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MEDICAL SURVEYOF RONGELAP PEOPLE

EIGHTYEARSAFTEREXPOSURETO FALLOUT

Introduction

The results of a medical survey of the people of
Rongelap in the Marshall Islands, carried out in

March 1962 at 8 years after the accident, are pre-
sented in this report. These people had been acci-
dentally exposed to fallout radiation following a
detonation of a high yield thermonuclear device
during experiments at Bikini in the Pacitic Proving

Grounds in March 1954. An unpredicted shift in
winds caused a deposition of significant amounts
of fallout on four inhabited Marshall Islands to
the east of Bikini (see Figure 1 ) and also on 23

Japanese fishermen aboard their fishing vessel,
the Lucky Dragon. Of the inhabitants of the island
of Rongelap, 105 nautical miles away from the det-
onation, 64 Yeceived the largest fallout exposure:
an estimated dose of 175 r of whole-body gamma
radiation, contamination of the skin sufficient to
result in beta burns, and slight internal absorption

of radioactive materials through inhalation and
ingestion. Another 18 Rongelap people away on

a nearby island ( Adingnae ), where less fallout

occurred, received only an external gamma dose of
about 69 r. There were 28 American servicemen

on the island of Rongerik further to the east who
received about the same amount of radiation as

did the Rongelap people on Allingnae. Lastly, 157

Marshallese on Utirik Island, about 200 miles
further east, received about an estimated 14 r of
whole-body radiation. The fallout was not visible

on this island and no skin effects developed.

The exposed peopIe were evacuated from these
islands by plane and ship about two days after the
accident and taken to Kwajalein Naval Base about

150 miles to the south, where they received exten-

sive examinations for the following three months.
In view of the generally negative findings on the

American servicemen, they were later returned to

their duty stations. The Utirik people were ako
allowed to return to their home island, where
radioactive contamination was slight enough to

allow safe habhation. Because Rongelap Atoll was
considered to be too highly contaminated, a tem-

porary viIlage was constructedfor the RongeIap

people on Majuro Atoll several hundred miles to

the south, where they lived for the foilowing 3%
years and were examined at yearly intervals by a
special medical team. In July 1957, after carefd
evaluation of the radioactive contamination situ-
atiom Rongcdap Island was considered safe for
habitation. A new village was constncted, and the
Rongelap people were moved thereby Navy ship.

The annual medical surveys have since been

carried out on Rongelap Island.
A group of more than 100 Rongdap peopIe,

who were relatives of the exposed people but had
been away from the island at the time of the acci-
dent, moved back with the Rongelap people to
their home island and have served as an ideal

comparison population for the studies. This num-
ber has since increased to about 200. Following
the initial survey of the Utirik peopIe on Kwa-
jalein in 1954, a repeat survey was carried out in

March 1957. In addition, during the past survey,
as in the previous surveys, a visit was made to

Kwajalein and Majuro Atolls for examination of a
number of Rongelap people, now residing at these

atolls, and also groups of children who represent

500B.,-- .-~r: “.- .-
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Figure 1. Map of !allout area (Mmi+I 1, 1954), Mar-
shall Islands.
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part of the control &oup used for the growth and

development studies of the exposed children.
The accumulation of data from these surveys is

becoming increasingly voluminous. Since condi-
tions have not been favorable for performance of

extensive statistical anal yses or use of electronic

computing procedures to store and manipulate the
data, the annual survey reports published by this
Laboratory are made as complete as possible. This
report, therefore, includes a considerable amount
of raw data, much of it in appendices, so that
others may have an opportunity to make further
calculations if desired.

Summary of Past Findings

Reports have been published on the findings of
surveys made at the following times after expo-
sure: initial examination,l 6 months,z 1 year,s 2

years,’ 3 years,’ 4 years,’ 5 and 6 years,’ and 7
years.’ The following is a brief summary of the find-
ings previously reported.

During the first 24 to 48 hr after exposure, about
?4 of the Rongelap people experienced anorexia
and nausea. A few vomited and had dhrrhea.

Many also experienced itching and burning of the
skin, and a few complained of Iachrymation and
burning of the eyes. Following this, the people
remained asymptomatic until about 2 weeks after
the accident, when cutaneous lesions and loss of

hair developed, due largely to beta irradiation of
the skin. It was apparent when the people were first
examined, a few days after exposure, that the
lymphocytes were considerably depressed and that

significant doses of radiation had probably been
received. In addition to the whole-body dose of

radiation and the beta irradiation of the skin, radio-

chemical analyses of the urine showed that meas-

urable amounts of radioactive material had also
been absorbed internally. The effects of the radia-
tion can best be summarized under three headings
accormg to the mode of exposure: penetrating ir-

radiation, skin irradiation, and internal irradiation.

PEN~TING RADIATION

One of the earliest tirt~ indicative of signi&
cant exposure in these people was lowering of levels

of leukocytes and pfutefets of the fXTipherid blood.

This was most marked in the 64 people on Ronge-

Iap who had received 175 r, and was less marked

in the other groups receiving less exposure. The

hemopoietic depression was roughly proportional

to the dose of radiation received. Even in the 157

Utirik people who received only an estimated 14 r,
it was possible to distinguish s!ight platelet depres-

sion in the group as a whole. The smaller goup on
Ailingnae and Rongerik showed peripherrd blood
levels between those of the high and low exposure

groups. The chronological records of blood find-
ings in the Rongelap and Ailingnae groups are pre-

sented in Table 10 and in Appendices 1 and 2.

Lymphopenia of about half the level of the com-
parison Marshallese population was evident when

the Rongelap people were first examined on their
arrival at Kwajalein 3 days after exposure. This

depressed level was maintained steadily with only

slight increase noted by one year. In the following
year, mean counts approached the levels of the

comparison population but have since generally
remained slightly below.

Neutrophil levels fluctuated considerably during

the first month; possibly this was related to the
prevalence of beta burns of the skin during that
period. Neutrophil depression became evident by

5 and 6 weeks post exposure with levels reaching
about half that of the comparison population. This
degree of neutropenia was insufficient to result in
any apparent increased infectious processes, and

indeed it was noted that neutrophilic leukocytosis
was possible in people showing casual infections

at this time. Neutrophil levels recovered more

rapidly than lymphocyte levels and reached near

control levels by one year. Subsequent annual sur-
veys have revealed that recovery does not appear
to be complete, particularly in younger and older
age groups.

Platelet counts showed less fluctuation than other

blood counts and fairly consistently showed in-
creasing &pression, reaching levels of about 3090

that of the comparison population by the 4th week.

A spurt of recovery to about 75’ZO of comparison

levels occurred during the following few weeks,

which was followed by slower recovery but with

mean levels never reaching higher than 85 to 90?40

that of the comparison population during the 7

years post exposure.
Erythropoz”etic depression has not been a con-

sistent tinding as with the leukocytes and thrombo-
cytes. Slight depression of red blood counts, hema-

tocrits, and hemoglobin have been noted at times.
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No gross abnormalities of bone marrow smears

were reported at 6 months post exposure.

Depression of peripheral blood elements in the

Ailingnae and Rongerik groups was not so pro-

nounced as in the Rongelap group. However, a

slight lag in complete recovery in the Ail@nae

peripheral blood count has also been noted.

The persistent depression of peripheral blood
elements in the exposed people makes it appear
likely that there is slight residual bone marrow
damage.

A general” anemic tendency has been evident in
both exposed and unexposed Marshallese. Price-
Jones curves, on the average, showed a slight
microeytic tendency. Serum iron levels have gen-
erally been normal, and the cause of this anemic
tendency has been undetermined.

Reticulocyte counts have been about the same
in the exposed as in the unexposed people.

Except for radiation-induced lesions of the skin,
patchy epilation, and early gastrointestinal symp-

toms, clinical examinations have revealed no dis-

ease processes or symptoms which could be re-
lated directly to radiation effects. No prophylactic
or specific therapy of radiation effects was ever con-
sidered necessary or given. Epidemics of chicken

pox and measles that occurred showed no greater
incidence or severity in the exposed than in the
unexposed Marshallese people.

During the first months post exposure about half
of the exposed group exhibited loss of weight of

several pounds. This may possibly have been re-
lated to their radiation exposure, although it is

difficult to rule out effects possibly due to change of
environment.

At 3 years post exposure the immune response
to primary and secondary tetanus antitoxin was
tested and found not to be significantly different
in the exposed compared to the unexposed popu-
lations.

Four persons in the exposed population died of
disease: ( 1) a 46-year-old man with a hypertensive

heart disease which had been present at the time

of exposure, who died 2 years after the accident;

(2) a 78-year+ld man who died, 3 years after ex-
posure, of coronary heart disease complicating
diabetes; (3) a 35-year-old man who died of acute
varicella, 4 years after exposure, who had received

only 69 r, having been on Ailingnae at the time of

the fallout; and (4) a 60-year~ld woman who died

of a cancer of the ovary at 5 years after exposure.

There was no apparent relationship between any

of these deaths and radiation exposure. Four deaths

have occurred in the comparison population. The

four deaths that have occurred in the exposed

people since exposure represent a mortality rate of

7.1 per 1000 population, compared with 8.3 for

the Marshall Islands as a whole.

Growth and development studies on the chil-
dren (height, weight, anthropometric measure-

ments, radiographic studies for bone age) have
revealed that slight retardation in growth and de-
velopment has occurred in the exposed boys who
were under 12 years of age at the time of exposure,

particularly those 12 to 18 months of age at ex-
posure. Only slight immaturity was noted in the
exposed female children. It was also noted that
children born of exposed parents were slightly
retarded and that they had slightly lower levels of
neutrophils, lymphocytes, and platelets, compared
with male children of unexposed parents.

It was diiiicult to evaluate the effects on fertility.

However, a review of the birth rare of the exposed

group over the past 7 years seems to indicate no
noticeable effect of their exposure on fertility. The
31 births represent a rate of 54 per 1000 popula-
tion, compared with 37.3 for the Marshall Islands
( 1957). The 21 births over a 4-year period for the

comparison population represent a rate of 72 per
1000 population. A somewhat greater incidence of
miscarn.ages and stillbidz.r was noted in the ex-

posed women during the first several years after
exposure, but because of the paucity of vital statis-

tics on the Marshallese and the small number of

people involved, the data are not readily amenable
to statistical analysis.

A cardiovascular survey of the adults (1959 )‘
showed no outstanding differences between the ex-

posed and unexposed groupa. The people appeared
to have less hypertension on the whole than is noted

in people in the continental United States.
An arthritis survey ( 1959) r showed no great dif-

ferences between the exposed and the unexposed

~le, and about the same incicknce as is seen in

American populations.
Ophthahnofogical surveys showed no remarkable

differences between the exposed and muxpoaed

8rOUPS ex~ ~bly a sk@~Y ~*r n~~r
of cases of pterygia pinguecuk, and corned scars

intheexposed group. Itisnot known whether thia

6nding is of any sigdkanee in relation to their
radiation exposure. Slit-lamp obsemationa showed
no opacities of the lens chmwkmtus“ “ of radiation
exposure. As a whole, visual and amommdation
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levels in the Marshallese appeared to be above the
average in the U.S. population.

Dentul surveys’ showed no signi6cant differences
in caries rate between exposed and unexposed

groups. However, the incidence and severity of
periodontaldisease was slightly greater in the ex-
POSEXJPUP. It is not known whether or not this
finding is related to radiation effects. The poor oral
hygiene generally observed in the Marshalkse had
its usual results; namely, high cacies rate in teen-
~ children, severe peridontaI lesions in adults
(heavy cdculua and 10SSof alveolar bone), and
edentulous rhouths in the aged. Radiation exposure
did not appear to have afkcted developing denti-
tion in the exposed children.

Late e&cts of radiarwn. Various parameters
usually associated with a~”ng were measured or
estimated on a Oto 4+ scale (skin looseness, elas-
ticity, and senile changes; greying of the hair and
baklin~ accommodation, visual acuity, and arcus
senilis; hearing, cardiovascular changes including
blood pressure and degrees of peripheral and ret-
inal arteriosclerosis; neuromuscular function; and
hand strength). Comparison of these measure-
ments in exposed and unexposed individuals of the
same age groups showed no apparent differences.
A biological a& score was calculated for individuals
and groups by use of an average percentage score.
L@ shorCenf”ng effects of radiation have not been
apparent. As no- the mortality rate was about
the same in the exposed as in the unexposed people.

TIX one case of cuncerthat developed in the ex-
e -p occurred at 5 years after exposure,
too soon, it is believed, to bear any particular rela-
tion to radiation exposure. La4kemia surveys in-

Chlding physical findings, studies of White cell

counts and ~ afkahe @O@@S&? staining,
and basophilcolmta of4000white cellsshowedno
evidence of leukemia or leukemic tendency. One
child in the kmfiated group has had siightly ele-
va&dbasOphils butno Ot&positive fin&ngs.’The
CYUdiovasmhr and arthririr surve~ as well as the

_ ~e of ti physical examinations, have
not shown any apparent increased incidence of

~ve dkare.r in the exposed people. No
radi””ahm+dmd cxrtarixxs have been observed in
anyofthe exposed peuple.

Genetic effects have not been specifically studied
because of tk small number of peopie involved.
Noappare@ra&tkm- induced genetic dlanges
have been deteded on routine physical examination

in the first ~ children of exposed parents,

with the possible exception of suggestive evidence
of increased miscarriages and stillbtis in the ex-

posed women and the slight retardation of growth
noted in the male chddren of exposed parents.

BETA IRRADIATION OF THE SKIN

It was impossible to get an accurate estimate of
the radiation dose to the skin. Beta burns of the
skin and epilation appeared about 2 weeks after
exposure, largely on parts of the body not covered
by clothhg. About 90% of the people had these
burns, and a smaller number developed spotty
epilation of the scalp. Most of the lesions were
superficial; they exhibited pigmentation and dry,

scaly desquamation, and were associated with little

pain. Rapid herding and repigmentation followed.

Some lesions were deeper, showed wet desquama-
tion, and were more painful. A few bums became

secondarily infected and had to be treated with
antibiotics. Repigmentation of the lesions gradually

took place in most instances, and the skin appeared
normal within a few weeks. However, in about

15% of the people, deeper lesions, particularly
noted on the dorsum of the feet, continued to show
lack of repigmentation with varying degrees of
scarring and atrophy of the skin. By 6 years the
only residual effects of beta radiation of the skin
were seen in 10 cases which showed varying de-

grees of pigment aberrations, scarring, and atrophy
at the site of the former bums. During the past

several years an increased number of pigmented
maculae and moles have been noted in previously
irradiated areas of the skin, but these have appeared

to be quite benign.

Numerous histopathological studies have been
made,’.’.> and the changes found have been con-
sistent with radiation damage. At no time have

changes been observed either grossly or micro-

scopically indicative of malignant or premalignant
change. Spotty epilation on the heads was short

lived, regrowth of hair occurring about 3 months

after exposure and complete regrowth of normal
hair by six months. No further evi&nce of epila-
tion has been seen.

An interesting observation noted during the tit
few months after exposure was the development

of bluish-brown pigmentation of the semilunar

areas of the fingernails and toenails in about 90%
of the people. By 6 months this pigmentation had

disappeared, having grown out with the nail. The

cause of this phenomenon has not been explained.
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INTERNAL IRRADIATION

RadbcherUicd amdyses of numerous urine sam-

p]es of the exposed population showed internal
absorption of radioactive materiak, probably

brought about hugely through eating and drinking

contaminated food and water and to a lesser ex-
tent through inhalation. During the tirst few days
when the body levels were at their highest, the
mtimum permissible concentrations were ap-

proached or slightly exceeded only in the case of
strontium-89 and the isotopes of iodine. The con-

centrations were believed to be too low to result in

any serious effects. Body levels fell rapidly, so that

by 2 and 3 years post exposure, they were far below
the accepted maximum permissible level; by 6

months activity in the urine was barely detectable.
In 1958 analyses of bone samples on one of

the men who died showed 3.7 strontium-90 units/g
calcium. Beginning in 1957, gamma spectroscopy
by use of a low-level counting chamber was added
to the techniques of radiochemical analysis. The
return of the Rongelapese to their home island
(which after careful survey was considered safe for

habitation, despite a persisting low level of radio-
active contamination ) was reflected in a rise in their

body burdens and increased urinary excretion of
certain radionuclides. During the years since the
original contaminating event, additional weapons
tests held in tfie area have contributed to the fission

products in the environment. Since the diet includes
a variety of imported foods, the people are not
living in a “closed” environment, and therefore
may not be rapidly approachkg equilibrium with
the environmental fission products, as might be
expected under other circumstances.

Body burdens of gamma-emitting fission prod-
ucts (such as CS1S7and Zn65 ) were measured in a
whole-body counter and checked by radiochemicaf
analysis of urine specimens. The levels of intemaf
contamination per unit weight appeared to be
about the same for juveniles as for adults, mafe

and female. Wide variations in levels of contamina-
tion in any group were found, apparently due to

differences in diet and metabolism.

Body burdens of Sr’O were estimated from ur-
inary excretion as determined by radiochemical
analyses. Both the external dose measurements on
Rongelap Island and the levels of radioactive iso-
topes in the food on the island indicated that some
increase in CSIS7, Znga, and SrgObody burdens was

to be expected when the people returned there in

1957. The CS”7 body burden in 1958 was about

0.68 pC, about 60 times as great as in 1957, and

the urinary Cs’S’ level rose by a factor of 140; the

mean body burden for 1959 was 0.57 PC. The

mean body burden of ZnBS estimated from whole-

body counting data was, in 1958, after the return

to Rongelap, 0.36 pC, 8 times as high as in 1957,

and 0.44 pC in 1959. In 1961 the mean CS*S7body

burden in adult males was 14.7 mPC/kg, which is
not significantly different from the mean value of
a similar group obtained in 1959; it was 300 times

that of the medicaf team, who were measured at
the same time for comparison. The Zn86 level in
adult males (1.5 1 mPC/kg) dropped to 17 Yo of

the mean value measured in 1959. W]th a larger
detector and a longer counting time than previously

employed, it was possible to identify and quantify
Co” for the first time in these people; the mean
level of Co’” was about 11 ?O of the Zn” level. A

small amount of residual activity was still present
after the subtraction of K’” and the above radio-

nuclides from the total spectrum. The mean level

of urinary excretion of SrsOwas 7.2 ~PC/ 1 or 1470

higher than measured in the 1959 medical survey.
Little of the body burden of the exposed group is
apparently due to their initial exposure, since at
present there is littl: difference between the levels

of the exposed and unexposed populations living
on Rongelap Island. The body burdens are of small
significance in terms of radiation hazard.

OTHER STUDIES

Studies of genetically inherited characteristics.
Blood grouping studies in the Marshrdlese showed

a relatively high B gene frequency, a hQh N gene
frequency, an extremely high R’ gene frequency,
and total absence of Kell and Diego factors. These
characteristics differ from those of Polynesians and

suggest relationship with Southeast Asians and
Indonesians. Haptog!obin studies showed the fre-

quency of the Hp’ gene to be higher than in Euro-

pean populations thus far tested and consistent with

populations living near the equator. The dis~’bu-
tion of haptoglobin types showed the population
to be relatively homogeneous. Transjerrins in all
sera were type CC, the common European type.

f3-Anzino-iso-butyric acid urinary levels showed the

Marshallese to be the highest excreters of this acid

of any population thus far reported. Levels in the
exposed group were about the same as in the un-
exposed group, and no correlation was found with
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body burden level of radionuclides; this” “indicates

that there is probably no correlation with radiation

exposure. Hemoglobin types were considered nor-
mal. Sickling tests showed no sickling tendency in

any O( the people. Glucose-6-phosphate dehydro-
genase of the red cells appeared to be deficient in

the Marshallese. Studies of Gm phenotypes showed

the Marshallese to have 100% Gin{’+) and near-
ly 10090 Gmtb +‘. There was a complete absence
of Gm= and a high frequency of Gin-like (Gin’).
Considerable caution must be exercised in evalu-
ating the results of these studies on genetically
inherited characteristics because of the small num-
ber of samples tested. The data do seem to indicate
relative homogeneity of the population and closest
kinship with people of Southeast Asia. These data

also may be useful as a base line should genetic

changes appear in later generations, possibly related
to radiation exposure.

Results of other laboratory studies included the
following: Serum profein levels were generally on
the high side of normal; electrophoretic patterns
showed the increase in proteins was largely due
to an increase in the gamma globulin fraction. The
reason for this is not apparent. Numerous chronic
infections may be an explanation.

Sodium levels in the urine and food indicated

about the same consumption of NaCl as in Amer-
icans. The generally lower incidence of hyper-

tension in the Marshallese might be related to the
fact that the former native diet was probably lower

in salt content than the present, more westernized
diet. It will be interesting to see whether the inci-
dence of hypertension will later increase.

Serum cholesterol levels ( 1957, 1959) were
somewhat lower in the exposed population than in
the comparison or Utirik populations, but were in

the low normal range. No abnormally low readings
were noted.

Serum creatinine levels ( 1957) were in the nor-
mal range with no abnormal levels noted.

Serum vitamin B,, concentrations ( 1958, 1959)

were generally significant] y higher than American

levels. The possibility of contamination of the sam-

ples with bacteria producing vitamin 111, must be
considered, since myeloproliferative and liver dis-
eases were not seen.

Serum protein bound iodine levels ( 1957, 1959)

were generally slightly elevated. Evidence for thy-
roid dysfunction was not apparent in the people.

Glucosuria and elevated blood sugar were found

in 4 unexposed individuals, which indicated a rather

high incidence of diabetes.

A survey for inresfinuf parasites ( 1958) showed

75 Yo of the people to be infected with various

types. For the three major pathogens found, the

over-all infection rates were, for Enfamoeba hisro-
lytica, 18.2%; for hookworm, 5.5%; and for

Trichuris trichiura, 34. 3%.
Eosinophilia >59?0 has consistently been noted

in about half the people. The fact that half the cases
with eosinophilia showed no helminthic infections
at all suggests that other factors besides parasitic
infections must be responsible. The eosinophilia
may be related to chronic fungus and other infec-
tions, particularly of the skin.

Complement jixafion studies for parainfluenza 1,
2, and 3, respiratory syncitial, psittacosis, and Q fe-
ver showed antibodies to all groups of viruses

except that for Asian influenza, which probably
had not yet seriously involved the people of the

Marshall Islands. The antibody titers appeared to
be somewhat lower in the exposed people.

DIFFICULTIES ASSOCIATED

WITH THE EXAMINATIONS

As mentioned in previous reports, several diffi-

culties were associated with carrying out the ex-
aminations as well as interpreting the findings.

1. The language barrier made examinations dif-
ficult, since very little English is spoken by the

Marshallese. However, there were sufficient Eng-
lish-speaking Marshallese to assist the medical team
in most instances.

2. The lack of vital statistics or’ demographic
data on the Marshallese imposed a serious difficulty
in interpretation and evaluation of the medical

data. Records of births, deaths, etc., have been

made by the heafth aides or magistrates of the vil-
lages and supposedly forwarded to the district

administrator; however, such records have been

incomplete or lost in most instances, and vital
statistics are therefore inadequate. Trust Territory

officials are now attempting to assemble such data.

3. There is uncertainty on the part of some of

the Marshallese as to their exact ages, particularly
among the older group. This imposes certain diffi-
culties in interpreting some of the studies to be
outlined.

\o
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COMPARISON POPULATIONS

During the first 2 years, two separate groups of
Marshallese people were used for comparison,

each of comparable size to the exposed Rongelap

group and matched for age and sex. However, this
population was found to be unstable, with a large
attrition rate over the 2 years, which made it un-
satisfactory. At the time of the 3-year survey, it
was found that during the preceding 12 months
the Rongelap population at Majuro Atoll had
doubled because of the influx of relatives who had
come back from other islands to live with ,them.
These people had been away from Rongelap Atoll
at the time of the accidental exposure. This group
matched reasonably well for age and sex and was
of comparable size. Since the return of the people
to Rongelap, however, this group has about doubled
in size.

Since the people are of the same stock geneti-

cally, they are uniquely appropriate to serve as a
comparison population and have, therefore, been

used since 1957.

1962 Survey –

Organization and Procedures

The medical team consisted of 5 medical special-
ists from the U. S., 2 Marshallese practitioners from
the Trust Territory, and 8 technicians, 4 from the

U.S. and 4 from the Trust Territory (Figure 2).
The medical equipment had been sent out to the
Islands prior to the team’s arrival, and preliminary
preparations had been made for logistic support
of the operation with officials of the Navy Pacific

Missile Range Group and the Trust Territory of

the Pacific Islands.

