 6.42+£0.14 120 5.98+0.20 200 6.53+0.17
Eosinophils........cccccevivaneeed 300 10.2440.41 120 10.79+0.76 200 11.69+0.64
FFREER
Plasmaﬁp[ggin value..ccernuens 432 7.64+0.025 159 7.68+£0.042 266 7.66+0.037
Reticulocyte count ............... 54 0.968 +0.066 29 0,902+0.081 35 0.93040.068
Rk R B .

#1n this and the subsequent table, grade 1 epilation indicates loss of under one third of the hair;
grade 2, loss of between one third and two thirds, and grade 3, loss of over two thirds.
COEEITLUBORICHWT, | EREIEELONE, 2ERTIIN~ROME, 3EREINUED

BEATRTLOET D,
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TABLE 10. RELATION BETWEEN EXTENT OF EPILATION AND
HEMATOLOGIC FINDINGS: COMPARISON OF MEAN
DIFFERENCE BETWEEN ESTABLISHED PAIRS
#& 10 [HEEELMEENITREOMER: ALgdiodgBloFzED L
Subjects with Grade 1 | Subjects with Grade 2 | Subjects with Grade 3
Epilation Epilation Epilation
1 DR S 2 BERE O 3 G 3 HEHE D4
Observation $HZEIH Mean Difference Mean Difference Mean Difference
" No. and No, and No. and
Standard Error Standard Error Standard Error
wo| EELsT | @ EEELIV | % | PEEsIT
Rk BintE Bl
Erythrocyte count............... 205 |437,000-+42,000 83 |+25,000+64,0000 142 [+107.000-+50,000
B VER %
Hemoglobin concentration...... 209 +0.22+0.110 86 +0.10+0.166 143 +0.44+£0.135
g _
Mean cell hemoglobin............| 204 +0.19+0.189 82 ‘ +0.26£0.290 141 +0.15+0.242
SPRdE IR 1 5%
Leukocyte count .o.ovvveniinnnenn| 221 +120 +256 87 —548 +£375 140 +21+304
MR
Nettrophils, cevoeass vosvasssns 203 —0.29+0.974 87 —2.18£1.373 134 +0,15+1.072
HF AR
Lymphoc%tes ..................... 203 +0.954+0.714 87 +2.66£1.175 134 +2.56+0.823
Y s
M(Egg;ytes ........................ 203 +0.19+0.214 87 ! +0.52+£0.281 134 —0.55+0.255
[
Eosinophils:., ....cesumemmsonsans 203 —0.85+0.652 87 | —0.79+£1.155 134 —1.404+0.876
TP FiER !
Plasma protein value............ 209 —0.0440.038 86 —0.05+0.070 143 +0.02+0.051
b=
appeared to be best defined for those who were LI R A T oL D Y v oA,
most severely irradiated. BLIED L 5 Th b,
3. The elevation of the eosinophil count in

irradiated persons, also brought out in Table 2,
likewise appeared hest defined for the more heavily
irradiated subjects (tables 7 Through 10), although
the data are not in complete agreement (Tables
11 and 12).
irradiation or merely reflected an increased incidence

Whether this was a true effect of

of parasitic infection in the heavily irradiated
persons, due to lowered resistance and/or poorer
food conditions,

time of the bombing, will be discussed further

with increased infection at the

later in this report.

In the preceding section, it was noted that those
subjects who had received the severest burns and
trauma nevertheless appeared to show the highest
erythrocyte counts. The results reported in this
section would seem to indicate that these who
received the greatest amount of radiation had at
the time of writing the lowest erythrocyte counts.

One plausible hypothesis that would bring these
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two tendencies into a single pattern is that of those
persons who were heavily irradiated and also
received severe burns or other injuries many died.
This would explain, among the epilated survivors
who composed this series, a relative deficiency of
those persons with both severe injuries and severe
irradiation and a relative excess of those severely
burned but not heavily irradiated, and/or those
severely irradiated but without extensive burns or
other injuries. It is felt that the present data are
inadequate to serve as a basis for a rigorous test
of this hypothesis.

COMMENT

It may safely be assumed that the majority of

persons in this series reporting epilation in conse—
quence of the atomic bombing exhibited within two
months after the event a major depression in the
number of formed elements of the peripheral blood.!
The studies herein reported reveal that two years
after the bombing the peripheral blood manifested
almost complete recovery from this insult to the
hemopoietic system. However, there did appear to
be a number of slight residua at thz time of the
study, of no apparent clinical significance but of
definite statistical wvalidity. In this section we
shall attempt an evaluation of the meaning of these
findings. First, however, as basic to any adequate
discussion, the question of comparability of the
.control and the epilated populations on all scores
except the irradiation factor must be considered.

