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Introduction

In this presentation some of the findings inirradiated human populations
which may be related to aging and life shortening are reviewed. Dr. CAsa-
RETT has ably described these changes in animals and Dr. UptoN in his excel-
lent presentation has described radiation carcinogenesis.

Knowledge of late effects of radiation exposure in human beings is scan-
ty and is derived largely from studies of the Japanese people exposed to the
atomic bomb irradiation, the Marshallese exposed to fallout, patients ex-
posed to diagnostic and therapeutic irradiation, occupational exposure such
as physicians and x-ray technicians, radium dial painters, uranium miners,
etc. The development of neoplasia is the most striking late effect of exposure
while the development of the less specific changes, many of which are similar
to those associated with the aging process, are much less clear-cut.

The role of irradiation in the induction of malignant transformation is
well established, and accounts for most of the life-shortening effects ob-
served. The organ or tissue affected is largely dependent on the type of expo-
sure. Penetrating irradiation of large portions of the body are associated with
leukemia and, to a lesser extent, with other malignancies as noted in the Jap-
anese exposed to the atomic bomb, medical specialists using irradiation, and
patients treated for ankylosing spondylitis. Most malignant tumors, howev-
er, have occurred in persons following internal absorption of radioisotopes
which are usually selectively absorbed by target organs. Examples are cancer
of the bone in the case of radium dial painters, cancer of the lung in uranium
miners, liver cancer in patients treated with Thorotrast and thyroid tumors
from radioiodine absorption.
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Since Dr. UptoN has discussed radiation carcinogenesis, I will confine
my remarks to a summary of some of our relatively new data in regard to the
development of thyroid neoplasia in Marshall Islanders exposed to radioac-
tive fallout in 1954 and then review certain other late nonneoplastic changes
in irradiated human beings which may be related to aging and life shortening.

Thyroid Neoplasia from Radioiodine Absorption in Marshallese Exposed
to Fallout

During the 2 days before evacuation of the Marshallese people from
their contaminated island, they received a sublethal exposure of y-irradiation
(175 rads), marked contamination of the skin which later resulted in -burns,
and they absorbed significant amounts of radioisotopes from inhalation and
ingestion of contaminated food and water!. The acute effects of their expo-
sure have been well documented [9, 14]. Though no acute effects of the inter-

‘nally-absorbed fallout were observed, radioisotopes of iodine were absorbed

in sufficient quantity to result in late effects on the thyroid. In addition to 3],
several shorter-lived isotopes of iodine (132~ 133~ 135]) were absorbed in signi-
ficant quantity. It was calculated from radiochemical urine analyses that thy-
roids of adults received about 160 rads from radioiodines and in addition 175
rads from y-irradiation. Since the children had much smaller thyroids, they re-
ceived considerably higher doses. It was estimated that a 3-4-year-old child
received thyroid doses in the range of 700-1,400 rads from radioiodines and
175 rads from y-irradiation. The total dose to the thyroid glands compared
with other organs of the body was greater by a factor of 2 in adults and about
7 in the children.

Thyroid nodules first appeared in a 12-year-old girl 9 years after expo-
sure (1963), followed by increasing numbers of thyroid nodules in the follow-
ing years in other exposed people. At present, 19 exposed Rongelap people
among 66 now living (of 82 exposed) have developed nodularity and in addi-
tion, 2 young boys who showed marked growth retardation developed severe
hypothyroidism with atrophy of the thyroid gland [10]. Partial to complete
thyroidectomy has been performed on 18 cases. Benign adenomatous no-
dules were noted in all but in addition, 3 cases had malignant lesions, 1 ina

1 Among the Rongelap people 64 were on Rongelap Island and received the heaviest
exposure of 175 rads y-radiation, 18 others were on nearby islands and received only
about 69 rads. A third group of Marshallese were on Utirik Island farther east and received
only an estimated dose of 14 rads.
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Table 1. Thyroid lesions in Marshallese exposed to fallout

Island group Age at Estimates Thyroid ' Malignant
(radiation exposure Thyroid dose lesions lesions
dose-gamma) rads, percent? percent®
radioiodines!
Rongelap <10 500-1400 89.5(17/19) 5.3 (1/19)
175 rads >10 160* 8.8 (3/39) 5.9 (2/34)
all - 39.6 (21/53) 5.7 (3/53)
Rongelap <10 275-550 0.0 (0/6) -
69 rads >10 55 12.5 (1/8) -
all - 7.1 (1/18) -
Utirik <10 55-100 0.0 (0/40) -
14 rads >10 14 5.1 (3/59) 1.7 (1/59)
all - 3.0 (3/99 1.0 (1/99)
Rongelap <10 - 0.0 (0/61) -
unexposed >10 - 2.3 (3/133) -
all - 1.5@/1949) -

1 Dose from 11,133,133, 13s],
2 Based on number now living. )
3 Children 10-20 years of age at exposure received doses between 160 and 500 rads.