Figure 2. Medical team. Left to right, front row: E. Adamik, L. Meyer, W. Moloney, R. Conard,
A. Lowrey, A. Hicking, D. Clareus; standing: K. Mizutoni, W. Scott, I. Jones, S. Shoniber, E. Riklon,
K. Kittien, A. Obten. (W. W. Sutow is not in the picture. )
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Before the survey at Rongelap, the team visited

Kwajalein and Majuro for several days to carry out

examinations on a number of Rongelap people

who had moved to these Islands.
A Trust Territory ship, the M/V Ran Anim,

transported the team and equipment to Rongelap

on March 4, 1962 (F@re 3). A tent had been set
up on the Island and one of the village houses
rented to serve as living quarters for the team. On
arrival, after greeting the Magistrate and other vil-
lage dignitaries, it was learned that the death of
an aged woman had occurred the previous day,
and that an autopsy was to be permitted on the
body. Establishing living quarters and setting up
laboratory equipment and examination facilities
in addition to carrying out the autopsy occupied
the better part of the first day. Late in the afternoon

the funeral for the deceased took place. The medical
examinations on the people began the following
day.

The examinations were carried out ashore at
Rongelap Village. As in the past the dispensary
was used as a laboratory for the hematological and
other laboratory procedures. The adjacent school
building was used for taking histories and perform-
ing physical examinations on the people. The coun-
cil house next door was used for special examina-

tions of the skin, urine collections and analyses,
and x-ray examinations.

HISTORY AND PHYSICAL EXAMINATIONS

Histories were taken by a Marshallese practi-
tioner and an interpreter, with particular emphasis

on the interval history during the past year. A
special survey was again conducted by the pedi-
atrician to attempt to ascertain more accurately
the birth dates of the Rongelap people, particularly

the children. Complete physical examinations were
carried out including growth and development

studies on the children ( anthropometric measure-

ments and x-ray examinations of the left wrist and
hand for bone development studies ); speciaf exrtm-
inations of the skin with color photography of

selected lesions; a special cancer detection survey;
and an ophthalmological survey.

Figure 3. Trust Territory ship Ran Anim at anchor,
Rongelap Lagoon.

ical examination, and certain laboratory tests. The
family history did not yield satisfactory informa-

tion, since the incidence of familial diseases includ-
ing cancer was generally unknown by the people.
The history yielded some information on changes
in weight, history of illness, and, in the case of
women, menstrual, obstetric, and nursing history.
In the physical examination particular emphasis
was placed on examination of the skin, node-bear-

ing areas, head and neck, chest, breast, abdomen,
and external genit~lia. Pelvic examinations were

carried out on all mature females, and vaginal and

cervical smears for Papanicolaou examination were

obtained. * Rectal examinations were carried out
on all persons >40 years of age. This included, in

the case of men, palpation of the prostate gland.
Chest plates were not taken routinely but were
obtained on about 30 adults >40 years of age (and
on certain other cases where indicated).** Hema-
tological data were obtained and were available
for evaluation.

In detection of possible leukemia (or preclinical
evidence of incipient leukemia) the lymph nodes
and spleen were carefully examined, and hema-

tological data were taken including routine hemo-

grams, percent basophils in a 4000 white cell count,
and alkaline phosphatase examinations of the white

blood cells on differential smears.

CANCER DETECTION SURVEY

In the cancer detection survey, procedures in-

cluded an evaluation of the history, special phys-

*We wish to thank Dr. Genevieve Bader of Memorial
Sloan-Kettering Cancer Center, N.Y.C., for interpretation
of the Papanicolaou smears.

**we are grateful to Dr. Paul Lichtblau of Rockville
Centre, L.I., N.Y., for interpretation of the chest roent-
genograrns.
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I
GROWTH AFIJDDEVELOPMENT

I STUDIES IN CHILDREN

In addition to the routine pediatric examinations,
( certain special anthropometric measurements on
I the children were recorded, Such data included

age, weight, stature, sitting height, head circum-

! ference, biacromial width, hi-iliac width, and calf
circumference. Roentgenographs of the left wrists
were studied for skeletal maturation.

LABORATORY PROCEDURES

Hematological Examinations

Complete routine bfood counts were carried out
with repeat counts on any persons showing abnor-

malities. White blood counts and red blood counts
were obtained with the electronic Cottlter, which

has proved to be a very satisfactory instrument for
examinations of this type in the tield. Differential

counts were performed in the usual manner after
staining with Wright’s fluid. Platelet counts were
done by phase microscopy. Hemoglobin was de-
termined by the cyan-hemoglobin technique with

the Lttmitron calorimeter. Hematocrits were ob-
tained by the microhematocrit method. Serum

proteins were determined \vith the Hitachi refrac-
tometer. Blood and serum samples for certain

studies to be described below were collected and
kept under refrigeration and finally shipped back
for study.

Blood smears were obtained for differential

study, alkaline phosphatase examinations*, and

basophil counts on 4000 white cells, as part of the
leukemia survey.

Bone marrow aspirations were done on 9

exposed people, and smears were prepared for

differential counts and morphological studies. In

addition, chromosome preparations were made on

the aspirated material.

Blood ~olume de[erl~ti}~ ,I;.\ , :re carried out

on 8 unexposed Rongeiap p~oplc .ind 7 Americans

during the 1962 sur~ey. During the 1961 survey

such studies had been made on 5 Marshallese and 5
Americans. The analyses vcre done by the radio-

active sodium chromate ( Cril ) technique. ”

““We are grateful to Miss Lila Fliegelman of the Boston
City Hospital for cwrying out the alkaline phosphatase
analysis of blood mears.

Blood samples were returned to the U.S. for

electrophoretic studies for glucose -6- phosphate

dehydrogenase and hemoglobin types. * Electro-

phoretic studies or 171 sera for immune globulins

were kindly carried out by Dr. R. Butler and Dr.

A. Hassig at the Swiss Red Cross Laboratory,

Berne, Switzerland.

Protein-bound iodine determinations were made

on sera from 10 individuals who had previously
shown slightly elevated levels. The method of Foss,

Hankes, and Van Slyke’(’ was used.**

For chromosome sfudies, short-term blood cul-

tures were done on 10-ml samples from about 50
people. This blood was taken at the time of sam-
pling for routine hematological studies. A modifi-
cation of the technique of Mooreheadll was used.
The leukocytes were separated by centrifugation
and placed in culture bottles with growth medium

( Difco-199 ) and phytohernagglutinin (red kidney

bean extract prepared by Dr. L. Schiffer of BNL).
Dextran ( 3 ‘7. ) was used in the initial separation

in some cases but was discontinued later since it
was found to be unnecessary in view of the rapid

settling of the red cells in the Marshallese. The cells
were cultured for 3 days at 37° C, after which

chromosome preparations were made as follows:

Cells were separated by centrifugation, washed with
Hanks’ solution, tre~ted with hypotonic solution
(distilled water plus Hanks’ solution) for 8 to 10

rein, and fixed in methyl alcohol—glacial acetic
acid ( 3 to 1); smears were prepared by blowing a

drop of the cell-rich sediment on a slide and air
drying. Only occasional slides were stained with

Giemsa’s stain for evaluation in the field. Final
staining and chromosome studies were carried out

at the Holy Ghost Hospital in Boston . t

Fasting bfood sugar levels” were obtained on
8 individuals who had shown positive urine sug-

ars. t t Blood collected routinely for hematologi-

“We are grateful to Dr. Samuel H. Boyer of the Johns
Hopkins Hospital for carrying out these studies.

* *We are grateful to Dr. D. D. Van Slyke and Miss

Dorothy Ripperger of BNL for performing these analyses.

t Under the direction of one of us (W. C. M.). We are
grateful to Miss Geraldine Dowd and Miss Catherine
Dunn at the Holy Ghost Hospital, Boston, for their
assistance with these anafyses.

* *We wish to thank Dr. D. D. Van Slyke, Dr. L. V.
Hankes, and Miss D. Ripperger at BNL for carrying out
these analyses.
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Table 1

Location of Rongelap People

Exposed Unexposed

Children
Adult Children of exposed parents Adult Children Totaf

Majuro 3 1 4 8 7 23
Kwajalein 6 3 9 25 24 67
Rongelap 33 26 23 59 75 216
Eniaetok 8 0 1 5 1 15
Other atolls 2 0 0 12 13 27

Total 52 30 37 109 120 348

Table 2

Percent Distribution of Population by Age Groups
Radionuclide Body Burden Evaluation

RongeIap
exposed (11 6
people, 1961;

Rongelap includes
unexposed children of Marshall

(220 people, exposed Islands U.S.
Age, yr 1961) adults) (1961) (1960)

<15 45.4% 50.OTO” 43.1% 28.770
15-24 12.3 13.8 14.4 13.8
25-44 23.6 17.2 20.0 27.1
45-64 14.1 10.3 14.6 20.8
>65 4.5 8.6 7.4 9.6

Median
age, yr 19.5 14.5 18.0 29,5

Since results of the last survey indicated that

CS”7 levels in the Rongelap people had about
reached equilibrium and that ZnG5levels were drop-

ping, it was considered that gamma spectroscopy
with the 2 l-ton whole-body counter would not be

necessary again for several years. Therefore, no
gamma spectrographic analyses were done during

this survey. However, thirty-five 24-hr urine sam-

ples and one pool sample (12 liters ) were col-
lected for radiochemical analysis for Sr’”. In addi-

tion, samples ot rib and vertebrae taken at autopsy

from the 78-! !--old woman who had died were

brought back f~lr Sr w ana]ysis; also 4 coconut crabs

collected at Rongelap. **

cal analyses was also examined for sugar in the

case of 199 Rongelapese.13*

Results and Discussion

Urine Analyses

Urine total iodides and creatinine levels were

obtained on 10 casual urine samples of Rongela-

pese who had previously shown slight elevation of
their protein bound iodine ( PBI ) levels. Total

iodine and creatinine were determined.

Routine urine analyses were earned out on the
majority of people. This included determinations
of protein and hyperglucosuria by reagent paper
strips. * *

The census of Rongelap people in March 1962
was 348, of which 82 were in the exposed group

(including 4 children exposed in utero at the time

of the accident), 37 were children of exposed par-
ents, and 229 were unexposed people; Table 1

shows their locations. In Table 2 the population
is broken down according to percent distribution in
various age groups and compared with that of the
Marshall Islands as a whole for 1961 and of the

U.S. for 1960. The table also shows the median
age. The lower median age of the Marshallese

*The Clinical Laboratory of the South Nassau Com-
munities Hospital carried out these analyses.

**Combistix, Ames Company, Inc., Elkhsrt. Indi~a.

**We me grateful to Dr. E. P. Hardy, Jr. and Dr.
J. Harley of the Health and Safety Laboratory of the New
York Operations Office of the AEC for performing these
analyses.
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would tend to support the impression that their

life span is shorter than that of people in the con-

tinental U. S., but there has been a “population

explosion” in these islands which might account

for this discrepancy.

Of the 348 Rongelap people, 308 were examined

during the survey at Rongelap, Kwajalein, and

Majuro Atolls. Examined were 80 in the exposed
group, 37 children of exposed people, and 191
control adults and children.

INTERVAL MEDICAL HISTORY

Mortality

One death occurred in a 78-yr-old exposed
woman on March 5, 1962, the day before the arriv-

al of the survey team. This death will be described

below.

The 5 deaths that have occurred in the 8-yr

period since exposure represent a rate of 7.65 per
1000 population, which is not very different from

the rate for the Marshall Islands as a whole ( 8.3

per 1000 for 1960). Comparison with the unex-

posed population of Rongelap is complicated by
variations in the size of this population, which has

generally increased from year to year since the

people were first included in the study in 1957.
However, the death rate in this group, which has

fewer older people, appears to be only slightly less

than that in the exposed Rongelap group.

Births

The bifi rate for the past year was again cal-
culated, as in the preceding survey, from the num-

ber of births per woman of childbearing age (16 to
45 yr). There were 22 such women in the

exposed group and 32 in the unexposed group.

(Not included in either group were 4 unexposed
women whose spouses were exposed males. ) In

the exposed group 4 babies were born, giving an

average of 0.182 bh-ths per woman; in the unex-

posed group 4 babies were born, giving a slightly
lower birth rate per woman (O. 125 ). The births

were all full-term norrnaf deliveries.

Congenital Anomalies

No congenital anomalies were reported in chil-

dren born of either exposed or unexposed parents

during the past year. Specific genetic studies have

not been included on this relatively small popula-

tion. Routine examination of babies born to

exposed women since the accident has not revealed

any increased incidence of anomalies as compared
with children born of unexposed parents. In 1960,

one of the babies born of an unexposed mother

(No. 75) had a congenital heart defect. The baby

died at 4 months of age. Unfortunately, an autopsy
was not possible and the diagnosis was not con-

firmed. Most of the anomalies reported had

occurred in children of unexposed parents; they

include a low incidence of patent ductus arterio-

sus, congenital deformity of the hip, and congenital

hypoplasia of the middle phalanx of the 5th finger.

Miscarriages and Stillbirths

During the past year no miscarriages or still-

births were reported in exposed or unexposed

women, During the past several years the incidence

of miscarriages appears to be no greater in the

exposed than in the unexposed women, and the
previously reported suggestive increase in inci-

dence in the exposed women is no longer appar-

ent. Unfortunately in most instances it has not

been possible to have a physician examine the
products of miscarriage.

Death of an Exposed Woman

On March 5, 1962, a 78-yr-old exposed woman

died. During the past few years she had become
very feeble and was bedridden and incontinent

with senile deterioration. She was kept in a penned-

in portion of her room. The major findings on pre-

vious examinations had been acute kyphoscolio-

sis (she was so badly stooped that she could not

stand upright), bilateral cataracts, hypertension,

arteriosclerotic heart disease, osteoarthritis, and

senility. Several weeks before her death she devel-

oped an upper respiratory infection with nausea

and vomiting. She became delirious and excited at

times and attempted to pull herself upright. Four

days before her death she became comatose and
went rapidly downhill. Fortunately an autopsy was
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possible since the team arrived the day after her

death. Principal gross findings included fractures

of the 5th, 6th, and 7th ribs and the first lumbar
vertebra with ecchymoses and internal hemor-

rhage, atherosclerosis of the heart and aorta, bilat-

eral pulmonaw edema, and benign nephroscle-

rosis. Atrophy of the kidney, liver, and spleen were

noted. Principal findings on microscopic examina-
tion included myocardial fibrosis, aortic athero-

sclerosis, and pulmonary edema. It was believed

that death resulted from trauma and hemorrhage,
possibly from a fall. Details of the autopsy findings
are reported in Appendix 6.*

Illnesses

Only 4 people, 2 exposed and 2 controls,
required hospitalization during the past year. TWO

cases of hemorrhoids and an anal fistula required
surgical correction; one case of an acute exfolia-
tive type of dermatitis required hospital treatment.

The health aide reported that during the past year

about 20 people on Rongelap developed a sickness
associated with eating improperly prepared arrow-

root flour. The sickness was characterized by sore-

ness of the mouth and throat, anorexia, nausea,

vomiting, and diarrhea, and lasted from a few days

to several weeks. Occasional cases of fish poison-

ing (numbering about 20) occurred during the

past year. They were characterized by the typical

gastrointestinal and neurological symptoms noted
in the past. Fish poisoning is a ubiquitous illness

in the South Sea Islands. The only other sicknesses

reported were the usual number of cases of upper

respiratory infections, gastroenteritis, and numer-

ous skin conditions.

ADULT EXAMINATIONS

In Table 3 are listed the various physical abnor-

malities in the adults, except for the ophthalmolog-

ical findings, which are listed and discussed in the

following section. As noted in previous examina-
tions, the incidence of various abnormalities in

the exposed group did not appear to be significantly

‘The gross autopsy findings are reported by one of us
(L. M.). We are grateful to Drs. Hans Cotder, W. Cahfo,

and V. Alcober of BNL for reporting the histolo~”caI
tindings.

different from that in the unexposed comparison

group. Appendix 5 lists major findings on each

adult examined.

Certain abnormalities such as moderate to

severe arteriosclerosis showed a higher incidence

in the exposed group, but these increases were

probably related to the larger percentage of older

people in the exposed group. In the exposed group
2090 of the adults were >65 years of age, com-
pared with 7% of the unexposed adults. Taking

this into consideration, it does not appear that the
abnormalities in the two groups are very different,

and no evidence of any increased incidence of

degenerative diseases or other diseases is apparent
in the exposed group. In the exposed group several

of the older people (No. 57-F, age 107; No. 46-M,
age 86; No. 55-M, age 82; and No. 28-F, age 75)

showed marked infirmities of old age and pre-
sented such findings as arteriosclerotic heart dis-

ease, kyphoscoliosis, osteoarthritis, cataracts, and

blindness. These people had to be assisted to the

examination room. Only two cases in the unex-
posed group were in this category (No. 862-M,

age 88, and No, 946-M, age 85).

OPHTHALMOLOGICAL EXAMINATIONS

In Table 4 the incidence of various ophthalmo-

logical findings in the Rongelap people is pre-

sented. Pterygia and pingueculae were the most

common, occurring in 43 ‘%0 of the exposed adults
and 36.970 of the control group, but these were

not found in individuals <20 years of age and were

most common in those >40. All lens opacities

could be classified as senile, presenile, or congeni-

tal. There were 14.570 of the exposed adults and

13.6% of the control group that had senile cata-
racts. Lenticular opacities (including presenile and

congenital ) occurred in 22.990 of the exposed

group and 21.770 of the control group; they were

most common in those >45 years of age. No opac-

ities were noted characteristic of those induced by

radiation exposure.

Comeal pigmentation could be classified into

two groups, congenital and acquired. There were

20.8% of the exposed and 23.9% of the control

group that had congenital comeal pigmentation

not unlike that seen in all dark-skinned races in

any part of the world. Three cases (6.2%) in the

exposed group had a noncongenital pigmentation,

consisting of a dark linear streak of pigment ex-
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Table 3

Physicaf Findings in Rongelap Adults, 1962

Exposed (48 examined) Control (86 examined)

Subject Nos. % Subject Nos. %

Anemia, anemic tendency 30,45,46,55, 70 10.4 860, 865 2.3
Arteriosclerosis, peripheral, mild 11,52 4.1

Arteriosclerosis, peripheral, moderate to 13, 28, 29, 30,41,46, 18.7
severe 55,43, 57, 60

Asthma ~9, 45 4.2
Aurictdar fibrillation with myocardial damage 80 2.8
Biadycardia 27 2.1
Bronchitis
Cardiac enlargement 1, 30, 60, 80 8.3
Cervical erosion 1~, 18, 34, 63, 64, 74 14.2

Cervical lacerations
Cervical prolapse
Colloid goiter
Congenital defects

Dislocation of hip
Prominent head ~llna
Bilateral shortening of 5th finger
POl}”dacty]istn
Shortened left thumb
Flcxion deformity. fingers

Constipation
(-!’s[. ovorian
(’>’st. pilonidal
Cystocele
Deafness
Diabetes mellitus
Dupuytren”s contracture
Emphysema
Fungus infection, skin
Furunculosis
Gynecomastia
Hallux valgus
Heberden’s nodes
Hemiplegia, partial
Hemorrhoids
Hydrocele
Hypertension (> 140/90)
Hypotension
Kypbosis, scoliosis
Leprosy, arrested
Liver palpable

45, 58.71, 78
l?

41
14, ?8
75.78

74

1,14
I

30

55
50
57
46
27

1,11,28,30

13, 43, 52, 57, 77
77
14

Myocardial damage or insufficiency (EKG) 46, 60

Obesity 1,49, 50, 60, 71, 74,
78

Osteoarthritis 13, 29.46, 52, 55, 57,
60

8.3
2.1

2.1
4,?
4.2

2.1

2.1

4,2
2.1

2. I

2.1
~. 1

2.1
2.1
2.1

8.3

8.3
2.1
2.1

4.2

14.6

14.6

851, 852, 855, 859, 878, 884, 17.4
894, 898, 917, 956, 915,
957, 969, 970, 982

853, 860, 862, 908, 935, 947, 8.1
964

894 1.2
858, 859, 862, 942 4.6
825, 826, 846, 851, 895, 898, 151

936, 938, 951, 970, 982,
1001, 1042

829, 85[, 945, 991 4.6

853 1.2

858, 882, 915
832.836, 910
938

853. S84, 916, 964
853. s93. 932, 936, 991
884
853
895
941

849, 884, 893
961
858,908, 947, 982
914, 932, 969
859, 860, 864

825, 844, 853, 865,958, 963,
970

851, 858, 878, 884, 893, 917,
947,956,957,969, 970

849, 851,941, 991, 1005,
1041

858, 859, 860, 884, 894, 896,
898, 915, 922,928,935,
936,961, 964

3.5
3,5
1.2

4.6
5.8
1.2
1.2
1.2
1.2

1.2

3.5
1.2
4.6
3.5
3.5

8.1

12.8

7,0

16.3



Table3 (continued)

Physical Findings in Rongelap Adults, 1962

Exposed (48 examined) Control (86 examined)

Subject Nos. % Subject Nos. %

Paralysis, facial
Pleural thickening or adhesions
Prolapse of vaginal wall
Prostatic hypertrophy
Rheumatic heart disease
Rheumatoid arthritis
Senility
Sinusitis
Syphilis (?) arrested
Tachycardia
Tonsilar hypertrophy

Trichomonas
Tumor, benign

Ulceration, lower colon
Varicose veins
Vitiligo

82 2.1
58 2.1
63, 64 4.2
11,29,82 6.2
76 2.1

29, 55, 57,46,28 10.4
63 2.1
11,55 4.2
28 2.1
27, 76 4.2

9, 12, 58 6.2
4, 7, 9, 10, 13, 57, 14.6

64
30 2.1
13 2.1

823,826, 875,969

855, 864,910,915,947,964

878
862,946

846, 860

826, 831, 833, 864, 867, 898,
934, 958

942
853, 864, 875, 885,964,969,

970, 1007

853,971

4.6

7.0

2.2
2.3

2.3

9.3

1.2
9.3

2.3

Table 4

Eye Findings in Adult Marsh allese People, 1962

Exposed Controls
(48 (92

examined) examined)

Number 70 Number %

Pterygium and pinguecula
Cataracts
Lenticular opacities (pre-

senile and congenital)
CorneaI scars
Corneal pigmentation

Congenital
Acquired

Healed choroiditis
Retinal scars
Strabismus
Nystagmus
Phthisis bulbi
Anterior staphylomata
Argyll Robertson pupil
Seventh nerve weakness
Healed uveitis
Corneal foreign body

(coral)
Retinal arteriosclerosis
Diabetic retinopathy
Arcus senilis
Vitreous opacities
Macular degeneration
Driisen
Congenital abnormalities

Retinal vessels
Large corneas
Remnant of hyaloid

~~
7

11
9

10
3
3
2
3
1
1
1
1
2
1

6
1

12
6
2
1

3
2
1

43.0
14.5

m9

19.0

20.8

6.2
6.2
4.16
6.2
2.0
2.0
2.0
2.0
4.6
2.0

12.4
2.0

25.0
12.4
4.16
2.0

6.24
4.6
2.0

34
12

Z()

9

~~

3

1

1
11

23
10
3

5
4

36.9
13.0

21.7
9.8
*

23.9

32

1.0

1.0
13.0

25.0
10.9
3.2

5.4
4.3

tending from the Iimbus 2 to 3 mm toward the
pupil and lying in the horizontal axis of the palpe-

bral aperture. The pigment was in the epithelial
layers of the cornea. Since this is not the usual con-

genital type of cornea] pigmentation, it seems pos-

sible that it may have resulted from the irradiation

contamination of the eyes of the exposed group by

fallout (probably the beta component ).

In both the exposed and control groups, there
was a low incidenc~ of myopia and strabismus.

Visual acuity was higher in both groups than that

seen in America. No cases of retinitis pigmentosa,

glaucoma, or eye findings characteristic of hyper-

thyroidism were noted.

Two unusual congenital defects were found
among the 140 people examined. Six people exhib-

ited large corneas, and 8 had abnormally large

punctate retinal vessels. The latter were not typi-

cal of hemangiomata. It is planned to document

these findings by pictures in a future survey.
As has been noted before, arcus senilis occurs in

the Marshallese with a higher incidence and at an

earlier age than generally seen in Americans. The

incidence in both exposed and control groups was

about the same.

In a recent survey 12 children had a night vision
defect due to vitamin A deficiency. In this survey

no similar cases were encountered, possibly be-

cause of the increased growth and consumption of

papaya and squash. Leprosy and yaws are endemic
in the Marshall Islands. Two cases of 7th nerve

weakness were noted, one in a leprous patient. In

14
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another case, loss of the outer one-third of the

eyebrow hairs was suggestive of the disease, but

a skin biopsy revealed no acid-fast bacilli.