The atomic bombing at Hiroshima produced
sudden, widespread chaos. Casualties mounted to
the tens of thousands, and in spite of valiant
attempts, adequate care of the survivors was
almost completely lacking, There was complete
interruption of all normal economy for a period of
many weeks, and relief supplies failed to meet
the demand in many instances. On the other hand,
although Kure, the site of control observations,
was subjected to bombings over a period of several
the casualties were relatively few in
Although there undoubtedly occurred

disorganization of the normal economy, the degree

months,
number.

and duration were minor in comparison with
Hiroshima. Thus, the people were not subjected to

the extreme privations encountered in Hiroshima.
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In the ensuing discussion, one question must
constantly be kept in mind: Are the differences in
the hematologic values observed in the two groups
actually a residual effect of ionizing irradiation,
or are they related to the associated unhygienic
Also, it must be

irradiated group

and innutritious aftermath?
recognized that the surviving
were, within themselves, a selected group of the

total population irradiated.

Erythrocyte Couni.— It was indicated in Table
2 that the irradiated population of Hiroshima had
a mean erythrocyte count slightly below that of
the nonirradiated population of Kure, the difference
amounting to 65,000 to 83,000 cells per cubic
centimeter, or approximately 1.6 per cent of
the Kure mean, There was a correspondingly
slight reduction in hemoglobin concentration (the
difference was 0,26 to 0,30 gm. per hundred cubic
centimeters, or about 2.1 per cent of the Kure
mean) and in hematcerit reading (0.48 per cent;
about 1.2 per cent of the Kure mean). Since there
were no significant differences relating to the cell
constants, these differences were attributed to
variations in the numbers of comparable cells rather
than to qualitative effects on the erythrocytes.
The important reservation relating to the spread
of the distribution in Hireshima will be discussed

later in the paper.

The effect of ionizing irradiation on erythropoiesis
has received considerable attention. The information
in the literature on the results of long-continued
irradiation and that on effects of repeated small
doses of radiation is not strictly applicable in the
The

literature on the erythrecytic response to acute

interpretation of the data of this study.

exposures deals almost exclusively with the early
picture® and indicates that there generally occurs
a depression of erythropoiesis, with a resultant
anemia within a few weeks, the severity of which
is roughly related to the dose. The recovery from
the anemia is relatively slow in comparison to the
leukocytic recovery.! Stearner and others®™* admin—
istered 600 r of whole body radiation to rats and
then followed the peripheral hematologic picture
The

lowest values fer hemoglobin concentration and

for a total of one hundred and sixty days.
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erythreeyte count were observed on the eighteenth
day and were followed with a sharp recovery
period. However, on the average, recovery did not
appear to be complete at any time within the one
hundred and sixty day period, although with the
statistical measures employed, the differences
between irradiated and control animals were not
The

waork of Jacobson and others?s—° gn the rabbit,

significant beyond the ninety—fourth day.
although less conclusive statistically, tends to
confirm the results of the work on the rat. Henshaw
and others® observed relatively rapid recovery of
the hematologic constituents in mice following
single whole body exposures either to neutrons in
doses up to 90 n or to gamma rays in doses up to
700 r; the only significant late hematologic finding

noted was the development of lymphomas.

On the other hand, the Japanese diet had for at
least the five years previous to the study been
deficient in many respects, a factor which did not
favor adequate blood formation.”® From recent
surveys, the composition of the average Japanese
diet during that period can be estimated to have
consisted of 60 gm. of protein 12 gm. of fat and
400 gm.

one tenth of the protein intake was of animal

of carbchydrate; however, only abcut
origin.” It has been stated that meat eaters average
a higher number of red cells than vegetarians.®
Whipple and Robscheit-Robbins®® have extensively
investigated the effects of varicus nulrients on
blood regeneration. Evidence indicates then that
diet is an extremely important consideration, and
that in a population which originally had an inade—
quate base line standard, the further innutritious
circumstances created by the atomic bombing could
conceivably have resulted in such hematologic
differences as are indicated here. Even the fact that
erythrocyte values appeared to be most depressed
in those persons who received the greatest amount
of radiation may only indicate that these persons
suffered the greatest material loss and so, econo—
mically, fared particularly badly, with consequent
poor nutrition. The factors of irradiation and
innutritious conditions perhaps were, in effect,

additive.
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Leukocyte Count.— There was found to be no
significant difference between mean leukocyte
counts for the irradiated and nonirradiated groups,
but there was a slight depression of relative
lymphocyte count, amounting to 1.39 to 2.02 per
cent, and a slight elevation of relative eosinophil
count, amounting to 0.99 to 1.83 per cent. The
general increase in mean leukocyte count, in
both epilated and control series, was probable an
expression of the frequent infections observed,
which were minor but which did not eliminate

persons, from the series.