40-year-old woman (in 1965) and 2 recent cases (in 1969), 1 in a 36-year-old
woman and the other in a 21-year-old female?. The ages at exposure were 29,
21 and 7 years. The latter case is the first noted in the group of 19 children ex-
posed at less than 10 years of age. Table I summarizes findings in the various
populations.

At surgery the thyroid showed multiple discrete nodules a few millime-
ters to several centimeters in diameter, soft to firm in consistency, and some
showed hemorrhagic and cystic changes. Microscopic examination revealed
that the benign nodules had marked variation in size of follicles and evidence
of radiation damage could be detected in many cells. The malignant lesions
were present as one or more firm tumors (see fig. 1) and microscopically var-
ied in structure from papillary to mixed papillary and follicular. All showed
capsular invasion. In 2 cases there was localized lymph node metastasis and
in 2, localized blood vessel metastasis was seen.

2 One additional thyroid cancer was found in a woman from Utirik Island and in

view of the low thyroid dose received by these Islanders (about 30 rads) it is less likely
that this case was radiation-induced.
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Fig. 1. Malignant lesion in thyroid gland removed from a 41-year-old Marshallese
woman who had been exposed to fallout. The malignant lesion can be seen to the right.
Localized blood vessel and lymph node metastases were noted.

Slight to moderate growth retardation in some exposed children had
been noted beginning several years after exposure to fallout. Though numer-
ous thyroid studies were done, thyroid deficiency was not detected at that
time. However, more recently thyroid nodularity along with deficiency in se-
rum thyroxine has been correlated with growth retardation in several chil-
dren. Supplementary hormone therapy was instituted in the exposed Ronge-
lap people in 1965, the rationale being to prevent the action of the thyroid-
stimulating hormone on the injured glands and so hopefully, (a) repress fur-
ther development of nodules and malignancy, (b) furnish needed hormone in
operated cases, and (c) possibly enhance growth in retarded children. It is too

.early to know if this treatment is helping in the prevention of nodularity but
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it does appear to have enhanced growth and development in some of the re-
tarded children, particularly in the 2 hypothyroid boys who had shown the
greatest retardation of growth.

The importance of late effects of radioiodine exposure is borne out by
these findings particularly in the children. Though a few cases of thyroid can-
cer following radioiodine treatment have been noted, the correlation between
treatment and development of the malignancy has usually not been clear-cut.
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It appears that the 3 cases of thyroid cancer in the Rongelap people are the
first to be clearly associated with radioiodine exposure with the possible ex-
ception of a single case reported by SHELINE et al. [28].

The incidence of thyroid cancer on a per rad basis in the Rongelap peo-
ple (5.6 cases/10® people/rad/year) is not inconsistent with the incidence re-
ported by others [17] following X-ray exposure of children. It does appear
from these findings that radioiodines may be as carcinogenic as X-rays. Per-
haps the reason for lack of development of thyroid malignancy in patients
treated with radioiodine is related to the high doses of irradiation used which
might so damage the glands as to preclude proliferative activity and malig-
nant transformation. ' .

The incidence of benign nodules in the Marshallese is higher than pre-
viously reported, but when considered on a risk/rad basis, the incidence of 51
cases/10° persons/rad/year is not too different from that reported by PiNcus
et al. [25]3 .

The data on the Marshallese are too meagre to draw any valid conclu-
sions about dose response relationship associated with radioiodine exposure
of the thyroid. Based on his Ann Arbor series and the Marshallese data,
HEeMPELMANN [17] postulated a linear dose response with no threshold (at
least above 20 rads) for radiation-induced thyroid nodularity.

There have been 3 additional cases of cancer (of the female genital tract)
in the exposed Marshallese and though no definite malignancy has been re-
ported in the unexposed comparison population, correlation of those malig-
nancies with radiation exposure is uncertain [9].