No cases of retinal scars were observed that

might have resulted from retinal burns possibly
caused by observation of the fireball of the nuclear

explosion that resulted in the fallout accident,
although many people on Rongelap reported see-

ing the fireball and described it as resembling ‘the
“rising sun” in the western sky.

P~DIATRiC EXAMINATIONS

During the 1962 survey, 30 exposed chidren, 71
control children, 37 children born to exposed par-

ents and 25 children born to unexposed parents

were examined. The size of the pediatric study

population (Rongelap series) during each of the

last 5 surveys ( 1958 through 1962) is shown in

Tables 5 and 6. The fluctuations from year to year

in the numbers of children seen have resulted from
(a) movem’ent, generally temporary, to other

atolls, (b) graduation from the pediatric to the

adult study, and (c) addition of newborn babies.

Attrition due to unavailability has been minimal
in the exposed group. One child in 1959 and one in
1961 could not be examined, but each of these

children returned to the study the subsequent year.

In the control group, the attrition rate has been

higher, 11.3 % for the last 5 years.

The frequencies of various abnormal findings on

physical examination have been summarized in

Table 7. As in previous years, no consistent rela-
tionship was noted between the occurrence of these

abnormalities and exposure to radiation.

Growth and Development Studies

In the analysis of the growth data, previously

described statistical methodology was used.’ The

children were divided into 4 groups: (a) those

exposed to radiation, includhtg the 4 children in

urero at the time of exposure, (b) those born

before the fallout but not exposed to radiation, (c)

those born to exposed parents subsequent to the

fallout, and (d) those born to unexposed parents

subsequent to the fallout.

Height and weight data on children born before
the fallout showed the expected pattern of pubertal

Table 5

Variations in Composition of Pediatric Population,
1958 through 1962:

Rongelap Group

Numbers of children

1958 1959 1960” 1961 1962

Exposed group
Total seen

Not available

Transferred to
adult study

Control group
Total seen

Not available
Transferred to
adult study

Not seen
previous year

New subjects
added

39 34 36 30 30
— 1 010

— 4 05 1

88 75 51 75 71
— 13 25 0 10

— 3230

— 3 3 27 2

—— —— 4

*Limited survey.

Table 6

Variations in Composition of Pediatric Population,
1958 through 1962:

Children Born After Fallout (Rongelap)

Numbers of children

1958 1959 1960+ ”1961 1962

Exposed parents*
Number seen 13

New babies
added —

Not available
from previous
year —

Old subject
not seen
previous year —

Unexposed parents:
Number seen

New babies added

Not available from
previous year

Old subject not seen
previous year

20 10 24

705

0 10 1

0 0 10

7 0 14

708

001

000

37

12

0

1

25

10

1

1

*This category includes only those who were babies
at the time they were added to the study. Those who were
older at the time they were first seen have been grouped
with the regular control children.

**Limited survey.

/.
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Table 7

r

Summary of Physical Findings in Children, 1962

Control *•

Exposed Born before Born after Nonexposed of

(30) “ 1954 (39) 1954 (57) exposed parents (37)

Active skin Iesions
Adenopathy
Palpable liver
Rhinitis

Blood pressure taken
Hypertension
Acute otitis media
Chronic otitis media
Molluscum

Tinea versicolor
Tinea cruris
Vitilfgo
Miliaria
Seborrhea—scalp
Warts
Papilloma
Cheilosis
Sore on lip
Black spots—tongue
Denuded areas—tongue
Pigmentation—lips
Rheumatic heart disease
Systolic cardiac murmur (grade II)

Swelling, preaurictdar soft tissues
Umbilical hernia
Hydrocele
Trombocytopenia
Tracheotomy scar
Thoracotomy scar
Obesity
Pigeon breast
Contracture—fingers

8
3
0
0

25
0
1
0
0

2
0
1
0
0
4
1
0
0
~

o

1
5

1

1

5
5
0
2

33
0
0
0
0

2
1
1
0
0
2
0
0
0
1
0

4

9

4

8

3
0
4
2
3

0
0
0
2
0
4
0
4
1
0
1
1
0
4

1
1

1

1

1

8
2
0
3

2
0
2
1
2

0
0
0
2
1
3
0
1
0
0
0

0
2

1
1

‘Number examined.
“*A part of the group born after 1954 was used as the group “children of unexposed parents” to serve as a control for

“children of exposed parents.” Cf. footnote to Table 6.

growth spurt occurring earlier in girls than in boys

and the eventual superiority in size of boys at

maturity. In addition, with respect to stature, there
was a distinct tendency, among the boys only, for

those exposed at ages 1 through 5 to be shorter

than the unexposed boys of the same age (Figure
4). Although the differences were statistically sig-

nificant only in the measurements at ages 9, 11,
and 12, the retardation in stature of these boys

exposed at an early age was apparent at all ages

at which measurements have been made. No tend-

ency toward diminution in the magnitudes of the

differences was noted as the boys grew older. The

boys exposed at ages 6 through 8 showed no differ-

ences in stature from the control boys of the same

age. Since there were only two boys exposed in

the 12 through 13 age range, the data available did

not justify any conclusion regarding the effect of

exposure about the time of puberty.

The weights of the exposed and control boys
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showed trends parallel to those of their statures

(Figure 5). However, the weights were more vari-
able, and the differences were not statistically sig-

nificant.
The exposed girls did not differ significantly

from their controls in either stature or weight at

any age level (Figures 6 and 7).

Among the children born after the fallout, the

males with exposed parents were smaller in stature

at all ages than those with nonexposed parents

(Figure 8). The difference was statistically signifi-

cant at ages 1 through 4. This trend had been

noted in the previous study. However, the boys in

the group with exposed parents were, on the aver-

age, 4 months younger than their controls (the

boys with unexposed parents ). The median differ-

ence in stature between the two groups was 4.4

cm, and from their growth curves the boys with

exposed parents would be expected to be 2.3 cm

shorter on the basis of the age difference. Since

much of the difference in stature was readily
accounted for by the age difference, the data dld

not justify a conclusion that there was a difference

in stature associated with the exposure of the par-

ents. The girls of exposed parents did not differ in

120
t

i
:
: /’

t
50

/

#
.,””

.,, BOYS

17

t/

,..’

40 . . ““..
...”---

----
----- EXPOSED
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30
t

CHRONOLOGICAL AGE WRS1

Figure 5.

age from their controls; nor were there age differ-

ences between any of the comparison groups of

children born before fallout. The boys of exposed

parents did not differ significantly from the boys

of unexposed parents in weight or head circumfer-

ence (Figures 9 and 10). The girls of exposed par-

ents did not differ from the girls of unexposed par-

ents in stature, weight, or head circumference

(Figures 11, 12, and 13).

Skeletal ages, based on the standards of Greu-
lich and Pyle, paralleled the statural development

of the children. Both the exposed and control Mar-

shallese children tended to be less mature skeletally

at comparable chronological ages than the norms

published by Greulich and Pyle (Figure 14). How-

ever, the boys were significantly less mature skele-

tally than the girls, being on the average 7 months
retarded, as compared with 2 months for the girls.

Also, the exposed children were significantly less

mature skeletally than the controls. The median

skeletal retardation of the exposed children was 8

months, as compared with 3 months for the con-

trols. The difference in skeletal maturation associ-

ated with exposure was more prominent in the

boys than the girls. The average exposed boy was



18

10(

9(

I I I I I 1 I I 1 I I 1 1 I I I I

MEDIAN STATURES
1958-1962

GIRLS

----- EXPOSED
— CONTROL

I 1 I I I I I I I I I I I I I I I
4 6 8 10 12 14 16 18

CHRONOLOGICAL AGE (YRS)

Figure 6.

r—
1

MEDIAN STATURE

1958-1962
I20 BOYS BORN AFTER FALLOUT

t’

/’ -----CHILDREN OF EXPOSEO PARENTS
,’ —CHILDREN OF UNEXPOSED PARENTS

60 ‘

40~
o 2 3 4 5

CHRONOLOGICAL AGE(YRs)

Figure8.

120

I Ic

Ioc

: 90
-1

~ 8C

5

g 7(

; 6C
n
u

= 5C

4C

3C

I I I I I I 1 I I I I I 1 1 I I r

MEDIAN WEIGHTS
1958-1962

Ll+++l+J++L&+d
2 20

50 –

45 -

40 –

z
m 35 —
2
m
1-
:30 —

II
?

z 25 –
a
6
w

= 20 –

CHRONOLOGICAL AGE (YRS)

Figure 7.

I I I I I

MEDIAN WEIGHTS

1958-1962

BOYS BORN AFTER FALLOUT

Y
,,,,

---- CHILDREN OF EXPOSEO PARENTS
15 — CHILOREN OF UNEXPOSED PARENTS

10

t
1 I I I I I

o I 2 3 4 5

CHRONOLOGICAL AGE (YRS)

Figure9.

i



1 I I I I I 1

{

,,
#,

18
,’

,!
f’

,’
,’

,’

b
MEDIAN HEAD CIRCUMFERENCES

51 1958-1962
~S BORN AFTER FALLOUT -/--

,---
50 /’

,“
,.’

49 /’,
. -J---

; 48 #-
E r ---------
u ,’

: 47
,’,

u
E
a 46
Ibl

z
a

1“
:-----CHILDREN OF EXPOSED PARENTS

G 42 :’ ‘CHILDREN OF UNEXPOSED PARENTS

z’
,’

41 ‘
//

4

I I I
0 I

I I [
2

I
3 4 5 6

CHRONOLOGICAL AGE (YRSI

Figure 10.

I I I I I

MEDIAN WEIGHTS
1958-1962

GIRLS BORN AFTER FALLOUT

,’
,/’

.’
,’

#’

----- CHILDREN OF EXpo~ PARENTS
— CHILDREN OF UNEXPOSED PARENTS

i I I I
I

I
3 5

CHRONOLOGICAL AGE ?YRS )

Figure 12.

19

I r I I I

MEDIAN STATURES
1958- 1962

GIRLS BORN AFTER FALLOUT

120 –

1-
-----

60

50

CHILOREN OF EXPOSEO PARENTS

CHILOREN OF UNEXPOSED PARENTS

L I I
o I

1 I I
2 3 4 5

CHRONOLOGICAL AGE (YRS)

Figure 11.

I I I I I I I

I MEDIAN HEAD CIRCUMFERENCES
51

1958-1962

I
}

GIRLS BORN AFTER FALLOUT

50

49

~

.-”
------ .-

;~4e ,“
,.-

S ,.
/.

~ 47 ,“ “
-.”

~-
tl /--

:46 ,.-

a! /
3

:45 /’

G
#

,’
a
*44 -:
u 1’
z ,’

z 43 -:
a :
E :’ ---- CHILDREN OF EXPO~D mRENTS

~ 42 k — CHIIJREN ‘DFUUXPmEO WRENTS

~;~
I 2 3 4 5

CHRONOLOGICAL AGE (YRS)

Figure 13,



20

COMPARISWASKEL AL AGE
YANO CHRONOL061CA @3E

1%1IJ 1962 (POOLEO DATA)

-301- -/
{ 1 1 1 1 1 1 1 1 J

u 0-2 3-s 6-.9 u o-2 3-5 6-@
46E ATEXPOSUREIYRSI

Figure 14.

13 months retarded skeletally as compared with 6

months for the average unexposed boy. The aver-
age skeletal retardation for exposed girls was 7

months as compared with 2 months for the control
girls. The most marked retardation of skeletal

maturation, as well as the most marked statural
retardation, occurred in the 4 boys who were

exposed at 16 to 17 months of age (Table 8). In
two of these, Subjects No. 2 and No. 6, the degree

of skeletal and statural retardation remained rela-
tive] y constant from one year to the next: they
were behind in their development but were pro-

gressing at approximately the same rate as their

peers. However, the other two boys, Subjects No.
5 and No. 3. not only were more severely retarded

in their development, but were retarded in the rate

of their development, so that they fell further
behind their peers each year. From age 6 to age 9,
No. 5 gained only 3 months in skeletal age, and at

age 9 k 5 HiQ yr behind the standards of Greulich
and Pyle. During the same 3-yr period he gained

only 8.7 cm in stature, while the controls gained

16.5 cm, and he now is 20.8 cm shorter than the

controls. Similarly, No. 3 gained only 2 months in

skeletal age from age 6 to age 9, which puts him

6% z yr behind the standards of Greulich and

r-COMPAR160N OF SKELETAL AGE
AND C-OLOGICAL AGE

1961 ANO 1962
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— FEMALE
----- MALE

$+10
L
io
ZO
<
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Figure 15.

Pyle, and he gained only 8.2 cm in stature so that

he is 17.9 cm shorter than his peers. With respect

to weight, No. 2 and No. 6 have maintained
weights <1 yr behind their peers. No. 5 and No. 3

have had decreased rates of weight gain, but the

decrease has not been as marked as in statural

development. No. 3 is 61A lb lighter than his con-

trols, corresponding to children = 1 yr younger

than himself, whereas his stature is comparable to

that of children >3 yr younger. No. 5 is 11 1/4 lb
lighter than his ~}ntrols, corresponding to children

==2 yr younger. :Ind his stature is comparable to

that of children :llmost 4 yr younger.
The skeletal ages of the children born after the

fallout were also somewhat retarded according to

the standards of Greulich and Pyle (Figure 15).

This was attributable primarily to the boys, who

have significantly more retarded skeletaI ages than

the girls, the average retardation being 14 months

for the boys as compared with 2 months for the

girls. There were no differences between children

of exposed parents and children of unexposed

Table 8

Skeletal Age and Stature in .Males Exposed at Age 16 to 17 Months

Age at
Skeletal age minus

Subject exposure,
chronological age, months Height minus median control height, cm

No. months Age 6 Age 8 Age 9 Age 5 Age 6 Age 7 Age 8 Age 9

2 16 – 22 – 28 – 19 – 2.3 – 3.5 – 1.9 – 2.8 – 3.1
6 16 –11 —20 –11 -4.9 - 5.5 – 5.7 – 6.3 – 8.4
5 16 – 35 – 59 – 68 – 9.6 – 13.0 – 15.3 -17.9 – 20.8
3 17 –44 – 66 – 78 – 6.8 – 9.6 – 10.8 – 14.5 – 17.9
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Table 9

Residual Beta Burns

Subject Subject
No. Sex Age Description No. Sex Age Description

2

11

14

17

24

26

:1

.:‘1

49

54

59

63

65

67

M9

M 58

F 33

F 11

F 21

M ZO

F .=:

F ??--

F 23

M9

F 42

F 44

F9

F ~~

Pigment variation with roughening
of skin of front of neck. Several
pigmented macules right antecubi-
tal fossa.

Slight hyperpigmentation and
hyperkeratosis of left antecubital
fossa. A few pigmented papular
lesions on chest inferior axillae.

Back of neck — areas of slight in-
creased pigmentation and hyper-
keratosis.

Left antecubital fossa — scarring
and hyperpigmentation: 2 small
pigmented macules.

Dorsum of feet—mottled areas of
pigmentation and depigmentation.

Dorsum right foot-considerable
\carring and thickening with bind-
ing to subcutaneous tissue in mea
hct~vccn 1s[ :~nd ?nd toes, Slight
.c.irrin: ond !)T,pcrkcr~tosis ,.ti[h J
!c.f ;>,<n)cnl’-d .Pot~ ]n right Jn:c -
C.lb:t:ll !!>...,.

)1 ick ~t I)::k. -— .I,:ht hvperkcr,\-
i,l\[\‘l.;T!l .c~.r.~i l?c~~ls-lli.c [c\lL)n\
,~rl 1~.1.~ ..:~L! s:Jc$ of ::12Ck.

El:Ick ,)( neck-p~:nldnt \Jriation
with ili:hl III pcrkcrotosis: aim to
lesser extent i)n tforsum of feet.

Sides of neck — pigmented mac-
ules. particularly on right side;
few also in left antecubital fossa.

Anterior neck — mottled pigmen-
tation and depigmentation. Few
pigmented macules left anterior
axillary fold and lower abdomen;
pigmented patch 2 X 3 cm inter-

scapular area on left.

Back of neck — hyperkeratosis
with some itching.

Considerable pigment variation on
back of neck and to a slight de-
gree on right forearm.

Front of neck—slight pigment var-
iation and hyperkeratosis.

Dorsum of feet — atrophy and
scarring.

71 F 36 Macular lesions on right side of
neck and one also on back of neck.

78 F 44 Pigment variation and hyperkera-
tosis on back of neck. Raised pig-
mented mole-like lesions on sides
of neck, particularly on left side:
appear to be increasing in number
(see Figure 17).

79 M 47 Back of left ear—scarring with 2
nodules of hyperkeratosis: pigment
variation. Small spots of alopecia
occipital region of scalp.

Fl:ure Ih \Ve[ derm:i[itis from beta exposure in Ron-
gclap woman 4 iveeks after exposure (Subject SO.

7S. \larch 29, 1954).

Figure 17. Same case as in Figure 16 at 8 yr post ex-
posure. Note development of nevus-like lesions in
area of neck previously involved with beta burn.
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Laboratwy Examinations

HEMATOLOGICA1

Summary tables of hematologicai data arepre-
sentedin the tables andgraphs inthetext, and raw

data on the individuals are presented in the appen-
dices. The more heavily exposed Rongelap group

who received 175 r are designated as “Rongelap

exposed,” the Rongelap people who received a
smaller exposure of 69 r as “Ailingnae exposed,”

and the larger unexposed comparison population
of Rongelap as “unexposed.” Because of the small

number of people in the Ailingnae group, their

data were not treated as fully as those for the larger

groups, and are briefly summarized in a separate

paragraph. Because of certain differences noted in
age and sex groups between the exposed and the

unexposed, in addition to the comparisons of mean
levels for entire groups, comparisons are also made

of age and sex groups. Ages 8 to 15, 16 to 40, and
>40 yr for each sex are compared.

The hematological data are summarized in
Tables 10 and 11 and in Figures 18 through 37. In

Appendices 1 and 2 are presented summaries of

the mean blood counts of the exposed population

and of the various comparison populations since
exposure in March 1954. In Appendix 3 are listed

the individual blood counts for 1962. In Appendix

4, the individual alkaline phosphatase and baso-

phil counts are presented.

Leukocytes

The leukocyte levels in both exposed and unex-

posed groups were slightly lower than last year
(see Table 10 and Figure 18). The mean leuko-

cyte level in the exposed group was slightly (12%)

below that in the unexposed group. This was largely

a reflection of deficits in the neutrophil and lym-

phocyte levels.

Neutrophils

The mean neutrophil level in the Rongelap

exposed group was 13.6% below that in the unex-

posed group (see Table 10 and Figure 18). The
levels were lower in the younger (age 8 to 15) and

older (age >40) groups than in the middle (age 15
to 40) group. This is demonstrated in the histo-

gram (Figure 30) and in the scattergrams (Fig-

ures 19 and 20), the latter showing more than half

the individual counts below the mean line of the

unexposed. An accumulative percentage distribu-

tion curve (Figure 21 ) also shows the lower counts

(displacement of the curve to the left) in the ex-

posed group. These tidings conform generally
with previous data except that the younger females

tend to show more depression.

Lymphocytes

The mean absolute lymphocyte level in the ex-

posed is 24% below that of the unexposed, which
indicates a deficit greater than the mean neutrophil

deficit (see Table 10 and Figure 22). The lympho-
cyte levels appear to be more depressed this year.

The histogram (Figure 30) shows that the deficit

in lymphocytes seems to be distributed fairly evenly
in the age and sex groups, except that (as noted
with neutrophils ) a somewhat larger deficit ap-

pears among the younger females. The scatter-

grams (Figures 23 and 24) and the accumulative
distribution curve (Figure 25) also confirm these

observations.

Eosinophils, Monocytes, and Basophils

These all showed nearly the same mean levels

in both groups. The general persistence of eosino-
philia in both groups was apparent, as in past sur-
veys.

Platelets

Mean platelet counts in both exposed and unex-
posed groups were higher this year than previ-

ously (F@ure 26). The male counts this year aver-
aged about the same as the female; previously the
female counts had been higher. As noted consist-
ently in the past, mean counts in both males and

femafes in the exposed group were slightly below

the corresponding unexposed levels (males by

5.7%, females by 10?%). Also as previously noted,

the younger and older groups showed the greater

deficit (see histogram, Figure 30). Scattergrams

(Figures 27 and 28) show that the majority of
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Table 10

Mean Levels of Peripheral Blood Elements of Exposed Groups
Compared Whh Those of Unexposed Groups by Age and Sex

Plate. WBc Neut. Lymph. Mono. Eosin. Base.
(xlO-’) (xlO-$) (xlO-’) (xlO-’) (x 10-’) (x 10-’) (xlO-’)

Males, 8-15 yr
Rongelap exposed** 393&120(10)* 7.90&l.9 (9) 3.98A 1.4 (9) 2.88&0.6 (9) 0.16 (9) 0.84 (9) 0.46 (9)
Alingnae exposedt 43o (2) 6.98 (3) 3.64 (3) 2.50 (3) 0.08 (3) 0.77 (3) o (3)
Rongelap unexposed 415A 86(16) 8.1231.9 (16) 4.31 &2.l (16) 3.1530.9 (16) 0.17(16) 0.49(16) 0.10(16)

Females, 8-15 yr
Rongelap exposedt 324& 77 (9) 6.86A 1.03 (9) 3.55*1.37 (9) 2.69* 0.8 (9) 0.18 (9) 0.42 (9) 0.20 (9)
Ailingnae exposed 315 (2) 7.25 (2) 4.06 (2) 2.59 (2) 0.21 (2) 0.32 (2) 0.30 (2)
Rongelap unexposed 3903 80(20) 9.08&2.41(20) 4.71A 1.97(20) 3.4530.88(20) 0.26(20) 0.62(20) 0.30(20)

Males, >15-40 yr
Rongelap exposed 320*120(12) 6.65*1.26(12) 3.4831.35(11) 2.60&0.78(1 1) 0.15(1 1) 0.35(1 1) 0.20(1 1)
Ailingnae exposed
Rongelap unexposed 327* 87(29) 6.99=1.43(29) 3.49A 1.08(29) 2.92=0.70(29) O.18(29) 0.34(29) 0.20(19)

Females, >154$0 yr
Rongelap exposed 350& 78(13) 6.86*2.15(12) 3.8131.31(12) 2.26 Y0.48(12) 0.14(12) 0.63(12) 0.10(12)
Ailingnae exposed 3503121 (4) 5.70&1.39 (4) 3.01=1.27 (4) 2.3 E0.90 (4) 0.09 (4) 0.25 (4) 0.40 (4)
Rongelap unexposed 340& 140(27) 7.8032.1 1(27) 4.41& 1.90(26) 2.64 Y0.95(26) 0.22(26) 0.44(26) O.10(26)

Males, >40 yr
Rongelap exposed 2663 80 (9) 6.10&1.80 (9) 3.35*1.57 (9) 2.19&0.78 (9) 0.14 (9) 0.33 (9) 0.40 (9)
Ailingnae exposed 286& 43 (4) 6.01 Y 1.27 (4) 2.89=0.62 (4) 2.73&0.87 (4) 0.13 (4) 0.24 (4) 0.20 (4)
Rongelap unexposed 326A 95(20) 7.1432.28(20) 4. 13&2. 13(20) 2.4950.79(20) O.13(20) 0.38(20) 0.20(20)

Females, >40 yr
Rongelap exposed 276= 99 (9) 6.37= 1.89 (9) 3.50= 1.28 (9) 2.45&0.60 (9) 0.18 (9) 0.31 (9) 0.50 (9)
Ailingnae exposed 3095122 (4) 7.26&0.99 (4) 4.02& 1.24 (4) 2.69&0.85 (4) 0.19 (4) 0.34 (4) 0.20 (4)
Rongelap unexposed 306& 85(19) 7.70&2.04(19) 4.40& 1.44(19) 2.82&0.90(19) O.14(19) 0.34(19) O.1O(19)

Hct., % RBC (X 10-4) Hgb., g Serum protein, g

.