The extreme sensitivity of the lymphocyte to
acute ionizing irradiation has been appreciated for
many decades,” but recovery has been said to be
adequate within a relatively short time.** It has
been recently reported however, that in the rabbit,
the lymphocyte count was depressed for a period
of ninety days after acute exposure to 800r.'"
Other investigators have reported that in the case
of rats exposed to large single doses of whole hody
radiation, a possible discernible effect was obser—
vable in the lymphcpoietic tissue as long as
thirty-five days later, even though recovery, as
indicated by the state of the peripheral blood, was
essentially complete at thirty days.'

Our data do sugpgest that there possibly existed
greater residual depression of the Ilymphocyte count
in those persons who received the heavier doses of
radiation, but likewise they may indicate that
it was these groups which showed the greatest
increase in percentage of eosinophils. Eosinophilia
is of recognized occurrence during the recovery
phase in acute exposure to ionizing irradiation in
as much as 10 to 20 per cent of cases.**»! However,
for the most part, eosinophilia is related to chronic
or repeated e)-(posure.“ The duration of eosinophilia
following acute exposure has received little atten—
tion. The high incidence of parasitic infection
undoubtedly accounts for the rather high values
observed in the controls,* but whether the relatively
higher values in the Hiroshima subjects were an
expression of increased parasitic disease cannot be
stated without further study. The unhygienic
conditions so prevalent in Hiroshima for several

months after the bombing certainly would have
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favored transmission and increased morbidity. If
this was the causal relation, the depression of the
lymphocyte count was perhaps only a compensatory
depression, in view of the similar mean leukocyte
counts. An increased incidence of parasitic infection
in Hiroshima may, be a partial
explanation of the difference in erythrocyte counts.

Plasma Protein Values.— The plasma protein

of course,

values in Hiroshima were slightly elevated over
those in Kure. Whether this was on a basis of
nutrition or of irradiation cannot be decided at the
present time. To the extent that plasma protein
levels could be taken as a criterion for gross
malnutrition,”® there was no evidence of the possible
greater impairment of nutrition in Hiroshima
discussed previously. The high levels of plasma
protein observed in both cities are noteworthy.
Similar high levels were observed by the Joint
Commission, using the copper sulfate method, in
1945.!

by the copper sulfate gravity method depended on

The determination of plasma protein values

certain constants, derived from a study of American
subjects, The necessary studies to determine
whether the extrapolation to Japanese subjects was
a valid procedure have not been carried out at the
time of writing. It is possible that the character
of the Japanese diet was reflected in the constituents
of the blood to the point where a given value for
specific gravity did not have the same significance
for the two groups.®

Variation.— Perhaps one of the more significant
statistical findings to emerge from this study is
the greater variability of individual hematologic
in the
with those of the control group. In the case of de—

values irradiated group in comparison
terminations concerned with the erythroid elements,
this greater variability seems to be due chiefly to
the fact that counts for a certain fraction of the
population, for reasons not entirely evident, had
failed to return to normal levels, with a resultant
increased spread in the distribution of individual
determinations. That considerable qualitative and
quantitative variability of hematologic recovery
after irradiation exists within wvarious animal
species is a well recognized fact.*® For leukocyte
determinations in which the mean total counts are
similar, the explanation is more obscure.
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The fact that the standard deviations recorded
for the control population are considerably greater
than those commonly accepted may lead some to
question the wvalidity of conclusions concerning
relative variability. Throughout this investigation,
we have been particularly conscicus of procedural
errors. We have attempted to evaluate the limi-
tations of the various hematogogic methods by as
precise an estimation as possible of the errors
These
attempts have indicated that there was a substantial

involved in the determination of each value.

error due to inherent deficiencies of the methods,
and also to personal interpretations of  the ““end
point.”
values for cell constants has been pointed out in