In spite of a high incidence of ‘y-burns’ of the skin in the Marshallese
there has been no evidence of late chronic radiation dermatitis or malignant
transformation of the burned areas. Some scarring and pigment aberrations
are still evident. Since skin cancer usually has a latent period of 20 or some
years, it may be too soon to expect such changes in the Marshallese [9].

3 The question was asked this morning concerning the relative radiosensitivity of the
thyroid gland of the child compared with the adult gland from radioiodines. From the
Marshallese data, we could reason that the increased dose due to the smaller size of the
gland was responsible for the higher incidence of nodularity. On the other hand since the
infant thyroid grows from about 1-20 g at maturity requiring 4-5 cell divisions, there is a
greater opportunity for expression of radiation-induced mutational changes and neoplastic
transformation in the developing gland. In the adult gland cell division is seldom observed.
Though it is not possible at this time to define a tolerance range for either the adult’s or
child’s thyroid from these data it seems prudent to use caution in the use of radioiodines,
particularly in children where the additional possibility of growth and development
retardation exists.
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Table I1. Aging criteria tested. (Combined exposed and unexposed groups)

Criterion Aging effect  Correlation with agé
Marshallese ABCC studies (8]

Lymphocytes, peripheral blood decrease 0.9
Lymphocytes transformation*  decrease 0.9
Greying of hair increase 0.8 0.7
Arcus senilis increase 0.8
y-globulins? increase 0.7
Skin elasticity decrease 0.7 0.6
Skin looseness increase 0.7
Visual acuteness decrease 0.7 0.4
Hearing decrease 0.7 S 0.6
Hand grip strength decrease 0.6 0.3
Neuromuscular reaction® decrease 0.6 0.5
Systolic blood pressure increase 0.5 0.5
Diastolic blood pressure increase ) 04
Cholesterol increase 0.4 0.2
Whole body potassium* decrease 04
Heart size . increase 0.3

1 Response of lymphocytes in culture to phytohemagglutinin stimulation.

2 Exposed individuals showed a difference and are not included. See section on
immunohematological changes.

3 Light extinction test.

4 vy spectrographic analysis. Represents lean body mass.

Measurement of Aging Changes

I would like now to briefly describe some empirical studies that have
been carried out in irradiated populations in an attempt to measure aging
and see if there was any correlation with radiation exposure. Though the in-
jurious effect of irradiation in producing aging-like effects no doubt occurs at
the time of irradiation, the expression of such injury may not be evident until
years later. Since aging changes are poorly understood and therefore, difficult
to measure, several investigations by the ABCC [17-19] and in the Mar-
shallese [7, 8, 11] have been conducted to detect aging effects of irradiation by
comparison of measurements of recognizable senile changes in age-matched
cohorts of exposed and suitable unexposed comparison populations. Many
of these changes could be measured directly, others had to be subjectively as-
sessed on a 1-4-+ basis. In table II are listed some of these criteria used in de-
creasing order of their statistical correlation with chronological age. Al-
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Fig. 2. Combined weighted data (coefficient for age correlation of each criteria used
to weight scores before summing). O Exposed, @ unexposed, O combined with standard
error means. r = 0.99 (correlation with age significant at 1% level), y = 0.51 + 0.38 x
+ 0.01 x2,

though many of these criteria showed good correlation with age, no radia-
tion-induced aging effects were detectable since there were no significant dif-
ferences in the exposed compared with the unexposed groups in these studies.
By combining data on a percentage response basis it was possible to obtain a
‘biological age score’. The lack of correlation with radiation exposure with
such scoring in the Marshallese is demonstrated in figure 2. Perhaps these
tests were not refined enough to detect aging effects of irradiation since such
changes may be too subtle to be detected in this manner. In any event, most
of these criteria are probably not associated directly with lethality.
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It is believed these cross-sectional studies will be improved with further
testing of these populations on a longitudinal basis. The addition of more
tests involving organ function would also be desirable. Until we understand
more about the chain of events leading to radiation-induced aging, we will
probably continue such studies using the empirical approach. Hopefully,
they may lead to clues which will suggest more fundamental studies.