Males, 8-15 yr
Rongelap exposed”*
Ailingnae exposedt
Rongelap unexposed

Females, 8-15 yr
Rongelap exposedt
Ailingnae exposed
Rongelap unexposed

Maies, >15-40 yr
Rongelap exposed
Ailingnae exposed
Rongelap unexposed

Females, >15-40 yr
Rongelap exposed
Ailingnae exposed
Rongelap unexposed

Males, >40 yr
Rongelap exposed
Ailingnae exposed
Rongelap unexposed

Females, >40 yr
Rongelap exposed
Ailingnae exposed
Rongelap unexposed

38.5*3.3(10)
37.0 (3)
38.3=2.8(16)

468=56(10)
451 (3)
460&35(14)

12.831.4(10)
12.3 (3)
12.9k0.7(16)

8.04.4 (8)

7.7 (2)
78&().3(1 1)

39.3&2.O (9)
40.0 (2)
39.o=l.q20)

478332 (5)
455 (2)
455*24(19)

13.6= 1.0 (9)
13.6 (2)
12.9 A0.8(20)

7.9&o.3 (9)
7.7 (2)
7.8&0.3(12)

488*75 (9) 15.1=1.2(12)

45.2=2.8(29) 508zk39(27) 15.030.9(29) 7.6&0.5(28)

40.334.0(13)
35.0* 3.7 (4)
38.8*2.8(27)

~g~sz(l 1)

434 (3)
451*33(26)

13.531.2(13)
11.4*2.4 (4)
12.9=1.0(27)

g.o&o.6(13)
8.1 &().3 (4)
7<8&0.4(27)

40.6& 6.2 (9)
42.532.7 (4)
42.4=3.0(20)

444381 (8)
5 12*49 (4)
467338(20)

13.7* 1.9 (9)
14.6&0.8 (4)
14.1*1.1(20)

7-3*().7 (9)
7-4*0.4 (4)
7.8~0.5(20)

37.9* 3.7 (9)
39.5= 1.8 (4)
39.332.7(19)

413&22 (7)
426ti32 (4)
432*30(17)

12.4A 1.0 (9)
13.5*0.8 (4)
13.1*0.9(19)

7#7&o.9 (9)
8J3&0.3 (4)
7.7*0.5(19)

*Standard deviation and number of mode in moum..- .
● ●Includm 2 children exposed in Utero.

tIncludes 1 child exposed in utero.
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Figure 18. Mean neutrophil and white blood counts
of exposed Rongelap people from time of exposure
through 8 yr post exposure. Stars represent mean
values of comparison population.
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Figure 20. Neutrophil counts of exposed Rongelap
females plotted against age. Solid line represents
mean level of unexposed female population.
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Figure 22. Mean lymphocyte counts of exposed Ron-
gelap people from time of exposure through 8 yr post
exposure. Stars represent mean values of comparison
population.
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Figure 19. Neutrophil counts of exposed Rongelap
males plotted against age. Solid line represents mean
level of unexposed male population.

01 I I I I I I I
1.0

J
2.0 3.0 4.0 5.0 6.0 7.0 0.0 9.0

NEUTS x 10-S

Figure 21. Neutrophil cumulative percent distribution
curves.
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Figure 23. Lymphocyte counts of exposed Rongelap
males plotted against age. Solid line represents mean
level of unexposed male population.
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Figure 24. Lymphocyte counts of exposed Rongelap
females plotted against age. Solid line represents
mean level of unexposed female population.
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Figure 26. Mean platelet values of exposed Rongelap
people from time of exposure through 8 yr post ex-
posure. Stars represent mean values of unexposed
comparison population.

counts in males and females were below the mean

line of the unexposed group. An accumulative dis-
tribution curve shows displacement of the exposed

curve to the left of the unexposed (Figure 29). The

increase in platelet counts this year in both exposed

and unexposed groups is demonstrated by the fact

that only 11.370 of the exposed group and 5.370

of the unexposed show counts below 200,000, as

compared with 18 YO and 9.7 YOlast year.

Erythropoietic Elements

Erythrocyte, hemoglobin, and hematocrit levels
showed no marked differences between the ex-

posed and unexposed groups (see Table 10 and
Figures 31 through 36). In the older groups the
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Figure 25. Lymphocyte cumulative percent distribu-
tion curves for exposed compared with unexposed
population.
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Figure 27. Platelet counts of exposed Rongelap males
plotted against age.’ Solid line represents mean level
of unexposed male population.

values were slightly lower

the unexposed groups.

Ailingnae Blood Counts

in the exposed than in

Hematological examinations were carried out

on all 17 Ailingnae people. The levels of peripheral

blood elements in this group were generally the

same as in the exposed Rongelap group. These

data are shown in Table 10 and Appendices 2

and 3.

<.
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Figure 28. Platelet counts of exposed Rongelap fe-
males plotted against age. Solid line represents mean
level of unexposed female population.
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Figure 30. Sex and age distribution of percent differ-
ence of peripheral blood elements in exposed com-
pared with unexposed groups.

Morphology of Blood Cells

Examination of peripheral blood smears showed
no unusual celhdar morphology in either the ex-

posed or controls. A few bilobed lymphocytes were

seen in the differential smears of both exposed
and unexposed people but no counts were made.

Price-Jones curves in the past have shown a slight

microcytic tendency in the red cells. Bone marrow
smears were obtained on 9 exposed Rongelap peo-

ple. These examinations showed a reduced M/E

ratio in 8 of 9 cases with abnormalities of the eryth-

roid and myeloid precursors in 5 marrows (see

Table 11).
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Figure 29. Platelet cumulative percent distribution
curves for exposed compared with unexposed popula-
tion.
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Figure 31. Hematocrit values of exposed males plotted
against age. Solid line represents mean level of unex-
posed male population,

Children of Exposed Parents

Peripheral blood elements of 24 children with
parent; one or both of whom had been exposed

were compared with those of 50 children with un-

exposed parents. These children were <8 yr of
age. The results are presented in Table 12 and

Figure 37. There appeared to be a slight depres-

sion of leukocytic elements in both male and fe-

male children of exposed parents but a slight in-

crease in platelets. Thus the findings reported last

year of male children (but no female) of exposed

parents showing depression of all blood elements
is not substantiated in this year’s findings.
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Figure 33. Hemoglobin values of exposed males plot-
ted against age. Solid line represents mean level of un-
exposed male population.

Figure 32. Hematocrit values of exposed females
plotted against age. Solid line represents mean level
of unexposed female population.
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Figure 35. RBC values of exposed males plotted
against age. Solid line represents mean level of un-
exposed male population.

Figure 34. Hemoglobin values of exposed females
plotted against age. Solid line represents mean level of
unexposed female population.
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Figure 37. Sex and age distribution of percent differ-
ences of peripheral blood elements in children of ex-
posed parents (one or both exposed) compared with
children of unexposed parents.

Figure 36. RBC values of exposed females plotted
against age. Solid line represents mean level of unex-.
posed female population.
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Table 11

Peripheral Blood and Bone Marrow Findings

Subject
No. Hgb., g Hct., % WBC Differential Bone marrow smear

27 18 41 6,100 normal Erythroid hyperplasia with increased
immature red and myeloid elements.

7 14.4 43 6,500 15% eosin. As in #27.

40 13.6 46 6,600 normal No abnormalities.

50 15.7 46 7,500 normal Changes as in #27 but in less
degree.

52 13.8 42 9,700 normal Slight increase in immature red
and m.yeloid elements.

30 10.0 29 7,100 normal As in #52.

53 13.2 38 7,900 normal Normal.

66 13.6 40 6,400 normal Normal.

80 14.4 44 9,100 normal Erythroid and myeloid immaturity.

Table 12

Mean Levels of Peripheral Blood Elements of Children of Exposed Parents
Compared With Those of Children of Unexposed Parents

Plate. WBC Neut. Lymph. Mono. Eosin. Base.
(x 10-’) (x 10-’) (x ,f)-::) (x 10”’) (X1O-3) (xlO-’) (xl O”’)

Males, <8 yr
Of exposed parents 51 lt123( 15)” 8.74& l.34( 15) 4.17~0,87(15) 3.92*1.(X)(15) 0.15(15) 0.49(15) 0.07(15)
of unexposed parents 451 & 80(29) 10.37&2.55(29) 4.89Y 1.68(29) 4.42% 1.50(29) 0.30(29) 0.73(29) 0.40(29)

Females, <8 yr
Of exposed parents 473* 149(19) 1O.98*2.41(I9) 4.72=1.47(19) 5.01=1.36(19) 0.30(19) 0.84(19) 0.30(19)
Of unexposed parents 4193 97(21) 11..63&2.5O(2l) 5.35&2.16(21) 5.28& l.92(21) 0.26(21) 0.70(21) 0.40(21)

Hct., % RBC (X 10-’) Hgb., g Serum protein, g

Males, <8 yr
Of exposed parents 38.4t3.0(15) 456*35(13) 12.O&O.9(15)
Of unexposed parents 36.7&2.5(29) 457&39(28) 11.851.0(29)

Females, <8 yr
Of exposed parents 36.752.8(19) 454237(17) 11.731.2(19) 7.6(1)
Of unexposed parents 37.8=2.7(21) 458&31(16) 12.2&0.9(21)

*Standard deviation and number of people in group.

Comments on Hematological Data lation at that time. Fluctuations in mean leukocyte

levels from year to year, which have been com-

The 1962 leukocyte levels in both exposed and mented on previously, have been unexplained thus

unexposed groups were generally slightly lower far. In contrast to the lowering of leukocyte levels

than last year. The level in the exposed group was this year, it was noted that the platelets and eryth-

about the same as in 1960; no hematological exam- ropoietic elements in all groups were elevated as

inations were earned out on the unexposed popu- compared with last year, the platelets having
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Table 13

Peripherid Blood Cultures

Diploid numbers

Total
Subject No. counts 10 22 32 36 37 39 40 41 42 43 44 45 46 47 48 67 pp

10 59 22 273 4 33(56%) 5 1

ii 24 1 2 20(80%) 1
14 26 1 22(84%) 1 1 1
27 30 11 4 18(60%) 5 1
41 27 2 25 (92%)
50 69 111 1 41 51(74%) 6 2 1
58 32 1 1 29 (91%)
69 19 1 18 (95%)
79 19 2 1 1 15 (79%)
80 16 11 1 1 1 8 (50%) 1

reached the highest levels yet recorded. The gen-

eral anemic tendency in the people is no longer as

pronounced. Perhaps a better diet (increased
amounts of fruits and vegetables} may partly ac-

count for this change.

Comparison of hematological data in the ex-

posed and unexposed groups demonstrates a defi-

cit in total leukocytes and absolute neutrophils
and lymphocytes which is even slightly more pro-

nounced this year than last year. Platelet levels

in the exposed group show slightly less deficit this

year than in the past. As noted previously, this
deficit in leukocytes and platelets is more apparent

in the younger and older groups. Erythrocyte

counts and hematocrit and hemoglobin levels were

again found to be about the same in the exposed

as in the unexposed group.

in view of these findings in the peripheral blood

and the evidence of slight persisting bone marrow
abnormalities, it does not seem unreasonable to

assume that there is some residual effect of the

radiation exposure on hematopoiesis.

The finding of slightly lower leukocyte levels

in the male and female children of exposed par-

ents is difficult to evaluate.

13 of 20 unexposed and 30 of 51 exposed people,

the final chromosome smears unfortunately yielded

countable metaphrases in only 10 preparations in

the exposed group. The difficulty in obtaining good
smears is believed to have been related to the high

temperature and humidity of the Islands, which
interfered with rapid drying of the smears. This
was particularly disappointing since excellent

smears had been obtained in preliminary perfec-

tion of the technique under laboratory conditions

at BNL. Simi Iar difficulties with chromosome

spreads and poor staining were encountered in 9
direct bone marrow metaphase studies. Neverthe-

less, small numbers of dicentrics were noted in

some of these preparations a[ong with abnormal

diploid numbers (see Tables 13 and 14). These

preliminary findings suggest that persistent dam-

age to blood cells occurred in these people. In view

of the importance of these studies, a concerted

effort will be made on the next survey to obtain a
large number of satisfactory preparations from

peripheral blood and also from cultures of the skin

in areas previously involved with beta bums. It is

believed that the difficulties encountered in the

field in making the chromosome smears can be

corrected by using a hot air dryer on the next sur-
vey.

OTHER LABORATORY STUDIES

Routine Urine Analyses
Chromosome Studies

Although moderate to good growth of peripher-

al blood cultures was obtained in samples from

Routine urine analyses were carried out on the
majority of the people. Ten of the samples were

positive for sugar. Several of these showed only
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Table 14

Abnormal Chromosomes in Peripheral Blood Cultures

Subject Total
No. counts Dicentrics Other

64 2——
10 59 — —
11 24 — —
14 26 1 —
27* 30 I 1 minute
41 27 — —
50 69 — —
58 32 — —
69 19 — —
79 19 — —
80 16 — —

*Bone marrow smears showed 3 dicentrics on scanning.

small amounts, however, and glycosuria was dem-

onstrated only in those that showed urine eleva-
tions of 2+ to 4+. Four urines showed a slight
amount of protein, but other examinations did
not reveal abnormalities which might be associ-
ated with proteinuria.

Blood Sugar Determinations

Fasting blood sugar analyses were carried out

on 8 people (all in the unexposed group) who had

shown urine positive for sugar on the previous sur-

ve y. Of these, 4 showed elevated levels (Nos. 853,

884, 893, and 991 ). Non-fasting blood sugar de-

terminations were carried out routinely on 72 peo-

ple in the exposed and 125 in the unexposed

groups. Elevations >160 mg % were found in 4 of
these, 1 exposed (No. 29) and 3 unexposed (Nos.

932, 936, and 1042 ). The somewhat higher inci-

dence of diabetes in the Marshallese people has

been commented on in previous reports.

Protein-Bound Iodine

Since previous survey results had shown pro-

tein-bound iodine levels on the high side of nor-
mal, 14 sera were obtained on individuals for
repeat analyses this year. The levels varied be-
tween 4.6 and 12.0 ~g % with a mean of 8.6; these
are again generally on the high side of normal.
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Table 15

Blood Volume Studies ( 1961, 1962)

Increase, cc Decrease, cc

Subject Race* Wt., lb RBC Plasma RBC Plasma

P.c. c
H.M. C
A. C
B,W. C
S.s. c
H. C
L.C. C
Em. M
B. M
S. M
Ed. M
T. M
A. M
Sh. M
Af. M
J. M
El. M
Me. M
K. M
Ja. M
R. C
F. C
Mac. C

158
105
153
161
165
156
110
172
150
138
155
122
102
109
126
135
140
123
140
132
156
183
—

—
—
—
—
—
—
—
—
—

100
—
—
—
—
—
.
—

123
—
—
—
—
—

—
250

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

100
—
—
—
—
—

100
100
400
550
350
250
250
250

—
—

250
550
400
300
300
200
600
—

200
800
450
400
200

---
7W

—

600
1000
600
100
500
500
100
—

100
600
—

200
—

150
500
—

700
770
400
700
200

“C = Caucasian, hl = Micronesia.

Total Urine Iodine and Creatinine

The purpose of these analyses was to determine

whether the rather high protein-bound iodine levels

reported in the Marshallese might be related to

high iodine levels in the diet. Total iodine and cre-
atinine analyses were carried out on 10 urine samp-

les obtained from subjects who had previously

shown relatively high protein-bound iodine levels.
The levels for total iodine varied between 5.2 and

66.0 pg % (av, 18.6), and the creatinine levels

varied between 0.025 and 0.80 g/I (av; 0.52).
These levels were considered to be in the normal

range, although the creatinine levels were some-

what high because of alkalinity of the urine sam-

ples. Therefore it dld not appear that the iodine in

the diet could account for the generally higher

protein-bound iodine levels observed. The cause

of this slight elevation remains to be clarified.
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Table 16

Immunoelectrophoretic Analyses

Findings Subject Nos.

Normaf 15, 30, 20, 78, 8, 76, 92, 77, 9, 14, 33, 16, 2, 21,
57,47,4,37, 10,73, 12, 914, 835, 838, 875, 844,
865, 896,982, 836, 832,936, 955, 956, 957, 830,
960, 939, 893, 979, 840, 833, 915, 967, 975, 882,
898, 1005, 868, 822, 1042, 841, 825, 885

Slightly increased Y globulin precipitation-line 53, 71, 86, 52, 63, 22, 32, 87, 59, 54,79,6, 66, 1,
45, 928, 856, 883, 940, 1036, 944, 992, 858, 813,
864, 853, 887, 942, 829, 820, 828, 924, 961, 969,
895, 855, 884

Markedly increased Y globulin precipitation-line 862, 891

Slightly increased precipitation-lines for Pm, B*M,and ~ 34, 75, 27, 817, 998, 888, 814

Markedly increased precipitation-lines for Pm, B~~, and Y 64, 958, 1035

Markedly increased precipitation-lines for Pz~ and Y 829, 892, 1001

Slightly increased precipitation-lines for PM and Y 3, 41

Markedly increased precipitation-lines for P2~ and Y 897

Slightly decreased precipitation-line for P= 5, 900

Slightly increased precipitation-line for Pz~ 29, 852

Decrease of P2Aand slight increase of Y globulin 866
precipitation-lines

Decrease of flzAand y globulin precipitation-lines 60, 68, 824

Glucose-6-phosphate Dehydrogenase Activity
and Hemoglobin Types

Dr. Boyer at Johns Hopkins Hospital reported

that all subjects examined had normal glucose-6-

phosphate dehydrogenase activity. On the starch

gel electrophoresis all were of a uniform glucose-6-

phosphate dehydrogenase electrophoretic ~

Class B. This is the type observed in all Americans
of European ancestry and in 70% of Americans of

mixed African and European ancestry.

Electrophoretic studies of hemoglobin showed

that all Marshallese subjects examined had type

AA2 .

Blood Volume Studies

During the 1961 and 1962 surveys, blood vol-

ume determinations, with use of Crsl-labeled sodi-

um chromate, were performed on 25 normal

Micronesia and Caucasian persons living in the

Marshall Islands for 1 yr or longer. Table 15

shows the data for 23 of these on red cell mass and
plasma volume based on body weight. From these

data it appears that there was a significant reduc-

tion in red cell mass and/or plasma volume in 15

of 23 subjects, both Marshailese and Americans.

During the anticipated 1963 survey, it is planned

to repeat these studies in conjunction with estima-

tions of lean body mass by use of tritiated water.

Evaluation of the above results will be withheld
until completion of the 1963 survey.

Immunoelectrophoretic Studies

Immunoelectrophoretic analyses were carried

out on a number of Marshallese sera. These results

are shown in Table 16. Dr. R. Biitler, who earned

out these analyses, reported that “in summary we

have found neither a paraproteinemia nor a typical
picture of antibodydeficiency-syndrome. The high

frequency of increases of some of the immunoglob-

ulins is perhaps a typical sign of the investigated

population.”
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Estimationof Body Burden of Sr*

Gamma spectrographic analyses on the Ronge-
Iap people in 1961 by whole-body counting in a

21-ton steel room indicated that the mean body

burden of CS”7 had not shown any significant fur-
ther increase over the 1959 level and that the mean
Znc5 level had been reduced by a factor of about

6. Since these results implied that the body bur-
dens had reached equilibrium with these gamma

emitters in the environment, further gamma spec-

trographic analysis was deferred, the next being

planned for about 1965. Therefore the steel room
was not taken to Rongelap on this survey and no
whole-body gamma counting was done. However,

urine and other samples were coliected and

brought back for radiochemical analyses.

Sr’” and calcium analyses were carried out on
24-hr urine samples from 27 Rongelap people, 18

in the exposed group and 9 in the unexposed, and
on a 12-liter pooled sample from the population

at large; on vertebra and rib samples (autopsy spec-

imens from the 78-yr-old woman who died in
March 1962 ); and on 4 coconut crabs. The results

of these analyses are presented in Tables 17, 18,
and 19. The urinary levels of Srg” are somewhat

higher than last year,
The fluctuations in calcium level in the samples

cause variations in the Sr’” level expressed per g

Ca. The pooled urine samples contained 7.2 pC/1
Sr’” in 1961 and 7.9 in 1962 (1 pC = lPpC), but

the calcium levels differed so markedly ( 141 mg/1

in 1961 and 18 in 1962) that they were not used

in calculating the body burdens of SrgO. In 1962

the mean SrgOvalues from the individual adult 24-

hr samples were 12.45a 1.30 pC/1 or 114*14

pC/g Ca. From these values, on the basis of pre-
vious calculations,14 the body burden was esti-

mated as 12.0 mPC. This is about 6.0% of the

maximum permissible concentration (MPC) of

Sr’O (200 mPC) for nonindustrial populations, and

represents about 49 Vo of the previous] y estimated’
equilibrium value of 23 mPC.

Thus the return of the Rongelap people to their

home island has been reflected in annual increases

in estimated body burdens of SryObased on urinary
excretion values. The estimates, in mPC, have in-

creased as follows: 2.0 in 1958, 6.0 in 1959, 6.9 in

1961, and 12.0 in 1962. It is not clear why the

greater increase occurred during the past year.
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In view of the uncertainties associated with ex-

trapolation from urinary excretion data to body

burden of Sr’”, other corroborating evidence has

been derived from analyses of bone samples. Be-

cause of the difficulty of obtaining autopsies on

these people, this means of analysis has been very
limited. However, bone samples were obtained

from an autopsy on the 78-yr-old woman who died

this year, and the Sr’” analysis of ribs and vertebral
specimens showed an average of 15 pC/g Ca, rep-
resenting a body burden of 11.4 mpC or about
S.7Y0 of the MPC (see Table 19). This compares

favorably with the estimate of 12.0 mPC based on

the 24-hr urine samples. Bone samples from the
autopsy of a 35-yr-old man in 1958 showed a SrpO

body burden of 2 mPC. The estimated body burden
derived from the 1962 bone samples therefore

shows about a sixfold increase over that from the
1958 samples.

The Sr”” levels in the coconut crabs in 1962

(Table 19) are close to those previous] y reported
by Held. ” It is not clear why the crabs continue to
show such high levels, but the ban on their con-

sumption cannot yet be lifted.

Summary

Medical examinations were carried out in
March 1962 on the people of Rongelap Island, 8

years after accidental exposure to fallout irradia-

tion. The medical team consisted of 15 physi-

cians and medical technicians, 9 from the U.S. and

6 from the Department of Public Health of the

Trust Territory of the Pacific Islands. Examina-
tions were carried out principally at Rongelap

Island, but some Rongelapese who had moved

away were examined at Kwajalein and Majuro

Islands. A total of 308 people were examined, 80

in the exposed group, 37 children of exposed par-

ents, and 191 unexposed Rongelap people who

serve as a comparison population. The Trust Ter-
ritory ship, Ran A nirn, was used to transport the

medical team and equipment from Kwajalein to

Rongelap and return. The team lived in a tent at

Rongelap Village during the survey.

The examinations were carried out with com-
plete cooperation of the Rongelap people, and it

was believed that the presence of the team living
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Table 17

Sr~ Anal- of Rongelap Urine Samples

Sr,o,

Other dis/min
Subject Identi- Sample per total Srw, c% Sreo,

No. Age Sex fication vol., ml sample pc/1 g/1 pC/g Ca

12.360 216.2*4.9* 7.9~fJ.2

7
14
15
16
18
19
20
22

23
24
27

36
39

40

41
50
59
69

818
822
838

843
865

885
893
895

44
33
15
47
29
13
15
25

12
21
34

16
23

37

52
42
42
12
11
16
29

33
29

22
44
32

22

M
F
F
M
F
M
M
F

M
F
M

M
F

M

M
M
F
F
M
M
M

F
F

M
F
F

F

pool
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
2ml 24-hr
24-hr
24-hr
24-hr
2nd 24-hr
24-hr
24-hr
2nd 24-hr
24-hr
2nd 24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
2nd 24-hr
24-hr
24-hr
2nd 24-hr
24-hr
24-hr
24-hr
2nd 24-hr
24-hr

1;280
1,400
1,760
1,000
1,060
1,540
2,060

680
980

1,180
890

1,360
2,020
1,250

600
710

1,960
1,180

800
880

1,100
2,040
I ,660
2,000
1,500
1,860

740
640
450

1,730
1,580

260
1,240
1.000

24.7* 1.6
51.051.9
28.651.6
23.7* 0.8
30.8*2.O
20.7&l.6
47.4* 2.1
15.8&l.7
21.931.7
30.351.9
46.7* 1.2
17.421.5
21.421.8
46.031.8
34.831.0
32.9? 1.7
43.351.8
26.3= 1.2
23.922.0
91.1= 2.9
15.651.3
54.021.9

105.4& 2.5
18.O&l.5
52.422.0
31,222.5
46.0t2.5
14.3& 0.8
8421.2

31.7* 1.6
20.922.0

4,8&0.9
9.3= 1.2

16.6Y1.5

tJ7*o.6
16.4& 0.6
7.3*().9

10.7*O.4
13.l&O.8
6.(3~oc5

10.4*O.4
10.5* 1.1
10.130.8
11.6&0.7
23.6&0.6

5.8~or5
4.8&0.4

16.6* 0.6
26.1 *0.8
20.9&l.l
10.O*O.4
10.O*O.4
13.431.1
46.6* 1.5

64*().5
11.930.4
2S.620.7

4.0*0.3
15.7& 0.6
7.6?0.6

28.031.5
10.150.6
84*1.2
8.2&0.4
fj.&().(j
8.331.6
3.4yo.4
7,5*0<7896

●The error term accompanying each result is the Poisson error of counting.