The reflection of these errors in the
some detail. On the basis of certain statistical
considerations, the expected ranges of the constants
for 95 per cent of values have been found to be
considerably larger than those generally accepted
as describing the range of normal values. For
instance, Wintrobe' stated that 98 per cent of
normal determinations of mean cell volume would
fall within £ 8.0 cubic microns of the mean, 87.0
of the

cubic microns. Ninety-eight per cent

frequencies represent +2.7 standard deviations;

therefore, 1 standard deviation is i28'70 , OF appro—

ximately =+ 3.0 cubic microns. We have indicated,
on the basis of calculations utilizing certain
estimates of the variability of the hematocrit reading
and the ervthrocyte count and their correlation
coefficient, that the standard deviation of the mean
cell volume should approximate at least +5.2
cubic microns. The range for 98 per cent of
values would then be 2.7x (£5.2), or £14.0
cubic microns. But even if one accepts the fact
that the values customarily accepted as representing
the range of the constants are too narrow, it must

be admitted that in the control samples of both

the observed
variation in the mean cell volume was significantly
greater than the calculated expectation. At least
three factors which may have contributed to the

Japanese and American subjects,

greater variability of this and other determinations
can be recognized: (1) In calculating the statistical
expectation, extremely conservative estimates of
population variability were utilized; (2) this study
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involved a decidedly more heterogeneous control
population than was the case in the studies of
Americans, designed to determine the normal range
of the blood constants, and (3) noncertified
equipment was used. The further possibility of
But
whereas all these factors may have contributed to

technicians' errors must be recognized.

a greater real and apparent variability in the
“normal” population used in this study than in
other normal populations, they cannot be utilized
to explain the differences between Kure and
Hiroshima, since the two laboratories were operated

under comparable conditions, with the same staff.

SUMMARY

An attempt has been

What was the peripheral

made to answer the
following question:
hematologic picture twenty to thirty-three months
after the atomic bombing of Hiroshima, in persons
who received relatively large amounts of whole
body radiation?

The

relatively heavily

the selection of
the

criterion adopted for
irradiated subjects was
occurrence of scalp epilation. Epilated subjects
were selected at random, through the use of a

questionnaire. The majority were school children.

A control population comparable in age, sex,
nutritional status and occupation was studied in
the city of Kure, which is located some 18 miles
(28.97 kilometers) from Hiroshima.

In Hiroshima, 924 subjects were examined; in
Kure, 935.

Each person selected for study completed a briel
history and was given a brief physical examination;
as many of the following blood values as
circumstances permitted were then determined:
erythrocyte and leukocyte counts, differential
blood count, hemoglobin concentration, hematocrit
reading, plasma protein level and, for a smaller

number of persons, reticulocyte count.

A detailed evaluation of the errors involved in
the standard blood studies is presented, as a basis
for an appreciation of the significance of these

findings.
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Results are compared not only in terms of the
mean values for the two populations but also in
terms of the mean differences between randomly
established pairs of similar control and epilated
individual subjects.

The irradiated subjects of this study appeared
for the most part to have made a complete recovery
from the depression of the peripheral blood values
which may be assumed to have followed the
bombing. However, various significant differences
between the two populations were observed:

1. Erythrocyte count, hemoglobin concentration
and hematocrit reading were slightly, but signifi—
cantly, depressed for the subjects in I-ﬁroshim.

2. Although the total leukocyte count was the
same in the two cities, in Hiroshima there were a
slight relative depression of lymphocytes and a
slight elevation of eosinophils.

3. Plasma protein values were possibly slightly
higher in Hiroshima.

4. There was significantly greater variability
in the observations made in Hiroshima than in
those made in Kure.

These differences cannot be attributed to a
differential response on the part of any particular
age or sex group.

Epilated persons who experienced associated flash
burns or trauma showed mean erythrocyte values
which were higher, if anvthing, than the values
for those who did not suffer such associated injury,
from which it is inferred that the greater frequency
of these injuries in Hiroshima than in Kure does
not account for the hematologic differences between
the groups.

Those individual subjects who, by anv of a
number of criteria, absorbed greater amounts of
radiation tended to show the most pronounced
depression in erythrocyte and lymphocyte counts
and the greatest elevation in eosinophil counts.

It is felt that in view of the great medical and
civil disruption in Hiroshima after the bombing,
in attributing the
slight recorded differences to the atomic bombing,

caution must be exercised

although it seems possible that irradiation was, to

some extent, responsible.
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