Some Nonneoplastic Late Findings Related to Radiation Exposure

Life shortening. As has been pointed out, the role of irradiation in bring-
ing about life shortening from the development of malignant lesions, particu-
larly leukemia, is well established in animals and man. However, life shorten-
ing from other late effects is better established in animals than in man. Stud-
ies of mortality in medical specialists using ionizing radiations, particularly
radiologists, from about 1930 to 1954 have been reported by several investi-
gators’ [5,13,27,31,32]. During the early years when radiation protective
measures were not as good, radiologists received larger amounts of radia-
tions than other physicians. Studies of mortality tables in the various medical
specialties showed that radiologists had a shortening of lifespan of about 5
years. Most of this reduced lifespan was due to leukemia and to a lesser ex-
tent to other malignant tumors, but life shortening was still detectable from
other causes where these malignancies were subtracted. CoOURT-BROWN and
DoLL [13] in studies not strictly comparable, did not show any difference in
longevity in British radiologists. Recently BEBEE et al. [2] reported on 13,000
deaths occurring between 1950 and 1966 among 82,000 Japanese victims of
atomic bomb exposure. They reported ‘...once cancer is removed from the
list of natural causes, mortality appears to bear no relation to radiation dos-
age. In none of the four time periods is there evidence of general increase in
mortality that one might expect from the hypothesis of accelerated aging.” In
regard to the Marshallese population the numbers exposed are too small to
give reliable assessment of life shortening effects.

Lens opacities. Opacities of the crystalline lens of the eyes have been not-
ed as a late effect of irradiation in cyclotron workers [1], patients receiving ir-
radiation to the eyes [23] and in the ABCC studies [6,29]. Such lens changes
range from posterior subcapsular plaques and flecks visible only with slit
lamp examination to frank cataracts in a few cases with reduced vision. In re-
cent studies on the Marshallese people, BATEMAN found an evidence of in-
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crease in flecks in the lIens of females exposed during adolescence [9]. These
data also suggested that variation of sex hormones might play a role in radi-
osensitivity of the lens.

Chromosome aberrations. Evidence for persisting damage to the genetic
apparatus of the cell in the form of chromosome aberrations in lymphocytes
of peripheral blood cultures has been noted in several irradiated populations
(laboratory accident cases [3], Marshallese [22], Japanese fishermen [21]
and the Japanese exposed at Hiroshima and MNagasaki [4]). The incidence
was low but the aberrations were noted as late as 20 years after exposure in
the Japanese. Such chromosome changes have also been noted in cultured
thyroid cells years after radiation therapy [15], and are no doubt present in
other cells of an irradiated individual. Such findings lend support to the so-
matic mutational theory of aging.

Immunohematological changes. There are certain findings in exposed
Rongelap people indicating reduced immunological potential. Based on pe-
ripheral blood counts, recovery from the acute depression of white blood cells
and platelets which was noted during the first 6 weeks after exposure was
nearly complete by 1 year but continued to fluctuate at a level slightly below
the unexposed populations in subsequent years (see fig. 3). However, it is
not certain that such peripheral blood counts reflect bone marrow injury.
During the past few years we have carried out certain immunohematological
tests on the Marshallese and found that the exposed people have increased al-
bumin levels and significant reduction in y-globulin levels (about 17 % below
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Fig. 4. Age related change in y-globulins showing the mean level for each decade
with standard deviation. O—0OUnexposed, y = 1.69 + 0.006 x. 0—O Exposed, y =
1.60 + 0.001 x.

those of unexposed levels) with reduced immunoglobulin levels particularly
IgG and IgA [11,12] (see fig.4). The response of cultured lymphocytes from
peripheral blood to phytohemagglutinin stimulation, however, was about the
same in the exposed as compared with the unexposed population. Though
these findings may indicate impairment of immunological capacity in ex-
posed people, such impairment has not been evident based on incidence and
severity of diseases compared with the unexposed groups over the 16 years of

examinations [9].

Growth and development. Though large doses of irradiation to the bones
are known to retard growth in children, it is questionable if such bone ex-
posures in the sublethal dose range can bring about retardation of growth.
Some degree of retardation in growth and development in the Japanese
children, particularly in males, has been reported by RENOLDS [26], NEHEMIAS
[24] and GREULICH et «l. [16]. The latter authors emphasize the importance
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of complicating factors such as trauma, nutritional dcficiencies, etc. in this
population. We have found definite growth retardation in some of the
Marshallese children exposed to fallout [30]. As was pointed out earlier,
thyroid injury from radioiodine exposure appears to have been responsible
for this retarded growth [10].

Nephrosclerotic changes. Such changes have been noted only in patients
receiving large doses to the kidney, but have not been reported in persons re-
ceiving sublethal doses of whole body irradiation.