0.018
0,178
0.060
0.014
0.209
0.131
0.028
0.052
0.082
0.068
0.076
0.122
0.120
0.125
0.077
0.131
0.090
0.123
0.155
0.312
0.268
0.149
0.036
0.140
0.104
0.152
0.142
0.390
0.051
0.031
0.119
0.067
0.077
0.037
0.045

439211
49* 3

273*1O
521564
515 2

6
8
8
3
2
9
5

48& 4
38= 3

216= 8
199A 6
232*12

81= 3
64* 3
43-& 4

174k 6
43* 3

330A11
204e 5

382 3
lo3& 4
54& 4
722 4

198*12
271?39

692 3
9(3* 9

108*21
92*11

167*16

ashore in Rongelap VNage enhanced the rapport
with the people, possibly by allaying any fears that
they might have had concerning lingering radio
activity on the Island.

A review of the medical status of the people
during the past year revealed that they had gener-
ally been in good health with the usual number of
minor ailments, and that no disease epidemics had
occurred. Some cases of sickness from eating im-
properly prepared arrowroot flour and poisonous

fish were reported. One death occurred in a 78 yr.
old woman in the exposed group who was quite
senile; death resulted from a fall. Autopsy and his-
tological studies showed advanced senile changes,
but there was no reason to relate radiation expo-
sure to such findings in a woman of this age. Four
normal births had oecured in the exposed group
and four in the comparison group. No miscarr-
iages or stillbirths were reported during the past
year.



Table 18

Srw in Marshallese 24-hr Urine Samples, April 1962

No. of
Age, sub- Sr$.o, C4 Sreo,

Group yr jeets pc/1 mg/1 pC/g Ca

Exposed
Male 1-15 3 9.33& l.70* 52&14 189&18

>15 7 9.0631.11 175&26 53? 5

Female 1-15 2 9.60&2.30 25Y 11 426&96

>15 8 15.89 A2.50 104&12 165*26
Total 1-15 5 9.44&l.18 41*11 284&fj6

>15 “15 12.70 &l.66 137316 113=20

Nonexposed
Male 1-15 1 28.60*0 1403 0 204k O

>15 4 8.88 A2.46 129*11 &+14

Female l-ls — — — —
>15 7 10.24&3.07 100*49 143*28

Total 1-15 1 28.60&0 1403 0 204* o
>15 11 9.75&2.07 110A3I 115521

Total
All 1-15 6 12.63*3.34 42* 9 270&55
All >15 26 11.45 &l.30 126&16 l14&14

*Standard error of estimate.

Routine physical examinations of adults re-
vealed that the slight differences in incidence of

various diseases in the exposed group compared

with the control group could likely be explained

by the somewhat greater number of older people

in the exposed group.

An ophthalmological survey revealed a slight
increase in the incidence of pterygia and pinguec-

ulae in the exposed group. As reported previ-
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ously, this maybe related to fallout exposure of the

eyes. There were also several cases of comeal pig-

mentation which may have been related to fallout

exposure. There was no evidence in the exposed

people of retinal burns which might have resulted
from observation of the fireball at the time of the

accident in 1954.

A cancer detection survey was done which in-
cluded, in addition to thorough physical examina-

tions, pelvic examinations in mature women with

Papanicolaou staining of smears, rectal examina-

tions in adults, and hematologicai studies for leu-

kemia detection, which included the determina-

tion of alkaline phosphatase levels of leukocytes

and basophil counts of 4000 white cells. No cases

of malignancy or leukemia were detected.

Pediatric examinations revealed no marked dif-
ferences in abnormalities between exposed and

unexposed children and no diseases that could be

related to radiation effects. Growth and develop-

ment studies, as previously reported, showed that

the boys exposed at an early age (<6 yr and partic-

ularly 12 to 18 months) were slightly shorter in

stature and weighed slightly less than the unex-

posed children of comparable age. No such differ-

ences were noted in the exposed compared with

the unexposed girls. Skeletal age determined by
wrist roentgenograph y showed that both the boys

and the girls in the exposed group were slightly

retarded, the boys showing the greater deficit. The

greatest retardation was noted in 4 boys who had

been 16 to 17 months old at exposure. Male chil-

dren (but not female ) born of exposed parents

(after the fallout ) tended to be smaller in stature
at all ages than children of unexposed parents.

Table 19

SroOAnalyses of Bone and Crab Samples

Ash
Original

SroO, dis/min

net wt., g g % Per total sample Per g ash % :n&mh $~g”ka

Bone
Rlb 1.48 16.4&0.6* 11.1*0.4 36.6 13.7*0.5
Vertebra 2.60 33.8k0.O 13.0*0.3 36.0 16.3ti0.4

Crab 878 111 12.7 1462 25
902

50.0 1317 &4
136 15.1

1165
964 *4 40.0 1086 *4

209 17.9 850 *4 34.4 1113 As
705 99 14.0 1518 =6 49.6 1378 &5

*The error term accompanying each result is the Poisson error of counting.
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—
Light parce#ionmly tie to
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Chest X-ray neg. (‘ 61)
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— —
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— —
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R-rg ? tabes dorsalis 4.9 3( 26( Rx ReEYval of Cat,
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hip msses not diagnostic ( 161).5.1 4( 22! Chest X-rsy neg. (‘61)
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Table 18

SrWin Marshallese 24-hr Urine Samples, April 1962

No. of
Age, sub- Src.o, Ca, Srilo,

Group yr jects pcll mgt 1 pC/g Ca

Exposed
Male 1-15 3 9.3331.70” 52~14 189a18

>15 7 9.06A1. I 1 175Y26 53% 5

Female 1-15 2 9.6f)~2.30 25Y 1I 426*96
>15 8 15.89Ek2.50 104A12 165*26

Total 1-15 5 9.44~1.18 41311 284*66
>15 “15 12.70 ~1.66 137~16 113*2O

Nonexposed
Male 1-15 1 28.6050 1402 0 204~ O

>15 4 8.88*2.46 129al 1 66*14
Female 1-15 — — — _

>15 7 10.2423.07 100349 143ti28

Total 1-15 1 28.60&0 1403 0 2045 0
>15 11 9.75a2.07 110331 115321

Total
All 1-15 6 12.63*3.34 42Y 9 270&55
All >15 26 11.4531.30 126316 114*14

*Standard error of estimate.

Routine physical examinations of adults re-

vealed that the slight differences in incidence of

various diseases in the exposed group compared

with the control group could likely be explained

by the somewhat greater number of older people

in the exposed group.

An ophthalmological survey revealed a slight

increase in the incidence of pterygia and pinguec-
ulae in the exposed group. AS reported previ-

..1=* . .

35

ously, this maybe related to fallout exposure of the

eyes. There were also several cases of comeal pig-
mentation which may have been related to fallout

exposure. There was no evidence in the exposed

people of retinal burns which might have resulted
from observation of the fireball at the time of the

accident in 1954.
A cancer detection survey was done which in-

cluded, in addition to thorough physical examina-

tions, pelvic examinations in mature women with

Papanicolaou staining of smears, rectal examina-

tions in adults, and hematologicai studies for leu-

kemia detection, which included the determina-

tion of alkaline phosphatase levels of leukocytes

and basophiI counts of 4000 white cells. No cases

of malignancy or leukemia were detected.

Pediatric examinations revealed no marked dif-

ferences in abnormalities between exposed and

unexposed children and no diseases that could be

related to radiation effects. Growth and develop-

ment studies, as previously reported, showed that
the boys exposed at an early age (<6 yr and partic-

ularly 12 to 18 months) were slightly shorter in

stature and weighed slightly less than the unex-

posed children of comparable age. No such differ-

ences were noted in the exposed compared with

the unexposed girls. Skeletal age determined by
wrist roentgenography showed that both the boys

and the girls in the exposed group were slightly

retarded, the boys showing the greater deficit. The

greatest retardation was noted in 4 boys who had

been 16 to 17 months old at exposure. Male chil-

dren (but not female ) born of exposed parents

(after the fallout ) tended to be smaller in stature
at all ages than children of unexposed parents.

Table 19

SrSOAnalvses of Bone and Crab Samples

Ash
Original

SrsO, dis/min
c% SrSO,

net wt., g g % Per totaf sample Per g ash % in ash pC/g Ca

Bone
Rib 1.48 16.420.6”
Vertebra

11.150.4
2.60

36.6 13.7*0.5
33.8*0.O 13.0*0.3 36.0 16.3*0.4

Crab 878 111 12.7 1462 ~5
902 136

50.0 1317 *4
15.1

1165
964 =4 40.0 1086 *4

209 17.9 850 Y4
705 99

34.4 1113 *5
14.0 1518 *6 49.6 1378 =5

●The error term accompanying each result is the Poisson error of counting.
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However, since the latter children were on ths av-
erage 4 months older, the data did not justify a

conclusion that the difference in stature was asso-
ciated with the exposure of the parents.

Residual beta burns of the skin consisting of

varied degrees of atrophy, scarring, pigment aber-
rations, and hyperkeratosis were noted as in past

surveys in about 10 people. During the past several

years an increase in the number of pigmented
nevus-like lesions has been noted in areas previ-

ously involved with beta burns. These appear to

be increasing slightly in number. Histological diag-
nosis of one such lesion that was biopsied indi-
cated that it was a typical pigmented nevus. NO

case of chronic radiation dermatitis or malignant
change in the residual burns was noted.

Genetic studies have not been specifically con-
ducted in view of the small population involved

and the generally negative results of the studies on

first-generation Japanese children of exposed par-

ents. However, routine examination has revealed
little in the way of congenital anomalies in the

children of exposed parents. One baby born of an

exposed mother in 1960 was diagnosed as having

congenital heart disease and died several months
after birth. The suggested evidence of increased

miscarriages and stillbirths in the exposed woman
during the first several years after exposure might

be related to irradiation of the germ plasm, al-
though this tendency was not apparent in recent

years.

Hematological studies showed mean leukocyte
levels lower this year than last year in both ex-

posed and unexposed groups, but the exposed

group continued to show lower neutrophiI and
lymphocyte levels than the unexposed group.

Platelet levels were higher this year in both groups

than previously, but the exposed group continued

to show slightly lower levels. There was an in-

crease in erythrocytes in both exposed and unex-

posed groups, with little difference noted between
the groups. The deficit in leukocytes and platelets

in the exposed people was more apparent in the

younger and older groups than in the middle
group. Bone marrow examinations showed a re-

duced myeloid-erythroid ratio in 8 of 9 cases with

abnormalities of the erythroid and myeloid pre-

cursors in some. In view of these findings, it is be-
lieved that there is some residual effect of radiation

exposure on hematopoiesis in these people.

Peripheral blood cultures or chromosome

studies were carried out on samples from a number

of people. Successful cultures were obtaitled in

some 40 of 70 bloods; however, difficulties were

encountered under field conditions of high tem-

perature and humidity in obtaining satisfactory

chromosome smears. Nevertheless small numbers

of dicentrics along with abnorrnal diploid numbers
1

were noted in a few smears. These data suggest

that resistant damage to blood cells occurred, and /
during the next survey further chromosome studies

of blood and skin of beta burned areas and pos-

sibly of bone marrows are being planned.

Gamma spectrographic analyses were not car-

ried out this year since previous levels of gamma

emitting isotopes (CSIs’ and ZnG2) had not shown
significant further increase at the time of the 1961

survey. However, urinary excretion of Sd’” was de-
termined by radiochemical analysis on 24-hr sam-

ples from 18 exposed and 9 unexposed people. As

previously noted, there were no differences be-

tween the exposed and the unexposed urinary
levels of Sr’”. The mean level of Sr9” was 114 A 14
pc /gCa.on thebasisof previous calculations, the

estimated body burden of SreO was 12.0 mYC,

which is about 6?Z0of the MPC (200 mpC for non-
industrial populations). Several bone samples ob-

tained from auf{ ~psy on the 78-yr-old exposed
woman showed aIl average of 15 PC, g Ca. repre-

senting a body burden of 11.4 mWC or about 5.770
of the ,MPC, which compares favorably with the

estimate based on urinary excretion. These levels
represent about a sixfold increase in Sr”” over the

1958 levels. Analysis of 4 coconut crabs from the

Island showed high levels with little reduction

during the past few years, necessitating a continua-

tion of the ban on eating these crabs.

Although the acute effects of radiation exposure

in the Marshallese have largely subsided, it is pos-

sible that certain late or delayed effects may occur.
Some late effects have already been observed in

the Japanese, such as an increased incidence of
leukemia and possibly other malignancies and also

development of cataracts. Still other late effects

have been observed in irradiated animals. It is

unlikely that such abnormalities will develop in the

relatively small Rongelap population, and, should

they develop, the incidence should be quite low.

Nevertheless, it is extremely important that further

surveys be conducted to detect subtle changes as-

sociated with the development of such abnormali-

ties so that they can be documented and therapeutic
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procedures instituted whenever possible. The ex-
aminations show some findings persisting in the

exposed people which need to be carefully fol-
lowed. These include incomplete recovery of certain

blood elements to levels found in the unexposed

people, retardation of growth and development in
some of the irradiated children, and pigmented

changes at the sites of radiation burns of the skin.

Recognizing the importance of these surveys,
the Trust Territory of the Pacific Islands and the
U.S. Atomic Energy Commission have agreed that
annual medical surveys of the Marshallese people

exposed to fallout in 1954 should continue indefi.
nitely.
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V. P. Bond, E. P. Cronkite, J. S. Robertson,

S. Cohn, L. M. Schiffer, R. A. Love, L. K. Dahl,

G. C. Cotzias, V. G. Alcober, W. Calve, and

H. Cottier, and Mr. A. Finn and Mr. W, J. Walsh.
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secretarial assistance and Mrs. M. Dienes for edi-
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APPENDIX 1

RongelapGroupandChntrolMean Blood Counts at VariousT]mes After Exposure

WBC! Neutrophils Lymphocytes Platelets Hematocrits RBC
(x 10-’) (x 10-’) (xlO-’) (Xlo-’) (%) (xlO-’)

Male Male Female Total Male Male Female Male MaleFemale
Poatexposure day <5 >5 <5 >5 <5 >5 <10 >10 all ages group <15 >15 all ages <15 >15all ages

3
7

10
12
15
18
22
26
30
33
39
43
47
51
56
63
70
74

6-mo survey
l-yr survey
2-yr survey
3-yr survey
4-yr survey
5-yr survey
6-yr survey
7-yr survey
8-yr survey
Majuro controls
Rita cont. 6 mo
Rita cont. 1 yr
Rita cont. 2 yr
Rong. cont. 3 yr
Rong. cont. 4 yr
Rong. cont. 5 yr
Rong. cont. 7 w
Rong. cont. 8 yr

9.0 8.2
4.9 6.2
6.6 7.1
5.9 6.3
5.9 6.5
6.7 7.2
7.0 7.4
5.7 6.1
7.6 7.8
6,5 6.2
5.7 5.5
5.2 5.2
5.9 5.8
6.7 5.6
7.0 6.0
7.7 6.0
7.6 6.5
——
8.5 6.6

10.1 8.1
11.8 8.6
8.6 6.9
8.9 7.5

13.5 9.5
— 6.5
— 7.4
— 6.9

13.2 9.7
10.7 7.6
—_

14.0 8.9
9.8 6.9

11.2 8.0
13.7 10.1
— 7.8
— 7.7

6.4 4.7
——

3.5 4.5
3.5 3.9
3.2 4.1
3.4 4.7
4.3 5.0
3.0 3.9
4.0 5.3
3.1 3.8
3.0 3.3
2.0 2.6
2.6 3.3
2.6 3.5
3.5 3.5
3.9 3.6
3.8 4.0
——
4.6 4.2
4.7 4.8
5.9 4.8
4.1 3.7
3.3 3.4
6.9 4.8
— 3.5
— 3,9
— 3.6
4.8 4.8
5.4 5.2
——
7.0 4.4
4.0 3.4
4.0 3.6
6.2 5.2
— 4.2
— 4.2

1.8 2.2
——

2.6 2.1
2.1 1.7
2.4 1.9
2.4 2.1
2.6 2.1
2.3 1.8
3.2 2.1
3.2 2.0
2.6 2.0
2.9 2.3
3.1 2.4
3.4 2.1
3.7 2.4
3.7 2.3
3.3 2.2
——

3.6 2.2
4.6 2.8
4.7 3.1
3.7 2.7
4,6 3.6
6.0 4.0
— 2.7
— 2.9
— 2.6
7.4 4.1
4.7 3.7
——

5.6 3.6
4.7 2.9
6.2 3.7
6.2 4.1
— 3.1
— 2.9

—
—

28.2
—

27.1,
21.8
16.8
13.2
14.1
17.9
25.5
26.8
24.6
22.1
—

23.1
—

26.2
24.4
26.6
30.0
32.0
32.5
32.3
—
—
—

41.2
35.0
37.5
35.5
32.6
38.8
35.8
—
—

—— —— ——
—— —— ——

22.7 24.9 24.8 — — —
—— —— ——

21.3 21.7 22.5 — — —
19.1 21.8 21.0 — — —
14.6 15.2 15.3 37.5 43.9 39.0
12.9 10.9 11.9 36.3 41.6 37.5
12.3 11.8 12.3 37.9 42.2 37.1
16.6 15.1 16.0 37.4 42.2 36.8
22.0 22.4 22.8 37.8 42.4 37.4
20.9 23.2 23.2 37.3 41.8 37.6
20.6 23.9 23.1 39.0 43.4 38.3
17.5 21.2 20.3 — — —
—— —_ __

18.2 20.2 20.1 — — —
—— —_ __

21.7 24.7 24.1 — — —
20.3 23.2 22.6 38.0 41.7 38.2
19.5 27.6 24.9 37.5 41.1 36.9
21.4 25.5 24.7 38.7 41.2 38.1
22.1 28.1 — 35.6 38.7 35.4
27.1 30.8 — 35.6 41.0 35.8
24,4 27.6 — — — —

—— —_ __
24.6” 27.3 — 37.6 41.7 37.0
32.8** 32.1 — 38.5 43.0 39.3
25.8 36.5 33.4 39.6 46.0 39.9
27.3 30.9 30.4 — — —
24.5 29.4 27.6 — — —
24.2 31.2 29.5 38.9 42.1 39.8
26.9 30.0 — 35.6 41.0 35.9
30.7 34.0 — 35.5 42.8 35.1
28.0 33.6 — — — —
28.5” 31.4 — 37.2 44.4 37.0
34.8” ”34.5 — 38.3 44.1 39.0

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

4.45
—

4.54
4.68

—
—
—
—
—
—

4.60
4.S2
4.60

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

4.71
—

4.45
4.67

—
—
—
—
—
—

4.80
4.68
4.90

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

4.21
—

4.11
4.44
—
—
—
—
—
—

4.40
4.12
4.47

● Includes all males >7.
● ● Incluti d males >8.
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APPENDIX 2

Ailin@ae Group and Control Mean Blood Counts at Various Times After Exposure

WBC Neutrophils Lymphocytes Platelets Hematocrits RBC
(Xlo”’) (xlO-’) (xlO-’) (xlO-’) (%) (xlO-’)

Male Male Female Total Male Male Female Male Male Female
Postexposure day <5 >5 <5 >5 <5 >5 <10 >10 all ages group <15 >15 all ages <15 >15 all ages

3
7

10
12
15
18
22
26
30
33
39
43
47
51
54

6-mo survey
1-yr survey
2-yr survey
3-yr survey
4-yr survey
5-yr survey
6-yr survey
7-yr survey
8-yr survey
Majuro controls
Rita cont. 2 yr
Rong. cont. 3 yr
Rong. cont. 4 yr
Rong. cont. 5 yr
Rong. cont. 7 yr
Rong. cont. 8 yr

6.0 7.0 3.0 5.0
5.5 6.8 — —
6.3 7.3 4.2 4.2
6.3 7.6 1.8 4.7
7.1 7.0 2.3 4.5
6.8 7.8 2.9 5.0
8.9 8.7 5.3 5.4
8.4 7.0 4.8 4.4
9.6 8.6 5.3 6.2
7.7 7.8 3.3 5.2
7.5 6.2 2.9 4.2
6.9 6.5 2.7 3.6
7.3 6.7 3.5 3.8
8.4 6.3 3.8 3.6
4.6 6.3 2.8 3.5
7.7 6.5 4.8 3.9

1 I.1 7.8 4.2 4.7
11.0 9.1 4.9 5.1
12.1 7.0 5.5 3.9
11.5 7.5 2.8 3.7
— 9.7 — 5.1
— 7.3 — 3.6
— 7.7 — 4.1
— 6.5 — 3.4

13.2 9.7 4.8 4.8
14.1 8.9 7.0 4.4
9.8 6.9 4.0 3.4

11.2 8.0 4.0 3,6
13.7 10.1 6.2 5.2

— 7.8 — 4.2
— 7.7 — 4.2

2.8 2.2 — — — — — — —
—— —— —— .— —

1.9 2.2 22.5 22.6 20.9 21.5 — — —
3.1 2.2 — — — — — — —
4.2 2.2 29.0 20.2 24.6 23.9 — — —
3.5 2.4 27.5 21.7 24.9 24.3 — — —
2.7 2.9 23.5 17.0 22.9 21.3 37.5 43.7 39.2
3.2 2.2 20.0 13.8 17.4 16.7 36.5 43.2 36.8
3.7 2.0 19.5 12.8 18.2 16.8 36.0 44.6 36.7
3.5 2.2 24.0 15.8 22.7 17.6 35.5 43.8 37.3
4.7 1.9 26.5 20.8 27,0 25.2 35.0 45.6 37.4
3.9 2.7 28.0 19.6 25.3 24.0 36.0 45.2 36.8
3.4 2.7 27.0 20.0 26.1 24.5 — 46.5 40.2
4.0 2.2 32.0 18.2 25.0 23.9 — — —
3.2 2.5 37.0 19.8 23.8 24.2 — — —
2.7 2.2 25.2 19.2 13.9 22.7 37.5 40.1 37.3
6.5 5.6 38.7 21.4 28.3 27.5 33.0 44.6 36.2
4.8 3.2 51.2 17.4 26.4 26.7 35.7 44.4 37.5
5.6 2.6 40.8 22.4 31.2 — 37.5 40.6 35.6
7.0 3.3 33.2 24,7 33.6 — 36.1 43.1 35.7
— 3.7 40.9 26.3 26.8——— —
— 3.0————— ——
— 3.1 — 25.6* 28.1 — 36.0 44.2 37.0
— 2.6 — 334,:,+32,7 — 37.0 42.5 37.8

7.4 4.1 41.2 25.8 36.5 33.4 39.6 46.0 39.9

5.6 3.6 35.5 ~4,~ 31.2 29.5 38.9 42.1 39.8
4.7 2.9 32.6 ~6,9 30.0 — 35.6 41.0 35.9
6.2 3.7 38.8 30.7 34.0 — 35.5 42.8 35.1
6.2 4.1 35.8 ~8,0 33,6 — — — —
— 3.1 — 28.5* 31.4 — 372 44.4 37.0
— 2.9 — 34.8”* 34.5 — 38.3 44.1 39.0

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

4.46
—

4.56
4.51

—
—
—
—

4.60
4.52
4.60

— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
—
—
—

—
—
—

— —
— —
— —

—
4.31
—

4.19
4.35

—
5.15

—
5.11
5,12
—
—

—
—
—

—
4.80
4.68
4.90

—
4.40
4.12
4,47

* Includes all males >7.
** Includes all males >8.
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APPENDIX 3

Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (X IO-S) (X10-3) (X IO-’) (x IO-3) fXIO-3) {X 10-3) (X IO-’) % (xlO-’) g protein, g

2 310 5.39
3 405 9.01
5 455 8.83

19 595 9.08
20 250 9.23
23 410 10.10
32 440 7.96
54 175 5.24
83* 355 5.56
85* 535 10.89

Mean 393 8.12
(A120)** (31.93)

6 430 7.36
44 430 5.75
84* 7.83

Mean 430 6.98

15 475
17 290
21 405
33 400
42 305
65 275
69 230
72 270
86” 270

Mean 324
(277)

7.52
8.14
6.84
6.62
5.90
7.28
5.30
5.70
8.43

6.86
(&l.03)

8 430 7.49
48 200 7.00

Mean 315 7.25

9 160 7.25
10 160 5.95
26 305 7.62
27 420 6.15
35 280 9.87
36 305 5.00
37 325 7.74
40 445 6.65
47 520 6.33

Exposed Males, Age 8-15

2.53 2.37 0.11 0.32 0.50
4.87 2.88 0.18 0.99 0.90
5.12 3.27 0.18 0.26 0
6.08 2.90 0 0.90 0
5.08 3.13 0.18 0.83 0

2.22 3.98 0.16 1.43 0.16
2.31 1.99 0.21 0.73 0
3.06 2.11 0.11 0.28 0

4.57 3.27 0.33 2.61 0.11

3.98 2.88 0.16 0.84 0.19
(31.37) (& O.60)

Ailingnae Exposed Males, Age 8-15

4.71 1.91 0 0.74 0
2.76 2.30 0.23 0.46 0
3.45 3.29 0 1.10 0

3.64 2.50 0.08 0.77 0

Exposed Females, Age 8-15

3.83 3.53 0.15 0 0
6.02 1.63 0.16 0.33 0
2.80 2.53 0.27 1.09 0.14
2.58 3.24 0.33 0.46 0
3.95 1.30 0.18 0.47 0
2.98 3.79 0.07 0.44 0
1.70 3.29 0 0.27 0.05
2.57 2.45 0.34 0.34 0
5.56 2.44 0.08 0.34 0

3.55 2.69 0.18 0.42 0.02
(al.37) (30.88)

Ailingnae Exposed Females, Age 8–15

4.72 2.32 0.07 0.37 0
3.40 2.87 0.35 0.28 0.07
4.06 2.59 0.21 0.32 0.03

Exposed Males, Age >1540

38 432
34 388
37 403
41 563
46 561
36 448
39 470
40 497
35 440
39 480

38.5 468
(*3.3) (*56)

36 450
39 498
36 406

37.0 451

39
42 493
43 532
39
37 449
37
40 472
40
37 444

39.3 478
(32.0) (&32)

38 422
42 488

40 455

13.2 8.0
11.5 8.4
11.8 7.6
13.2 8.6
16.0 8.2
11.8 7.8
13.2 7.2
12.8 8.2
12.4
12.4

12.8
(*I .4) (a:::)

12.4 7.6
12.4 7.8
12.1

12.3 7.7

14.0 8.4
14.0 8.0
14.0 7.8
14.8 8.2
13.2 7.8
12.1 7.6
14.0 8.0
14.0 8.0
12.1 7.2

13.6
(31.0) (A::?)

12.8 7.4
14.4 8.0

13.6 7.7

3.87 1.55 0.36
3.28 4.27 0
2.34 3.14 0.18
7.30 2.07 0.39
2.20 2.60 0.10
2.94 3.17 0.15
3.92 2.53 0.13
3.54 2.41 0.13

0.18
0.08
0.43
0
0.10
1.47
0.07
0.25

0
0
0.06
0.10
0
0
0
0

44
51
46 523
41
49 520
41 496
44 448
43 459
40 454

14.5 7.2
16.0 8.0
15.2 8.0
18.0 7.4
16.4 8.4
13.6 8.0
14.4 7.2
13.6 6.8
14.4 7.4

* Exposed in utero.

* * Standard deviation.
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Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (X IO-’) (X IO-;{) (X IO’) (X IO-’) (X IO-’) (X10-3) (xlO-’) % (xlO-’) g protein, g

Exposed Males, Age >1540 (continued)

5.46 3.71 1.37 0.16 0.22 0 49

5.94 2.44
5.80 2.72

509 15.6 7.0
7.6
7.8

7.6
*0.5)

73 165
76 310
77 450

Mean 320
(&120)

12 275
14 420
18 405
22 530
24 350
39 43s
49 320
61 290
64 340
66 265
71 370
74 295
75 250

Mean 350

3.15 6 0.30 0 43 466 14.8

2.32 0 0.70 0.06 46 519 14.8

0.15 0.35 0.02 44.8 488 15.1
(&k%) (~3.3) (575) (51.2)

6.65 3.48
A1.26) (51.35)

Exposed Females, Age >1540

2.15 0.29 0.06 0 42 405 12.8 7.8
7.8
6.6
8.0
7.8
8.8
8.0
8.2
7.2
8.0
8.2
9.0
8.0

8.0

5.80 3.30
36 12.4

1.22 0.06 0.29 0.06 37 412 12.1
1.73 0.05 1.05 0 37 472 12.8
1.74 0.44 0.22 0 36 429 12.4
2.39 0.05 0.34 0.O5 39 446 12.8
2.88 0.06 0.38 0 40 459 13.6
2.72 0.15 0.38 0 42 469 14.4
2.10 0.29 0.06 0 37 416 12.4
2.68 0.12 0.06 0.06 40 446 13.6
2.38 0.08 0.92 0 42 15.6
2.79 0.13 3.06 0 50 524 16.0
2.38 0 0.71 0 46 462 15.2

2.26 0.14 0.63 0.01 40.3 449 13.5

5.80
5.25
5.44
4.87
6.41
7.55
5.84
6.39
7.68

13.30
7.93

6.86
(=78) (*2.15)

4.18
2.42
3.05
2.04
3.08
4.30
3.39
3.45
4.30
7.32
4.84

3.81
(&l.81) (=0.48) (Y4.0) (=32) (*1.2) (=0.6)

Ailingnae Exposed Females, Age >15-40

45 225
53 550
70 300
81 325

4.16
7.97
5.50
5.16

5.70
(51.39)

1.25 2.33 0.17 0.33 0.08
4.14 3.59 0.08 0.08 0.08
3.69 1.49 0.11 0.22 0
2.94 1.86 0 0.36 0

3.01 2.32 0.09 0.25 0.04
(&l.27) (&O.91)

Exposed Males, Age >40

2.12 3.59 0.32 0.38 0
2.86 2.34 0.26 0.97 0.06
2.86 1.20 0.04 0.26 0.09
2.03 1.29 0.11 0.08 0
2.04 2.67 0.05 0.10 0
1.83 1.99 0 0.25 0.08
5.10 2.85 0.17 0.43 0.09
6.19 2.55 0.18 0.18 0
5.14 1.23 0.14 0.28 0.07

3.35 2.19 0.14 0.33 0.04
(A1.57) (AO.78)

Ailingnae Exposed Males, Age >40

2.39 2.60 0.10 0.10 0
2.74 3.43 0.07 0.54 0.07
2.65 1.54 0.04 0.18 0
3.79 3.34 0.30 0.15 0

2.89 2.73 0.13 0.24 0.02
(& O.62) (& O.87)

35 377
38 450
29
38 476

11.8 7.6
13.2 7.6
7.6 8.4

12.8 8.6

11.4
(&2.4) (3::;)

Mean 350
(*121)

35.0 434
(*3.7)

4 195
7 265

11 340
46 225
55 260
68 205
79 175
80 275
82 450

6.42
6.49
4.47
3.96
4.85
4.16
8.65
9.10
6.85

6.10
(&l.80)

48 563
43 466
40 428
32 314
30 323
41 461
49 510
44 486
38

16.0 7.6
14.4 8.2
13.2 7.4
11.2 6.4
10.3 6.2
13.6 6.6
16.4 8.2
14.4 8.2
14.0 7.0

Mean 266
(&80)

40.6 444
(*6.2) (*81)

13.7
(&l.9) (k;::)

16 335
29 235
41 320
50 255

5.19
6.86
4.41
.7.58

6.01
(*1.27)

39 580
41 441
44 504
46 525

42.5 512
(Y2.7) (*49)

13.6 7.2
14.0 8.0
15.2 7.6
15.6 6.8

14.6
( *0.8) (&

hlean 286
(*43)
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Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct ., RBC Hgb., Serum
No. (xlO-’) (Xlo-’) (xlO-’) (Xlo”’) (xlo~) (xlO-’) (xlO-’) % (xlO-’) g protein, g

13 525
30 205
34 190
52 300
57 225
58 190
60 230
63 305
78 315

Mean 276
(*99)

1 265
43 200
59 515
28 255

Mean 309
(*122)

88 445
89 365
91 390
93 465
96 510
97 685
98 505

102 430
104 420
110 320
111 720
113 615
115 490
118 585
126 7~(3

Mean 511
(&123)

6.55
7.10
5.44
9.73
5.12
5.28
8.21
5.08
5.70

6.37
(51.89)

6.75
7.39
8.78
6.10

7.26
(*0.99)

6.86
8.74
6.46
9,80
8.65
7.24

10.83
8.70
9.37
8.47
9.25
6.69

10.50
9.78
9.62

8.74
(*1,34)

Exposed Females, Age >40

3.27 2.69 0,07 0.46 0.07 40
4.62 1.99 0.21 0,28 0 29
2.99 2.12 0 0.33 0 37
6.03 2.24 0.49 0.78 0.19 42
1.59 3.38 0 0.10 0.05 40
3.17 1.90 0.10 0.10 0 36
4.27 3.28 0.16 0.41 0.08 36
1.93 2.85 0.10 0.20 0 41
3.65 1.60 0,23 0.17 0.06 40

3.50 2.45 0.18 0.31 0.05 37.9
(=1.28) (*0.60) (*3.7)

Ailingnae Exposed Females, Age >40

3.78 2.90 0.07 0 0 42
5.17 1.48 0.30 0.37 0.08 40
4.74 ~.90 0.26 0.88 0 37
2.38 3.48 0.12 0.12 0 39

4.02 2.69 0.19 0.34 0.02 39.5
(&l.24) (& O.85) (&l,8)

Male Children of Exposed Parents, Age <8

405

379
444
425

387
440
410

413
(&22)

472
436
388
409

426
(532)

12.8 7.4
10.0 10.0
12.4 7.6
13.6 8.2
11.8 7.4
12.4 7.0
12.1 7.2
13.6 7.0
13.2 7.2

12.4
(til.o) (J;)

14.4 8.4
13,2 8.o
12.4 7.6
14.0 S.o

13.5 8.0
(50.8) (YO.3)

3.70
4.54
3.41
4.61
4.24
3.04
5.31
4.70
4.59
3.81
3.52
2.94
3.47
4.30
6.35

4.17
(30.87)

2.95
2.97
2.62
4.51
3.11
3.76
4.66
3.57
4.31
3.98
5.27
3.14
6.41
4.50
3.08

3.92
(31.00)

0.07
0.09
0
0
o,~6
0.14
(3,22
0.17
0.09
0.08
0.37
0.20
0.42
0.10
0

0.15

0.14
1.14
0.52
0.69
1.04
0.29
0.65
0.26
0.37
0.60
0.09
0.40
0.21
0.88
0.10

0.49

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.10

0.007

40 427 11.8
43 455 14,4
39 432 12.1
38 388 11.8
40 451 1~,4
36 433 12.1
43 456 12.1
37 484 11.8
38 455 12.8
42 532 12.1
36 11.2
39 512 12.4
38 450 12.1
36 453 11.2
31 10.1

38,4 456 12.0
(5=3.0) (335) (&o.9)

Female Children of Exposed Parents, Age <8

87 255 9.22 3.50 4.70 0.18 0.83 0 39 476 13.2 7.6
92 260 10.94 5.91 3.39 0.33 0.88 0 39 478
94

11.5
380 8.94 2.68 5.19 0.27 0.80 0 40 470

95
13.6

520 8.76 3.33 3.94 0.26 1.22 0 38 505
100

12.4
525 9.10 4.37 3.73 0.55 0.46 0 36 400

101
14.8

195 15.80 7.42 8.33 0.72 1.63 0 42
103

480 12.8
540 11.40 5.70 5.02 0.45 0.11 0.11 38 450

105
11.5

455 10.57 6.24 3.70 0.21 0.42 0 38 471
106

11.5
595 10.30 5.46 3.91 0.41 0.51 0 39 472 12.1

107 645 12.70 6.22 4.57 0.89 1.01 0 32 432 9.7
108 460 12.70 5.59 5.59 0 1.54 0 34 461 11.2
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Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (x1O-3) (X10-3) (X10-3) (X IO-’) (X10-3) (X10-3) (X IO-’) % (xlO-’) g protein, g

Female Children of Exuosed Parents, Age <8 (continued)

112 765
117 680
119 310
120 385
122 450
123 405
124 575
125 585

Mean 473
(5149)

8.03
9.85

16.70
13.51
10.30
7.54
9.87

12.32

10.98
(32.41)

813 335 7.18
814 315 8.57
815 295 7.26
817 395 13.40
818 460 9.07
819 415 5.29
820 \ 470 7.75
863 470 7.60
912 470 9.63
913 335 5.55
919 450 6.11
921 650 9.11
940 480 7.16
981 388 9.92

1033 390 8.70
1036 325 7.60

Mean 415 8.12
(*86) (31.90)

3.21
3.55
5.68
6.76
3.09
3.02
2.86
5.17

4.72
(51.47)

3.02
5.14
3.19
8.44
4.81
2.27
5.19
3.34
4.72
3.89
3.24
5.10
3.08
5.06
3.48
4.94

4.31
&~,06)

4.18
5.52
6.85
3.35
6.80
3.85
6.22
6.41

5.01
&l.36)

0.08
0.59
0
0.14
0
0
0.20
0.49

0.30

0.40
0.10
4.01
0.27
0.41
0.68
0.39
0.25

0.84

0
0.10
0.17
0
0
0
0.20
0

0.03

Unexposed Males, Age 8–1 5

3.73 0 0.43 0
3.08 0.17 0.17 0
3.85 0.15 0.07 0
3.62 0.40 1.07 0
2.99 0.27 1.00 0
2.49 0.11 0.42 0
2.24 0.16 0.16 0
3.88 0.23 0.15 0
3.47 0.48 0.96 0
1.17 0 0.44 0.06
2.26 0.12 0.49 0
3,28 0 0.64 0.09
3.72 0.14 0.21 0
4.27 0.20 0.40 0
4.26 0.09 0.87 0
2.13 0.15 0.38 0

3.15 0.17 0.49 0.01
YO.85)

Unexposed Females, Age 8-15

805 470
812 369
816 360
821 395
879 435
891 485
911 505
926 220
937 330
946 235
955 370
959 440
960 310
962 325
988 485
990 310
993 420

8.34
9.99
8.98
8.08

14.21
6.42

10.74
13.10
12.20
8.25
6.90
8.32

13.20
6.14
7.61
8.42
8.00

4.42
4.80
3.59
5.01

10.37
2.38
5.48
7.73
6.95
3.63
3.04
5.24
6.86
3.07
3.81
4.38
4.24

3.42 0.17 0.33 0
4.40 0.20 0.50 0
4.04 0.09 1.26 0
2.26 0.16 0.65 0
2.56 0.71 0.57 0
3.21 0.13 0.64 0.06
3.47 0.48 0.96 0
4.06 0.39 0.79 0.13
4.51 0.24 0.49 0
4.04 0.08 0.41 0.08
3.38 0.14 0.35 0
2.58 0 0.50 0
5.54 0.53 0.26 0
2.51 0.31 0.25 0
3.04 0.53 0.23 0
2.53 0.34 1.01 0.17
2.40 0.16 1.12 0.08

36 464
35
37 496
39 460
36 422
3? 346
32
35 429

36.7 454
&2.8) (537)

37
36
42
36
39
35
41
43
33
38
37
41
40
36
40
39

38.3
32.8)

38
37
39
40
38
40
41
41
39
42
40
38
38
37
40
37
41

11.5
10.9
10.6
11.2
12.1
10.6
10.0
11.5

11.7
(&l.2)

429 12,8
450 12.8
474 14.0
460 13.2
460 13.2
427 11.2
491 13.2
494 13.6
450 12.1
508 12.8
438 12.1
465 12.4
508 14.0
388 12.1

14.0
13.2

460 12.9
335) (AO.7) (*0.3

8.0
7.6
8.2
8.0

7.2
7.4

7.6

7.8

7.8

8.0
7.8

7.8

477 12.1
453 12.1
471 12.1 7.2
461 13.2 8.0
406 12.8
450 14.0 7.4
453 12.1
472 12.8 7.8
440 12.8
472 14.8 7.8
459 13.2 8.0
440 12.8 7.6
454 12.1 8.0
476 12.1
412 13.2
445 12.4
515 14.0 7.6

k.,
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Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (xlO”’) (X1O-3) (xlO-’) (xlO-’) (xlO””) (xlO-’) (xlO-’) % (xlO’) g protein, g

Unexposed Females, Age 8-15 (continued)

996 435
998 430

1035 560

Mean 390
(&80)

822
823
824
828
S30
833
834
836
838
840
842

864
868
869
88 [
88?

885
887
892
939
943
944
958
963
966
967
97 I
975

1005

Mean 327
(387)

475
260
505
220
350
28(3

255
32(3

265
305
325

380
350
440
275
155
365
315

245
440
355
~3(3

450
~go

360
395
365
I55
365

’825 315
826 520
829 380
832 380
835 270
841 450
843 405
846 285
865 345
867 415

6.56 1.71 4.40 0.07 0,39 0 35 424
7.01 3.58 2.59 0.21 0,63 0
9.30 3.81 4.09 0.19 1.12 0.09

9.08 4,71 3.45 (3.26 0.62 0.03
(52.41) (A I.97) (YO.88)

8.03
5.63
6.33
7.25
6.24
4.77
8.76
6.60
5.72
7.15
8.79
7.81
‘$,90

10.60
6.34
7,41
7.75
6.10
7.03
8.53
7.78
6.72

10.18
6.10
6.17
5.64
7.23
4.78
6.30

6.99
(*1.43)

9.05
7.17
5.25
6.55

10.37
8.83
6.68
6.84
4.87
8.02

4.82
2.36
2.34
4.06
3.24
1.62
3.33
2.38
~.1~

4.43
4.75
2.97
2.45
6.36
2.41
4.08
3.02
2.75
3.94
4.78
3,73
4.03
7,33
2.56
3.27
2.88
3.76
3.30
2.52

3.49
(=1.08)

4.98
4.73
2.10
4.19
8.09
5.12
3.21
4.92
2.68

Unexposed Males, Age >1540

2.50
2.65
3.54
2.68
‘)jg

2,77
4.73
3.83
2.75
2.15
2.63
3.83
2.01
3,71
3,30
2.96
4,[1
2.99

2.81

2,99

3.50

2.08
224

2.99
~.~8

2.37

3.18
179

3.15

2.92

( &o.70)

0.40
o.~8
0.06
0.22
0.12
0.10
0.17
o,~6
o,~3
(),29
o,~6
0.39
0.05
0.11
0,:5
0,15
0.16
0
0.14
0.34
0.16
o.~7

0.20
0.06
0
0
0.07
0.05
0.38

0.18

0.30
0.34
0.38
(3.29
0.19
0.24
0.53
0,13
0.57
o,~9
0.26
0.54
0.39
0.41
0.38
(),~~
0.39
0.37
0.07
0.43
0.31
0.34
0.41
0.49
0.56
0.34
0.22
0.10
0,25

0.34

0
0
0
0
0
0.05
0
0
0.06
0
0,09
0.08
0
0
0
0
0,03
0
0.07
0
0.08
0
0
0
0.06
0.06
0
0.05
0

0.02

Unexuosed Females, A~e >15-40

3.26 0.19 0.63 0
1.94 0.14 0.36 0
2.26 0.37 0.53 0
1.96 0.07 0.33 0
1.76 0.10 0.41 0
2.12 0.18 1.41 0
2.87 0.20 0.40 0
1.30 0.14 0.48 0
1.80 0 0.39 0

39 474
42

39 455
(&l.6) (324)

43
41
43
47
47
45
46
46
49
46
49
48
44
45
43
40
45
41
45
42
46
48
41
45
46
49
46
43
51

451

486
467
454
538
452

537
508
524

577
510
521
482

496
476
488
527
465
515
507
519
567
448
505

559
592

460
537

508
(=2.8) (Y39)

38 445
35 421
35 393
37 444
38 407
39 462
37 401
43 465
34 434
38 471

11.5 7.4
13.6 8.2
14.8 8.0

12.9
(&O.8) (3;::)

13.6
14.4
14.8
15.6
15.6
14.8
15.2
14.8
16.0
14.8
16.4
15.6
14.0
14.8
14.4
14.0
16.0
14.O
14.5
13,6
16.0
16.4
12.8
14.4
16,0
16.0
14.8
14.8
16.9

15.0

7.8

8.4
8.0
7.0
7.2
7.2
7.6
72

7.4
7,6
7.4
6.8
8.0
7.8
7.8
7.8
7.6
7.8
7.4
8.0
8.6
71

6.8
7.2
7.6
8.6
6.6
7.6

7.6
(&o.9) (50.5)

12.1 8.0
11.2 7.6
11.8 7.6
12.1 7.6
12.8 7.0
13.2 8.0
12.1 7.8
14.4 8.4
11.2 7.4
12.1 7.6
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Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (xlO-’) (xlO-’) (xlO-’) (xlO-’) (xlO-’) (Xlo-’) (xlO-’) % (xlO-’) g protein, g

Unexposed Females, Age >1540 (continued)

888 380
889 490
895 510
896 450
914 340
916 615
922 355
932 435
934 28S
938 210
945 340
950 435
951 185
965 355
977 365

1001 140
1043 240

Mean 340
(*140)

5.63 2.z5

4.51 2.02
8.58 5.06

11.08 5.10
6.51 2.99
7.35 4.34
5.55 2.89
6.90 2.48
8.44 3.88
7.89 5.68

11.36 7.72
13.90 9.59
8.64 3.28

8.63 6.39
7.13 3.21
6.99 5.04
5.08 2.59

7.80 4.41
(52.11) (*1.90)

2.65 0.17 0.51 0.06
2.03 0.90 0.36 0
2.57 0 0.94 0
4.54 0.55 0.89 0
3.26 0.07 0.20 0
2.06 0.29 0.66 0
2.39 0.06 0.22 0
4.07 0.07 0.28 0
3.80 0.42 0.34 0
1.81 0.32 0.08 0
2.95 0.45 0.23 0
3.75 0,28 0.28 0
4.92 0.26 0.17 0
1.64 0.09 0.52 0
3.~s ().07 0.43 0.14
1.40 0.28 0.28 0
2.1s 0.10 0.20 0

2.64 0.2Z 0.44 0.01
(&o.95)

Unexposed Males, Age >40

40 465
41 470
42 484
38
36 440
35 399
38 460
37 434
41 483
40 486
45 510
39 436
41 520
37 425
41 464
39 444
40 478

38.8 451
(&2.8) (&33)

13.6 8,4
14.4 8.2
14.8 8.0
12.1 7.6
12.8 7.4
12.4 8.0
13.6 8.0
12.1 8.2
13.6 8.2
12.8 8.2
15.6 7.8
13,2 8.()

14.0 8.0
12.1 7.6
13.2 8.2
12.4 7.4
14.0 7.6

12.9
(al.o) (A:.:)

849
853
855
856
862
875
878
883
886
897
915
917
935
947
948
961
964
969

1007
1041

Mean 326
(*95)

465
340
340
410
335
315
125
455
425
210
330
245
350
160
320
395
355
470
265
215

844 235
851 295
852 465
858 235
859 295

7.07
7,44
5.97

11.20
6.20
7.32
4.91
6.02
8.92
8.08
5.15
5.63
5.78

14.44
6.33
5.49
5.80
8.72
6.76
5.54

7.14
(32.28)

5.52
12.70
10.10

6.91
6.42

5.09
3.27
2.63
5.26
3.47
527
2.16
2.47
5.44
4.52
2.27
~.48
4.45

11.48
3.54
2.75
3.13
6.10
3.99
2.44

4.13
(=2.13)

3.37
7.11
6.66
5.39
3.21

1,48
3.12
2,93

5.04
2,29

1,61
2.41
2.71
2.94
2.83
2.47

3.04
0.87
2.17
2.15
1.87
2.32
2.18

2.63
2.66

2.49
(*0.79)

0.14
0.07
0.06
o.~~

0.19
o,~9

0.25
0.06
0.09
0.32
0
0
0.17
0.14
0.06
0.22
0.12
0.09
0
0.11

0.13

0.35
0.97
0.36
0.67
(3.25
0.14
0.10
0.78
0.45
0.32
0.36
0.11
0.29
0.29
0.57
0.55
0.17
0.35
0.14
0.28

0.38

0
0
0
0
0
0
0
0
0
0.08
0.05
0
0
0
0
0.11
0.06
0
0
0.06

0.02

Unexposed Females, Age >40

1.71 0.22 0.22 0
5.21 0.12 0.25 0
2.93 0.30 0.20 0
1.24 0.14 0.14 0
3.02 0.13 0.06 0

47

43

43

38

40
49
39
43
42
43
42
47
42
41
43
43
37
44
39
44

4~.4

456
476
439
434
419
529

469
441
474
460
465
577
446
446
478
461
394
470
455
542

467
(&3.0) (*38)