Summarizing Remarks

Malignant transformation is usually viewed as a process of aging since the incidence
increases with aging. The development of such malignancies is one of the best correlated
late effects of exposure in both animals and human beings and is responsible largely for
the life shortening observed. Such malignancies have been noted following whole body,
partial body or specific organ exposure due to selective absorption of radioactive isotopes.
Following whole body (sublethal) exposures, leukemia is definitely established as a late
effect and it appears that thyroid cancer as noted in the exposed Japanese can be added to
the list. Since malignancies other than leukemia were increased in radiologists (a study
covering a relatively long period of time) other types of radiation-induced malignancies
may yet appear in the exposed Japanese and Marshallese populations.

Heretofore radioiodines had not been thought to play an important role in malignant
transformation. However, the recent development of the high incidence of both benign
and malignant nodules in the Marshallese described in this paper clearly indicates the
importance of radioiodine exposure in this regard. The high incidence of thyroid abnormal-
ities in the Marshallese children along with the related retardation of growth emphasizes
the caution that must be observed in the use of radioiodines.

Many of the nonspecific effects of irradiation bear similarities to ordinary aging
changes. Since the underlying changes of ordinary aging are not clearly defined, it is
understandable that such radiation-induced changes are even less understood. There are
no pathognomonic radiation changes characterizing late effects. Measurement of the
usually-recognized aging changes in the exposed Japanese and Marshallese populations
have failed to reveal such effects of irradiation. However, late effects other than neoplasia
have been found in irradiated human populations such as life shortening in radiologists,
devclopment of lens opacities, persistence of chromosome aberrations and certain im-
munchematological changes. Most of these effects such as cataracts, skin changes, chromo-
some aberrations, etc. do not appear to be related to lethality, though collagenous and
fibrotic changes in connective tissue and blood vessels may indirectly have a causal
relationship to mortality. The individual genetic predisposition to such alterations is an
important area about which we know little. Also complicating environmental factors
(socio-economic, geographical, stress of trauma, heat, cold, disease epidemics, etc.) no
doubt play an important role in the development of late radiation effects.

- B e R R N SO T B i ST . LSRR T S R
. : A

B/ENEN.
iefi).ﬁé




10

11

12

13

on Aging and Life Shortening in Human Populations 497
References

ABELSON, P. H. and KraGEr, P. G.: Cyclotron-induced radiation cataracts. Science
110: 655-657 (1949).

BeeBe, G. W.: Karto, H., and Lanp, C. E.: Mortality and radiation dose, atomic
bomb survivors, 1950-1966. Talk presented at 4th Int. Congr. Radiation Research,
Evian (1970).

BENDOR, M. A. and GoocH, P. C.: Persistent chromosomes aberrations in irradiated
human subjects, Radiat. Res. 16: 44-53 (1962).

BrooMm, A. D.; NerusHI, S.; Kamapa, N.; Isexi, T., and Kegnn, R. J.: Cytogenetic
investigations of survivors of atomic bombings of Hiroshima and Nagasaki. Lancet
ii; 672-674 (1966).

Braestrup, C. B.: Past and present radiation exposure to radiologists from point
of view of life expectancy. Amer. J. Roentgenol. 78: 988 (1957).

CoGan, D. G.; DonaLpson, D. P., and Reesg, A. B.: Clinical and pathological
characteristics of radiation cataracts. Arch. Ophthal., Chicago 47: 55-70 (1952).
ConarDp, R. A.: An attempt to quantify some clinical criteria of aging. J. Geront.
15: 358 (1960).

ConArD, R. A.; Lowrey, A.; EicHNEr, M.; THoMpsoN, K., and Scort, W. A.:
Aging studies in a Marshallese population exposed to radioactive fall-out in 1954;
in Linpop and SacHER, Radiation and Aging, pp. 345-360 (Taylor & Francis,
London 1966). .
CoNARD, R. A et al.: Medical survey of the people at Rongelap and Utirik Islands,
13, 14, and 15 years after exposure to fallout radiation. March 1967, March 1968, and
March 1969. BNL 50220: T-562 (1970).

CoNaRD, R. A.; Dosyns, B. M., and Sutow, W. W.: Thyroid neoplasia as a late
effect of acute exposure to radioactive iodines in fallout. J. amer. med. Ass. 214:
316-324 (1970).

ConNARD, R. A.; DeMotsg, C. F.: ScotTt, W. A., and MAKAR, M.: Some immuno-
hematological aspects of aging and fallout radiation exposure in a Marshall Island
population. J. Geront. 1017: 13-16 (1970).

CoNARD, R. A.: Possible radiation-induced aging as measured by immunohemato-
logical changes in a Marshallese population exposed to radioactive fallout; in Proc.
4th Int. Congr. Radiation Research, Evian (1970).

Court-BrownN, W. M., and DoLt, R.: Expectation of life and mortality from cancer
among British radiologists. Brit. med. J. &: 181-187 (1958).

CronKITE, E. P.: The effects of ionizing radiation on human beings. A report on the
Marshallese and Americans accidentally exposed to radiation fallout and a discussion
of radiation injury in the human being. AEC-TID 5358, US Government Printing
Office (Washington, D.C. 1956).

Doipa, Y.; HokE, C., and HEmMPELMANN, L. H.: Chromosome damage in thyroid
cells of adults irrad. by X-ray in infancy. Radiat. Res. (in press).

GREULICH, W. W.; CriMsoN, C. S., and TURNER, M. L.: The physical growth and
development of children who survived the atomic bombing of Hiroshima and
Nagasaki. J. Pediat. 43: 121-145 (1953).

e
)




301 2bug

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

CONARD ) 498

HempeLmann, L. H.: Risk of thyroid neoplasms after irradiation in childhood.
Science 160: 159-163 (1969). ) .
HoLLINGSWORTH, J. W.; Goro, 1., and CoNARD, R. A.: Skin aging and hair greying
in Hiroshima. Geriatrics /16: 27 (1961).

HoLLiNGsSWORTH, J. W.; HasuizuMe, A., and JasLon, S.: Correlations between
tests of aging in Hiroshima subjects. An attempt to define physiologic age. Yale
J. Biol. Med. 38: 11 (1965).

HorLingsworTH, D. R.; HOLLINGSWORTH, J. W.; BoaGITcH, S., and KEenN, R. J.:
Neuro-muscular tests of aging in Hiroshima subjects. J. Geront. 24; 276-283 (1969).
IsuiHava, T. and Kumatori, K.: Chromosome aberrations in human leukocytes
irradiated in vivo and in vitro. Acta haemat. jap. 28: 291-306 (1965).

Lisco, H. and Conarp, R. A.: Chromosome studies in Marshall Islanders exposed
to fallout radiation. Science /57 445-447 (1967).

" MerriaM, G. R. jr. and FocHr, E. F.: A clinical study of radiation cataracts and

the relationship to dose. Amer. J. Roentgenol. 77: 759-785 (1957).

NeHEMIAS, J. V.: Multivariate analysis and IBM 704 Computer applied to ABCC
data on growth of surviving Hiroshima children. Health Phys. 8: 165-183 (1962).
Pincus, R. A.; REICHLIN, S., and HEMPELMANN, L. H.: Thyroid abnormalities after
radiation exposure in infancy. Ann intern. Med. 66: 1154-1164 (1967).

ReNOLDs, E. L.: The growth and development program of the atomic bomb casualty
commission. Analysis of body measurements taken 1951 on 4,800 Hiroshima children.
USAEL Report NY0-4458, Atomic Bomb Casualty Commission (1952).

SELTSER, R. and SanTwaLL, P. E.: The influence of occupational exposure to
radiation in the mortality of American radiologists and other medical specialties.
Amer. J. Epidem. 81: 2-22 (1965).

SHELINE, G. E.; LinDsAy, S.; McCorMack, K. R., and GarLantg, M.: Thyroid
nodules occurring late after treatment of thyrotoxicosis with- radioiodine. J. clin.
Endocrin. 22: 8 (1962).

Sinsky, R. M.: The status of lenticular opacities caused by atomic radiation. Amer.
J. Ophthal. 39: 285-293 (1955).

Sutow, W. W.; ConARrDp, R. A., and GrIFriTH, K. M.: Growth status of children
exposed to fallout radiation on Marshall Islands. Pediatrics 36: 721-731 (1965).
Urton, A. C.: Ionizing radiation and the aging process. A Review. J. Geront, /2:
306-313 (1957).

WARREN, SHIELDs: Longevity and causes of death from irradiation in physicians.
J. Amer. med. Assn. 162: 464468 (1956).

Author’s address: Dr. R. A. ConarD, M.D., Brookhaven National Laboratory,

Associated Universities, Inc., Upron, L.I, N.Y. 11973 (USA)