41 449
36 394
37
39 421
39 400

16.4

14.8

14.4

12.4

12.4

16.0

13.2

14.0

13.6

14.0

14.0

16.0
13.6
14.0
14.0
14.4
1~8

14.4
12.8
15.6

14.1

8.0
8.0
7.6
7.4
7.2
7.4
7.4
7.8
8.8
8.6
7.8
8.8
7.4
7.6
7.2
7.4
7.2
7.8
7.6
8.8

7.8
(*1.1) (50,5)

12.8 8.0
12.4 7.4
11.8 7,6
12.1 7.6
13.2 7.4
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Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (X IO-’) (X IO-’) (X IO-’) (X IO-’) (X IO-3) (X IO-3) (X10-2) % (xlO-’) g protein, g

893 235
894 320
898 310
908 205
928 370
929 360
936 150
942 200
956 410
957 370
970 380
982 245
991 420

1042 310

Mean 306

801
802
803
806
807
809
870
904
905
924

952
972

I 002
1004
1006
1009
1010
1014
10I5
1017
1018
1024
1027
1028
1032
1037
1038
1039
1040

(&85)

540
490
500
390
420
430
465
415
585
450
460
515
395
335
390
380
490
390
625
355
585
310
405
445
470
510
310
505
520

Mean 451
(&80)

10.50
10.50
7.25
6.19
5.40
5.53
8.08
6.98
6.99
8.70
7.61
5.10
7.36
8.40

7.70
(t2.04)

12.36
7.73

10.80
9,13
9.35
6.81
8.90
9.77

11.50
7.98
9.38
8.15

15.13
14.00
7.40
9.03

11.60
11.25
13.50
11.43
14.87
7.78

11.47
15.37
12.88
6.58
9,12

10.53
6.98

10.37
(*2.55)

Unexposed Females, Age >40 (continued)

7.14 2.94 0.21 0.21 0 41 453
5.25 4.30 0.32 0.63 0 41
3.63 2.76 0.15 0.73 0 37 414
2.97 2.85 0 0.37 0 44 427
2.38 2.65 0.16 0.32 0 36 395
2.82 2.21 0.05 0.39 0.05 38 413
4.28 3.31 0.24 0.24 0 38 399
4.40 2.30 0 0.28 0 40 445
4.61 2.24 0.14 0 0 37 424
5.92 2.00 0.09 0.70 0 39 429
3.88 3.50 0.08 0.15 0 36 440
2.70 2.14 0 0.26 0 41 455
3.97 2.50 0.07 0.74 0.07 45 519
3.95 3.70 0.25 0.50 0 42 467

4.40 2.82 0.14 0.34 0.01 39.3 432
(&l.44) (30.90) (*2.7) (&30)

Male Children of Unexposed Parents, Age <8

5.19
4.72
6.48
3.10
4.96
2.52
4,09
4.10
6.67
4.95
4.78
4.40
8.47
8.40
2.81
3.70
6.38
5.63
2.97
5.03
8.03
3.27
3.90
6.92
6.18
3.09
4.20
3.69
3.07

4.89
(31.68)

5.44

2.62

3.78

4.66

3.27

3.41

3.92

3.61

4.03

L.47

3.94

2.85

3.93

4.62

4.00

5.24

4.29

3.71

9.86

5.72

4.61

3.66

7.00

6.46

5.15

3.16

3.47

5.79

3.42

4.42

(A1.501

0.74
0
0.32
(3,28

o
0.27
0
0.10
0.58
0.24
0.~8

0.08
0.30
0.42
0.15
0
0.23
0.11
0.41
0.46
0.59
0.54
0.23
0.61
0.26
0.07
0.91
0.21
0.21

0.30

0.99
0.39
0.22
1.00
1,12
0.61
0.89
1.76
0.23
0.32
0.28
0.81
2.42
0.56
0.37
0.09
0.70
1.69
0.27
0.23
1.64
0.23
0.23
1.38
1.03
0.26
0.46
0.84
0.28

0.73

0
0
0
0.09
0
0
0
0.19
0
0
0.09
0
0
0
0.07
0
0
0.11
0
0
0
0.08
0.11
0
0.26
0
0.09
0
0

0.04

39
37
37
35
39
35

40
38
39

37

36

36

35

40

35

41

38

35

33

40

34

35

38

36

38

31

35

39

32

36.7

471
441
430
433
480
394
449
409
480
498
444
424
465
422
422
454
457
405
535
510
527
476
518

525
406
430
436
441

457
(*2.5) (*39)

13.6 7.6
12.8 7.8
12.4 8.6
14.4 7.6
12.1 8.6
14.0 7.8
12.8 7.2
14.0 7.6
12.8 7.2
13.2 7.8
12.1 7.8
12.4 7.0
15.6 8.8
14.0 7.8

13.1
(*0.9) (*::;)

12.4
13.2
12.8
12.1
12.1
10.9
12.8
12.4
12.1
12,1 72

11.8
11.5
11.8
11.5
12.1
13.6
12.1
10.9
10.0
12.8
10.0
10.9
11.8
11.2
13.2
10.6
10.3
11.8
11.2

11.8
(*1.0)
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Individual Hematological Findings, 1962

Subject P1ate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (Xlo-:{) (Xlo+) (X1O-3) (X1O-3) (xlO-’) (X1O”3) (xlO-’) % (xlO”’) g protein, g

808 620 10.80
810 470 8.76
866 415 9.99
901 465 11.60
902 485 12.10
903 415 11.25
906 285 13.10
923 580 15.44
930 525 10.94
954 355 14.73
979 325 5.49
995 380 11.10

1012 355 15.60
1019 420 12.54
1021 575 13.30
1022 400 9.43
1025 430 15.95
1026 395 12.23
1029 300 9.03
1031 350 9.70
1034 250 11.18

Mean 418 11.63
(&97) (&2.50)

Female Children of Unexposed Parents, Age <8

4.97 4.10 0
4.38 3.94 0.09
6.29 3.30 0
3.72 6.29 0
3.87 7.38 0.61
5.96 4.28 0
5.50 6.81 0.52
6.95 5.56 0.31
6.56 3.50 0.22

10.16 2.95 0.30
2.36 2.42 0.05
5.44 4.88 0.11
9.67 4.84 0.78
5.27 6.02 0.13
6.25 6.25 0.13
5.47 3.39 0.38
3.83 11.32 0.48
4.89 6.60 0.49
2.98 5.42 0.36
2.91 6.01 0
4.92 5.59 0.45

5.35 5.28 0.26
(ti2.16) (&l.92)

1.73 0 39 442 11.8
0.35 0 37 436 11,5
0.30 0.10 40 461 12.8
1.63 0 36 410 11.2
0.24 0 35 11.5
1.01 0 37 11.4
0.13 0.13 40 12.8
2.47 0.16 39 480 12.4
0.55 0.11 39 460 12.1
1.33 0 36 450 12.4
0.60 0.05 38 465 12.8 7.6
0.56 0.11 40 476 13.2
0.31 0 37 449 11.8
1.00 0.13 36 493 12.8
0.67 0 36 480 12.4
0.19 0 37 402 11.5
0.32 0 42 541 12.4
0.24 0 37 430 11.2
0.18 0.09 38 454 10.9
0.68 0.10 35 12.1
0.22 0 40 15,2

0.70 0.04 37.8 458 12.2
(A2.7) (Y31) (YO.9)



APPENDIX 4

IndividualWBC, Basophil,and Alkaline PhosphataseDeterminations, 1962

Subject WBc A.P. % Baso./4OOO Subject WBc A.P. % Baso./4OOO
No. x 10“s % Neg. cell count No. x 103 % Neg. cell count

1
2
3
4
5
6
i’
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
26
27
28
29
30
32
33
34
35
36
37
39
40
41
42
43
44
45
46
47
48
49
50
52
53
54
55
57
58
59

6.8
5.4
9.0
6.4
8.8
7.4
6.5
7.5
7.3
6.0
4.5
5.8
6.6
—
7.5
5.2
8.1
5.8
9.1
9.2
6.8
5.3

10.1
5.4
7.6
6.2
6.1
6.9
7.1
8.0
6.6
5.4
9,9
5,0
7,7
4.9
6.7
4.4
5.9
7.4
5.8
4.2
3.9
6.3
7.0
6.4
7.6
9.7
8.0
5.2
4.9
5.1
5.3
8.8

86
34
34
75
91
89
71
72
89
85
92
81
91
58
89
93
82
70
85
84
80
83
17
78
80
92

83
90
86
76
67
86
92
88
86
64
64
85
91

5
76
90
90
82
81
73
61
45
90
64
78
91
87
85

1.00
1.10
1.70
0.60
0.95
0.80
1.25
1.08

—
0.50
t .08
0.58
0.53
1.23
0.73
0.43
0.58
0.88
0.53
0.60
0.78
0.58

.
0.75
0.68
0.68
0.83
1.10
0.70
1.18
0.70
0.85
0.88
0.40
0.55
0.58
0.60
0.60
0.70
0.53
0.48
0.95
0.53
0.53
0.78
0.93
1.23
0.95
0.88
0.53
0.83
1.18
1.00
0.70

60
61
63
64
65
66
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
91
92
93
94
95
96
97
98

100
101
102
103
104
105
106
107
108
109
110
111
112
113
115
117
118
119

8.2
7.6
5.1
5.8
7.3
6.4
4.2
5.3
5.5
7.7
5.7
5.5

13.3
7.9
5.9
5.8
5.7
8.7
9.1
5.2
6.9
5.6
7.8

10.9
8.4
9.2
6.9
8.7
6.5

10.9
9.8
8.9
8.8
8.7
7.2

10.8
9.1

18.1
8.7

11.4
9.4

10.6
10.3
12.7
12.7
9.5
8.5
9.3
8.0
6.7

10.5
9.9
9.8

16.7

93
78
53
67
20
62
96
85
60
63
72
82
94
91
93
61
89
60
78
83
0

81
68
98
90
93
92
75
38

;:
22
—

88
90
98
97
93
98
74
97
71
24
95
98
84
28
29
11
48
80
85
90
91

0.78
0.48
0.55
0.50
0.78
0.83
1.28
0.90
0.58
0.63
0.73
0.70
0.90
0.60
0.78
0.78
0.60
0.95
0.50
0.75
0.68
0.85
0.45
0.63
0.65
0.53
0.53
1.08
0.48
0.68
0.75
0.63
0.68
0.45
0.60
0.68
0.43
0.55
0.50
0.58
0.78
0.70
0.53
0.83
0.58
0.75
d.53
0.78
0.75
0.83
0.68
1.05
0.90
0.80

49
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Individual WBC, Basophil, and Alkaline Phosphatase Determinations, 1962

Subject WBc A.P. % Baso./4OOO Subject WBc A.P. % Baso./4OOO

No. x 10-8 % Neg. cell count No. X1 O-3 % Neg. cell count

120
122
123
124
125
126
801
802
803
805
806
807
808
809
810
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
828
829
830
832
833
834
835
836
838
840
841
842
843
844
846
849
851
852
853
855
856
858
859
860

13.5
10.3
7.5
9.9

12.3
9.6
12.4
7.7

10.8
8.3
9.1
9.4

10.8
6.8
8.8

10.0
7.2
8.6
7.3
9.0

13.4
9,1
5.3
7.8
8.1
8.0
5.6
6.3
9,1
7.2
7.3
5.3
6.2
6.6
4.8
8.8

10.4
6.6
5.7
7.2
8.8
8.8
6.7
5.5
6.8
7.1

12.7
10.1
7.4
6.0

11.2
6.9
6.4
—

79
86
76
84

6
66
91
95
64
94
90
77
98
89
71
88
95
89
94
81
83
65
90
98
96
66
88
89
75
90
87
73
83
61
86
90

2
70
77
77
80
88
28
30
89
88
77
86
42
94
30
82

100
93

0.55
0.50
0.73
0.98
0.55
0.75
0.40
0.65
0.58
0.58
0.73
0.70
0.55
0.35
0.73
0.83
0.78
0.70
0.75
0.65
0.75
0.50
0.60
0.85
0.75
0.73
0.55
0.78
0.70
0.73
0.58
0.38
0.70
0.83
0.78
0.63
0.98
0.50
0.68
0.73
0.73
0.90
0.75
0.75
0.85
0.70
0.50
0.75
0.48
0.45
0.60
0.68
0.58
0.60

862
863
864
865
866
867
868
869
870
875
878
879
881
882
883
884
885
886
887
888
889
891
892
893
894
895
896
897
898
900
901
902
903
904
905
906
908
911
912
913
914
915
916
917
919
921
922
923
924
926
928
929
930
932

6.2
7.6
7.8
4.9

10.0
8.0
4.9

10.6
8.9
7.3
4.9

14.2
6.3
7.4
6.0
7.3
7.8
8.9
6.1
5.6
4.5
6.4
7.0

10.5
10.5

8.6
11.0
8.1
7.2
—

11.6
12.1
11.3
9.8

11.5
13.1
6.2

10.7
9.6
5.6
6.5
5.2
7.4
5.6
6.1
9.1
5.6

15.4
8.0

13.1
5,4
5.5

10.9
6.9

94
96
98
91
81
90
84
87
66
79
97
82
88
91
91
87
88
78
84
88
83
85
84
28
39
62
26
84
92
82
80
23
89
47
81
85
84
60
54
87
80
76
74
90
93
69
94
84
91
96
75
96
84
98

0.50
0.53
0.83
0.75
0.68

—
0.75
0.50
0.78
0.63
0.58
0.83
0.70
0.75
0.78
0.68
0.75
0.63
0.58
0.68
0.50
0.53
0.55
0.78
0.58
0.63
0,63
0.78
0.85
0.75
0.70
0.68
0.50
0.90
0.50
0.53
0.58
0.63
0.48
0.58
0.53
0.75
0.63
0.68
0.63
0.75
0.68
0.80
0.63
0.68
0.63
0.75
0.55
0.70
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Individual WBC, Basophil, and Alkaline Phosphatase Determinations, 1962

Subject WBc A.P. % Baso./4OOO Subject WBC A.P. % Baso./4OOO
No. x 10-3 % Neg. cell count No. x 10-3 YONeg. cell count

934
935
936
937
938
939
940
942
943
944
945
946
947
948
950
951
952
954
955
9S6
957
958
959
960
961
962
963
964
965
966
967
969
970
971
972
975
977
979
980
981
982
988
990

8.4
5.8
8.1

12.2
7.9
8.5
7.2
7.0
7.8
6.7

11.4
8.3

14.4
6.3

13.9
8.6
9.4

14.7
6.9
7.0
8.7

10,1
8.3

13.2
5.5
6.1
6.1
5.8
8.6
6.2
5.6
8.7
7.6
7.2
8.1
4.8
7.1
5.5
—
9.9
5.1
7.6
8.4

65
81
97
95
96
84
73
90
95
96
39
94
28
76
88
92
81
91
48
73
78
85
84
81
96
98
96
87
92
90
86
96
95
93
93
92
91
75
—
93
90
91
88

0.63
0.58
0.70
0.78
0.63
0.55
0.78
0.75
0.68
0.50
0.58
0.63
0.68
0.60
0.73
0.60
0.63
0.78
0.60
0.68
0.70
0.85
0.60
0.53
0.73
0.53
0.63
0.70
0.75
0.88
0.73
0.63
0.53
0.45
0.50
0.65
0.78
0.73
0.58
0.68
0.45
0.78
0.98

991
993
995
996
998

1001
1002
1004
1007
1006
1007
1009
10IO
1o11
1012
1014
1015
1017
1018
1019
1020
1021
1022
1024
1(325

1026
1(327

1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043

7.4
8.0

11.1
6.6
7.0
7.0

15.1
14.0
6.3
7.4
6.8
9.0

11.6
—

15.6
11.2
13.5
11.4
14.9
12.5

—
13.3
9.4
7.8

15.9
12.2
11.5
15.3
9.0
—

9.7
12.9
8.7

11.1
9.3
7.6
6.6
9.1

10.5
7.0
5.5
8.4
5.1

92
63
92
97
93
93
12
59
91
88
91
82
—
91
55
74
87
90

0
80

0
85
11
75
16
21
58
77
70
97
88
91
87
56
40
84
85
72
81
92
95
69
94

0.75
0.68
0.83
0.58
0.53
0.68
0.73
0.58
0.63
0.65
0.53
0.60
0.60

—
0.58
0.75
0.65
0.63
0.50
0.70
0.58
0.48
0.60
0.55
0.55
0.70
0.73
0.60
0.85
0.48
0.68
0.88
0.58
0.73
0.70
0.55
0.68
0.63
0.73
0.50
0.78
0.50
0.58



APPENDIX 5

Individual Physical Examination Findings, 1962
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LAB MTA . Urine, Pap.,

X-Ray, etc.

Bc
—

,.8

!3’ T.

65

-
‘*P. superficialLWSUMIOUS.DrY
,mnear;Neg. for Ca: ●CC. lung
mrking rt. mid. chest
:ardisc enlargement (” 61 )

12

Rx trial of nitroglycerinefiest X-ray neg. (’61)

[95Pibram mid-line

‘6

i.4

;nmll ohadcms left lower lung

recheck5.5

—

7.3

!65Smll tumor
It. buttock
? lip-

— —

$4 16C

— — —

RX mntiptrLipomS5 x 5 cm.
left shculder

5.0 51 Chest X-ray neg.

Best X-r.aYneg.
CNS Lues (?) Tremted
with Penicillinin 1957
Rhemberg Pos.

4.5 40 34(

—

Pap: good ●strog.m level:Neg. Ca:
rrichomonas

~est X-rav neg.

5.8 42

2 x 2 cm. hard mass,
left labia.kraurosis
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Rx Vitamins.Resp. :ffic”lty
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— —
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— — —
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6.2 41 42 Chest X-rayneg. RX dental consultbtim
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—
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LB IATA. urine, P@P., X-RaF.

etc.
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~est X-ray neg. (‘61)
5.9 41

Rx Bi~Y
Cervix

5.4

—

10.(

37 190

—

280

—

435
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ad. rt. diaph. area - recheck

4.2

—

6.4

3:

—

4(

24:

—

32( Pap: - neg Q=

25! Chest X-ray neg.

Refused excm. 1962P*P: neg. inflmm.

Heberden~s“odes 9.7

—

4.9

30(

—

2&

Chest X-ray neg. Osteoarthritis
scoliosisto right.
Pap: neg., dcy smetr

4,

—

3(
Osteoarthritis,Positive
Romberg ? tabes dorsalia Rx Rmvbl of cat.

Penicillin
Vitcmina

Kvphoscoliosieto right.
Severeosteocrtbritis.Sub-
m.itcoeusmasses both hips.
Shortenedleft thumb.

Lightperceptioncmly, X-ray nf
hip mmsea not diagnostic(*61).

5.1

—

4(

—

22: ~est X-ray neg. (‘61)

.
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m.
Am S=“1-HISTOSY

58

f P

d=
60
64 F

63
44 P

64
38 F I

ItUINUES NSI~ BL~D PRSSWSS
A8mw

FUIN26 HB4~ AND _
SW2

m or Gym
SKIN

TTT-YF
I I I I I

124/80 Hyperkeratosis
backneck,

88
al. itching

138/60sys.M, I PterygiumCS
art. heart dis.

Obese
Lenticulsr*c.

cardimc mlargemt.

I
I 1 1 1 ,

110/70 I Ac. Simmitis Cervical ems. I

110 (’61

1

ProLspae,vag.
wall

I I 94/60 I Oable pterygium Cervicsl eros. I Rsised mole
rt. eye Proltpse,vag. backd neck

I 226 I I I

I I I I ] 116/70 I Corne.1Scar rt. lCervicalla.. I
●ye

71 121
36 Q s1. obese

110/64
73
26 M 162

t

108/70 Cervical ●ros.

74 167
24 P obese

Lost bsby 4 ❑oa. 98/68 Sys. U

cmgenit81 heart? 107 ~ortic (’61)
Nme heard ( ‘ 62)

75
19 F

Rheunmtic heart
dis. (’56) chest

76 derrmtitis(‘56)
20 M

I 120/70 Valvulmr Tonsi1s enLarged
ht. diaesaewith

I
137 D*S m

I
77
34 M

130480 Pterygium lt.eye

113 (’61)

78
45 F

105/70 Pterygium It. ISm. lacersti.m
Lent.owcities It. Cervix

152 (’61) retinal:titerioecl
r

IImmt.obeeity I I
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M3 . tATA,UP.lNS, PAP.,

X-RAY, ETc.

T PLAT

lld pleuritic thickening
iiaphragnmtic nren. Rec. D. and D.

—
Lp:?Neg. Trichomonse
Irked inflmmstion (‘ 62)

90

—
xest X-rsy neg.
LP: Neg.Cm,S1. StrOFhimI I8.8 15

—
?SP: Blood inflamnaticm30 EC.glaaaes

‘+
Mild Osteoarthritis .2

I

)

5.1
~ Ac. Sinusitis~est X-ray neg.-(’6l):PaP: neg.(

blood, inflaaumtion1 )05

: B*8PSY tumor - “Giant cell tumor”Cnest X-ray neg. P-P: Neg. Ca,
marked inflannmtor y changes,dry
smear

Fibroma (?) Rt. finger 4th .8 7 MO

7
6.4

Sm.rt axillarynode 4.2

ChestX-rayneg.Pap: neg.urine
sugar2+ (“61),fasting blood sugar
neg.

w

—
1

—

9

165

R-

—

300

Cnest X-rsy. neg. (’61)

Chest X-rav neg. Pap: neg.Ca.,
?Trichomonas

Rec.serum iron, + : mrrw

Chest X-ray-Calcif. neck,recheck
Pap: neg. Ca.: marked i“flammatior

2 370

Chest X-ray neg.

---i-

5.5

13.3

9

—

;0

—

16

165

—

295

chest X-ray neg. P-p: neg. Ca.
Atypia,clustersof benign endomet.
rial cells

Cmstipated

—
Chest X-ray neg. Pap: neg.

Mltiple skininfections,
Ya-? Short 5th fingers,
bilsteral

250

ICheat X-ray-hesrt normal size;
~lo few fibroticnmrkings ●xtending

upward frOM!hilar region:recheck

Rheumaticheart disesse-cmnpenaated.

4
solesof feet. leprosyarrest.“

3

45046

315 Pap? neg. Ca, cervial cells,
atypia, inflam.

Bilateralshort 5th finger 5.7 40
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58

lm.

I

Pm
A= SE3 HIS’N3RY

1
I Ei 3stera1 incia

79 IICarm,groin
47 M

80
54 M

82
58 M

nuoP.Im

StIt. toe
efOrm?d

wBIQrr

129

135

B3DODP8E3SURB
mm AND I-UK= Em

138/90

1

Lenticulsr.OPSC,
enlargedpaeotid
rt.

110/70 ~R/
J
Pterygium It,

?ibrillsticm,puls
,rreg.(’53)

Prostate 2X
lorlual: It.
:estia 3 X rt.

SUN

;CsrIt.ear,
Ag. Cbaqpm,
) white nOdule*
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mscaLxAmws
I’JEIMDIJJ131124L
lvK)sS, 13TC.

Lt. ins’u@l nd?S enlars6d

BLMD UUINE3

—

44

38

—

PLAT

T

—

275

—

450

—

MS. MTAJJRXNS,

PAP., X-BAY,sm.

ChestX-ray- recheck

~est X-ray - al. enlarged heart;
mod. gen . eqbymna

ChestX-ray- neg. (”61)

IIesrt block, uric, fib.

Rx - gluaea
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59

143sa3LuNMm
HSOROL(13K4L
3WADSS, ETC.

Lt. inguinal nodes enlarged

BLCODCDIJIWS

Usc

r

—
9.1

—

4 6.8

H~ PLAT

77

—

44

—

38

—

i%

—

?75

—

150

—

LAS. MTAA3UNE ,

PAP., X-SAY, STC.

Chest X-ray - re~eck

CheetX-r8y- s1. enlargedheart:
❑od. gen. emphyeam

~est X-r-y - neg. (0 61)

Hetrtblock,auric,fib.

Rx - glsasea
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TESNTWSI(XfT
POUNDS

m Prwssulw

ART LUNGS

INJURIESNO.
CB SSS

PAST
HISTORY

116/60823
0 M

Exophoria
125

,iver edge
own lcm;S1.
rasion cervix825

!0 F 82/50111

MiLd cervical
erosion

Large TonsIL
tillbirth
1959826

!5 F
90/5692

827
?2 M

Pig. back
neck

Scars arourd

knees828
?1 M 106/58

90/60

106

.—
Corneal Scal
It.

:erv. Lacerations

829
23 F 109

830
23 M 120/?30151

~onslls en-
LarSed831

27 M 121(’6 110/56(’61)

T
itassLLQ,
sL. tend?r;?
cyst

eft ovarian
cyst ’58832

24 F 80/4099

ronsils en-
larged

Iniform Pig.
lands & feet.833

29 M 110/50
m m,aor tic :
,l)not noted<

131
a

Pterygium, l
834

28 M 120-68120 wConstipation

100-48835
28 F

100

I

‘oreign bed:
[t.cornea, cc836

29 M 104/64122

:ongerital
{ystagmus(’59)

+

Fibroma
Uterus

838
30 M 110/60137

839
34 F



-.. —... —.. .
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BL~ LAS DATA, Urine, Pap,
Corns X-Ray, Etc. COMUBNTS

yin& ~

1

18

15

17

Is

7

,7

87

6

8

6

44

LAT

60 Chest X-RaY - Bil. aP1cal
Pleur. thickening -
not signif.

Chest X-Ray - neg
Urine prot. 100 mg.

’15

/
,Oguinal Menopathy 5.6

9.1

I [

Chest X-Ray - recheck
20 infilt. lt base; P1. adhesions

pate~la ❑eves lat.,
flex~on clef.fingezs

—

7.2
both bases,
Pap- neg

—

Not examined ‘ 62

Tiny axillary noies

—

7.3 :20

Rec. Price-Jones; Vit A
on sera
Anemic tetiency

Chest X-Ray - neg.
80 Fe 70, rl}lg

~erum Iron 70.6 +g

5.3

Chest X-Ray - neg.

506.2

Not examined ‘62

●

Short 5th fingers Chest X-Ray - recheck
80 Pap - neg6.6

—
Chest X-Ray - neg

3804.8

Chest X-Ray - recheck,
255 Shsdows over heart8.8

Chest X-Ray - neg
270 Pap - neg Ca; marked inflsm.10.4

Bilat shortenin
5th f~ngers (’615

Chest X-Ray - neg
320

See chart for eyes
~ remove coral from eye6.6

—

Chest X-Ray - neg

5.7 265 I
Not examined since ‘59

( —
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I f
LCXX)PP.3ZSSURS

Em-r ~
SART LUNSS

ASDcMEN SKIN

Gu Gym

PAST INJURIES WEIGHT
HISTORY

POUNDS

NO.
Am 55X

102/60 Pterygium,rt.
840

32 M 139

153
841

29 F

108/60 I842
38 M

==TF843
33 F 90/58

T100/70 Pteryplum, rt.844
43 F

I845
32 M 140(61

“?Syphilis 131

+

114/70 (61)

110/70 indocerv., I846
39 F ,evere

!

Hypertension

I847
41 M

I
Argyll Robertson
pupil: neuro-
syphilis (?)

848
42 F

hemorrhoids I849
43 M

Depi~. area,
skin 207

obese
118/70 I‘ Pul. sys m(6L)

lot heard (’62

1

(61)

850
52 M

Arteriosclerosis
mild; hyperten-
sion

--t

.ervtca

.aceratxon and
!rosion, bleeds
?asily

?Hypertension
150/96(’59)

?Cerebral DOIVD 159 ~
Arteriosclerosis

mild
I

851
53 F

Myocard ial darn: I Iobese

af e
1
I

1
terygium, len

146/’70Spl. “cular opacities
!mi soumi: sys. rt,
1 I

852
58 P

Deafness
Emphysema ? 152 1Pteryp,ium lt. Liver& 2 cm Vitaligo on

124f%0 enticular trunk

cdule(2cm),lt

1

853
57 M

855
58 M

H;:;; ;hoidectomy
I 110/70

~terygium, lt &El hypertrophy
145 r rt lobe postate

Arteriosclerosis lenticultr
mild 3pacities

120 13Cf’80 Lenticular
Opacities It.

.

856
55 M
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CCMMENTS
I

BLCUD
Cal!w

~ Hf?T

~

LAT—

305

.AB DATA, Urine, Pwj
Rx-RaY ●tc.

MISCI!LLANEOUS
~

NEUROLWI CAL
TWORS STC.

C%eotX-Z*P neg.
.1 46

Shest X-Ray - rt. h ilar
>rom.?, recheck
~ap: neg ca: Prob Trichomonas!.8 50

:hest X-Ray - neg
%.8

—

5.7

25

—

05

:hest x-nay - neg
‘ap. neg ca: squamous atypia ~ Fe, ’61

:hest .X-Ray - neg
lap: nep ca: marked in flare.

5.5

—

—

f).s

.

—

—

7.1

—

—

12.’

—

10.

41

—

—

43

—

—

—

47

—

—

16

—

37

35

Not examined ‘62Lcm Visicle, rt buttocl
? herpes (’61)

Gyn consult.;hest X-Pay ‘- neg

Pap:
28:

—

—

—

46:

Xot exam. ’62

Not EXaU1. ’62

Chest X-Ray - neg

no phy. exam. ’62
Rx hydrocortone oint.

—
:hest X-Ray - neg
‘ap: neg ca; inflam295

—

46:
fiest X-Ray - neg (’61)
‘ap - neg. ca

:hest X-Ray - rt hilar prom?
Iecheck
Jrine sugar 4+
PB sugar 248

Diabetes
~ diabetesLipoma rt thigh (6x6in; 7.4 34(

;hest X-Ray - neg
?roternuria (’59)

Check Urine protein
ntie rt axilla 34(

—

41(

6.

Chest X-RaY - neg (61)Bil. ncde ~cm axilla 11.

#
—
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WEIGHT BLOOO PRESSURE E&WT A80@iEN
POUNZS

SKIN

HEART LUtWS @ Gyn

170/80 pterygium, rt. cervical
?cardiac lenticular discharge (’611

98 enlargement opacities
myocardial dsi4- goitre(?)
age( t)

No.
AGE SEK

PAST INJURIKS
HISTCRY

,
hypertension, 1

858
67 F

o~teoarthritis,
cervical dis-
charge, goitre,
fixed chest

❑ild hvc.erten- 1 140/80

/

ealed corneal”
cardiac scar: Lenticular
enlargement; opacities
arteriosc Ierost
mild ~

859
69 F 1

acromegaly? Burn scar rt
ext. hemorr- arm; old frac
hoids, ture rt lower

124

860
72 M am

802
89 M

I
nlarged ton-

120/80 ils864
37 M 150

7 children;
unilateral
exophathalmus

Liver Lcm+ IB1. mole chest
865

29 P 100 90/40

I

=--l=
lisc OIOratl On
skin rt

should er, birth.
mark?

102867
35 F

T 154
:eady Icss 102/62
12 (161)

Pace pocked

868
39 M I

Arteroisclerosls
❑ild,pinguecula
corneal pig. I871

50 F

872
20 M

\rteroisclerosis
nild:prostatic
hypertrophy;UR3873

44 M

1

Jccas.convulsiax?
100/70

pterygium rt,
corneal scar,
rt

ulcers lower

legs
875

45 M

-t

Corneal pig.

132

876
24 F

T877
24 M

124/80(’61)133
(’61

I

p’terygium It,
130/70 lenticular

rte~:~;clerosis pacities,

r

hyperkeratotic
areas on neck878

>2 M 175

1



MlSCBLLANSOUS
NEUROLWICAL
TUMORS, BTC.

osteoarthritis; bil.
enlargem.ent ulnae

Short left 4th toe;
Kyphosis:
Osteoarthritis rt
‘boulder & fingers

Osteoarthritis
Kyphoscoliosis,
enlarged knees,
difficulty walking,
? tabes

Severe arteriosclerotic
heart disease, paralysi

S1. enlarged ncxiesax-
iha+ Iipoma behind
lt. ear

UBc—

6.9

6.4

—

—

6.2

—

7.8

4.9

----t

4.9

---t

LpOIIIa,2x3in,lt thorax
7.3

-t

eumatoid
thritis? 4.9

T PLAT

9 235

9 295

0 335

8 380

4 345

8 415

4 350

49 31

39 12

LAB DATA, Urine, Pap
X-Ray, Etc.

Pap- neg Ca

Cheat X-Ray - miLd cardiac
enlargement. nceleKiSar;
recheck

Chest X-Ray - neg (’61)

Chest X-Ray - neg

Chest X-Ray - neg

Fe 85.4
Serum Iron 85.4 mpg

Chest X-Ray - neg

Chest X-Ray - neg

Chest X.Ray - pl. thick lt
base

Chest X-Ray - neg

WMME14Ts

Rx glasses

~- Fe (’61)

Rec - Price-Jones
anemic tetiency

Weight loss

Not exam. since ’59

Not exam. since ’59

Not exam. since ‘59

Not ●xam. since *59

Not exam. in ’62”
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I
No. PAST INJURIES 11Cm I BLOiX)PRSSSURE _ I AmOuEN

ACE SSX m STCRY

881 Vericose veins
31 U It. leg: back

strain

1-
882

29 M

883
51 H

884
67 M

885
22 M

886
54 M

888
34 F

l--
889

37 F

I 893
44 F

894
65 P

895
33 F

896
22 P

897
64 M

898
64 F

899
66 M

rumor lt
parotid, remov
1959 (benign) 4

-+

Scar It. Croin,
old TBC?;
myocaiditis,
Bw, 159 ?

T
Con~. Shortening
5th metacaruel

---1-
pain It. eye -
sens. to sun-
lite

T
T
4 miscarriages;
last Feb. ’62
2+ nlo.

Backache, worms

Pain lt shoulder
weakness

Arthritis lt
knee;
VaEinitis

)UNDs
HEART Am LUNCS Gu or Gyn SK3N

157 98/58

125 80/60

110/70 Ienticular hemorrhoid s,extj

148 Arteriosclerosis OpaCitieS .sm. testicles
mild

S1. tender

135 120/70 ~Q;7
worms,

I 108/60 I
I I I

tlard cervix,

! indur.

106( ’(~1) 100/62 ( ’61

I
A2 >p2

1

rt adnexa;
S1. prolapse

Pteryguim lt;
106 80/38

Thrombosed
corneal scar hemorr.

112(61) Wheezing both It. ;Arterlos-
lun~s (61) clerosis,

retinal;

104 , 136/72 lenticular
kales, rt base , opacities,
few It base
arteriosclero-
sis, mild

PerlCuicula cervical erosbn
rt & It

122 100/64

94 80/40

I
Pterygium lt,

154 120/60 lenticular
opacities: I
Arcus sen. lt.

Tines Vers. ,
upper chest

124(59) 136~70 (59)
Arterlo-
aclerosis
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LAB DATA, URINE, Paf .,
X-Ray, etc.

BLmD

WBC HCT PLAI

MISCSLLAN~s
NEUROLCWICAL
TUMORS STC.

—
No Vericose veins note
back ache It lumbar
region;

lack strain

6.3

—

7.A

—

6.0

—

7.3

—

?.8

43 275

—

155

—
Chest X-Ray - negEnlarged distal ulna?

40

{ot exam sxnce 1959
43 $55

—

190
Chest X-Ray - neg
Urine sugar 3+
FB sugar 132
non FB sugar 212

Arthritis, spine:
Dupu y“trens COntr. f
bilat,

ii ld
Iiabetis

43

Sil. axillary n~es
nodule, ~ cm below
typhoid

Chest X-Ray - neg
45 !65

1.9

—
5.6

42 125

—

380

—

90

lot exam since ‘59

Few sm. nodes neck
.
40 Pap - neg

Par- nef,.5 ;ainin~ wt ’61
lot exam. ’62

Sm. axillary nodes, Rx diabetes0.: 235 :hest X-Ray - neg (’61)
>ap. neg ca, Trichomonas
Jrine sugar 4+: FS sugar 281

Nodes, it axillary

Osteoarthritis (’61)

:hest X-Ray - hesrt
IpPer limits normal (’61)
‘ap - neg0.:

—

.6

—

1.1

320

—

510

—

450

—

210

—
Rx Vit B6:hest X-Ray - neg

lap - neg for ca; inflam;
Ltypia
Jrine prot. 100srg

:hest X-Ray - neg
‘ap - neflfor Ca, cellular
Ltypiz

Arthritic Changes knees 18

-

8.1

Arthritis 7.3
:hest X-Ray - neg
%p - neg17 310

—

ot exam. since *59

1



I
EsNT

No. PAST INJURIES I
WEI(lIT HLOO13PRESSUR1:

$E =X HISTf3itY POUNDS
I!SART LIJNITS

ABOOUEN

I G yn

SKI N

I
Arteroisclerosis

penguicula,
lentlcular C

908
mild ;heberden’s
node :hyperten*

104 180/90 acities;reti

‘3 F hypertension artertoscl.1
U.R.I.:

I
~rteriOsclefOsi S

+

>state 51.
larc!ed

102 120/60

+914
Z7 F I

I

i127

Prostate 2x
normalT915

M

e ;er It. lowel
:. few mat.
:k neck130

13 (’61
916

F

3ilat. tender

Pess
917

I M
110/76
abnormal I

176

Inds I

Arcus senlli

130/76 (’61)
lezes lt, .-’ e-t

Iiabetes Scars grOin ~
rectum

;1) I

T 108/72(’61)132(5Y920
D M

922
8 F 94

I
pterygium lt

106/60

II
Burn scars
It. chest 128

928
9 F

pterygium rt

130/80 cataract It.

I

929
)4 P

Never preg.

I

134

I
Corneal scar

90/58

I
,nencephalic
)aby

I

1

s1. enlarged tenderness

100/70 tonsils RLQ

I
penguicula lt

100/62 & rt, poor
vis1On, Lentlc-
ular opacities

98
932

27 F

934
27 F 121

iypo pi$.
ant. snlnsOsteoarthritis

U.R.I. I935
65 M

-J ‘*$’’e”’
“enderness low
tr abdomen:

~ntlam cervix.936
72 F



Sm. bilat. axillarY
ncdes: shortened 5th
fingers:

EnlarRed rt Ulna;
Osteoarthritis ’61?

?Arthritis It.wrist

Sm. cervical ncdes

Osteoarthritis

Osteoarthritis
He berden’s ncsles (’61;

osteoarthritis
mcd. arteriosclerosis

osteoarthritis
diminished reflexes

BLOOD I LAB DATA, Urine. paP.

Couurs
X-Ray, Etc.

WBc—

6.2

—

6.5

5.2

7.4

5.6

—

5.6

—

5.4

—

5.5

6.9

—

8.4

—

5.t!

—

8.1

—

*C

44

42

35

47

38

36

38

37

41

4

3

Chest x-RaY - lt . substern.
thyroid?, recheck

3U Pap - neg
F.Li.sugar 83

Chest X-Ray - neg
)15 Fu sugar 83

Urine sugar 2* (’61)
Pap - ne~ ca: poor smear

F
Urine su~ar 3+

Y
Chest X-Ray - heart

,70 upper normal
Pap - neg Ca; inflam

Chest X-Ray - neg
36(! Pap - neg Ca, endocervical

atypia

Chest X-Ray - neg
.35 Pap- neg

non FB su$ar 210

Chest X-Ray - neg
285 Pap - neg

c(M.mNrs

ix refraction

{x Fe (’61)

R as~ln: uric acid det.
x

Kec - fasting blocd sugar
Vot exam. ’62

Rec - tasting blood sugar
Sot exam. ’62

I<ec
Checkup
Tbc .

Rx Fe (’61)

Rx Fe (’61)
Dxabetes?
fasting blocd sugar

Rx refraction

Diabetes?
fastin& blood sugar



?

70

SHNT ASODMEN SKIN

--t-

PAST INJURIES
HISTURY

6 toes lt foot,
webbed

WsIml’
wxms

LODO PRESSURE

EART LUNGS

NO.
m?, SEX

Gu Gyn

Cervicitis,
severe erO-
sion938

23 P
95 108/70

-r 140/90 (’61)114(61)941
61 F

1 1
1S1. tenderness Furuncles,
rt

121 100/64942
47 P

110/70143943
34 M

g. mole tlLQ
Hist. of
backsche

*

Terrl.IUQ?
Cervix lacer-
ated

‘terygium lt & Enlarged
t. Cataract. rt: Prostate

176 110/80944
37 M

Hist. of pro-
ductive cough

83 1 10/80
:YS.. m Gr. 2
u1. area

945
37 F

Iepig. AreasHypertension
.Arthritis
Myoca rd ial
Dsmage EKG(59)

198/92
,dvanced
rteroisclerosi
heezes bot b

108 )~ choreo-ret -
nitis, Lt. ~

947
54 M

Hist. night
blirrlness

:ervicitis

110/70951
29 F

137

Pterygium rt1 baby died at
birth, 1 still-
born;myccardial
damage, SKC(59)

956
53 F 120/70

miId
arteriosclero:

127

LOS hearing.
Mywardisl
damage (‘59) I

lterygiae
,enticular
,pacities106/72

[ild
.rterlosclerosi

957
52 F

152

izF-i-- .iver 3cm+,
‘restate lt
.obe ●nlarged132/88

Wheeziny, both
lungs (’61)

958
31 M

126
cyst I

T IIlat. Hydro-
code

~terygium lt.

110/70961
69 M

143

pterygiae Liver 1 CM* Scar from
tumor removed
lt breast963

44 u
143 100/68

Deafness (?) Cataracts S1. enlarged
prostate964

86 M
123 130/70

arteroiscleros

144
966

31 M

:orneal pig.rl

102/72

i
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BLOOD
Ccnlur

LAB DATA, Urine, PaP,
X-Ray, Etc.

CowPNTsMxscsLLA~~s
NEIJROL~IC~
TUNORS, ~.

Enlarged Cervical n~
pol@ctyliSm

WT—

40

—

—

40

—

46

PLi
—

21C

Rx GYN checkupChest X-Ray, neg
Pap - neg

Pap - neg Ca, inflare,trich-
omows Not exam ’62

—
Chest X-Ray - recheck
Pap- neg Ca: some keratimiz -
ation; trichomonas7.C 20C

Chest X-Ray - neg

7.f 355

Chest X-Ray - neg
6.7

—

11.4

—

14.4

—

8.6

—

7.0

—

8.7

—

.0.2

48

—

45

—

41

—

41

.
37

—

39

—

41

—

43

23C

—
Chest X-Ray - neg
Pap - neg

340

Chest X-Ray - neg

160

—
Ghest X-Ray - neg
Pap - neg Ca, in flare.

185

—
410 Chest X-Ray - neg

Pap - neg Ca, inflam.
F.R. sugar 89

Rx removal pterygium

—
:hest X-Ray - neg
Pap - neg

370

—

Rec. liver function testPilonidalcyat 650 %est X-Ray - neg

osteoarthritis. knees
—

~est X-Ray - neg
Urine sugar 2-3+
P.B. sugar 995.5 395

:hest X-Ray - neg
6.1

—

5.8

—

6.2

45

—

37

—

46

280

—

Rx Cataract removal
severe kyphosis,
osteoarthritis,
Lipoma It he.

355 2hest X-Ray - neg

—

meat X. Ray - neg360

—

.
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I
PAST INJURIES

HISTORY
WEIG~

PCUNDS

LOOD PRESSURB

MT LUNGS

EENT A800MSN SKIN
Gu Gyn

NO.
AGE SEX

pterygium, It

967
20 M

120/80144

~rteri O-
sclerosis

116 mild
90/58
oarse rales

pterygium, It.Myocarttial
damage

XKG (’59)
969

44 M
24 (r61

pterygium lt. liver+lcm(161) ImpetigO, –
ndocervicitis l’gs970

48 F 100/60
rterioscleros

103

mild I
1

Vitaligo spots
back & chest

Dental caries

971
20 M 125/70126

mild hyperten-

1

urns lt lourr
sion leg, inguinal

incisinns

rteriosclerosi; S1. enlarged
prostatemild,

140/90(’61) I133(’61973
53 M Froth’y sputum, I

heezing botl,l~

pterygiaeTraumatic
Arthri tis975

40 M 102/70146

endocervitis ImpetigoHypertension pterygium lt.
170/108
tIypertension
rteriosclerosis

140
982

41 F

Liver Icm+
mass RLQ, I
probably feces:
prolapse rechrnl

984
30 F

T173(’61\ 120/78
obese

I I991
54 F

!indocerviciti{

134 110/70

Ocular protru.
sion, lt,old;

170 125/70 ~eographic
ol>ese tongue;

1001
28 F

~
inguinal herniae,
rt. indirect,
easily reducedI

1005
29 M

I I I
pterygium, lt.

Trt. inguinal
scar I 120/70

153
170 (’59) I1007

51 M

1041
58 M

I rcussenilis 4
IT S1133be,~ 110/72 I

Uterus S1.
enlarged..

. cervicitxs I1042
46 F

Pinguicula

100/50
1043

28 F 91

I 1 1

I
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llLCMXl
c(YtJNT

LAR DATA, Urine, PaP,
X-Ra Y, Etc. CCMNENTS

L IA

best X-R-Y - neg

—
Ilest X-Kay - ? Plural
hlckening rt cortal sinus
echeck

esp. eval

i.7 7UI

—
‘best X-Ray - neg
ap - neg,:~mp!ion lt. mid.

wrist
805

— —

‘hcst X-RaY - neg
6.5,ldenopa thy, ax; tlflr Y

inpuinnl

Lipnma It. shoulder,
6X5 cm

?.2 i

— —
‘tlcst X-!{ay - Fibretlc
un~ markinrs It base

Not exam ’62
Rx d.?rlral(’61)
Rec - recheck X-RSY

— — —
;Ilest X-!lav - neg

1.8 3 55

;hest X-Ray - ne~ (’61)
lap - neg

several sm. nodes It.
neck

5.1 L !45

— — —

lot exam. ‘62

— —
‘ap - neg
Jrine sugar 4+
:.B. supar 430

tx diabetes
7.4 5 I 2C

:hest X-Ray - ne
Pap - fneg Ca, in 1-.7.0 39 14C

— —
Chest X.Rsy - neg :heck tor hernia

6.3 1 36!

.
Reflexes depressed
f ihrnma wrist?

Chest X-1’ay - neg.
6.8 39 26!

Chest X-Ray - neg
Urine eugar 2-3+
non FS sugar 135

Urine ad
blond sugar5.! 44 21!

—
Chest X-Ray - neg
Urine sugar 2-3+
Urine prot. 100 mg
non FB sugsr 169

GYN checkup
check diabetic te-eocy8.4 42 31(

—

Chest X-Rsy - neg
5.1 40



APPENDIX 6

Pathologic-Anatomical Diagnoses * on 78-yr-oid Woman in Exposed Group (No. 56)

Main Diatznoses

Fracture of vertebral body L1. (No mention is made of the spinal cord. )
Fractures of the left 5th to 8th ribs.
Retroperitoneal hematoma.
Ecchymoses in the vicinity of the rib fractures.
Focal fibrosis of the myocardium.
Stasis and edema of the lung and liver.

Other Diamoses

Patchy endocardial calcification of the heart.
Brown atrophy of the myocardium.
Generalized arteriosclerosis with

(a) atheromatosis, in particular of coronary arteries and aorta,
(b) Moenckeberg’s media sclerosis,
(c) arteriolar hyalinosis in many organs.

Atelectasis of the middle lobe of the right lung.
Patchy atelectasis, emphysema, focal fibrosis, and coniosis of the lungs.
Pleural adhesions on the right side.
Bronchitis, chronic, mucopurulent. Bronchiectasis.
Atrophy of bronchial mucosa.
(Fat embolism of the lung?)
Atrophy, fibrosis, and stasis of the spleen. Atrophy and fibrosis of lymph nodes.
(Hemosiderosis of the spleen?) Atrophy of the thymus.
Lipomatosis of the bone marrow, particularly in the vertebral body, with decreased mass of blood-forming tissue.
Osteoporosis. Scoliosis of the vertebral column.
Arteriolosclerotic scars in the kidney (benign nephrosclerosis).
Capsular fibrosis of the kidney.
Small kidney cysts.
Calcifications in the kidney. (Fat embolism of the kidney?)
Small papillary cystadenoma of the kidney.
Atrophy of the pelvic mucosa of the kidneys.
Atrophy and fibrosis of the ovaries.
Atrophy and fibrosis of the uterus.
Telangiectasis in the uterus.
Brown atrophy of the liver.
( Hemosiderosis of the liver?)
Slight portal fibrosis of the liver.
Subserosal fibrosis of the gall bladder.
Atrophy and slight fibrosis and Iipomatosis of the pancreas.
Peritoneal adhesions between hepat ic flexure of colon and the liver.
Atrophy and nodular hyperplasia of the adrenal glands.
Atrophy of the thyroid gland.
Small cysts of the thyroid gland.
Atrophy of the skin.
Atrophy of epidermal appendages of the skin. Greying of hair.
Epidermoid cyst of the skin.
Sweat gland cyst of the skin.
Nevus pigmentosus of the skin.
Elastosis of the skin.
Atrophy of the mammary gland.
Osteoarthrosis (noted for fingers).
Corneal opacities.
Arcus senilis,
Loss of teeth.

*Summary prepared by Dr. Hans Cottier.
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